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FOREWORD

The competitive exams like JEE test an aspirant’s canceptual knowledge & how fast
he/ she solve the problems with accuracy. So it becomes necessary that the students
should know the short-cut methods in addition to the traditional methods of analysis.
Keeping this in mind DISHA Publication brings a unique & innovative book Authentic
SHORTCUTS, TIPS & TRICKS in PHYSICS for JEE Main, Advanced & KVPY to enable
aspirants for advanced abilities to Solve KVPY, JEE Main & Advanced level Questions
well within the stipulated time.

An earnest effort has been made to bring the book AUTHENTIC SHORTCUTS-TIPS

and TRICKS in Physics. We have really worked hard researching for the Best Possible

Tips, Tricks and Shortcut Solutions which students must know and can utilize in the

examination hall.

«  Shortcuts to help you in providing a different perspective to a concept/ problem
thus strengthening your conceptual understanding.

+  Tips provide you the Most Important Points to remember that aids in Conceptual
Understanding & Problem Solving.

«  Tricks empower you with magical tools that helpyou develop unique approaches
to solve a problem.

+«  Shortcut Solutions provides alternate faster methods that save you a lot of time
during examination.

The book encompasses 24 Chapters, which start with Review of Impartant Formulae,
followed by Shortcuts, Tips & Tricks which are further followed by Illustrations
demonstrating Shortcut Solutions. The book in all contains:

1. 250+ Chapter-wise & Topic-wise Shortcuts, Tips & Tricks to solve JEE Level
Problems,

2. 500+ Illustrations with Shortcut Solutions of JEE Level Questions including JEE
Past Years Questions.

Video Solutions of Selected JEE Level Questions.

4. 325+ Chapter-wise JEE Level Questions Exercise with Accurate & Shortest Possible
Solutions.
5. «. Chapter-wise & Topic-wise 350+ Important Formulae.

This boak provides you with hundreds of short-cut methods for the most conceptual
and relevant problems, This book can also be used as a REVISION BOOK for various
competitive exams. | hope that the book will fulfill the needs of the students for which it
has been designed. We have made our best efforts to keep the book error-free but some
errors might have crept in by mistake, We request our readers to highlight these errors
and their fruitful suggestions so that we can keep on improving this book.

Authors: Er.D.C. Gupta
Er. Harsh Gupta
Web : http://www.gyanthefuturevision.com; Email : dcgupta.gyan@gmail.com

No Matter where You Prepare from, keep this book as your companion.
It would definitely improve your score by 25-30%.

(iii)
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TOPIC: Errors in Measurements and Dimensions.

Df Review of Formulae

1. Thetruevalue:Ifa,,a,, ..., a, are the observed value of a quantity,
then its truc valuc is given by )
o ] +a2 +.. _ Za
2. Absolute etror = truc value observed vakue
or Ag,= &;—a

3. Mean absolute error

|Aa,|+|Aa2|+ ....... +|Aa, |
Ag;
: DI

4. Relative error = 7 and percentage error

= ﬂx](}g
a

5. Error in computed quantity
(i) If+Ax and £Ay be the absolute errors in X and ¥ respectively and
1if Z= X + Y, then maximum possible error in Z; Az = HAx + Ay)
(ii)) If Z=X- Y, then Az = +(Ax + Ay)

. pe_[ax &
(111)IZ_XYthenZ ¥ 7
: X Az Ax Ay
Z=— — =t —+—=
(iv) If Y,then 7 [X Y}
22 inf X
zZ X
Kx°y® Az [ Ax |, Ay Aw]
= —=tlg—+b—+c—
(vi) If Z , then Z X w
The absolute error has the same unit as the quantity itsell, bul fractional error has
no unit.
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Authentic Shortcuts-Tips & Tricks in Physics
Y : then E= i[E+_A'.J_’+_(Ax+ Ay)]
Least count of vernier callipers

L.C. = Length of one division of main scale — length of one division of
vernier scale

If z=

1.ength of one divisi ain scal
o Lc = lengthof onedivision of main scale

number of divisions on Vernier scale
L.east count of a screw gauge

Pitch

LC. = T :
[total number of divisions on the circular scale]

vz’i

1.
2’.

,m! Tips and Tricks for Shortcut Solutions

Plane angle and solid angle have units but no dimensions.
Resistance R, capacitance C and inductance L then CR, JLC and %

have dimensions of time.

Dimensions of are of speed. Also if E is the electric field and B is

By €

the magnetic field, then dimensions of E/B are of dimensions of speed.

2

: ; B
Dimensions of % EOEZ dimensions of ? and E Li% are ML-1T-2t, and
0

that of energy density (energy/vol.). Here i is the current.

Dimensions of Jﬁ are of resistance R.

Dimensions of CB2/2 are of mass m. (Here C, capacitance, B magnetic field
and /, length).

DimensionsofqvB, gEand Bilareofforce, MLT2. (g —> charge, v—>velocity,
B — magpnetic field, i — current, R — length) E — electric field.

Dimensional Constants:

AW

Dimensions of gravitational constant (G) : [M~'L3T-2]
Dimensions of Plank’s constant (k) : [ML2T-1]
Dimensions of gas constant (R) : [ML2T-2k™! mol~']
Dimensions of coefficient of viscosity (n) : [ML~11]
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Units and Measurements

Dimensionless constants : Reynolds number (R,,), Mach number (M), Refractive
index (), Relative density, Relative permittivity (e,), Relative permeability (u,).

Mathematical Ratios are Dimensionless
1. Trigonometric ratio: sin, cos, tan etc.

[sin 0]—

L Dimensionless

2. [logx}—

Dimensionless

3. [et]-—-l’)imensionless

PHYSICAL QUANTITIES HAVING SAME DIMENSIONS:

1. ][)[fi;tance, displacement, height, width, radius, wavelength, radius of gyration
2. Force, weight, tension, thrust, energy gradient [MLT-2].
3. Work, energy, moment of force [ML2T-2).

Force constant, surface tension [M7T-2).

5. Angular momentum, angular impulse, Plank’s constant [ML2T-'].

6. Angular velocity, frequency, velocity gradient, decay constant [7-1].
Stress, pressure, modulus of elasticity, energy density [ML™17-2].

8. Wave number, power of lens, Rydberg’s constant [L1].

Illustration 1

Fy? 2
In the expression a = B—zlﬂge [v_zﬁ} find the dimensions of o and p. Here F is

the force and v is the velocity.
% Short-cut solution :
3 F? 2n
oo an Hl)

Dimensionless

Dimensions of @ = ]
¥

Dimensions of p = dimensions of v
= [LIPR=[L?17)].
i

BE

Dimensions of o =
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Authentic Shortcuts-Tips & Tricks in Physics

L2y
[ 2 _ T-z]z

= [ML'T"]. Ans.

INlustration 2
Find the dimensions of length in terms of L, R, u, and <, as fundamental units.

% Short-cut solution :

Distance

speed x time

[ (8

[LR_IMO_IQEO_IQ]. Ans.

Ilustration 3

If E, the electric field, B the magnetic field, C the capacitance and L the inductance
are taken as fundamental units, then find dimensions of radius of gyration in
terms of these quantities.

c@ Short-cut solution :

Radius of gyration = Distance = speed x time

(E/B)* fLC
E B IL2C12 Ans.

INlustration 4

If force ‘F’, energy ‘E’ and velocity ‘V’ are chosen as fundamental guantities,
then find dimensions of accelerafion.

o@ Short-cut solution :

Acceleration = F
m
F F
— s 2
102 ElV
2
2
2
= [FE-V2]. Ans.
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Units and Measurements
Nlustration 5

The speed of light ‘c’, gravitational constant ‘G’ and Plank’s constant ‘k’ are
taken as the fundamental units in a system. Find the dimensions of length in this
new system of units.

% Short-cut solution :

Multiplying G and k and dividing by 3, we have
Gh _ MTCT ML
J LTl
L?.
¢—3QGI.Q}'1.'2_ Ans.

.
Il

Hlustration 6

If energy E, velocity v and time T are chosen as fundamental units, the dimensions
of surface tension will be:

(@) [EvTY (b)) [EvTY (© [EVT] (d) [Ev:T]

@P Short-cut solution :

Surface lension = _1OT¢€
length
(energy/ length)
length
= (energy/ length?)
= energy/ (speed x time)?
E .
~ =[EviT7?], Ans. (a)
HNlustration 7

Let I, r, ¢ and v represent inductance, resistance, capacitance and voltuge
respectively. The dimensions of L in ST units will be : JJEE Main 2019]

rey
(@ [LAY () [A7]] (c) [LTA] (d) [LTY

3% Short-cut solution :
As we know [i] = [T
”
and [cv] = charge = [AT]
I - T _wa
= aal e Ans. (b)
rev AT
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Authentic Shortcuts-Tips & Tricks in Physics
Hlustration 8

If speed (v), acceleration (A) and force (F) are considered as fundamental units,
the dimensions of Young's modulus will be: [JEE Main 2019}
(@) v242F2? (b)) vI4’F2 (c) vi4A2F (d) viA’F

% Short-cut solution :

Young’s modulus = stress _ (force/area)

strain 1

force _ force
Length2 (spe:etbﬂime}I

force _ forcex acc?

2 4
— [speed] speed
acc

[FvA2]. Ans. (d)
Hlustration 9

In terms of potential difference V, electric current 1, permeabilily ¢, permeability
iy and speed of light ¢, the dimensionally correct equation(s) is/ are:

[JEE Adv, 2015]
(@) pelP=5V? (B) peli=<,V () I=ggeV (d) pgel=gV

V Short-cut solution :

2
Option (a) Lo [EJ
=] I
As Ll R, resistance,
€
V . - .
also 7" R, resistance. So it is correct option.
V
Option (¢) T " i
0

¢ 1 . \!E Ans. (a, ¢)
I EU
€p 1|
Mo €

Both sides of above equation are equal to R, so this option is also correct.
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Units and Measurements
Nlustration 10

If momentum (P), area (A) and time (T) are taken to be fundamental quantities,
then energy has the dimensions of

1
(@) [PAIT] () [PAT] © (pa2ry @ [PATT)

@ Short-cut solution :

Energy

force x displacement

momentum
= ——————x-+Jarea
time

P
;\G = (P42 171 . Ans. (d)

INustration 11

The speed of a body is measured with a positive error of (i) 2% (ii) 20%. If the
muss of the body is known exactly, then find the error in the calculation of kinetic

energy.
c@ Short-cut solution :
. . 1
(i) kinetic energy, K = 9 m?
= ¢v? (m has no error)
For %xmo - 2%, we can write
Ay
&le = 2[—)(100] =72 x 2% = 4% Ans.
K ¥
Ay
(ii) For < <100 = 20%, we can write

2
AK oo [Q[ﬂ}(ﬂ) ]xm
K v v

= [2x02+022] % 100
= 44%. Ans.

Ilustration 12

A student uses a simple pendulum of exactly 1 m length to determine g, the
acceleration due to gravity. He uses a siop watch with the least count of 1 second
Jfor this and records 40 seconds for 20 oscillations. Find the maximum percentage
error in the determination of value of g. JUT-JEE - 2010}
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Authentic Shortcuts-Tips & Tricks in Physics

@ Short-cut solution :
!
We know that T = 2nj—
5
7 = @dny—
or ( ﬂ)zg
!
or g = (41:}2F
A 100 = A100+28% 4100
g ! T

As the length of the string is exactly Im, so Al =0,
AT Atln  Ag 1

also T = n =T=40
How Ag 100 = 227100
g T
1
x40 5% ns.

Q). The current voltage relation of diode is given by I = (1000V/T _ 1) mA, where the
applied voltage V' is in volt and temperature T is in kelvin. If a student makes an
error measuring + 0.01 V while measuring the current of 5mA at 300 K, what will
be the error in the value of current in mA? JEE-Main- 2014]

To see the video solution, scan the QR code:
OR Yisit https://www.youtube.com/watch?v=oMddPiyIE04

Illustration 13

While measuring the length of the rod by vernier callipers the reading on main
scale is 6.4 cm and the eight division on vernier is in line with marking on main
scale division. If the least count of callipers is 0.01 and zero error —0.04 cm, find
the length of the rod.

@ Short-cut solution :

Length of the rod = observed reading — zero emror
(Main scale division + Vemier scale division
x LC) — Zero emror

(6.4 + 8 x 0.01) — (~0.04)
6.4 +0.08 + 0.04 = 6.52 cm. Ans.
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Units and Measurements

Mustration 14
The circular head of a screw gauge is divided into 200 divisions and move 1 mm
ahead in one revolution. Find the pitch and least count of the screw gauge. If the
same instrument has a zero error of .05 mm and the reading on the main scale

in measuring diameter of a wire is 6 mm and that on circular scale is 45, find the
diameter of the wire.

a@ Short-cut solution :
Pitch = 1 mm

Number of divisions on circular scale = 200

LC = pitch
number of divisions on circular scale

= Imm - 005 mm=00005cm. Ans.
200

Diameter of the wire = (Main scale reading + Circular scale reading x LC) — Zero
error

6 mm + 45 % 0.005 - (-0.05)
6 mm + 0.225 mm + 0.05 mm
6.275 mm. Ans.

nn

So] Concept Booster Exercise

B2
1.  Find the dimension of E JJEE Main 2020/
(2) MLT? b)) ML2T2
(€) MLT? @ M2
2.  Expression for time in terms of G (universal gravitational constant), k (Planck constant)
and ¢ (speed of light) is proportional to: [JEE Main 2019}

hed g J@ J@

(@) "F (b) J% © 5 @5

3.  IfL denotes the inductance of an inductor through which a current i is flowing, the
dimensions of Li? are :
(a) ML?T?2 (b) not expressible in MLT
(c) MLT? (d) M2L212

4.  Planck’s constant h, speed of light ¢ and gravitational constant G are used to form a
unit of length L and a unit of mass M. Then the correct option(s) is (are)

JJEE Adv. 2015]
@ M=.C b) M« JG
(© L= i @ L« G
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Authentic Shortcuts-Tips & Tricks in Physics

Let g, be the absolute permittivity, £ be the relative permittivity, p, and p_ be the
absolute and relative permeability respectively. IT M represents mass, L represents
length, 7 represents time and 7 represents current, then :

(@ [g]=[M"L2T2]] (b)  [(egre)*1=[MOL*TY

(© [en]=[M'L2TY (@ [lel=Inl

The value of resistance is 10.845 Q and the value of current is 3.23 A. The potential
difference is 35.02935 volt. Tts value in significant number would be :

(@) 35V (b) 350V Numericﬂnteaer
(c) 3503V (d) 35029V

In an experiment on simple pendulum to determine the acceleration due to gravity,

a student measures the length of the thread as 632 cm and diameter of the pendulum
bob as 2.256 cm. The student should take the length of the pendulum to be :

Numaricflnte"sir
[KVPY-2017]
(a) 64.328cm (b) 6436cm
(c) 65456cm (d) 655cm
A screw gauge advances by 3mm m 6 rotations. There are 50 divisions on cnrcular
scale. Find least count of screw gauge ? [JEE Main 2020]

(a) 0.002 cm (b) 0.001 cm Numancﬂntagor
(c) 0.0lcm (d 0.02cm

The following observations were taken for determining surface tension T of water by
capillary method ;

Diameter of capilary, D=125x 102 m
rise of water, h=1.45 x 102 m

Using g = 9.80 m/s? and the simplified relation T = 2 %8 «10° N/m, the possible error

in surface tension is closest fo : Numerlcflnte&er
(8) 2.4% () 10%
(c) 0.15% d 1.5%

A spectrometer gives the following reading when use to measure the angle of a pnsm
Main scale reading : 58.5 degree

Vernier scale reading : 09 divisions Numerlcﬂnteger
Given that 1 division on main scale corresponds to 0.5 degree. Total divisions on the
vernier scale i1s 30 and match with 29 divisions of the main scale. The angle of the

prism from the above data is: JAIEEE 2012}

(a) 58.77 degree (b) 58.65 degree

(c) 59 degree (d) 58.59 degree

The length and width of a rectangular room are measured to be 3.95 = 0.05 m and

3.05 = 0.05 m, respectively, the area of the floor is : [KVPY -2017]
Numaricnnté:&ar

(a) 12.05+0.01 m? (b) 12.05+0.05 m?

(c) 12.05%0.34 m? (d)  12.05 £ 0.40 m?
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Units and Measurements

Solutions

1. (a) Energy density in magnetic field = 23—
Ho
_ Force  displacement  MLT 2./,

: 3 s =ML T
(displacement) E

2. (¢) LettexG*h¥(?
Dimensions of G = [M~L3T-2],
h=[ML2T-']and C=[LT']
[1] = ML T2 pMLE T LT
[MOLOTL ] i lm—xﬂ' L3x+2y+z T—2x— —z]
By comparing the powers of M, L, T both the sides
—-x+y=0=>x=y
3x+2p +z=0=5x+2z=0 wias (T}
2x-y-z=1 = x+z=-1 cevee (10)
Solving egns. (i) and (i),

15  [Gh
x="|?=5,2=—5 BERY il 3 F

3. (a) The dimensions of Li2
ML2T2A2 x A2
ML*T2

dimensions of energy.

4. (a,c,d)
L e¥GF
Dimensionally
[MOLLTO) = [MLAT A PLT PIM 3T 2
M0L170=M_:L2I+y+32 T—:r—y—lz
sox-z=0 = x==z
S 2x+y+3z=land x-y-2z=0
On solving we get

WA
X=3.,y="5,2=

s Lee Ji
L JG

(e, d) are correct options
M o ¥ G-
MLPT® « [MLIAT YR [LT-1P [MIL3T2)2
s MIPT® oo ME-2 [ 26y +3z pox-y-2z
Lx—z=1

x+y+3z=0

x—-y—-22=0

B3| —
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On solving we get
| 1 1

I: E=y= 5,z= e e

2
S Me [o
(a) is the correct option.

(a, b, d) £, and p_are dimensionless.

(b) The significant number in the potential, }' = iR; should be the minimum of
either i or R. So corresponding to i = 3.23 4, we have only three significant
numbers in = 35.02935 V. Thus the resultis F=35.0 V.

Error and Instrument
(b) Effective length should be taken up to centre of mass

6
I, =632+ = 64.328

So, student should take the length of pendulum to be 64.3 cm.
By significant figures /. = 64.3 cm.

(b) Pitch= %= 0.5 mm

e B w0l Eime 00T o

LC. 50 100

(d) Suifice tension, T=rthx103

; . n AT Ar Ah
Relative error in surface tension, - =—4 T+ 0
r

(-~ g, 2 and 10? are constant)
Percentage error

AT (102x0.01 102001
X—= — — (100
T 1125x10 1.45x10

=(0.8 +0.689)

=(1.489)=1.489% = 1.5%
(¢) Reading of Vernier = Main scale reading + Vernier scale reading * least count.

Main scale reading = 58.5

Vernier scale reading = 09 division

least count of Vernier = 0.5°/30

Thus R 585°+9«x

R 58.65
(c) Area, A=bi=395x3.05 =12.05m?
Ad Ap Al 005 005
— =+ — =T 4+ —
A b I 305 3095

AA =0.028 x 1205 or 12.05+ 0.34 m?

100

0.5°

=0.016 +0.012 =0.028
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TOPIC: Equations of Uniformly Accelerated Motion, Uniform and Non-

uniform Motion.

ﬂf Review of Formulae

Vo ™

)

vdt 1

j cv=utats=ut+—at’, V=u’+2as, s, =u+=(2n-
2 (1) 2 ¢ as; Sy =u+(2a-1)

.;{,'ﬂ! Tips and Tricks for Shortcut Solutions
1. Uniform motion is one in which speed is constant, velocity may change.
As in case of uniform circular motion.
2. In uniform motion along a straight line
2 o |

=0 =0,
a g
3. General equations of motion are;
Y e
dt dt

4. If particle starts from rest with constant acceleration then distances moved
in successive seconds willbe 1:3:5:......... :

S. The displacement in last second of motion of a particle projected vertically
upward is independent of its initial velocity. It always be g/2.

6. If a body thrown up from some height with some velocity and another
thrown down with same velocity, both will hit the ground with equal
velocity.

7. If air resistance is taken into account, then time of descend will be greater
than time of ascend.

8. A particle is projected upward, if ¢, and ¢, are the times at which it is at a

1
height ‘A’ while ascending and descending respectively, then 4 = a—gf,tz.
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Authentic Shortcuts-Tips & Tricks in Physics

9. The speed of the body after falling a vertical distance & will be v = \}Zgh :
It does not depend on the path followed

/

10. A particle first accelerates with o and then retards with 8 along a straight
line and stops. If total time of motion is ¢, then displacement

uﬁtz
2(o+B)

More Tricks for Short-cut Solutions:

1. Time takenby boltto hit the floor of the lift going up ordown A= %(g ta)’.

Use +a, when lift accelerating up or retarding down. If lift moves with
constant velocity, then a = 0.

2. Time taken to cross or overtake the trains of lengths £, and (,, with initial
separation x is:

£ +£ : : :
g= R th) Use ‘=’ when moves in same direction.

V2
3. Iftwo bodies are thrown vertically upwards with velocities v, and v,, then
scparation between them at any time; s = (v, ~ v,)I, when moving in the
same direction.
4. The number of trips of a bird between two oppositely moving cars will
always be infinite, irrespective of their speeds.

Ilustration 1

A bird flies for 4 s with a velocity v = (t — 2) m/s, in a straight line, where t = time
in second. Calculate the distance covered by bird.

% Short-cut solution :
v = |t-2]

Att=0, v=2m/sand t=2s,v=0.
Att=4s, v=2 m/s, speed-time graph is shown in figure.
Distance = area of speed-time speed (m/s)

l.~=<2x2+l:;<2><2 2
2 2

= 4m. Ans. »lime
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Motion in a Siraight Line
Mlustration 2

A bird is tossing (flying to and fro) between two cars moving towards each other
on a straight road. One car has a speed of 18 km/h while the other has the speed
of 27 km/h. The bird starts moving from first car towards the other and is moving
with the speed of 36 km/h and when the two cars were separated by 36 km. What
is the total distance covered by the bird till cars collide?

@ Short-cut solution :
Velocity of approach of cars = 18+27=45km/h
Distance between the cars = 36 km

distance between the cars _ 36

relative speed of car 45

.. Time of meeting the cars (f)

4
= Eh =08h.
Speed of the bird (v,) = 36 km/h
Distance covered by the bird = v, x ¢
= 36x08
= 2B8km. Ans.
Mustration 3

Bodies, A and B are thrown vertically upward with velocities 5 m/s and 10 m/s
respectively. Find separation between them after one second.

@ Short-cut solution :

Using, s

1l

(10—5)x 1 =5m. Ans.

INlustration 4

The engineer of a train moving at a speed v, sights a freight train a distance d
ahead of him on the same track moving in the same direction with a slower speed
v, He puts on the brakes and gives his train a constant deceleration a. Find the
minimum value of d at which brakes are applied so as to avoid collision.

Solution :

Collision will be avoided if speed of the train v, becomes equal to v, in travelling a

relative distance d. Therefore final relative speed of trains becomes zero. The initial

relative speed v, = v| — v,. By third equation of motion, we have
p - 2_
Viz U =2 a8
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0= (vy—v,)*-2(a-0)d

e
or d = (=) 4
2a
. . . (V] —1:’2)2
The collision can be avoided if d > - Ans.

Illustration S

A car accelerates from rest at a constant rate ‘o’ for some time, after which it
decelerates at a constant rate ‘B’ to come to rest. If the total time elapsed is t
second, then calculate

(i) the maximum velocity attained by the car, and

(i) the total displacement travelled by car in terms of o, B and t.
To see the video solution, scan the QR code:

OR Visit https://www.youtube.com/watch?v=TPfnFcCoicU

Solution :

Let car accelerates upto time ¢, and then retards forz—z,.
If v is the maximum velocity aitained by the car, then

v = utar 5 52
= 0+at ...(1)
Also 0= v-B(-1)
or = B(r-1) ...(11)

From above equations, we get
Bt Bt at
t, = —_— o I e Pt =
A (a+|3 an 1 a+p \a+B

() Maximum velocity, v, =v=at, = [5—%]

(11) Now lotal displacement
§ = 5135,

Il
|
g
=
+
K| =
=
—
Ty
|
-
e
(&

Ans,
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Motion in a Siraight Line
Graphical solution :

Let v .. be the maximum velocity attained and ¢, be the time at which maximum
velocity will occur. The velocity vs time graph can be drawn as follows:

The slope of line OP,

q =
— S
The slope of line PQ),
= Vose = B(—1)). ..(ii)
From equations (i) and (ii), we get
which gives t, = B, (ii1)
gi i e
Substituting value of 7, in equation (i), we get
= opt
(i) Viax = a—EB ; Ans.

(i) Total displacement 5 area of ¥—¢ graph

xi

- Exvm

I oft . apt®

2xa+th——2(u+B) Ans.

INMustration 6

The distance (s) between two stations is to be covered in minimum time. The
maximum value of acceleration or retardation of a car can not exceed o and B
respectively. Find the time of motion,

@3 Short-cut solution :

To cover the distance in minimum time the car must get the maximum possible
acceleration o and then retard to maximum possible value b. Let ¢, is the time up to
which car accelerates and ¢ is the required time of motion. The velocity-time graph
of motion of car can be drawn as in figure.

v

aﬁtz

We know that —_—
2(a+p)

Solve above equation for ¢, we have
af a P
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Hlustration 7

A particle of mass m moves on x-axis as follows: It starts from rest at t = 0 from
the point x = 0 and comes to rest at t = 1 and the point x = 1. No other information
is available about its motion at intermediate times (0 < f < 1). Discuss about the
acceleration of the particle.

@ Short-cut solution :

Let o. and B are the acceleration and retardation of the particle during the motion.
The velocity-time graph of motion of a particle is shown in figure.

2
_ Lo 9Bt 5
We have 5 X 2 +P)
Givenx=1m, ¢=1s - ' B
let|a|=[B], th f g S =
@ an 2(a+a) o f et

which gives a =4
When | o || B | then | a | will be greater than 4, and | B | will be less than 4. Ans.

Ilustration 8

A car starts moving rectilinearly, first with acceleration o. = 5 m/s? (the initial
velocity is equal to zero), then uniformly, and finally, decelerating at the same
rafe o. comes to a stop. The total time of motion eguals v = 25 5. The average
velocity during that time is equal to <v>= 72 km/h. How long does the car move
uniformly?

% Short-cut solution :

Let ¢t be the time upto which car accelerates or decelerates. The maximum velocity
attained in this duration is 5 ¢. The time upto which car move uniformly = 25 — 2¢.
The velocity — time graph of the motion of car is drawn as in figure.

o 7 5"
b f —te=25 — 2 f=rl— | =}

Given the average velocity in whole time of motion
72x5

Vm-' = T =20 m/s.
The average velocity from the graph can be obtained as
_ total displacement
X total time

area of v —¢ graph
total time

Telegram @BookCornerOfficial




Motion in a Siraight Line

%x[25+(25-2r)]><51‘

20 = T
%x[50—2t)]x5:
- 25
or 200 = 50:-22
or 2-25t+100 = 0
(t—-20)t—-5) = 0
t = 5s or 20s
But = 20 is not possible
t = 5s.

The time upto which car moves uniformly
= 25-2t=25-2x5
= 15s Ans.

HNlustration 9

An elevator, in which a man is standing, is moving upward with a constant
acceleration of 1m/s2. At some instant when speed of elevator is 10 m/s, the man
drops a coin from a height of 2 m. Find the time taken by the coin fo reach the
floor. (g = 9.8 m/s?)

@ Short-cut solution :

Using, h

1 2
—(g+a)t
2(3 @)

2h
g+a

= (2"2 =061 s. Ans.
98+1
Nlustration 10

A balloon is rising vertically upwards with uniform acceleration 15.7 m/s, A stone
is dropped from it. Afier 4 5 another stone is dropped from it. Find the distance
between the two stones 6 second after the second stone is dropped.

%‘J Solution :

Consider motion of stones with respect to the balloon. Al the instant of release of
stones, the initial velocity of both stones w.r.t. the balloon is zero. The acceleration
of stone w.r.t. the balloon

laslnnelballnnn = gk =gta

1
Now Si = 0% 5 [Bsonelbation t?
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t, = (4+6)=10s

1
1
= 5(9.8 +157) % 102m

1
and 5 = 0+ E{g+a)52
where £, = 6s
1
5y = 5(9.8+l$.7)><62

The distance between s, and s, :

= %(9.8 +15.7) [10%2 - 62]
= 816 m. Ans.

INustration 11

Two ships are 10 km apart on a line from south to north. The one farther north
is moving towards west at 40 km/h and other is moving towards north at 40 kni/h.
What is the distance of closest approach and how long do they take to reach it?

o@ Short-cut solution :

With respect to ship 4, velocity of ship B,

Vaa™ J40% + 407

— 402 km/h

The shortest distance of B from 4
10

Xmin —

E‘ o

h.

o _lor2 _ !

Time, = T 8
IMustration 12

A balloon starts ascending at a constant acceleration of 2m/s*. When it was at a

height of 100 m from the ground, the food packet is dropped from the balloon,

After how much time and with what velocity does it reach the ground ? Take g =
10 m/s%,

c@ Short-cut solution :

The velocity of balloon at the height of 100 m;
v = 0+2x2x1000r v=20m/s
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Motion in a Siraight Line

Take this velocity — 20 m/s along downward direction. Now consider the food packet
is falling with initial velocity — 20 m/s from a height 100 m.

-f 20 m/s
...... { Juui
T ' 4 —20 m/s
100 m
Ground
‘Therefore from second equation, we have
1 >
h = uw+—
2 g
1
or 100 = —20t+5:~.'10x!‘2
Solving for ¢, we get t = 24245

The velocity with which it stnikes the ground
v o= wl+2gh=(-2012+2x10x= 100
or v = 49 m/s. Ans.

Hlustration 13

A drunkard walking in a narrow lane takes 5 steps forward and 3 steps backward,
Jfollowed again by 5 steps forward and 3 steps backward, and so on. Each step is
1 m long and requires 1 5. The time when ke will fall into the pit 13 m away from
kim is :

(a) I3s b)) 37s (c) 40s (d 425

@ Short-cut solution :

The time taken to move net 2 steps (5 steps forward and 3 steps backward) is 8s, and
so for B steps he takes 32 s. In last 5 steps he will take Ss and [all into the pit.

Total time =32+ 5=37s. Ans, (b)
Ilustration 14

A point moves with uniform acceleration and v, v, and v, denote the average
velocities in three successive intervals of time t,, t, and t,. Which of the following
relations is correct?

@ vi=vyiv,=vi=t =ittty (B) vi=vyiv,=vi=t+h L+

(© vy—viv,—ve=8—bity—t; (d) vy—vy:v,—vy=4, -6 Lt

@3 Short-cut solution :
At point A, we can take velocity v| and at point C we A B C D
can lake v,, so change in velocily in ¢, + ¢, becomes t, t G
'h'z — Vl. tl + tz
The acceleration, a= 274

Ht+ip LR
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'Ss;"' Concept Booster Exercise

Authentic S| ts-Tips & Tricks in Physics

Similarly velocity at point B can be taken as v, and v, at D, so change in velocity
becomes v, — v, in (¢, + 1;).

; -y
The acceleration, a = B "
bh+h
As acceleration is same throughout, so
M. - BTV
f. +1 H+ f3
o Wity o MVE Ans. (b)
L+t I+t

A point traversed half the distance with a velocity v . The remaining part of the
distance was covered with velocity v, for half the time, and with velocity v, for the
other half of the time. Find the mean velocity of the point averaged over the whole
time of motion.
If & point moves in a straight line with uniform acceleration and covers successive
equal distances in times £, £,, #;, then show that

. 4 .k 3

H ot 3 ytupty
A particle P is sliding down a frictionless hemispherical \ |

bowl. If it passes the point 4 at # = 0. At this time, the A\« B
horizontal component of its velocity is v. 4 bead Qof P
the same mass as P is ejecled from a long horizontal

string AR, with the speed v. Friction between the bead and the string may be neglected.
1Tz, and ¢, be the respective times taken by P and Q Lo reach the point B, then :

@ 1,<i ) 1,=1

tp _ length ofarc ABC

o length of chord AB

The relation between time ¢ and distance x is # = ax? + Bx where o and B are constants.
The retardation

(a) 2av3 (b) 2pv3 () 2oafv3 (d) 2p3v3

where v is the velocity

Four persons K, L, M and N are initially at the corners of a square of side of length 4.
If every person starts moving with velocity v, such that X is always headed towards L,
L towards M, M is headed directly towards N and N towards X, then the four persons
will meet after :

%sec (b) @sec (c) %SBC (d %sec

© 1,>1, @

(a)
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10.

Motion in a Siraight Line
A particle moves with a velocity (37 + 4f) m/s from origin. The displacement of particle

along line x = y after two seconds will be: , Numeric/int eger
a) 10m —_

(a) (b) N3

(© 7vV2m (d) none of these

A ball is thrown upwards. Its height varies sz

with time as follows. If the acceleration due to RS'8ht T

gravity is 7.5 m/s?, then the height his: (™ h

(@ 10m Numaric!lntag'ﬁr )

(b) 15m E

(€) 20m i » time(s)

Starting from rest a particle moves in a straight line with acceleration g= {2 + |t — 2|}

m/s2. Velocity of particle at the end of 4 s will be . 95
(@ 16 m's (b) 20 m/s Numaeric/integer
(c) 8mfs (d 12m/s

A particle moves according to law x = a cos niz. The distance covered by itin 2.5 s is
(a) 2a b)) 3a

(c) 4a (d 5a

A person walks up a stalled escalator in 90 s. When standing on the same escalator,
now moving, he is carried in 60 s. The time it would take him to walk up the moving

escalator will be #:
(a) 27s (b)) 72s Numeric/integer
(c) 18s (d 36s

@ Solutions

1.

Let 1, and ¢ be the time of motion of first half of distance and rest half of the distance
respectively, then

¥ Vs
v = M Vi Iy ,th 12
o fo+i 5/2 ' /2
512 vt vl s
h = —,and— +—==—
35
or r=
W+
_ 5
Vav T 572 s
Vo (m+va)
o O],
2vp+v+ vy
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Let 5 be the successive equal distances and v,, v,, v, the initial velocities for the
successive distances and v,, the final velocity in the third distance. Since the
acceleration is constant, so velocities in the three intervals and in the total time are
5 5 F

Wty Yt vtv Mt % Vs Vs
2 2 2 2
We know that average velocity
o g distance
By time ~
Vtva s ;
y-maal = B =1
2 3] )
Yoty 8 <
- (i
5 . (il
+
% = % i)
and i R (iv)
2 hH+ir+1
Doing (i) — (1) + (iii), we get
L7 S[L_Lri] )
2 4 L B
Now from equations (iv) and (v), we get
1 1 1 3
———t— = —
fl tz I3 I] + tz + 1'3
(a) Both the particle has same displacement. We can draw their velocity-time
graph as follows:
For the same displacement, area of v-¢ graph for both are equal, so
tp <ty
v
-
0 I ;Q >t
(a) Given t = ax?+px
Differentiating above equation w.r.t. time, we get
1 = oax zxﬁ + |3ﬁ
ar  dt
1 = 2axv+py,
1
— = 2uax+ .
7 ax+p (1)
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(@)

()

(b)

Motion in a Straight Line

Differentiating again, we get
dv  dx. _dv
= 20(x—+v—)+B—
0= 20 v Pa
or 0 = 2a(xa++v?)+Pa ..(ii)
From above equations, we get
a = —2av.
g 4df2 _d K, )i
cosds® 2 u
e o g
% -4
Veffective — Y C0845°= — . vh i
‘JE fr" i < '»,M
d
: s _diN2_4d
Time, t = = =—
Veffective ‘W‘ﬁ v
If 4 is the displacement along the veloeity. vector, then ‘
A=2v = (6i+8)).
Unil vector along line y = x,
B (= 'cos45°] +sin45°
3 & 3—:
S I
V2 2
Thus the displacement along B
ABcos® 4B
AcosO = 2 B
(67 +8))-(~=+L)
- V2 2
|
= 72 m
If u is the velocity of projection, then
O=u-ax35
or u=35a=35x175
= 26.25 m/s h
Now y=uxl—-—— x
1
= 26.25-— 5" 75%x12=225m
1
Also y+h=u><2—5><a¥22
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=26.25x2—% %75 %22

h=15m.

8. (d) Accelerationcanbe writtenasa=2+2—-fora=4—tfort<2s and a=2+
t—-2ora=tfortz2s

Therefore, acceleration time graph of the particle will be as shown below

4 a(m/s?)

» 1(5)
v—Vv; = area under (a-7) graph

1
or =0 = {x4-- B
= 12 m/s
. : . . 2n 2n
9. (d) x=acosntrepresents periodic motion with a period, T =— =— = 2s. Thus
w =

in 0.5 second, it covers a distance 4. So in 2.5 s, it covers a distance 5 a.

10. (d) Ifxand v are the speeds of the person and of the escalator, then

£ £
= = 90 - i
u ’ ““ 90
£ £
and e 60, A Sy
If £ 1s the required time, then
£ ¢
| =— = =
u+v L s
el
90 60
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TOPIC: Vector Analysis and Projectile Motion.

f Review of Formulae

po 2y _2usin® o u _ u’sin’@
g g 2g 2g
2u.u 2 2
R= L =u sze; Rm=u—,f0r 0 =45°
g g g

If 7, and T, are the time of flights for same range R, then 7,7, =

e

&;I'rﬁ! Tips and Tricks for Shortcut Solutions

S

1. Ifvectors A and B are perpendicular, then Ii+ﬁ| =|A-B|

2. If R+§+é=0,thegivenvectorsmustbeooplmr
3. If A+]—§+é=0,lhenwemaywrite
A+B=-C or |A-B|<Cx|A+B|

4. Tor vector R =R,i+R j+R,k, if o, B and v are the angles made by R

from x, y and z - axis respectively, then

R: R)’ R?
cosa = . COSp=— CosYyY=—
p » SBR=p- and Gosy=—

And cos” & +cos? B+cos® y =1
5. (i) For perpendicular vectors A-B=0
(ii) (A+B) and (AxB) are perpendicular.
6. Unit vector perpendicular to vectors A and B

>
(s +]]

X

-~
n=

-1
(oo

X
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Volume of parallelepiped = [A BC] 7
9. If scalar triple product [A BC] =0, the given vectors will be coplanar.
10. f A+B=C and A +B?> =C? then A and B are perpendicular.

11. Iflil+|1-3'|=lffl,thenvectors A and B are parallel vectors.
12. If a particle starts with accelerations in two mutually perpendicular

a
directions, its path will be straight line, y = [a—y]x :

13. If a particle has constant velocity v in one direction and acceleration in
perpendicular direction, then its path will be parabolic,

gxz

2u®cos’0

14. The maximum height, # and range R are related as: R = 4H cot 0

1S. If horizontal range, R = /1, the maximum height, then angle of projection
0 =tan"14.

L
16. If ¢, and ¢, are the times corresponding /’/’_I"‘QA
to the same levels, then / \ 1}:
v AN

o g6’ -47)
3 -
17. If a boy can thrown a ball to a maximum distance ‘4’, then he can thrown
the ball to a maximum height 4/2.
18. If a particle passes two points situated at

y=xtan -

equal heightyatr, ands, then y = %g:,tz.

IMlustration 1

Which group of forces can give zero resultant?

(@) 5,10, 16 (b) 5,8 14 c) 6915 (d) 10, 20,31
@ Short-cut solution :

If using, | A—B|<|C[<| A +B|

Tn option (c), letA=6and B=9, then | A— B|=3

and |A+B| =6+9=15

As I(—31=15 lics from 3 to 15, thercfore option (c) is correct. Ans. (¢)
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Motion in a Plane
Illustration 2

The sum of the magnitudes of two forces at a point is 18N and the magnitude
of their resultant is 12 N, If the resultant makes an angle 90° with the force of
smaller magnitude, the magnitude of the forces are:

(a) 5N,IIN (b)) 6N, I2N {c) 8N, 10N (d) 7N, 1IN

Short-cut solution : ?\\
From geometry, we can write P
B: = R+ A%

or B2-4%2 = R?
or B+A)(B-4) = 122
Given, A+B = 18
or 18(B-4) = 144
or B-A=8 ... (i)
On solving above equations, we get
A=5Nand B=13 N, Ans. (a)
Ilustration 3
The diagonals of a paralielogram are given by vectors 3i + j + 2k and i-3j+4k.
Find the area of parallelogram.

O@ Short-cut solution :

Here, P+Q _ [Bi+]+20)+0-3]+4k)
2 2
_ 4f-2}+6£
2
= A jaik
sl P-Q _ Qi+j+2k)-(i-3j+4k)
2 2
= [+2j-k
2 2

= |(2£’-}+3£)x(:’+2}-£)‘

= 5./3 unit Ans.
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INlustration 4

A particle is projected from the ground, whose equation of trajectory is given by
y=ax- bx?, where a and b are constants. Find horizontal range of the particle,

3% Short-cut solution : A

Given, y = ax — bx?
Taking point of projection as origin, the
coordinates of point of strike are (R, 0). .

On substituting x = R and y = 0, we get 0, 0) R '(R, 0)
0 = aR—-bR?
0 = R(a—bR)
AsR=0, .. a—bR = 0 :>R=%. Ans.
INustration 5

If any point of a parabolic path of a projectile the velocity be u and the direction
of motion be at 8 with the horizon, show that the particle is moving at right angle

to its former direction after an interval of time t =

£25in0 i
({;77 Short-cut solution :

Consider the motion of particle along the initial line of projection. Along this line
initial velocity = u, after time ¢, v= 0 and acceleration @ = g sin 0.

Using first equation of motion along the line of projection, we have
v = utat

Ay=0

¥ . ‘\‘

(90° -8 )™,

gsin ©

)
Il

or u—gsinbi¢

which gives [ = L _ Ans.
gsind

Illustration 6

Two particles move in a uniform gravitational field with an acceleration g. At the
initial moment the particles were located at one point and moved with velocities
u;=3.0 m/s and u, = 4.0 m/s horizontally in opposite directions. Find the distance
between the particles at the moment when their velocity vectors become mutually
perpendicular,
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Motion in a Plane

@ Short-cut solution :
Supposing point of projection as the orngin, the velocities of particles at time # after
the projection
W = 300 —g¢J ..
and Vo = —40i —gtJj .. i)

As V; and V, are mutually perpendicular, so ¥, ¥, =0

or (3.0f —gt]j). (407 —gt])=0

v, -j'iﬂ; m's 'y \1-';_‘?" 30ms
% 3.0x4.0 ng tz = ) 1'3‘/ X3 ¥ \0':
o o
g Ground

Both the particles have zero initial velocity in vertical direction. Thercfore they fall
equal vertical distances. They lie on same horizontal line. Therefore we have

x = 30t and x,=40¢
x = x+x,=301+4.0¢
= 70t=TN20 osm Ans.
8

INustration 7

A man running along a straight road with uniform velocity u =2 m/s feels
that the rain is falling vertically down. If he double the speed, he finds
that rain is coming at an angle 0 = 30° with the vertical. Find the actual
direction and speed of the rain with respect to the ground

(%3 Short-cut solution :

Let velocity of the rain is v and inclined as shown in figure.
The velocity of man u = 2 m/s.

The velocity of rain with respect to the man

Vem = VP~ Vm
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The V,, vector is shown in figure,

when he doubles the speed rm
Now V,,, is shown in figure

There are two same triangles PSQ and PSR,
so 8 = 30°
and v = QR=2u

= 2x2= 4mfsAnsQ

Ilustration 8

Passengers in the jet transport A flying east af a speed of >

800 kmh™' observe a second jet plane B that passes under —............... Mg

the transport in horizontal flight. Although the nose of B is
pointed in the 45° north east direction, plane B appears to

the passengers in A to be moving away from the transport o 4
at the 60° angle as shown. The true velocity of B is el s i

(@) 586kmh™ () 400N2kmh' (¢ 717kmh™'  (d) 400 kmh™
Solution :

According to law of sine or Lami’s Theorem

. Y4 _ Vg _ VBi4
sin 75° sin60°  sind45°
= vg = 717kmh7l. Ans. (c)

w”}ﬁ! Tips and Tricks for Constraint Relations

Appmch - 1 : In the given device “u’is given and v is unknown.
Equate resolved component of unknown velocity along

known velocity v
or veos® = u olo
u u
cosB

Approach-2: (i) Z7Tvcos6=0 e

(i1) ZTacos6=0
Here T'is the tension in the string.
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Motion in a Plane
Mlustration 9
In the arrangement shown in figure, the ends P and Q of an inextensible string

move downwards with uniform speed u and v respectively. Pulley A and B are
fixed. Find the velocity of mass M at the instant shown in the figure.

c@ Short-cut solution :

Using, ZTveos® = 0
Tucos 180°+ Tvcos 180°+ 2Tcos O Xy = 0

T

H+v 1807
or vy = 2¢0s0 . Ans.

Nlustration 10

A block is dragged on a smooth plane with the help of a rope which is pulled with
velocity v as shown in figure. Find the horizontal velocity of the block.

G ﬁ) Short-cut solution :

Let velocity of block along horizontal direction is vx, then its component along the
rope will be v, sin 8. Since each point on the rope will move with same velocity v
£ v, sin@ = v

or v = — i Ans.
sinO

X
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Authentic Shortcuts-Tips & Tricks in Physics

In the arrangement shown in the figure the block B starts from rest and moves
towards right with a constant acceleration. After time t the velocity of A with
respect to B become v. Determine the acceleration of A.

o@ Short-cut solution :

Given, VoV <=V Ya T T
or vy = (vgtVv) " T, . v,
; : T ; B
Using, Ziwcos® = 0 7 T
or  (2T)v cos 0° + (3)vycos 180°=0
or 2Tv,—3Tvy = 0
or 3 v
e =
B 2 B
3
= —(v,—-v

2 ¥y-v)

or vy = 3
) Vq— 0

Acceleration of block A, a, = ;

3v

R == Ans.
HMlustration 12

Four rods, each of length I, have been hinged to form B
a rhombus. Vertex A is fixed to a rigid support. Vertex
C being pulled to the right along x-axis with a uniform C v
speed v as shown. The speed at which vertex B moves i
at the moment the rhombus takes the shape of a square
is : D
(a) v/4 ® w2 o w2 (d) v

% Short-cut solution :

Vertex B has two components of velocities, v, and v,

Cdx/2) 1
T & 2
— tan45°

- |=-F

=
di

r
2

)
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Motion in a Plane

or e
Velocity of vertex B, vy =

Illustration 13

A particle is projected from point A with velocity w2 atan angle of 45° with
the horizontal, It strikes the inclined plane PQ af right angle. The velocity of the
particle at the time of collision is :

T Q
A P
3u

u

% Short-cut solution :

If v i3 the required veloeity, then its horizontal component when it hits the plane is v

(d u

iR

cos 30°, so
veos30° = 52 cosds5® w2
NE) 1
or 2T o= ulx— 45°
"2 2 K

2u
or | VE = i Ans. (¢

N (©)

Ilustration 14 y

Particle A moves along the line y=4\3 with _ Al ,
constantvelocity v of magnitude 2.0m/s and directed T

paraliel to the positive x-axis. Particle B starts at the 43
origin with zero speed and constant acceleration a L O xd
(of magnitude 4.0 m/b‘z) at the same instant that the

particle A passes the y-axis. The angle 0 between a and y-axis that would
result in a collision between these two particles should have a value equal to @

(a) 30° @ 45° (c) 50° (d) 80°

X
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@ Short-cut solution :
If ¢ is the time of collision, then for particle A
x= v
and for particle B

x = 0+%(asin9)!2

and ¥ E []+%(awc0~s.ﬂ}f2
_ 1 . .
Therefore, vt = Ea sin 7> (1)
and 43 = %(acos&)r2 ..(11)
On substituting a = 4m/s%, v =2 m/s and simplifying we get
cosf = ﬁ
7
or 0 = 30° Ans. (a)

INlustration 15

Rain is falling vertically with a speed of 20 m/s. A person is running in the rain
with a velocity of 5 m/s and a wind is also blowing with a speed at 15 m/s (both
JSrom west). Find the angle with the vertical at which the person should hold his
umbrella so that he may not get drenched.

%Shmt-cut solution : Tf
X

Vegin = —20j m/s

Veman = Simds,and v, = 15 m/s .
The resultant velocity of rain and wind

VR = 20j+1i ot [ON
Now velocity of rain relative to the man is
(V& L = —-20j+15i-5i =10{-20] -10%
1 1

Therefore tan© = %=Eor9=tan'](3) Ans.

Illustration 16

A projectile of mass m has velocities 3 m/s and 4 m/s at twa points during its
flight in the uniform gravitational field of the earth. If these two velocities are
perpendicular to each other, then find the minimum K.E. of the particle during
its flight.
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Motion in a Plane

@ Short-cut solution : i
According to given condition
Jcosa = 4dcos(90-w) 90 - a)
or Jcosa = 4sino Ams
or tan e = a
4
As horizontal component of velocity at highest point is, v cos 8 =3 cos o.
Therefore,
3
K. = lm(Scosct.)2 =lm x 3% x[i] = Em Ans.
2 2 5 25

INlustration 17

Two particles A and B are projected in air. A is thrown with a speed of 3 m/s and
B with a speed of 4 m/s as shown in figure. What is the separation between them
after I second ?

@ Short-cut solution :
Both the particles move under gravity, so ;

ldpsl = g-g=0 o
and |¥pal = 4% 132 =5 m/s 6002-“‘;_{' 30°
vpat =3 x1=5m  Ans.

A

Illustration 18

Six particles sitwated at the corners of a regular hexagon of side ‘a’ move at
constant speed v. Each particle maintain a direction towards the particle at the
next corner. Find the time the particles will tuke to meet each other.

o@ Short-cut solution :

Particles will meet at the centre of the hexagon. But we can use a tnc]c that particle
will approach to other particle with a relative velocity,

v = v—vcos 60°
= v—vi2=v/2.
The distance tohe moved = a
. Required time, r= =2
v/ ¥V

Mlustration 19

A man crosses a 320 m wide river perpendicular to the current in 4 minute. If in
still water he can swim with a speed g times that of the current, then the speed of

the current, in m/min is.
(a) 30 B) 40 c) 50 (d) 60
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% Short-cut solution :

—
W |t
-

b S
[ =]
|
-

(9]

Il
oD
o
Zl

60 m/min Ans. (d)

=
Il

Ilustration 20

Raindrops are falling vertically when no wind is blowing. Now when a wind is
blowing horizontally at the speed of 5 m/s, raindrops are observed to be striking
the ground at an angle O with the vertical. The speed of the raindrops is

(@) 5sin0 &) siT& (¢ 5cos0 (d) 5tan0

@Shod-cut solution :

< |

Ans. (b)

=sinh, orv=

sin@’

1. Inaregular hexagon ABCDEF,

prove that AB+AC+AD + AE+AF =6A0
D

A B

2. The resultant vector PandQisR. On reversing the direction of Q, the resultant
vector becomes S. Show that : R? + §2=2(P2 + Q2).

3.  The angle of inclination between two vectors Pand Q is0.If P and Q are
interchanged in position, show that the resultant will be turn through an angle @, where

mg[u]mg
2 |P+o| 2

4. ‘'Two forces (P + Q) and (P — Q) make an angle 2a with one another and their re-
sultant makes an angle 0 with the bisector of the angle between them. Show that
Plan 0 =Q tan a.
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10.

11,

Motion in a Plane

Two nings O and O' are put on two vertical stationary rods A8
and A'B’ respectively. An inextensible thread is fixed at point

A' and on ring O and is passed through ring O (see figure). L Y
Assuming that ing (' moves downwards at constant velocity vy
v,, determine the velocity v, of ring O if ZAOO' = o B B

Magnitude of resultant of two vectors P and 0 is equal to magnitude of £ . Find the
angle between () and resultant of 2P and Q. [JEE Main 2020/

Numericnnteesér
Position of two particles A and B as a function of time are given by X, =—31* + 8¢ +

cand Y5 =10 - 88. The velocity of B with respect to A at 7= 1is v. Find v.
[JEE Main 2020}

Numaricﬂnté:géir
A sphere of radius 10 cm is in contact with a wedge as shown.

The point of contact of the sphere is at height of 2 cm above the
ground. If the wedge is moving leftwards with 20 cm/s, the sphere

is moving with : NE— te’
(@) 12cm/s (b) 15 cm/s . ger
(¢) 18 cm/s (d) 21cm/s

Airplanes 4 and B are flying with constant velocity in the same vertical plane at angles
30° and 60° with respect to the horizontal respectively as shown in figure. The speed

of A is 100+/3 m/s. At time =0 s, an observer in A finds B at a distance of 500 m.
The observer sees B moving with a constant velocity perpendicular to the line of mo-
tion of A, Tf at 1= f;, 4 just escapes being hit by B, 1, in seconds is [JEE Adv. 2014]

2 Numeric/intede
; 1?(( umeric/integer
" B
e ..-""'
" ‘ 300 —"ﬁ 60u

A boat which has a speed of 5 km/h, in still water crosses a river of width 1 km along
the shortest possible path in 15 minute. The velocity of the river water in kmv/h 1s

Numaricﬂnté:gﬁar

(8 1 (®) 3 (c) 4 (d) V4l
An acroplane is to along straight line from 4 to B, and back again. The relative speed
with respect to wind is ¥. The wind blows perpendicular to line AB with speed v. The

distance between 4 and B is £. The total time for the round trip is:

2¢ 2wt 14 21t
c) ——= d
22 (b) 72 _2 () 7 (d) iyz_l_vz

(a)
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14,

Authentic Shortcuts-Tips & Tricks in Physics

A boat B i1s moving upstream with velocity 3 m/s with respect to ground. An observer
standing on boal observes that a swimmer § is crossing the river perpendiCular to the
direction of motion of boat. If river flow velocity is 4 m/s and swimmer crosses the

river of width 100 m in 50 sec, then : Numerlcﬂnte&er
() velocity of swimmer w.rt. ground is /13 m/s

(b) drift of swimmer along river is zero

(c) drifl of swimmer along river will be 50 m

(d) velocity of swimmer w.r.t. ground is 2 m/s

From the top of a tower, two balls are thrown horizontally with velocities », and u,

in opposite directions. If their velocities are perpendicular to each other just before
they strike the ground, find the height of the tower.

w’ Uty 1 Ly

B & =- (c) ‘;Z—g (d)

A particle is projected with velocity 1(./2 m/s al an angle of45° with the horizontal.

The interval between the moments when speed is V125 mss (g=10 m.fsz) )
Numaricnnte':ggr

(a) 1s (b) 2s (c) 3s (d) 4s

(a)

@ Solutions

E = AB+AC+AD+AE+AF

= ﬁ+(ﬁi+l3_c-)+(ﬁ+ﬁ+c_ﬁ) +(A_B.+B_C.+E+TTR)+(E)

As DE -AB
R = 3(@+E+(Tﬁ)

= 3xAD=3x2A0

= 6AO
We have R2 = P +Q?+2P0cos® ..(i)
and $2 = P24+ (Q%-2PQcosh ...(ii)

Adding equations (i) and (ii), we get 5
RI+ S = 2(P2+ ().

If a is the angle which resultant R makes with P, then

20+¢=0
= (0-2a) i) »
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Motion in a Plane

or ¢ (E—a
2 \2
or tani = tan[g-a] (1)
2 2
where i g 200 (i)
P+Qsind

After solving equations (1) and (ii), we get

2

¢ _|P-Q
P+Q

J

tan".
2

The angle which the resullant makes with P + Q will be (o — ).

Thus

or

or
or
or

(o

tan(a — 8)

sin(o —0)

PO

(P-Q)sin 2
(P+Q)+(P-Q)cos2a

(P-Q)sin2a

cos(a.—6)
(P+ Q) sin (a.—6)
P[sin (o + 0) — sin(c — 0)]
Px2cosasin®
Ptan 0

O relative to .

(P+0)+(P-Q)cos2a
(P— () sin (o +0)

Qfsin (o + 6) + sin(a — 0)]
@ *2sinacosf

Qtana

Telegram @Boo

Let us go through the reference frame fixed to ring O'. As the ring ' move down,

the string is pulled at a constant velocity v, relative to (. Thus the velocity of ring




Authentic Shortcuts-Tips & Tricks in Physics
Therefore, the velocity of ring O relative to the straight line 44" (which is stationary
w.r.t. ground) is;

vll — i’.z-i:]
or V3 = Uy ¥
or L

il
= —'|,I'r = ]}l —1
cosa Coso

_ (l-mqu_ 2sin /2
_ = % a/2

cosa cosa
6. (90°)
Alternate solution B
P+0| = || e 2+ D
P2+ (2 +2PQcos® = P? B
= Q+2PcosB = 0 ip.,.@
= G
2Psin®
tan ot m—w s [2PcosB+0Q=10]
a = 90°
7. (580) X, = 32+8t+c

Vg = (—6t+8)f

= 2i
Yp = 10-88
Vg = _oag%]
J;- = h_?g—ﬁ,g|=|—24}—2f
o= 242422
v = 580.
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10.

11.

12.

13.

(b)

)

(a)

(@)

(b)

Motion in a Plane

We have, x? +3* = R?
dx dy
or 2x—+2y— =10
dt ¥ dt
or xv tyv, = 0
_ &
Vy = Vy ¥
= 20x i =15m/
= i 5.
Here
v, = V,C08 30°
100‘\!5 =Vp X ?
vg = 200 ms™!
Time displacement
M= velocity
i 500 500 _ 55
0 ypsin30°  200xsin30°
U= L =4 km/h :
174 Skm/h s

=4 km/h
v= 5242 =3 kmvh. ‘

Velocity along the line in both side will be same,
v v Fo syl A B
2 1:’ : |"

2 2
Ve—-v

100 v/
v=——=2m/fs ,/3 >

50
v, = 32 +22 = /13 més.

i;]=ﬂlf—g§' and F;!:—uzf-gﬁ

100 m

Given, Vv, =0

or (i —gh)-(~usi —gf)= 0
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(a) Using, WV
or (Viz2sy

Yy

The required time interval

At

(102 cos45°)* + v,

= 5m/s.
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TOPIC 4.1: Newton's Laws of Motion, Momentum, Impulse-Momentum
Theorem, Motion of Connected Bodies, Lift and Pulley Problems.

f Review of Formulae

1.
2.

© N oA

Momentum, p_ -

Impulse of force, J=FAr.

Newton’s second law of motion, 7, =‘;_P=ma'.
dt

Impulse — Momentum theorem, J =7, - F.

Newton’s third law of motion, 7 op =—Fpy -

Action and Reaction act simultaneously and two different objects.
Motion in a lift : The apparent weight of an observer in lift, W'=m(g + a)

Hooke’s law, F -z -

LEQ, Tips and Tricks for Shortcut Solutions

1. Newton’s second law in inertial frame,

:‘[ﬁn“ ]real =ma ,

Here 4 is the acceleration of the particle in inertial frame.

Newton’s second law in non-initial frame,

Freat + Fpseudo = ™Ma.
Here g is the acceleration of the particle is non-inertial frame.

Force on a perfectly reflecting surface, if particles cach of mass m strikes
normally with velocity v
F = 2mvn, here n is the number of particles per second.
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Hlustration 1

A disc of mass M is kept floating by firing bullets below ii. Each bullet is of mass
m and sirikes normally with a velacity v. If each bullet rebounds with the same
speed then number of bullets fired per second are:

M 2M M
@ == ®m = (€ Mg @ =
my my 2my
@ Short-cut solution :
For the floating disc, F
F = Mg R )
or 2mvn = Mg Mg
. Ans. (d)
2mv
Illustration 2

Two disks of masses m, and m, are connected by a spring of force —m,
constant k. The lower disk of mass m, lies on a table and the upper

disk is vertically above it (see figure). What vertical force F should K
be applied to the upper disk so that when the force is withdrawn,

the lower disk is lifted off the table ?

3% Short-cut solution :

When force F is applied to the upper disk and withdrawn
the upward force generated in the spring will also be F. This
force is equal to lift the weight of the system, so

F 2z (m+m,)g. Ans.

5{@ Tips and Tricks for Shortcut Solutions

Stepl: For a system of blocks placed in contact or connecting by light
strings, assume them a single body of total mass M.

Step Il : Then find net force or unbalanced force in the direction of motion,
say F.

Step III : Now using Newton’s second law to find acceleration,
ae unbalanced force = ¥

total mass E :
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Nlustration 3

Blocks of masses m;, m, mj and m, are

placed in contact on a smooth horizontal f — 3.
surface. A horizontal force F is pushed them My | ™3| My |7y
as shown. Find force of interaction between .

the blocks.

@ Short-cut solution

The blocks are in contact and so their common acceleration

F
a -
my +m, +M3+M4

Farce between the blocks m, and m,

F = ma
Force between blocks of m, and m,
F, = (total mass beyond m,) x a
= (my+mya
Force between blocks of masses m, and m,
Fy = (total mass beyond m,) x a
= (m+my+mya Ans.

Mustration 4

Four blocks are connected by light strings and pulled upwards by a constant force
E Find the tensions in the strings.

C@ Short-cut solution :
Acceleration of the blocks,
.= F—(m+m;+m;+my)g
m4my+my+my £
Tensions : T, = ( mass below m,) (g +a) 'r
= my(g+a) 3 #
T, = (total mass below m,) (g + a) %
= (m1+m2) (g+a) [, | :
T; = (total mass below m,) (g + a) T,
= (m+tmytmy)(gta) Ans.  [Tm]
Nlustration 5
Four blocks are in contact on a smooth inclined @v@ﬁ
placed are pushed up by a constant force E Find @

Jforee of interaction between the blocks.
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% Short-cut solution :

Common acceleration of the blocks

| EF=(m+my+m+m)gsind
a my + my + my +m,

Force between m, and m,
£

(mass beyond m,) (g sin 6 +a)
m,(g sin O + a)

Force between m1, and m,
F, = (total mass beyond m,) (g sin 8 + a)
= (m,+m,) (gsin O +a)

Force between m; and m,
F; = (total mass beyond m,) (g sin 8 + a)
= (m+myt+my) (g sin 8 + a) Ans.
Mlustration 6
Two blocks ‘A’ and ‘B’ each of mass ‘m’ are placed on a A B

2F are applied on the two blocks ‘A’ and “B’ respectively L, 2

as shown in figure. The block A does not slide on block B.
Then the normal reaction acting between the two blocks

is

F F
(@ F ®) o (c) 7; (d 3F

@ Short-cut solution :

2F-F K . N -
st e
2m 2m 5 . i
Now 2F — N cos 60° = 20

smooth horizontal surface. Two horizontal forces F and 4
L m

= ma
or ZF—E = mxi
2 2m
N = 3F Ans. (d)

@Q Tips and Tricks for Simple Pulley Devices Shortcut

Generally in pulley devices, we have asked acceleration of blocks and tension in
the string. The following short-cut method can be used for simple pulley devices
(blocks connected have same acceleration):

unbalanced load
total mass of the system

Acceleration, a =
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Laws of Motion and Circular Motion

Load effect : If block moves vertically it will be mg.
If block moves horizontally it will be zero. f
If block moves on inclined it will be mg sin 6.
For tension in the string : Take total mass hanging from the string, if they move up,
then
T = mup(g + a).
And if they move downwards, then
T = my.(g-a)

Ilustration 7

Consider the system shown in figure. The system is released from rest,
find the tension in the cord connected between 1 kg and 2 kg blocks.

(e=10 m/s2)

% Short-cut solution : .

, _ Lmbalancedload [2+1)-2]g , . 2
total mass (1+2+2)

T\ = Myae—@)=1(10-2) =8N

T, = my(g+a)=2(10+2)=24N. Ans.

Ilustration 8
Four blocks of given masses are connected by massless strings and pass over
massless pulley as shown in figure. Find tensions in the strings.

% Short-cut solution :
Acceleration magnitude of the blocks together,

unbalanced load
total mass

|:(m| +m, +"’3)—m4:|g

m|+m2 +m3+m4

Tensions : I = m(g-a 1
’ _ =]
T, (m;+my) (g—a)
T, = (m+my+m)(g—a) Ans
INlustration 9

The system shown in figure is released from rest.
Calculate the tension in the strings and force
exerted by the strings on the pulleys. Assuming
pulleys and strings are massless.




5@ Short-cut solution :

INlustration 10

= mdm(gua)_-.z[g—ﬁ]ﬁ—gw.

Authentic Shortcuts-Tips & Tricks in Physics

unbalanced load
total mass

(2-1)g o —_

(1+3+2) 6

g)_7g
+a) =1l g+&|="5N.
m (& +a) (g 6) 6

6 3

In the device shown, find acceleration of the blocks and tensions in the strings. All
the contact surfaces are smooth. Take g =10 m/is

T,
o 1%
Tl
Load eﬁ'eft _
R g
.
@ Short-cut solution :
The common acceleration,
- unbalanced load
total mass
2gsin30 _&_ 5 a2
2+4+8 14 7
Tensions : T, =8a
8x a_# N
7
And I,-T, = 4a
4 +4x J
7 7
67—UN . Ans.
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Laws of Motion and Circular Motion
Illustration 11

Three blocks each of mass 2kg are connected with the
help of light strings which passes over a massless pulley. 2kg]
One block is placed on smooth table and other two are
hanging. Find acceleration of the blocks and tension in

the strings. 2kg
‘@J Short-cut solution :
Acceleration of the blocks,
g = unbalanced load
total mass

_ (2+2)g g .2
24242 311‘:/5

Tension: T, = 2(g-—a);as lower 2 kg coming down

and T, = 4(g—a);as (2 +2)kg coming down
= 2x 2_8'

= '%gN Ans.

INMustration 12

Two blocks, each of mass 2 kg are connected by a light string which passes of
a massless pulley. Blocks move on smooth inclined as shown in figure. Find

acceleration of the blocks and tension in the string. Take g = 10 m/st.

Solution :

Using Newton’s second law
we have, 2gsin60°-T
and T—2gsin 30°

2a...0)
2a...(ii) W
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On simplifying above equations, we get
V3-1
= 1.83 m/s?
and T = 13.66N. Ans.

% Short-cut solution :

Acceleration, a =

unbalanced load
total mass

2gsin60°—2gsin30°
(2+2)

(J§4- D

1.83 m/s?
m(g sin 30° + a); as left side block moves up
the plane

Tension: T

2(10x%+1.83)

= 1366N Ans
Ilustration 13
In the device shown all the surfaces are smooth and pulleys are light and smooth.

Find acceleration of the blocks.
Load effect
4g sin 30 g
00
Load_._ ==
effect 1.7
% Short-cut solution :
. unbalanced load
Acceleration, a =
total mass
_ (4g+4gsin30°)-2¢
4+8+4+12
4g . 28 ...
S i - L R o mfs . A ns.
18 9
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Laws of Motion and Circular Motion
INustration 14

In the device shown pulleys are light and smooth. Find the mass of block m, in
terms of m; and m, so that it remains at rest.

0@ Short-cut solution :

2
The tension, Tr= [:’Tﬂi]
|
For m, to be at rest,
To = 2T=m:’g
i {M} .
m +nmy
or ... 1 An
3 m +m, >

Illustration 15

In the device shown all the surfaces are smooth, and pulleys are massless, find
acceleration of the blocks. (Take g = 10 m/s%)

(@) 1m/s? (B) 2 m/is? (¢) 5m/ss? (d) 4m/s?

@ Short-cut solution :

mg + mg sin30° — mg sin30°
Sm

= % m/s? . Ans. (b)

For constraint relations, we may use following short-cut approach :
(i) ZTvcos©=0;Here8 is the angle betweenT and v .

(i)) ZTacos0=0;Here 0 is the angle belween T and @ .
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(iii) In a very specific problem in which one end of the string is fixed and a block
is connected to movable pulley and other block at the free end of the string,
then acceleration of the block at free end

= twice the acceleration of the block
connected to movable pulley
Illustration 16

A block of mass ‘m’ is tied to a fixed point on a hovizontal table through a string
passing round a massless smooth puiley as shown in the figure. A force F is applied
on the pulley. Find the acceleration of the pulley.

% Short-cut solution :

If acceleration of movable pulley is a, then acceleration of the block will be 2a
For pulley, F-2T = Oxa ...(1)

F
= £
or T > | | m|J"
For block, T = m(2a) T
E T mI TP
2

or = 2ma — v
22 Movable pulley

3

a4 = —. Ans.

IMustration 17

In the device shown pulley is massless and smooth. Two blocks of musses 10 kg
and 20 kg are connected by strings and the block of mass 20 kg is acted by 100 N
force as shown. Find acceleration of blocks.

Eg —=100N

% Short-cut solution :

The acceleration of the block 20 kg mass connected to movable pulley has
acceleration ‘a’, then acceleration of 10 kg will be “2a’.
Constraint relations can also be obtained by using

ZTacos0 = 0 | — LT T 4
-y }—slmm
Tacos180° + I"a'cos 0° @?%’ a

or for 20 kg forlokg 0 4 Movable pulley
T = 2T ... (1)
2IMa(-D)+7'a’' = ¢
a’' = 2a
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Laws of Motion and Circular Motion

Now by Newton’s second law

100-7 = 20a ...(i1)
and T' = 102a) ..-(1i1)
Afler simplifying above equations, we get

a= > m/s’
3
a' = 2a= % m/s? Ans.

Nlustration 18

In the arrangement of three biocks, the string is in extensible and blocks A and B
are given accelerations as indicated in the figure. Find acceleration of the block C.

a‘ aﬂ a.‘ ak
"';N% .%Ull;ﬁl
¢ &

@) (ii)
@ Short-cut solution : 4
I —ay
T
() Ifag is the acceleration of block C, then
T
Ta, cos 0° + Ta, cos 0° + 27a.. cos 180° =0 (1)
or ac = [—ﬂ'd -HIB] Ans. 19
2
(ii) Using ZTacos® =0. a*‘_} ) i
or Ta, cos 0° + Tag cos 180° + 2Ta. cos 180°=0  [A]—> B |
T
ae = [—a‘d ;a3:| Ans. ﬂ
|,

Hlustration 19

Find the acceleration of the blocks in the following devices from the data shown
in figure. Pulleys are massless and frictionless.

U] (i)
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@,‘ Short-cut solution : a= ,—movable pulley

TT
(i)  For block 2M; . B ’"::“]T
2T = 2M(a) ... (i) A
For block M; =
Mg-T = M(2a) ... (i) P
After solving above equations, we get

a = gl3m/s>.
Force on clamp which holds the pulley

F = \/(21')2 +T? =51

(1)) For block 2M;

Mgsiﬂ -1 = 2M (a) . (l) 0 A movable
For movable pulley ; g ¥ pulley
T-2T = O0xa .. (i) &
For block M ;
T-Mg = M(2a) ... (iii)
After solving above equations, we gel
a =—g/3(1-sin0). Ans.
Illustration 20 "
A smooth ring A of mass m can slide on a fixed horizontal Q ]
rod. A string tied io the ring passes over a fixed pulley B and B
carries a block C of mass M = 2m as shown in figure. At an
instant the string between the ring and the pulley makes an c

angle 0 with th rod. Find the acceleration of the block and
the ring just after released from, 0 = 30°.

@ Short-cut solution :

If a is the acceleration of block and a, is the acceleration of the ring, then

Ta_cos 8 + Tacos180° = 0 | Ag
or a = acosd | %Z{Q
or a, = alcosO ...(i)
Now using Newton’s second law, we have 4 o
Mg-T= Ma ..(i) M‘;
and Tcos® = ma, .. (i)

On solving above equations, we get

Mg cos? @

S —
m+Mcoszﬁ
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Laws of Motion and Circular Motion
a_ _ MgcosB
cos®  m-+Mcos?8

and a, =
Putting M=2mand =30°, g=9.8m/s?; a=6.78 m/s? Ans.

Illustration 21
In the figure shown, the pulleys and strings are massless. Find acceleration of the

3
block of mass 4 m just after the system is released from rest. (0 = sin™’ 3 )

@ Short-cut solution :

If ‘@’ is the acceleration of block of mass m, then

Tacos0°+Tacos0° +2T cosOxa’'cosl80° _ g
far both hlocks of mass m for block of 4m

=)
=
n‘-
Il
2
“—

cos8

Using Newlon’s second law,
T-mg = ma k)

and 4mg—2Tcos O

Il
o
3
7
(o]
8|n
=]
S

I
4
3

4
or 4mg —2rx§ = ...(ii)

On simplifying above equations, we get

a = Iz_g
33
and LI 5—3 Ans.
cosB 11
Mustration 22

Two blocks A and B of masses 2 m and m, respectively, are connected
by a massless and inextensible string. The whole system is suspended
by a massless spring as shown in the figure. The magnitude of
acceleration of A and B, immediately after the string is cut, are
respectively : [JEE Advy. 2006] 7

g

5 g
@ 2% ® 5.8 © g8 @ T3
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5% Short-cut solution :

Authentic Shortcuts-Tips & Tricks in Physics

The tension in the string connected between A and B will be, T'= mg. when this string
is cut, the unbalanced force for both the blocks becomes equal to mg. Therefore,

ay
and ag

Short-cut approach for friction :

Acceleration, a =
Tension, T =
or T =
For inclined plane T =
Nlustration 23
In the device shown, find

(i) acceleration of the blocks.

unbalanced force _ mg _ g
mass 2m 2
mg_,

m

Ans. (b)

unbalanced load —friction
total mass

[unbalanced load —f ]

M

myp(& + a)
mduwn(g —a)

mgsin@+a).  Ans. (b)

i —T"

p=0.2

(ti) tension in the string attached to 0.50 kg. Take g =10 ms>

% Short-cut solution :

Total frictional force, f=

Acceleration, a =

Tension, T =
Ilustration 24

blocks. (Take g = 10 m/s%)

u(N+N)
0.2(1g+ 1g)
0.4g=4N.

unbalanced load — f
M

0.5g-4

1+1+0.5

5-4 - 0.4 m/s?
25

-

lg

m(g —a)
0.5(10-04)=48N Ans.

In the device shown, the acceleration of each block is 0.5 m/s® and tension in the
string is 16 N. Find coefficient of friction (COF) at two contact surfaces with the
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5‘% Short-cut solution :

For 2kg block,

or

For 4 kg block,

or

Illustration 25

a —I_fl
m
05 = 22-WX28
2
B = 1—5=E=0.75. Ans.
22 20
TJ’
7 4 4gsin 30°
!l t 30
5
- (4gsi]]30°—T—f2)
4
4x10x]——16—u2x43m530°
05 = £
4
p, = 0.06. Ans.

In the device shown, the friction between the table and the block is 0.2. Find
tensions in the two strings. Take g = 10 m/ss

| skg
e

1]

Skg

% Short-cut solution :

Acceleration,

Tension,

p, =02

unbalanced load —f

M
(15-5)g-02x5g
5+5+15
= 3.6 m/s?
T, = 15(g—a)=15(10-3.6)=96
T, = 3(g+a)=5(10+3.6)=68N. Ans.
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Authentic Shortcuts-Tips & Tricks in Physics

.]1,2.3! Tips and Tricks for Force Exerted by Jet

Shortcut Solutions J
1. Rateof flow, 0= Av N a—
2.  Force exerted, I = pQv. ﬁ\l

Here v is the velocity of jet with respect to target.

3. If jet strikes at an angle © and rebounds with
same angle, then force exerted
F = 2pQvcos B

- Target

Illustration 26

A jet of water area 10 cm? strikes a wall normally with velocity 2 m/s. If wall is
moving away from the jet with a velocity 1 m/s. Find force exerted by jet on the
wall. Assuming water splashes parallel to wall after strike.

2m/s I

—1m/s

@ Short-cut solution :
Force exerted, F

pQv
p(Avv= psz

1000 x 10 x 10~4x(2 — 1)2
IN Ans.

TOPIC 4.2: Circular Motion and Banking of Road.

of Review of Formulae

: : ] 2
1. UCM : There is only centripetal acceleration , _Y _ 42,

VZ

Centripetal force F, = il
r

2
2. Non-UCM : a,=— and a, = ar.

r

Resultant acceleration, g = \facz + a,2

2

Banking of road: B

v
1y, tand  rg’
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Laws of Motion and Circular Motion

Q.  In the figure shown, friction force between the bead and the
light string is mg/4, the time in which the bead looses contact
with string after the system is released from rest

7_f E bead
(a) 8g (b) T2

4¢ 0 %
(c) 72 (d) T2

To see the video solution, scan the QR code:
OR Visit https: //www.youtube.com/watch?v=gIBZEYXpvLw

Illustration 27

A rod of length ¢ and mass m is rotated in a horizontal plane about its one end
with constant angular velocity ©. The tension at the middle section of the rod is :

2
(@) mo¥ (%) "“: £ © 3mole (d) %mmzf
4
@ Short-cut solution :
Sﬁ . . . oo
The tension at the middle of the rod is due to only m/2 m/2
mass of the rod which assumed to rotate about its CM. So e ti4
Qo
e [ Ve, WY B T |
¢ [2Jwr—2m(4J—8mmg, Anx. (4) w4 mi2
Nlustration 28

A particle is projected with velocity 10 m/s af an angle 60° with the horizontal,
The radius of curvature of the path of the particle, when it hits the ground is:

(Take g = 10 m/52)
(o) I0m () 20m c) 25m (d) 40m

@ Short-cut solution :

ac = gcos60° 4
2 60°
v
or 2 - g cos 60° “c?
2 2
u 10
= = =20m _ Ans. (b)
geos60°® o 1
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Authentic Shortcuts-Tips & Tricks in Physics

Q. Aparticle of mass m slides from the top of the surface of a sphere of radius R, It
looses contact anid strikes the ground. At what depth below the top the particle
will loose contact with the surface?

EliEl
To see the video solution, scan the QR code: F4 g
OR Visit https://www.youtube.com/watch?v=GPWJIF4QB2dM 0]

Illustration 29

Two cars S; and S, are moving in coplanar concentric circular fracks in the
opposite sense with the periods of revolution 3 min and 24 min, respectively. At
time t = 0, the cars are farthest apart. Then, the two cars will be :  [KVPY-2017]

(a) closest to each other ai i = 12 min and farthest at i = 18 min.
(b) closest to each other at t = 3 min and farthest at 1 = 24 min.
(c) closest te each other at t = 6 min and farthest at t = 12 min.
(d) closest to each other at t = 12 min and farthest ai t = 24 min.

(’527' Short-cut solution :

ml=ﬂand 9)2=2_E:
24
——_)
O FT0;= 7 5, s,
A e
Time for meet (closest) = M:‘» ~(2n+1) L o
+0y 3
4 20 28
t > —sec,d, —,— ,12
3 3 3
Time of farthest = = 2mn _ 80 8 8,244 ()
ime 0 €s - e ns.
¥ ® 0 " 3p/4 33
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Laws of Motion and Circular Motion

Concept Booster Exercise

The acceleration should the box of figure descend so that the block of mass M exerts
force -ﬂ% on the floor of the box is :

-

g 3 4 3
@ £ ® = © 2 @ 2| [u]

A small block 4 is placed on another block B of mass 10 kg and length 2 m. Initially
the block A is near right end ol block B. A constant lorce of 10 N is applied lo the
block B. All surfaces are assumed frictionless. The time elapsed before the block 4
separates from B is : Numgﬂcﬂntega
(a) 1s (b) 2s (c) 05s (d) 4s

Two small blocks of masses 1 kg and 2 kg are connected by light string which passes
over massless smooth pulley. Aller 1 second of motion the Iarger block 1s stopped for
a moment. The time elapsed before the string is tight again is: Numerlcflnte&er

@ s ) 2s © %s d) %s

A block is kept on a floor of a lift at rest. The lift starts descending with an acceler-

ation of 11 m/s2. The displacement of the block during the first 1 s after the start is :
Numsricnntosor

(8 55m () 45m (c) Sm (d) 10m

A man of mass 60 kg sitting on a scooter which is moving on a straight road with

constant acceleration 10 m/s?. The force exerted by man on the seat of scooter is :

Numericﬂnteaer
(a) 600N (b) 1200N (c) B6ON (d) 848 N
In the arrangement shown, the coefficient of friction (COF) between ‘m’ and ‘2m’ so
that they move together is : Numerici| nteger
m
m|
2m
@ - ® = © < @ %
4 V2 2 3

In the figure the block of mass 1 kg is struck by jet releasing water at a rate of 1 kg/s
and at a speed of 3 m/s. The force exerted by the block of mass 1 kgon 2 kg is :

FD—P| 1kg ” 2kg M Numericllntesgér

(@ 1IN (b) 2N (¢c) 3N (d) 4N
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10.

11.

12.

13.

Authentic Shortcuts-Tips & Tricks in Physics

The maximum value m so that the arrangement shown in the figure is in equilibriom
is given by :
& 4 Numericﬂnte&er

(@) lkg () 2kg (© 4kg @) %kg

In the device shown, find the value of ‘F” so that both the blocks move together. The

inclination and surface are smooth. (Take g = 10 m/s?) Numeric/| nteﬁér

F
(2) 10N (b) 50N (c) 40N (d) 100N
In the shown mass pulley system. Pulleys and string are massless.

The one end of the string is pulled by the force F = 2mg. The
acceleration of the block will be F=2mg

(a) g2 ®) 0 ) g (d) 3g

Two equal heavy spheres, each of radius r, are in equilibrium 2
within a smooth cup of radius 3. The ratio of reaction be- A
tween the cup and one sphere and that between the two sphere ¥

8 Numeric/integer

(a) 1 (b) 2

(c) 3 (d) none
A block of mass 10kg is suspended from string of length 4m. When pulled by a force
F along horizontal from midpoint. Upper half of string makes 45° with vertical, value
of Fis [JEE Main 2020]
(a) 100N (b) 90N (c) 75N (d) 70N

In the given figure a block of mass m is tied on a wedge by an ideal string as shown in
figure. String is parallel to inclined plane. All the surface involved are smooth. Wedge
is spring moved towards right with a time varying velocity v = 2/2 (m/s). At what
time block will just leave the contact with the wedge (take g = 10 m/s?)

Numerlcﬂntégér
v=r342
e

SD
28 (b) 4s (c) 5s (d) 10s
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@ Solutions

Laws of Motion and Circular Motion

1. (b
2. (b
3. (0
4. (o)
5 (d)
6. (a)
7.  (b)

N = m(g—a)
or LA mg—ma:a=3—g
4 4
Acceleration of block B
a= 2w A
10
10N
Now, 2 = 0+%><l:n<|r1 — > B
or t= 2s S —
: 2-Dg _g .2
= —===mfs
Acceleration, a 271 2
Using, v=u+at, v = U+axl=%xl=§m‘52
When larger block stopped for moment, the smaller block
move under gravity, so again, lkg 2kg
0= v—g
v g/3 1
or g el Ans.
g & 3

The acceleration of lift is greater than 10 m/s? and so block no remain in
contact with the lift, it falls under gravity. So

= 0+%x10x12 = Sn

f= ma=60x10
= 600N,

F = J600% +600% =600J2 N

If p the COF between the blocks then acceleration of these blocks can be pg.

So mg-T = m(ug) :5'

and T = 3mipg) mg  |m
1 m] .2

= k=g ' 2m 2m

Force exerted byjct=(i—?]v =1x3=3N

3
3
Thus required force, F=2 < 1 =2 N.

Acceleration of blocks = = =1m/s?
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Authentic Shortcuts-Tips & Tricks in Physics
Here NN =0, . f'=0 N

- T=mg ..03) [ L f
For large block, 10g+T = N .--(ii) FreeN 4
and 27 = f=pN (i) Fer e
On solving, we get S }= uN |
m = Ekg' 102
9. (b) F = ma=m(g tan 45°)
= (4+1)x10=50N.
2T -m 2x2mg—m
10. (d) a = £ - Ee =3g.
m m
11 b ing = l
. (b) smy =5
Thus, N;sm@ = N,
N 1
— = — =2,
N2 sinB
12. (a)
T
— = 100
NG
T
7 = F
F = 100N
2
13. (d) a=ﬂ=£f_ =
dt dt| 2
For N=0,
Masin 45° = mg cos 45° B 1 macosdss
or t = gcotds® g
= 10s
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TOPIC: Work done, Kinetic, Potential Energy and Power.

f Review of Formulae

1.

2.

Work done, W= Fscos 9

1.5
K= Emv » U= mgh
. 1
Potential energy of the spring, U= 7 ()
daw  _ _
Power = % = Fv

Efficiency, n = %

The power of a machine gun firing ‘»’ bullets per second cach of mass m
with a speed v will be P = nvazj.

Power of pump needed to lift water, P = [‘;—T]gﬁ-

—

v HE3] Tips and Tricks for Shortcut Solutions

1.

4,

associated only with conservative forces.

Work done by constant force F
= force x displacement in the direction of force. /_’
W = F{(s cos 8) = (F cos 0)s ' s
Work done by variable force, = TF -ds
f

it _P?
K.metlcenergy,!(—a.

Kinetic energy is associated with all kind of forces, but potential energy is
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Authentic Shortcuts-Tips & Tricks in Physics
Work-energy theorem, W= AK.

: _ A
6. Conscrvative force, W, =-AU or ¥, = -j‘% ;

7. In case of variable force, work-energy theorem is short and easy in use.
Under conservative forces, [K + (/] = constant.

Work done and kinetic energy depends on reference frame. In two inertial
frames with same relative speed, work done and K.E. will be different but
acceleration and force will be same.

10. Work done by static friction may be zero, positive or negative.
11. Work done by kinetic friction may be zero or negative.

12. When spring loaded gently, its extension or compression Xy= A—:‘i because

at the extreme position it kept in equilibrium by the load Mg.

13. When spring loaded suddenly (or maximum extension or compression is
asked) the block will not be in equilibrium by the load Mg. So energy
equation is to be used to get maximum extension or compression. It
generally x = 2x,,

Illustration 1
Under the action of force, 2 kg body moves such that its position x as a function

3
of time t is given by x = %, X is in metre and t in second. Calculate the work done
by the force in the first 2 second.

2
5 d; Short-cut solution :
By work-energy theorem
Given x = 813
Velocity v = B 2
dt
At =0, v = 02=0
At (=2, v = 2=4mis
Work done W = %m(v} - v,-z )
- Laax@?-o)
= 161. Ans.
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Work, Energy and Power
INlustration 2

A body of mass ‘m’ was slowly hauled up the hill as
shown in figure, by a force F which at each point was
directed along a tangent to the trajectory. Find work
performed by this force, if the height of the hill is h,
the length of its base is {, and coefficient of friction |L

{ @) Short-cut solution :

Here gravitational force acting vertically, so frictional force will be horizontally.
Therefore
W, = w.d. against friction + w.d. against gravity
=15+ (mg)h
= wmngl + mgh. Ans.

Illustration 3
Figure shows a smooth circular track of radius ‘R’ in the vertical plane which

subtends an angle % at the centre O. A particle of mass m is taken from At B

under the action of force F in the following situations. Find the work done by the
force F in each of these cases separately.

19) B 0 B
R' R. |
A Al

(i) (iii)

c@ Short-cut solution :

(i) The displacement of the particle in the direction of force is, s = R. Therefore,

work done = Fs = FR. Ans.
(ii) The displacement of the particle in the direction of force, s = o - Therefore
work done
FrnR  mFR
W = Fs= 5 T3 Ans.
(iii) The displacement of the particle in the direction of force, s = V2R . Therefore
work done
W = Fs= F(N2R) = V FR. Ans,
Illustration 4

A block is connected to a massiess spring of force constant K. The other end of
spring is fixed to the wall. The spring is stretched by x, from its normal length.
Calculate work done by the spring on the block in following situations:
(i) When spring attained its normal length

(ii) When spring gets compressed by x,,
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Authentic Shortcuts-Tips & Tricks in Physics

@ Short-cut solution :

(1) In this case force exerted by the spring /' and displacement of the block (point
B) are in the same direction, so

X, . F
W = Tth=Ihdxl TR ;,,_xHD
0 0 x :
. F ;
gy (o
= 0% e

In this case work done is positive.
(ii) In this case force exerted by spring on the block and its displacement are

opposite, so
Lo
W = T(—kx)dx = —Ekxﬂ y
0
In this case work done by spring is negative. Ans.
Illustration 5

A block of mass M is connected io a massless string-spring of constant
k and passes over smooth and massless pulley as shown. Initially spring
is unstreched when the block is released. Find tension in the string-
spring device if k
(i) block is allowed to move slowly, so that it will be in equilibrium at

lowest position.
(i) block is left suddenly.

c@ Short-cut solution :

() The block is in equilibrium at its lowest position so, tension in :
the string-spring device
T = Mg
(ii) In this case extension of the spring will be twice that in case (i).
So tension in the string will be 2 mg. k )E[:
By conservation of ME energy, we have

1
M;gx = Ekxz
or kx = 2Mg
or T = 2Mg Ans,
Illustration 6

The potential energy for a conservative force is given by U = k(x +y). The work
done by the conservative force in moving a particle from the point A(1, 1) to point
B(2, 3) is given by:

(a) 3k (b)) -3k (c) 6k (d) 7k
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Work, Energy and Power

@ Short-cut solution :
We know that =AU
= _((,}_ U)
= (U;-Up
U = kix+y)=k(lL +1)=2k
and U= K2 +3)="5k
Wec= 2k- 5k=-3k Ans. (b)
Illustration 7

A small block of mass m is kept on a rough inclined surface of inclination 6 = 30°
fixed in a lifi. The lift goes up with a uniform velocity v = 4 m/s and the block does
not slide on the wedge. The work done by friction on the block in 1 second will be:

(Take g = 10 m/s?)
() 5J ) 10J (c) 207 (d) zero
% Short-cut solution :
As the block does not slide on the inclined, so friction T
) o & 4 m/s
f = mgsin 30 N
o Js
= 1x10x 1 i
2 0°

= 5N, A

The displacement in 1 second oyl

5= v=4x]1=4m
Now work done by friction

W = fscos60°= 5x4x% =101]. Ans. (b)

Illustration 8

An object of mass m is sliding down on rough zigzag path and stops after travelling
a certain horizontal distance because of friction. The COF is same throughout and
independent on velocity, find work done by a force to return the object to its initial
position along the same path :

c;% Short-cut solution :

Journey from A to B:

ngvity ¥ Wfriction
mgh+ W,

ction —

ction
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Authentic Shortcuts-Tips & Tricks in Physics
Journey from B to 4:
Wg+ Wsravity * Weiction = AK

or We — mgh—mgh=10
; Wgp = 2mgh. Ans.
Illustration 9
A pendulum is suspended inside a troliey. Find the angle deflected by pendulum
from vertical, if

(1) trolley attain acceleration a, very slowly.
(ii) trolley suddenly attains acceleration a

wﬁ Short-cut solution :

(i) Inthiscasebobwillbeinequilibriumwithrespectto
trolley, at its extreme position

T'sin @ = maq,
and Tcos 0 = mg
g
or 0= tan”' (ﬂ] Ans.
g

(ii) In this case bob will not be in equilibrium with respect to trolley at its extreme

position, so

Wp@cudu + Wgrm‘ty + W tension AK

ma, xx—mgy+0 = 0

or mag(£sin @) — mgl(l -cos0)=0

or ﬂo?‘ZS]I.ll gmsg_gnginzg =(

or 0 = 2tan"(%] Ans.

Illustration 10
The potential energy of 1 kg particle free to move along the x-axis is given by

4 2
¥ x
Ufx) = (T _T] . The total mechanical energy of the particle is 2 J then, the
muaximum speed in (m/s) is : JJEE Main 2006]
3 1
2 e
(@) ® 5 (0 2 @ 5
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Work, Energy and Power
Solution :

U+K =2
For maximum K, U should be minimum, and so

'di;':O , Or ﬁ{i_ﬁ]=0
dx

dx 4 2
or x = 0=l

4 2
u.o- OO 1,

ms T4 2 4

or Voin = % m/s. Ans. (b)
Hlustration 11

A uniform chain of length ( and mass m overhangs a smooth table with its two
third part lying on the table. Find the kinetic energy of the chain as it completely
slip of the table.

Solution :
R.L:5 | F:fo R.L. F
1,3 ~1/2

With respect to the top of the table, the initial potential energy of the chain U/; = P.E.
of the chain lying on the table +P.E. of the over hanging part of the chain

- ZT’"gxo+(mf3)gx(-f;6)=-”;—*§"_
P.E. of chain at the instant of slip

¢
U, = 0+m_g(-c,f2)=-”'~%.

Since only gravity is acting on the chain, therefore we have

-AU = AK
or AK =—(U_,—U,)
| -mgt -mgf] 4
e B, S e T § O, O
[ 2 [ 18 ] 98
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Since K =0

1

4

INlustration 12
A particle is delivered constant power, its displacement is proportional to ;

1 3 ) -
() 12 @ 2 (c) t2 ) t2
@ Short-cut solution :
Dimensions of power
P > ML2T3
3
Lo T2 Ans, (b)

Illustration 13

The blades of a wind mill sweep out a circle of area A. If wind flows at a velocity v
perpendicular to the circle, the power produced by wind mill :

(a) Pxv (b)) Py’ (c) Py’ (d) Pov?
C@"' Short-cut solution :
Power, P« Fy
 (pQvlv [Q=Av]
< plAvpt
« 3 Ans. (c)

Illustration 14
A uniform chain of mass ‘M’ and of length ‘(" is

suspended vertically. The lower end of the chain is C,
lifted upto point of suspension. Calculate work done £
in the process. 4
>
@7 Cpr4
ﬁ Short-cut solution :
The rise in CG from C, to C,,
o Bl
h= 37372
= [PVupoe Bt EE
7 - (Z)or - Dont -
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Illustration 15 AY

Particle moves from point A to point B along the B(0, 1)
line shown in figure under the action of Jorce. '

F =-xi +]. Determine the work done on the

particle by F in moving the particle from point A > X
to point B. [JEE Main 2020/ A(l 0)
(@ 1] (b) % J fc) 21 d 3]

c@ Short-cut solution :

= I Fds = (~xi + pj)Adxi +dy))

0 I
= [-xdx+[ ydy
L 0
21 _af
s & ] fa TV FLT,
: I+ = 0 [O+ 2)+{2) 1] Ans. (a)
i Concept Booster Exercise

1. A particle in equilibrium displaces from (1, |, 2)m to (2, 0, 3)m. Il one of the forces
acting on the particleis (i —j + Sk) N, total work done by the remaining forces acting

on the particle is : Numendlnta&e
(a) 5J (b) 5J
(c) 10J d o

2. A ball is held at rest in position 4 in figure by two
light cords. The horizontal string is cut and ball starts
swinging as a pendulum. The ratio of the tension in the
supporting cord in position B to that in position A4 is :

Numeric!lnteaer eB
(2) 1 ® 12
() 2 d 32

3. A body of mass 0.3 kg is taken up an inclined plane of inclination 30° with the
horizontal and then allowed to slide down to bottom again. Work done by frictional

:’:)rce f;ir the round trip, ifp =0.15 : o NiiasTon nte#ér
© -761 d o
4.  Potential energy ofa particle is given by U=(2x + 3y + 3z)J. The force on the particle:
Numerlcﬂnteﬁor
(a) BN (b) ~29N
(c) 36N (d) 45N
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9.

10.

11.

Authentic Shortcuts-Tips & Tricks in Physics
A uniform ladder of mass ‘m’ and length £ resting horizontally on
the floor is lified and held against a vertical wall at an angle of 30°
with the floor. Calculate work done by gravity.

(a) mgt (b) -—mgt

(c) —mg% (d) —mg%

The system shown is released at rest. Speed of block A
after block B has descended by 2 cm is :

(Take g = 10 m/s?) Numaricﬂnte':g':er
(a) 04mis )  05mfs
(c) 0.6ms @ 08mss i

Aparticle of mass ‘m’is projected at an angle © to the horizontal with an initial velocity
u. The work done by gravily during the time it reaches the highest point is :

(a) _?lmuz sin2 0 (b) %muz cos? 0
(c) mutsin?0 (d) Zero

A man places a chain of mass ‘m” and length £ on a table slowly. Initially the lower
end of the chain just touches the table. The man drops the chain when half of the
chain in vertical position. Then work done by man in this process is :

s mgé
(@ -mg ® -
3mg! mg!
© - @ -
A block lying on a smooth surface with spring k=100 N/m
connected to it is pulled by an external force as
shown. Initially the velocity of ends A and B of . B A

the spring are 4 m/s and 2 m/s respectively. If the energy of the spring is increasing

at the rate of 20 J/s, then the stretch in the spring is : ) P
() 1.0cm ) 2.0cm Numerlcllnteﬁer
(¢) 10cm (d 20em

A body of mass m accelerates uniformly from rest to velocity v, in time f,. The
instantaneous power delivered to the body is :

(8) mv2e/P (®) w2

(€) mv s> @ mv 2P0

Block ‘4’ is hanging from a vertical spring and is at rest. Block ‘B’ strikes
the block A4’ with velocity “v’ and sticks to it. Then the value of v for which
the spring just attains natural length is :

12mg ; 6mg*
(@) 1/—;‘ (b) .

ﬁﬁ d [ th
(c) - (d) none of these F*IEIB
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Work, Energy and Power

Solutions

1. (b) Supposing, F1 = (—j+36)N

Given, F1+F2+Fi+..+Fy = 0
Fr+F3+.Fy = —Fi
work done by remaining force = work done by (—F1) .

= —F1:(ry-1)
= i —j+2k)-{(20 +30)—(F + ]+ 260}
= g
T, mgcos45° 1
i _ —g _ 2 T
% O T, ~ mg/cos45® ~ ©°° AP
3. (o) W=-2ff = —2 pmg cos 8 x 10
= -7.6J

4. (b F=—(%f+%}+%£]_

5. (dy W=-mgh= —mg% sin 30°.

6. (a) W, +W=AK
1
or 3gx0.02-05x2gx002= 2+ ) e

or v = 04m/fs.
7. (a) W=-mgxH
Dond u H
_ u'sin“0 _ L o2 .
_mg[ 2 ] 5 mg”sin 0 o l
8 (o) Wg=(U,—{§)
%3 2%
3
= —mgt
3 g
W= W-_—3 ¢
o — I, gmg .
9. (c) IfFisthe force in the spring, then power delivered
F F
— 000000 —
B A
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Frxyv,—Fxvy, = 20

or Fx4_Fx2 = 20
or F= 10N
Now by Hooke’s law,
F 10
*= T 10 =0.1m
4 4 2 2\ 4
W = Fs =" l(ﬂ) 2 _mit®
h o 2\n 26
2
p=dW _mvt
dt g
11.  The initial extension on in spring
_ mg
X il
0 %

Jusl afier collision, the speed of combined mass becomes ; :

Now using conservation of ME, we have
1 vY 1 mg 2 mg
—C2m)| = | +=k|—= 2 —=
2("’}[2] z(k} ('")g[kJ

3
= y-= J_ﬁmg i
k
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TOPIC 6.1: Perfectly Elastic and Inelastic Collision in 1D and 2D.

f Review of Formulae

1. For one-dimensional elastic collision

My + maiy = mv, + moy, )
1 1 1 1 2
Em,u,z +Em2u§ =5m,v,2 +Em2v§ cvswsssivs KTT)

2. During collision, energy stored in the colliding bodies
1 1 1
= [5’”]“12 "'5”'2"3] '[5(’"1 +"’z)"2j|
Here v is the velocity of bodies during collision.

3. When a steady strcam of particles, cach of mass m and speed v collide with
a fixed body, the average force on fixed body

F=n£=m(£}-
At At

4, Aball falls from height ‘h’ and rebounds again and again: If COR beiween
ball and the floor is “¢’, then

velocity, v, = €"+/2gh ! T
I Y
Height attained, & = 2 ks J iR
sls i n
. - N 1+€2 1 AV AW :
Total distance till last collision, D = [ gt h I I I
onstmsim -2 B
Total time of motion, T'= 1—e)\ g
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.—]'ll Tips and Tricks for Shortcut Solutions

1. Collision is the phenomenon of mutual interaction, so0 momentum of the
system remains constant in every collision. For two bodies APy +AP2 =0
or AP =-AP;.

2. During collision, colliding bodies will have same velocity, and some part
of their KE will be stored in elastic PE, so

m, m,
Before collision During collision  Afier collision

vy

2 2
In 1-D, elastic collision, u; — u; = —(v; —v,).
In perfectly elastic collision of two identical bodies, their velocitics get

So, U= (lm]u,z +lm|u%)-%(m| +mp)V?

exchanged.
S. KE transferred from projectile (m,, u,) to the target (m,, w,),
2
AK _ -[l’L]
K L]

6. When line of motion of body/bodies coincides with line of impact/line
of collision, the bodies will move in the same line after collision, and so
called 1-D or head-on collision, otherwise 2-D or oblique collision.

Line of collision is the line joining geometric centres of the bodies.

2
Line of collision

Line of

: Line of motion
motion ey

Line of collision

Line of collision/Impact
1-D collision 2-D collision
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Collisions and Centre of Mass

1. Perfectly inelastic collision in 1-D:
In this collision the loss of KE is maximum and given by,

C=

mym

1
= E(ﬁ] () —uy)?.
General Analysis of 1-D Collision:

Cocfficient of restitution (COR):
om [_z::L] _ _[v_-\’z]
L] U —uy
The value of e: D<e<l.
and

MUy T Moty = myvy + myv,
On solving above equations, we get

vl = (M]ul +[£1+_e_)ﬂ-

my +imny ﬂﬂfl*'”""z.u2
ik _ [ma—em (1+e)m!
"2 ['"1"""2 sl 'ﬂ|+mz_ul

l+e

1fm1=m2andu2=o,lhen%=(‘—"—‘)

More about COR (e):

Definition of COR can be applied along line of collision

(i) In the collision of ball with the floor or wall, the

line of collision is normal to the floor/wall (see
figure)

In case when ball strikes the

@u

.{(ii)

-.(1ii)

-(iv)

Line of collision

floor (u, = v, =0), then

u; = ucos 6 and V| =-vcosa

—veosa—0 )
Therefore, COR, e= —[m] (1)
Parallel to the wall/floor
usin®=vsina ..(11)
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From above equations, we get

tan 0
tana

[ase<1,s00<a,u<v]

More About Line of Collision and Conservation of Linear Momentum

In oblique collision students generally face a difficulty in choosing the
direction in which one can use conservation of momentum and the line
of collision along which the definition of coefficient of restitution can be
applied.

»  The direction along which the momentum of the system is conserved is

obviously the direction along which Fm =0.

Analysis -1 : Let us take the example of oblique collision between the balls.

»  In this collision conservation of momentum of the whole system can be
applied along any direction in the plane of the bodies. Also momentum
of each ball remains constant perpendicular to line of collision.

»  Using conservation of momentum:
along x-axis; mu + 0 =mv, cos 8, +m,v, cos 6,
along y-axis; 0 +0=m,v, sin 6, — m,v, sin 6,

» Inusing the equation of coefficient of restitution (COR) e, first find line

of collision, and then find velocities components of both the balls along
this line.

Line of —#_ i
collision 1y,

» If o and B are the angles made by v, and ¥, from line of collision, (see
figure), then
b=
e= —|T—=
U~ along line of callision
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Collisions and Centre of Mass

_ _[—v, COSCL— YV, cosB]
ucos0-0
» In this type of problem, some of the angles or condition are given after
collision.

Analysis -2 : Collision of particle with the hanging ball (l D collision)
In this collision the direction along which
momentum is constant is only x-direction,
because in other directions, the tension in the
string (external force) will change the momentum
of the system. Also, this is 1-D collision, so
striking ball will rebound in the line of collision.
Therefore along horizontal direction by

conservation momentum, we have A,
musmn0+0= MV —mvsin0
—-y—Fsn8| F e
and e= —|—————|.
u—-0

; Direction in
Line of which
collision AP=0

Analysis -3 : Collision between ball and wedge: Ball hits the wedge

normally (1-D collision)

In this case the direction in which momentum is conserved

1s the horizontal direction only. In other directions the

normal force from the ground will change the momentum

of the system. Also the collision 1s 1-D, so ball will move

in this direction after collision. If v, is the velocity of ball Smooth

after collisifm, then we can Writc Line of collision
mv,sin®+0= my, sin@+ My . Cnoma[ to the wedge)

¥,

0
N

and e= -{L&ne} . t

vg—0 Direction in
which AP =0

Analysis -4 : Collision of ball with the wedge (2-D collision)

Case 1: When wedge is fixed, and collision is perfectly clastic. In this casc
ball will rebound as the angle of incidence.

»  Perpendicular to the line of collision the momentum of ball remains
conserved. So u=v.
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Line of collision

2-D ¢ollision

Case 2: When wedge 1s fixed, and collision 1s inelastic. In this case ball will
rebound at an angle greater than angle of incidence.

Line of
collision

3. collision

}“~ Perpendicular to line of collision, momentum of ball remains conserved.
usin® = vsina = v<wuand o> 0.

At _ _[—vcosa—(}:|
A E ucos0-0 |

On solving above equations, we get e = tan 8 / tan .

Case 3: When wedge is free to move and _ . : ‘ﬂ"
. . Line of=*"
ball hits the wedge at some angle with the _ ;.0 - % -
normal of the wedge. e —
We can use conservation of momentum for After
ball perpendicular to line of collision, so "~ 2-Dcollision ¢ollision
musin0 = mvsina
And conservation of momentum of the system i COS a\\_" cos o
along horizontal direction only %
mu+ 0= mvsin p+ MV. = (a+ )
‘%—»V
o —(—F + o
i - _[ veos o —(—V cos(ct B))]
ucos9-0 —v cos (o + )

Maximum Compression of the Spring:

In such a problem in which spring is connected to cither of the colliding blocks,
the spring compresses till one block approaches the other block. The maximum
compression will occur when the velocity of both the blocks becomes equal.

The energy stored in the spring will come back to the KE of the blocks. Take two
blocks of masses m, and m, with a spring of force constant . If their velocities
are u; and u, (¥, > u,), then
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Collisions and Centre of Mass

u, v v

k e i i
m, | % — TR ™, R o L
During maximum
compression
mu, +myu, = (m; +my)v ..(1)
and S +omuy = 5(m1+mz)v oK ()

Above equations can give the value of x ..

A ball projected at an angle 6 with COR ‘¢’

2usin® B [Pty

(i) Time for I collision, 7'=

u’sin’ 0 u iy,
2g o vH
111

2 ‘-—R—hld—R —-!l -
. u“sin20 i
(iii) Horizontal range, R =

(11) Height attained, H =

=X

g

T
(iv) Total time of motion till last collision, T, = -9

(v) Total horizontal distance, R, = & .

(1-e)
(vi) Sum of total maximum heights, H; = m y
Illustration 1

A ball hits the wall normally with velocity ‘u’. If COR between ball and wall is ‘¢’,
[find rebound velocity of the ball.

@ Short-cut solution : u

.‘:: o

V| = —eu. Ans.

INlustration 2

Two identical balls one of them initially at rest make head-on collision. The
velocity of second ball becomes two times that of first ball after collision. Find
COR.
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@ Short-cut solution :

Using, M =

Va l+e

’ l _ l-e

g 2 l+e

l A
e= 3 ns.
Illustration 3

A body “A’with a momentum ‘P’ collides with another identical stationary body ‘B’

one dimensionally. During the collision, ‘B’ gives an impulse *J’ to the body ‘A’.
Then find COR.

% Short-cut solution :
P : —
: - =
For ball B: P,-0=J P
P J )

=Py 1
Now €= e A R i
e — Uy mu—0
P —-PA e
= ...(11)
; |
From above equations, we gete= ——1. Ans.
Illustration 4
N 4
A ball of mass m collides with the ground af an angle 8 with w 3
the normal of the ground. If collision lasis for time i, then find
average force exerted by the ground on the ball. The COR is "
‘eJ x

@ Short-cut solution :

The velocity of ball along normal before collision

=ucos0
So after collision, v=—e(u cos 0) T
Force on the ball, Fy= = = __m{eucos@—ucosB)
At :
. —(I:—e)mucusﬂ A

No change in momentum of the ball parallel to ground, so ¥, = 0.
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Collisions and Centre of Mass

Illustration 5

Two equal spheres A and B lie on a smooth horizontal “{ \“1
circular groove at opposite ends of a diameter. At A} B

t =0, sphere ‘A’ is projected along the groove and it first
impinges on B at time t = T, and again at time t=T,. If

5L
T,

5% Short-cut solution :

COR is ‘e’then find

i
"y oy
. _h %
Using, e= — =
Time taken by A to collide with B again,
2nR
Tz_T_l: ﬁ: —_—
Wy

5 2+e
From above equations, we have Fl =~

INlustration 6

A bomb explodes in air when it has a horizontal speed of v. It breaks into two
identical pieces of equal mass. If one goes vertically up at a speed of 4v, find the

velocity of other immediately after the explosion.
Solution :

Momentum of bomb before explosion

P = mvi

Using conservation of momentum

P = P+P
P, = ]'i_]_rl
where 1"1 = %xmﬁ

Mo o £ 2
or SV2 T omvi omy
or V2 = Jui-d4yj.

(Y

i)

V=¥ T el

(i)

Ans.

Ans.
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Illustration 7

Two blocks A and B of mass m and 2m respectively are connected by a spring
of force constant k. The masses are moving to the right with uniform velocity v
each, the heavier mass, leading the lighter one. The spring is of natural length in
the motion. Block B collides head on with a third block C of mass m, at rest, the
collision being completely inelastic. Determine the velocity of blocks at the instant
of maximum compression of the spring.

Solution :
A

k B )
[ oo am |2 (]
Collision between blocks B and C
2mv = (Cm+m)y

2y 2v/3

3

3m

= Vo= |"'

After the collision the blocks move as shown in figure.
When both the blocks will get equal velocity the spring will have maximum
compression. Let velocity be v,

Using principle of conservation of momentumn, we have

2v
mv+3mxT = mvy+3my,
Aler solving, we get
w3V
Vg = . Ans.
4

Illustration 8

A system of two blocks A and B are connected by an inextensible
massless string as shown in figure. The pulley is massless and
[rictionless. Initially the system is at rest, a bullet of mass ‘m’ moving
with a velocity ‘u’ hits the block B and gets embedded into it. The
impulse imparted by tension force to the block of mass ‘3Jm’is:

4 2 Al3m
(a) %mu (®) e © Zmu (@ %mu
5@ Short-cut solution :
We can assume the system as shown, pa——

—

Using conservation of linear momentum, we have [3m
dm = Q+mu = (4m+m)v

~ Y

u
v= —.
5
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Collisions and Centre of Mass

Impulse of “A’: J = My,-v)= 3m(%—0]
3
= T Ans. (d)
Illustration 9

Two identical bodies, one of them initially at rest, make elastic obligue collision,
show that after collision they will move mutually perpendicular.

% Short-cut solution :

Using conservation of momentum, we have

or U o= W+,

1 2 1 2 1 2
Also —MU" = —mw +—mv

2 3 T
or vlz + vf = u? (1)
From (i), dd = (M +v) (i +¥)
or W2 = v va+ 20 -5, ...(iii)
From (ii) & (iii), we have ¥'¥2 = 0or8=90° Ans.

TOPIC 6.2: Centre of Mass

Uf Review of Formulae

1. The centre of mass of a system of discrete particles in cartesian coordinates

1s given by
1 n
Xem ™ 57 miX; -

i=l
1 n

Vo™ TSm0
oM
l n

B yzmi Zi

2. In polar coordinates system
;C-‘m — %Zm, ;i
3. Centre of mass of a rigid body,

Fom = o 7(dm)
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4. Shift in position of CM 1s given by

e _ I:m]A;l +m2.'3;2:|

Mem = my +m;

5. Tfnot net external force acts on the system Ar,, =0

PRI “ t% #3

Semi-circular wire  Semi-circular disc Hemisphere Cone

mAr +myArs = 0.

-

Illustration 10

(n — 1) equal point masses each of mass m are placed at the vertices of a regular
n-polygon. The vacant vertex has a position vector a with respect to the centre of
the polygon. The position vector of centre of mass is :

a a n
(n+1) & n @ a+1

(@ - (®)

a
(n-1)

@ Short-cut solution :

Centre of mass of whole system lies at the centre so,

0- 1
S il W a. Ans. (a)
nm—m (n-1)

Illustration 11
A uniform thin rod AB of length L has linear mass density y (x) =a + % , where

x is measured from A. If the CM of the rod lies at a distance of (1} L from A,
12

then a and b are related as
() a=2b () 2a=b (c) a=bh (d) 3a=2b
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2a=5b.
IMlustration 12

In the adjoining diagram, the small prism of mass M
slides down on the bigger prism of mass 5 M from position
shown at the top of the bigger prism to the position at the sy
bottom of the bigger prism as shown in figure. By what
distance does the combination move to the left if the bigger

Ans. (b)

prism initially rests on a frictionless floor;

L 4L 2L
(@ 3 (b) r © =5 (d)

% Short-cut solution :

SM (~Ax,) + M (4L — Ax)

Il
[=-]

Ax, = =

Ilustration 13

Two identical blocks are connected by a massless string which passes over a light
smooth pulley as shown in figure. If there is no friction between the block and the

inclined, then find acceleration of CM.

c@ Short-cut solution :

5 o
Acceleration of the blocks, a = (mg—mgs1n30 ] = f—m)’sz.
m+m

Acceleration of CM

= e
a-::m 2m 30¢
_ mfa2+a2+2aaoos120° _a
2m 2
&
e 8
5 3 m/s*, Ans.




Concept Booster Exercise

1.  Anobject of mass 3m splits into three equal fragments. Two fragments have velocities
vj and vi . The velocity of the third fragment is:

@ G- O 6isd @ i @ Ld

2. Two particles having position vectors 71 = (3i +5]) meter and 72 = (-5i—3j)
meter are moving with velocities vi = (4i+3/)m/sand v2 = (ai +7) m/s. Ifthey
collide afler 2 second, the value of a ; Numericﬂnteggzer
(@ 2 b 4 () 6 (@ 8

3.  Two particles each of mass 0.10 kg are moving with velocities 3m/s along x-axis and
5m/s along y-axis respectively. After an elastic collision one of the mass moves with

" A A . . - - X .
a velocity 47 +4 . The energy of other particle after collision is 10° then x is.

[JEE Main 2020] Numericnntdﬁar
4. A child is sitting at one end of a long trolley moving with a uniform speed v on a
smooth horizontal track. If the child starts running towards the other end of the trolley

with a speed «, the speed of the centre of mass of the system will;

(a) utv (b) v—u () v (d) none
5.  Atrolley of mass 200 kg moves with a uniform speed
of 10 m/s on a frictionless track. A child of mass 20 ,._1
kg runs on the trolley from one end to the other with | - 10 m/s

a speed of 4 m/s relative to the trolley in a direction
opposite to its motion, and jumps out of the trolley. The final speed of the trolley i_s_

Numericnméﬁier

(a) 104 m/s (b) 124 mss
(c) 16mJs d O

6. A bullet of mass m hits the triangular wedge of inclination
45° and mass 2 m with a velocity v= V2 ms. After clastic
collision the bullet moves perpendicular to its initial direction. *7,;*
If there is no friction between wedge and the surface, t_l?cn
velocity of bullet after collision is : Numeﬂdlntogér Smooth

(@ 1ms b 2 ms  (© 2mibs @ 22 mss
7.  Anobject is dropped from a height # from the ground. Every time it hits the ground
it looses 50 % of its kinetic energy. The total distance covered as ¢ — e is :
5 8

(@ 3h (b) o (c) Eh (d) Eh
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10.

Solutions e

Collisions and Centre of Mass
AB 1s an L-shaped obstacle fixed on a horizontal smooth table.
A ball strikes it at A, gets deflected and restrikes it at B. If the

velocity vector before collision is v and COR of each collision
is ‘e’ then the velocity of ball after its second collision at B is:

@ € (b)) —e*v

() —ev (d) none of these :
A pendulum consists of a wooden bob of mass “m” and length “£°. A bullet of mass
m, is fired towards the pendulum with a speed v; and emerges out the bob with a speed

of % . The initial speed of the bullet if the bob just completes the vertical circle is:

m 351 m \3g!
@ 3 W LK

A hollow tilted cylindrical vessel of negligible mass rest on a horizontal planc as
shown. The diameter of the base is a and the side of the cylinder makes an angle 0
with the honzontal. Water 1s then slowly poured into the cylinder. The cylinder topples
over when the water reaches a certain height A, given by : [KVPY - 2015]

(3 h=2atan® (b) h=atan’B / /

iy h=wlamB & b= dmd | i‘ /
2 h
A 6

(c) % sgi (d) none of these
I

1.

(c) 0 = my +mvy +mw
or 0 = m(vi +v))+my
Vo= (i +)).

(d) For collision, A+W = R+

or (3 +5)+ (4 +3))x2 = (-5i-3))+(ai +7/)x2

& a=8
(1) For elastic collision KE;, = KEf
1 1 1 1
—mx25+=xmx9 = —mx32+—mv
2 2 2 2
34 = 32+42

1 1
KE = ExO.lxl =0.1J)= T

x = 1.

(¢) Child is the internal part of the system, so velocity of centre of mass will not
change due to his movement.
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Now 220 % 10

v
6. (a) mv+0=02mn2

== vz

Also l m? +0

or ¥,
7. (a) e

Now H

8. () ALA:V =—(vi+v,j)

After collision at A the velocity after collision becomes + ev,. (—v,)
component strikes the side B and becomes + ev, after collision

Therefore, ¥
9. (1) mv, +0
To describe the circle, v

gl

= v,

Authentic Shortcuts-Tips & Tricks in Physics
(a) 'The speed of the child=—4+v

20 x (4 +v) + 200 v

10.4 m/s.
¥
2
2™t gl m)(_}
=£=lmfs.
3

®|= tm|t

A
_vy/\
e(v,i + vyf) '

—ev

2
Y L, 8
m—3 +my OI ¥ W3

5gt

m 2%
m 3
m 3.f5gf
m| 2 '

10. (c) Line of action of weight must be passed through base of the cylinder

From geometry,

h/?2
tan@= ——
al2

h=qatan 0
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TOPIC7.1: Axis of Rotation; Angular-Displacement, Velocity, Acceleration
and Equations of Rotational Motion.

“‘t} Review of Formulae

0=, +at 9=mnr+%m2
m2=m02+2a9 m=2m‘=35 and 0 = 2z

.E;?ﬂ Tips and Tricks for Shor_t,cut_ Solutions

1. Rigid body is one whose each point has same angular velocity in rotation
about fixed axis and each point has same linear velocity in translation.

=y
1
“ ey N
=>_—
@, =, v,cos;:=:;cosez 2

2. Instantaneous Axis of Rotation (IAOR)
It is the axis of rotation of a body at some instant, about which body has
purc rotation. To determine the IAOR, we should know the velocities of
two points of the body.
Case 1: When velocitics of any two points of a body are given.

The intersection point O, of the perpendiculars down W
to #,and v will be IAOR. @\
. =
Hare on 4 =2 N /T Vp
-

oo 0‘52"
Case 2: When two antiparallel velocities are given.
In this case join the tails of velocity vectors and join
the heads of velocity vectors, their intersection point,
O will be TAOR,

A T3




Authentic Shortcuts-Tips & Tricks in Physics
Hlustration 1

A metre stick slides against a smooth vertical wall. Find horizontal distance
between two IAOR when stick makes 60° and 30° from the horizontal.

Also find its angular velocity, when it makes 30° with the horizontal. The velocity
of its lower end is 1 m/s ot this instant.

% Short-cut solution :
The IAOR at two positions is shown in figure. The distance { lm I,

x = lcos 30° — lcos 60° ‘-xag]
. S 't'.'p 2
_ 31 i
s e Ans, |
2 GOPNIP s
- 1 30° lm/s
The angular velocity, o= L =-—
LP  1sin30°
= L =2 rad/s. Ans.

1/2
Illustration 2

A disc is rolling without sliding between two horizontal planks. If the velocities
of the planks A and B are v and 2v respectively, find (i) position of IAOR and (ii)

angular velocily of the disc.
2v
A
% Short-cut solution :
If P is the IAOR, then
v 2y
m praser e |
y 2R-y
y — E
3
v v 3y
Now W = ; = m = ﬁ Ans.

INlustration 3

The velocities of two ends of rod of length { = Im are given
as 10 em/s and v, as shown in figure. Find angular velocity
of the rod.
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Rotational Mechanics

@ Short-cut solution :
Rod on being a rigid body,
vecos 60° = 10 cos 30°
or v X l = 10x% ﬁ
2 2
or v = lﬂﬁ cm's

The angular velocity of the rod about ‘A’
@ = Y4B
r
(10+/3)sin 60° + 108in 30°
100

1043 x §+—

2 _0.20 radss. Ans.
100

Ilustration 4

The step pulley shown in figure starts from rest and accelerates at
2 rad/s:. What time is required for block A to move 20m ? Find also

the velocity of A and B at that fime. e
A
Solution : &
When A moves 20 m, its angular displacement 8 is given by '
5= ro
or 0= 2-20 _30md
r 1
Given a = 2 rad/s? and w,=0.
By second equation of motion, we have
0 = g +ror
2
1 2
20 = 0+—x2x¢
2
or t = 447s Ans.
Angular velocity of pulley at this time
@ = m0+m

= 0+2x4.47=38.94rad/s Ans.
Now velocity of 4, v, = @r,=89%x1

= 894 m/s
and vg = @rp=894x0.75= 6.70 m/s. Ans.
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TOPIC 7.2: Moment of Force or Torque, Moment of Inertia, Radius of

Gyration, Theorem of Parallel & Perpendicular Axis, Angular Momentum
and K.E. of Rotation.

0 1 Review of Formulae

Moment of Force or Torque
|FxF|
| F

_ Y AL L
Moment of Inertia . I_Wz;”-(m +”')

I -

Radius of Gyration (ROG)

M oM
A
Parallel-Axis Theorem C%D

L =1, +Md.

Parallel-axis may be inside or outside the body.

1=¥xF and moment arm =

Perpendicular-Axis Theorem
L=1+1,

=

Intersection of axis need not be the centre of mass of the body.
Angular Momentum

3
<

‘@

L = m(F x¥) = mvi

Angular Momentum Due to Pure Rotation
L=TIa-

Angular Momentum Due to Translation and Rotation Both
L =m(F x%)+ I,

Newton’s Second Law for Rotating Body

5 dL P 4
R E or Ty =10

2
KE of Rotation : g1, - L
2 21
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it =

%Tm! Tips and Tricks for Shortcut Solutions

=

For T, =0 [ =constant.

*  Angular momentum remains constant along the axis, in which t,,, is zero.

e Angular momentum remains conserved in collision, expansion of system and
contraction of system etc.

Following are few examples in which Angular momentum about Certain-
Axis remains constant.

fconstam mud fconstant T constant, =0
!!. % P ?f (reaction force)
anet
Motion of planet Mud piece drops ';:M -~
about sun onto disc with the md

-5
e P 0, L constant

L—» about any
axis on the rod.

o—px
Bullet collides k

with the rod placed TR
on smooth table Body expands /contracts F

o
-

Illustration 5

Calculate the torque (magnitude and direction) about point ‘O’ due to force F in

the following cases. In each case, the force F and the rod both lie in the plane of
the page. The rod has length Im and the force has magnitude F = 10 N.

e S RS N
E A
—1m— 0° 60
W & 3?57‘5 L I o) o

A :
i T 05m05m

~—F

(i) O-—l m—

Solution :
Key concept: Torque, T = Frsin 0.

Using, t=1Frsin®
(1) Inthiscase, r=1m, 6 =180°; T,=Frsn®=10>1xgsin 180°=0. )
(ii) In this case, » = 1m, 6 = 90°, T, = 10 > 1 % 5in 90° = 10 N-m, {

anticlockwise.
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(iii) s—————«—10 sin 30° T, = 10cos 30°x 1 + 10 5in 30° x 0

O |lm -,
s,
10 cos 305 = 'Ux% = 5,/3 N-m, anticlockwise.

(iv) 515 *~=10c0s30° 1t ,=10sin30°=1+10cos 30°x0

=10 x% = 5 N-m, anticlockwise.

10 sin 30°
%) 10N %, =105in 60° x 1+ 10 % cos 60° x 0+ 10 x 0
—=10 cos 60°
0 Llm = [Ux% = S«ﬁ N-m, anticlockwise.
10 sin 60°
(vi) lOslinﬁG” 1, = 10 sin 60° x 0.5+ 10 cos 60° x 0
10 cos 60°
5_"'— = Sx? = 2.5J3 N-m, clockwise. Ans.
IMustration 6

A particle is projected from a point ‘O’ with a speed ‘u’ at an angle ‘0° to the
horizontal. Find lorque of gravitational force on projectile about ‘O’ at any time 1.

(x. y plane is vertical plane)
y
¥
0 =X
% Short-cut solution : .
Torque, Ty = mgx
llmg
= me(ucos@)  Ans. O— x — ]

Ilustration 7

(a) Three identical thin rods, each of mass ‘m’ and length { are joint to form an
equilateral triangle. Find moment of inertia of the triangle about one of its
sides.

[sinG0°

]
(b)

(b) Also find moment of inertia of this system about an axis passing through

centroid of the triangle and perpendicular to the plane of the rods.
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% Short-cut solution :

(a) The given sysiem of rods for ils moment of inertia is equivalent to the system shown
in figure (b). Thus the moment of inertia about the axis given
- o2 - cnon2
4 m(fm;(iﬂ ) " m(fsn; 60°)

I= 0

2
z%xsinz 60°

2
Emfi x1=_m£’ Ans.
3 4 2

£
(b) If £ is the side of triangle (length of rod), then d= m 2
Moment of inertia of one rod about ‘O’.

= — Ans,

Now moment of inertia of whole system
Iy = 31

= Ix—— = —, Abns.

Illustration 8

(a) Four identical rods each mass ‘m’ and length '(’ are joint to form a square,
Find moment of inertia of the system about an axis passing through the
centre of mass of the system and perpendicular to the plane of the rods.

(6) Also find moment of inertia about the diagonal of the square.

% Short-cut solution :

{a) Moment of inertia of the system
I, =4

- A, + md) N
4 -t
m  (e) AN
() E
127 \2 ]
= ;mfz Ans.
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Using perpendicular axis theorem, we have

I+i = Io
;= h
2
iméz
= T
= Emfz. Ans.
3

INustration 9

A uniform rod of mass m is bent Into the form of a semicircle of radius R. The
moment of inertia of the rod about an axis passing through ‘A’ and perpendicular
to the plane of the semicircle is :

A

(@) %mRz (6 mR® (c) 2mR® (d) %mRz

c@ Short-cut solution :

1, MI of the ring about tangent parallel to the axis
Icm + md?

MR+ mR2 = 2mR2 Ans. (c)

INlustration 10

A uniform rod of length 4¢, mass 4 m is bent in the shape as shown in figure, what
is the moment of inertia of the rod about the axis passing through point O and

perpendicular to the plane of the paper?
A 0 D

90° /'t £\, 90° ¢

B C
%‘1 Short-cut solution :
20
2 d_.
MI of rod 4B : d = [ £ =ﬂ ‘éﬁz
2 2 w
I = I +md

I
’3
hl\-l
-+
£
Ve
|%
=
IR
(3]
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4 2

= —mi
3

mfl

MIGfdeOB, I = T
The rod is symmetrical about ‘O’, so

2
Iy = 2[1 2 %}_mme? Ans.

Ilustration 11

A rod PQ of mass m is kept suspended in horizontal position as shown. Linear mass
density of rod varies with distance x from its left end P as . = kx (k is constant).
Left string is now cut. Torque about point ‘Q’ just after the string is cut is :

£ £ /4
@ =  H (0 —F @ ==
%}‘ Short-cut solution :
The CM of the rod, from P
> AR
Now torque, 1, = mg x £ = m_gf Ans. (b)
g 3 3

Ilustration 12

Four identical discs each of mass m and radius R are placed in
contact as shown in figure. Find MI of the system about an axis
passing through P and perpendicular to the plane of the figure.

% Short-cut solution :
272R
MI of the system about CM axis and perpendicular to it
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I, = 4["’T+ m{ﬁﬁ)z]
= 10 mR2.
Now I = I +MdP=10mR+4m(J2R)*

18mR2, Ans.

INlustration 13

Moment of inertia of a sphere about its diameter is 1. The sphere is
cut in two equal parts and placed as shown in figure. The moment
of inertia about the axis shown is :

5 2 13
I = =TI d) —I
(a) ®) - (v) : (d) 3
% Short-cut solution :
M.I. about diameter I =
M.I. about cm, I =

cm

2
Now M.L about tangent I = I+ m[%}

o CHiRY e AR 22 R
5 T

= (£+lJmR2=£mR2
S 4 20

13/
P
Illustration 14 y

|
A thin rod AB (of mass m and length 1) is sliding keeping Iin %
contact with a vertical wall and a smooth surface as shown. &

Ans. (d)

Moment of inertia of the rod about instanfaneous axis of B
rotation at the instant shown is : Horizontal surface
2 2 2 2
@ ™ sne @) ™ cos0 (9 ™ @ ™
6 6 3 6

o% Short-cut solution :

From geometry,
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So L = Lytmd
2 2
= ﬂ +m i
12 Z
2
= % ” Ans. (c)

Mlustration 15

Given a semi-circular disc of mass M and radius R. Find its MI about an axis
pussing through CM and parallel to its diameter.

e aﬁ) Short-cut solution :

Using, Iy = oy + md? 3

or Ig = .i’D—md2 2 .
_ mR® (4RY' _ mgz[l_i],
4 '"(g] 4 oz A
IMlustration 16

A uniform rod of length { is given an impulse P at a distance x 1
from its CM as shown in figure. The position of the LAOR from the

centre of mass is

X

6 — — ) — d — —F

L X ®) 12x © 12¢ L 3x

@ Short-cut solution :

Using conservation of angular momentum about CM of the rod. Assuming after
impulse veloeity of CM becomes v. Then

mux = ICMm
or i e o IAOR ¢
Ioy é\, |"0
G—
_ omw 12w S Y
= _?n'f2 _—f2 L ]
12
If x,, is the distance of JAOR, then
0 = V“(DIU
_ 12vx
or 0= v—[f—zJ
2
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Hlustration 17

A particle of mass m is moving with velocity v along a line y =x + 5. Find the
angular momentum of the particle about a perpendicular axis passing through
origin O.

S% Short-cut solution :

The linear momentum of the particle p = mv. Compare given equation with y=mx + ¢,
we have m =1 or 0 =45°and ¢ =5 unit. The angular momentum about O

L, = mvcos45® x5 ¥
G
) Emv VIR T = 'ia‘-‘---—--mm-m‘l.'b‘
Its direction is along negative z-axis. Thus i
f«() = —% mvk unit.  Ans. =
INlustration 18
Two particles, each of mass m and speed v, travel in n." A

opposite directions along parallel lines separated by a
distance d, show that the vector angular momentum of | -
the two particle system is the same whatever be the point g m.
about which the angular momentum is taken. J

% Short-cut solution :

Angular momentum about ‘0’ m
Ly = mv(d+x)—mvx T
= mvdk O—x —--—d*l m
The result is independent of x. % »

INlustration 19

Two particles of masses m and M (m << M) are separated a distance r. The system
is fo be rotated to get an angular velocity ©, about an axis perpendicular to the
line joining the particles. Find the position of the axis, if work done in the process

is minimumn.
% Short-cut solution :
MT of the system about axis shown i1
<
I = Mc+m{r—x~ I\-d i ™
—  —— —_— —pl
Work done, W= K= IE Iw? X (r-x)

%I:sz +m(r — x)z]mz

For minimum work, ﬂ

dx

0.
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or%[%{w +m(r—x)2}m’-] = 9
or Mx2x=2m(r-x) = 0
- mr
x = [m+M]' Ans.

Asm << M, 50 x — 0. So system is to be rotated about M.

;EE! Tips and Tricks for Shortcut Solutions
1. Ml of thin rod about oblique axis :

=3

mf

I= ﬁsin’(}
2. For square plate (m, a) I
maz ) i P '_,IJ
Iphepel == d A8
and Ip=l+hL=F+I,=I +I T i
ol s f: a =k

6
3. MI of ring or hoop :

Ml about tangent

parallel to diameter
2
The minimum MT of ring about any axis = =
4. Mlofdisc:
3

EMR:. 3'2#

Half disc of mass m
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S. Ml of solid cylinder and thin pipe:

mt’
Ifﬁ"'""-#
H.&_ Rz
Il-T — Il-m Q—E—l-
For I, =1, = ¢=08R MI of thin pipe
6. Ml of sphere and thin shell :
7 [ %"‘R‘ ] ZmR’ %MR:
: MI of hemisphere
about its diameter MI of shell

7. Work done in rolating any syslem for constant angular velocily will be
minimum, when system is rotated about its CM.

Ilustration 20

Four identical rods, each of mass m and length £ are joint to form a rhombus as
shown. Find MI of this system about an axis A—A".

o@ Short-cut solution :

A Lig = 0+ 2[%(£c0530"}2]+m(£cos30°)2
E °
m.fz AJ";' 2 J:__’; 2
. = 2xT—x| X2 | +me?x| 22
< H0° 3 2 2
A’ = Em,fz . Ans.
4
Iustration 21
If earth contracts to half the present radius, then what will be the new duration
of the day?
@ Short-cut solution :
Key Concept : Conservation of angular momentum
Using, I, = I,
2
- - M
5 T S 2)\ T,
T
T = =
f 4
24
= — =6h. A
- ns.
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Hlustration 22

Rotational Mechanics

A uniform bar of length { and mass m stands vertically

touching a verticel wall (v-axis).

When slightly

displaced, ifs lower end begins to slide along the floor
(x-axis). Obtain an expression for the angular velocity
(w) of the bar as a function of 0. Neglect friction

everywhere.

3% Short-cut solution :

The position of instantaneous axis of rotation (IAOR) is shown in figure.

F 9
£c::m.(},ﬁsin() Al JAR) o
2 g e
i
b TS dikscns) € o,
5 ~ half of the diagona 0 5"

All surfaces are smooth. Therefore, mechanical energy will remain conserved.
~. Decrease in gravitational potential energy of bar = increase in rotational kinetic

energy of bar about IAOR

£
ng (1 —sin 6)

Here, I

or I

Substituting in Eq. (1), we have

mg%(l —sin0)

or w =

Ilustration 23

A block of mass m is attached to the pulley disc of equal mass m and radius r
by means of slack string as shown. The pulley is hinged about ifs centre on a
horizontal table and the block is profjected with an initial velocity of v. Find its
velocity when the string becomes taut.

(1)

%+ mr> (about IAOR)

2 2

mt:  me*  me
+ —

12 4 3

2

1m) o

21 3

;Sg(l —8in @) A,
£
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@ Short-cut solution :

Using conservation of angular momenium about the hinge. If v/ is the required

velocity then i1

mvr = mvr+lo
. %, )
2 r
or W o= % . Ans.
HNlustration 24
A rod of length 1 m is released from rest as shown in the figure below.
£=1m
30°

If w of rod is Jn atthe moment it hits the ground, then find n. [JEE Main 2020]

% Short-cut solution :

£ . o _ lmﬁz 2
mgism.'ﬂ) = 373
Solving
@ = 15
o = 15 Ans.
Ilustration 25

A circular wooden hoop of mass m and radius R rests flat on a frictionless surface.
A bullet, also of mass m, and moving with a velocity v strikes the hoop and gets
embedded in it. The thickness of hoop is much smaller than R. Find the angular
velocity with which the system rotates after the bullet strikes the hoop

INsEs--

Y@ Short-cut solution :

Let the velocity of the C.M. of the system afler strike is v,.. By conservation of linear
momentum

mv 2m x v,

b |-
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Position of C.M. y = mx0+mxR_R
m+m 2
Using conservation of angular momentum about C.M. of the system (hoop + bullet)
R
mvR

or = (Bygner * Thoop)e®

mvR RY 5 [RY
or ml—| +smR 4+ m — @
2 2 2

After solving, we get

v
®w = —. Ans.

3R

IMustration 26

A thin spherical shell of radius R lying on a rough horizontal surface is hit sharply
and horizontally by a cue. Where should it be hit so that the shell does not slip on
the surface?

@ Short-cut solution :

Due to the impact of the cue, friction starts acting on the shell at the point of contact,

which constitutes a torque about centre of the shell. But the process of impact is of

very short duration (Az — 0), and so there is negligible change in angular momentum

due this torque. So applying conservation of angular momentum about the centre of

the shell. If v is the velocity of the centre of mass of the shell, then we can write,
mvh = I, o

h
2,22) Y v
[st ] R R
or h = E Ans. |
3
IMlustration 27

A circular platform is mounted on a frictionless vertical axle. Its radius R = 2m
and its moment of inertia about the axle is 200 kgm?. It is initially at rest. A 50kg
man stands on the edge of the platform and begins to walk along the edge at the
speed of 1 m/s relative to the ground. Time taken by the man to complete one
revolution is:

n

(@ ns ® s (¢) 2ns (d) %s

% Short-cut solution :

According to the conservation of momentum
L = L
f
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mvR—Io = 0

mvk = Jo

or 0x1=x2 = 200x@

or w = l
2

Now (vtoR)t = 2=nR

1
t = 2ms. Ans. (¢

INlustration 28

A rod of mass m and length ! is hinged at its lower end and allowed to move from
vertical position. Find reaction forces at the hinge when rod becomes horizontal,
Assuming hinge is smooth.

Solution :

Using conservation of mechanical energy,

£ 1
mg; = 5!&)2
2
- l mé mz
2] 3
o= [
L

In the moving condition CM of rod has two accelerations ; Centripetal and tangential
acceleration. If « is the angular acceleration, then using,

T = fa, wehave
¢ me?
meg— = e
or o = 38
2¢
¢ 3g ¢ I3g
and ol e
“om 2 262 4
Now horizontal reaction, F, = mo?r
2 F,
1 cm
= m 3_g x£ F iy l
£ 2 ! mg
= —Smg Ans.
2
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And vertical reaction ;
mg—-F, = ma,,
4
or F = i ; Ans.
) 4
Ilustration 29

A system of uniform cylinders and plates is shown in figure. All the cylinders are
identical and there is no slipping at any contact. Velocity of lower and upper plate
is v and 2v respectively as shown in figure. Then the ratio of angular speed of the
upper cylinders to lower cylinders is :

(o) 1 b) 2 c 3 (d) 4
@ Short-cut solution :
Angular speed of lower cylinder 2v
v—0 v
ml = -
2R
Angular speed of upper cylinder
2v+v)  3v
0.)2 — = —
2R 2R
01 3v/2R
Feto= D =3
o 5/ 2R ; Ans. (c)
Hlustration 30

Two uniform rods of equal length but different masses are
rigidly joined to form an L-shaped body, which is then
pivoted about O as shown in the figure. If in equilibrium the

M
body is in the shown configuration, ratio = will be :

@ 2 ® 3 © 2 @ 3
3% Short-cut solution :

For equilibrium

E:l:.o =0
£ . £ .
or Mg xEsm 30°—mg xEsmGO" = 0
M sin60°
or — =
m sin 30°

Telegram @Boo



w

Ans. (d)

Illustration 31

A uniform rod of mass ‘m’ and length ‘¢’ placed on a smooth horizontal floor is hit
by a particle also of mass ‘m’ moving on the floor, at a distance £/4 from one end
elastically. The distance travelled by the centre of the rod after the collision when
it has completed three revolutions will be:

(a) mf ) 2rl (c) 4t (d) none of these

o@ Short-cut solution :

Let v and v are velocities of particle before and after collision. If ¥ is the velocity of
CM of the rod, then
my mv' +mil’
or v v+ ...(1)
Applying conservation of angular momentum about point of collision, we have

2
myxQ = mV[ij— i ®
4 12
or of = 3V .. (ii)
Now using, e = (A%
_Hl—uz
or 1 = - v—Vi|
| v—0
or V—v = v ...(iii)
After solving above equations, we get
v
o = —
¢
v £ W
or — = —
© 3 (-j—)y
or . P | ¢4
ot 3 ¥
or i = £ m T
o 3
% %{B)=§x(3x2n)
= 2mé. Ans. (b)
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TOPIC 7.3: Rotation and Rolling Motion

.I',,':.S! Tips and Tricks for Shortcut Solutions

1. [Itisbetter towrite T=/a as:
Tareater ~ Tsmaller ~ fa.
The direction of angular acceleration is along greater torque.

2. In the problem having translation and rotation both (for different object) or rolling
motion, the acceleration can be oblained as :

i unbalanced load
total inertia
Here, total inertia = inertia of translation + inertia of rotation

[+
R?
3. Tension in the string can be obtained as follows :
T = m(g+a).
Use ‘+’ sign when block moves up.
4. Inthe problem, if velocity is asked, energy method is short and easy.
5. (i) Incase of pure rolling on rough surface with constant velocity, friction neither
acts nor works.
(ii) In case of accelerated rolling, static friction may acts, but not works.
(iii) In case of impure rolling v, > R or v, < wR, kinetic friction acts and
works, until body will get pure rolling motion.

<wR
&v@ =wR T Vem > @R &flbm
k

6. Equations of static equilibrium
(i) For coplanar-concurrent forces :

fo-{}andEFy-O-
There may be any number of forces in the system, but unknown shown not be
more than two.

(i) For coplanar non-concurrent forces :
IF, =0, EF3r =0and Zr, = 0.

Here the number of unknown should not be more than three.

Hlustration 32 =
A block of mass m is suspended from a pulley in form of a

circular disc of mass m and radius R. The system is released
Srom rest, find the angular velocity of disc when block has
dropped by height h, (there is no slipping between string
and pulley) [JEE Main 2020] E_n:l

1 [igh 1 st [2ah igh
(“)R:i (5)33 rc)R3 (d)RT
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% Short-cut solution :

mgh = %mv2+%!mz
v = wR(no slipping)
2
mgh = lm(,ﬁ;zz +lﬂm2
2 2 2
3 é w2 R2
mgh = —m

4
_ {ﬂ _1 }ﬂ
W = IR2 =R\ 3 Ans. (a)
INlustration 33

A uniform spherical shell of mass M and radius R rotates about a vertical axis on
[rictionless bearing as shown in figure. A massless cord passes around the equator
of the shell, over a pulley of rotational inertia I and radius r, and is attached to a
small object of mass m that is otherwise free to fall under the influence of gravity.
There is no friction of pulley’s axle; the cord does not slip on the pulley. What is
the speed of the object after it has fallen a distance h from rest ? Use work-energy
considerations.

%‘: Short-cut solution :

Using a conservation of energy principle, we have
Fall in PE. of the block = Gain in K.E. of block + rotational K E. of
the pulley + rotational K.E. of the shell.

2MR?

or mgh = lmvz +lfm2+— = |02
2 2 2

1

3

where @ =v/rand o' =v/R
After substituting these values in above equation, and solving, we get

Vo= mgh Ans.
[mL;,ﬂ]
2 27 3
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IMlustration 34
A string is wrapped around a solid cylinder and then the end of the string is held
stationary, while the cylinder is released from rest. Find the acceleration of the
cylinder and tension in the string.

@ Short-cut solution :
g = unbalanced load
total merha
- M
M + % T
= M'g 3 = 2_3 Ans. Mg
MR /2 3
M+ P
Tension, T = M(g—a)=M(g—2Tg =% Ans.
IMustration 35
A sphere starts rolling on rough inclined plane of inclination 0. Find its
acceleration of CM.
O@ Short-cut solution :
y unbalanced load Y
Using, ey = e &
tolal inertia a5
_ mgsin
1
m+ F
_ mgsmﬂ2 =Egsm9_ s
2 mR
"SR

Illustration 36

A circular ring is acted by a horizontal force F at its centre and rolis on the plane
horizontal surface. Find acceleration of its CM.

% Short-cut solution :
. _ _F
CM i F
R fp@

F
——— = —. Anms
2 2m

RZ
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0. A cubical block of side ‘a’ moves down on a rough inclined plane of inclination
0 with constant velocity. Find the position of normal reaction.
EErE
To see the video solution, scan the QR code:
OR Visit https://www.youtube.com/watch?v=chtDBZwnPGE E

INustration 37

A rigid body in the shape of a *V’ has two equal arms made of uniform rods. What
must the angle between the two rods so that when the body is suspended from one

end, the other arm is horizonial [KVPY 2016]
% Short-cut solution :
For the equilibrium of the system of rods
Ztq = 0
m xﬁcosﬁ—m x E—.‘f‘t:v::s{ﬁ) =0
5 2 % 2
cosB = l
3
~f1
or 6 = cos [3] ; Ans.

Ilustration 38

A uniform ladder of weight ‘W’ leans against a smooth vertical wall and other end
rests on a rough horizontal floor. It makes an angle ‘0’ with the horizontal. Find
normal reaction and frictional force that the floor exerts on the ladder.

[JEE Adv. 2014]

@ Short-cut solution :

As the ladder is in complete equilibrium. So
LF, = 0,0 N, =W.. (1)

¥;
Taking moment of all forces about ‘0’
Tt = 0,
or fxEsinQ—-Wx£2cos0 = 0
W
= —cotB.
4 2
AlsoZF =0 or N, - f=0=N,=f Ans.
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Two points P and Q, diametrically opposite on a disc of radius _!%,v

R, have linear velocities v and 2v as shown in figure, The angular 4 )

speed of the disc is : K é,__m,
v 2y v v

@ = ® = © 2 @5

Point 4 on rod 4B of length 2m is moved upwards against a wall
with a velocity of 2 m/s. The angular speed of the rod at an instant

when 0= 60° is : Numericnnte{ai;r
(a) 2.0rad/s (b) 25radfs
(c) 3.0radss (@) 1.73 rad/s

At a given instant of time the position vector of a particle moving in a circle with a

velocity 3i -4 j+5k is § +97 —8k. Its angular velocity at that time is :

13i —297 31k 13i - 29/ 31k
(a) — e (b) 146
f+297 31k 137 +29j +31k

J146 146

A wheel of radius R rolls without slipping with a speed v on a horizontal road. When it
is ata point 4 on the road, a small lump of mud separates from the wheel at its highest
point B and drops at a point C on the ground. The distance AC is:

B
oo ool
g g Loy
© 4 ‘[E @) 3v F—R A &
g g

A square is made by joining four roads each of mass M and length L. Tts moment of
inertia about an axis PQ, in its plane and passing through one of its corner is:

(a) %ME (b) 5MIL? (c) % M2 (d) gmz
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Auniform cylindrical rod of mass ‘m’ and length ‘¢’ is rotating with an angular velocity
. The axis of rotation is perpendicular to its axis of symmetry and passes through
one of its edge faces. If the room temperature increases by ¢, the change in its angular
velocity 1s : (a is the coefficient of linear expansion)

(a) 2ot () ot (© %amr (d) “‘%‘

7. Adisc of mass m and radius R moves in the x-y plane as shown in figure. The angular
momentum of the disc about the origin ‘0" at the instant shown is: (Given v = ©R)

=5 n ~ -9 ~ 5 »
@ ZmRlak () LmRmk © —=mR’ok (4 —mR wk
2 2 2 2
8. A uniform sphere of mass m, radius R and moment of inertia ‘" about its CM axis
moves along the x-axis is shown in figure. Its centre of mass moves with velocity v,

and it rotates about its centre of mass with angular velocity w,.

b/ ®y

Let L = (mvgR + 10 ) .'The angular momentum of the body about the origin “( is:
(a) I,onlyifvy=nR (b) greater than [, vy > oyR

(c) lessthan L, if Vo> QR (d) L for all values of v, and ®,

9. A solid cube of side ‘a’ is shown in the figure. Find maximum value of 100% for

which the block does not topple before gliding. [JEE Main 2020}

A F Numericﬂnte:gér

4b

p=04
10. A tangential force F acts at the top of a thin spherical shell of mass m and radius A.
Find the acceleration of the shell if it rolls without slipping.

6F 6m 5F 3F
@ 5 ® 3% © = @

Telegram @BookCornerOfficial



Rotational Mechanics
11.  Aparticle of mass ‘m’ is rigidly attached at “4’ 10 a ring of mass
‘3m’ and radius R. The system is released from rest and rolls with-
out sliding. The angular acceleration of ring just after release is:

3 £ £ £
12. A solid sphere of radius R is placed on a rough horizontal surface. It is struck by a

horizontal cue stick at a height # above the surface. The value of “A’ so that the sphere
performs pure rolling motion immediately after it has been stuck is:

2R SR SR 7R
(a) < Ll © = (d) =

13. A uniform rod of mass m, hinged at its upper end, is released from rest from a hori-
zontal position. When it passes through the vertical position, the force on the hinge is:

Numaricﬂntégér

(8 1 ) 2 (©) 25 (d) 0
14. Aplank P is placed on a solid cylinder, which rolls on a horizontal P
surface. The two are of equal mass. There is no slipping at any of the E

surfaces in contact. The ratio of the KE of P to that of cylinder is :

(a) 1:1 () 2:1 (c) 1:2 (d) 8:3
So[utzons
i _ 2v—v _ v o
L (c) ® = SR 2R s,
2 . R S I
- (8 @ = T4 T 2c0s60° o ] q AN
. (Fx¥)
3. (b) Using o0 = £
(E+9j-s£)x(3i‘-4j+5k“)
- |i +9)—8& 2
_ 137-29j-31k A
146
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5 (d)
6. (a)
7. (8)

Authentic Shortcuts-Tips & Tricks in Physics

)

AC vi= 2vx2 |—

= T%

(c) The velocity of the point B is 2v. The time taken by mud piece to hit the road,

J@ _ [2eR) _
g g
R

22
4

= 4”F ‘ Ans,
g
The effective system is as shown in figure. So L:)EM 2L
) M
2M(J§L) 8
[=2— 1\ 7 =-—-MIL2 Ans.
3 3
In the process angular momentum remains constant. So
lo = const.
e
or ﬂ.pﬂ = ) I
i o
Aw Al
or i R SN v
© 1
As I = kf* (kconstant)
A o gt
1 !
Aw 2AL
or o B
@ £
_ 2far)
L2
= 2ol
A = -2 ool Ans.

f=m(inr'm)+ICME£)

- 2 -
—mvrsin (k) + mj%mk

—

g =

L3 2 L
= —mv(3R)k + 'm%mk

mR? -

= —m(®R)3RE + ——ak

= DRtk
2

Ans.
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Rotational Mechanics

8. () [ = (mvrsin) (k) + ok 3
Here rsin 0= R, so r Yo
L =—(mvgR + Iog) k . X
Here all terms are constant, so option (d) is correct.
9. (50.00) For no toppling
a a
F (E+b) < mg 2
2 o B
nyteb < 5
02a+04b < 0.5a
04bh < 0.3a
3a
h < i

b < 0.75a (in limiting case)
But it is not possible as b can maximum be equal to 0.5a

b
[100—J = 50.00. Ans.
a /max
10. (a) Ifais the acceleration of CM, then
F+f= ma
and FR-R = Iu
2
For pure rolling, o = % and /= 7 mR2.
: 1 6F

On solving above equations, we geta = sm

11. (c) Taking moment of force about ‘P, we have
mgR = (1o + Loiagp @

2
or mgR = [[(3»;)1?2 + (3m)R2} +m(J2R) ]u
ey 1
" 8R-
12. (d) Using conservation of momentum about ‘P’
mvh = Ipﬁb
2. 52 21¥
= [—mR +mR }—
5 R
R
h= s
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/
b, @
» ;- u i
Now N-mg = mao? [E] mgl
2 | L
or N = mg+m(3—g]£
{12
5
= — Ans.
o™
14. (@ Ifvis the velocity of CM, then K ., = %m(2v)2 B
=
and K eylinder = 2
2
Ratio = ;mv =§. Ans.
L. 3
4
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TOPIC 8.1: Kepler’'s Laws of Planetary Motion, Newton’s Law of
Gravitation, Gravitational Field, Potential and Potential Energy.

be Review of Formulae

1.

10.

11.

12.

13.

Ad I
Kepler’s law of =L
epers W O areas At 2m

Kepler’s law of periods : T2 « a?.

o Gmym,
Newton’s law of gravitation, F = ER
: p GM
Intensity of gravitation field on the earth’s surface B =g= -
R
Mass of the earth, M = %

g
2
(%)
R

h
The value of g at some depth, g’ = 8(1 —E] i

2h
The value of g at some height, g’ = =g(l —?) for h <<R

Effect of rotation, at an latitude A
g =g—o° R cos?A
At equator, ,=0, g'=g— o’R.

Atequatorg’ > 0, 0= \/% = 17 times present value of rotation

Gravitation potential, outside the body V= —G—M. Also E_= B
B r g dr
_ : GMm
Gravitational potential energy (earth-body system) U= -

2
Self energy of earth, U= _%G’: s
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mgh
14. Change in potential energy, AU = —&j; =mgh, h<<R.

I+—
R

Hﬁ! Tips and Tricks for Shortcut Solutions

Newton’s Law of Gravitation
The gravitational force between two particles of masses m, and m, is given by

e [

oy
3
3

-~

2 my r “"2

2 from m, to my.

where 7 is the unit vector or F =

‘Two possible motions by gravitational force
(i) Particles move towards each other due to mutual attraction
(ii) Particles rotates about common axis (CM).
In both the cases, we can fix one of them and move a particle of reduced

P L :
mass jL = (ml+m2] towards fixed particle.
Case 1: Particles move towards cach other. In this case cither we asked the
relative acceleration or velocity of approach of the particles.

(a) Relative acceleration:

F Fixed
a,.= ; \ a,
m, r p
G_’"_l’z"_l
= =t
mmy
ml + m2

- of=57)

(b) Velocity of approach: 1f particles starts from large distance, then velocity
of approach v, = (v, +v,) ata scparation 7, can be obtained as;

G —
1y - =0 g7 ~m
v,= 2Gmﬁ:_
wr
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Gravitation
(¢) Maximum height attained by a particle: 1f a particle is projected vertically
upwards with initial velocity v (large enough, but v</2gR ), then;

1 2  mgh
mv® = =

2 1+—

Case 2: Rotation of particles about Common-Axis: Both the particles have
same angular velocity, so

m —
Bt et .
Gmlm: '
W= |/
J pr
As p= L L SO

and T= LS ZEJ;

Illustration 1

Six particles each of mass ‘m’ are placed, one at the centre and five at the corners
of a regular hexagon of side ‘a’. Find force on the particle placed at the centre due
to other particles.

%Shoﬂ-wt solution :

The effective force on the particle is only due to P, so

Gmm _ Gm*
S — = Ans.

F
a a’

Ilustration 2

Assuming the earth to be a sphere of a uniform mass density, how much would
a body weigh half way down to the centre of earth if it weighed 250 N on the
surface? [g on the surface of the earth = 9.8 m/s’|

5% Short-cut solution :

d
Acceleration due Lo gravily at a depth ‘d’is §'=& [l - EJ
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it

250(1—%] =125N Ans.

Weight = mg’

INustration 3

A planet of mass m is in an elliptical orbit around the sun with time period T. The
semi major axis and semi minor axis are equal to a and b respectively. The angular
momentum of the planet is equal to

@ 2”';"" (6) mnabT (©) "‘;‘—T" (@ ZnabmT

% Short-cut solution :

Area of ellipse, A = mnab,
A L
We know that ? ~
L 2mA  2m(nab) o
— = = 1 ns. {4
T T
Nlustration 4

A heavy ball of mass m =M (where M is the mass of the earth and v\ is a fraction)
of a super dense material is kept at height h(h << R). If the size of the ball is
negligible as compared to earth, then find the time taken by the ball to reach the
earth surface.

a% Short-cut solution :

Both ball and earth will move towards each other and collide at CM. So distance
moved by ball is only y, and assuming value of g constant, so

Mh MR
m+M (MM +M)

y:

Now using y = 53’32 , we have
2y [ oA
g \Ni+ng

Two particles of equal mass go round a circle of radius R under the action of their
mutual gravitational attraction. The speed of each particle is

L
I

Illustration 5
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@ veoo—
@ v=l GTM
ﬁ Short-cut solution :
Gm* =m_v"’
(2R R
IMustration 6

Gm
® v=\ix
4Gm
(d =J_
) v =
y=1 [Gm
2V R

Ans. (c)

Four point masses each of mass ‘m’ are placed at the corners of a square of side
‘a’. Find the gravitational force experienced by each particle.

@ Short-cut solution :

Ilustration 7

A particle of mass m is placed at the centre of a large ring of mass M and radins
R, If a small piece of mass m' is removed from the ring, then find the force on the

particle due to the remaining ring,

@ Short-cut solution :

If 7| and P, are the forces on the particle due to removed piece and remaining ring,

then

or

or

Telegram @Boo
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Illustration 8

Eight identical particles each of mass ‘m’ are situated at the corners of a cube of
side ‘a’. Calculate gravitation PE of this system.

c;% Short-cut solution :
(n=1) m

Total number of pairs: ~ :

N

U = 12 pairs of scparation a

+ 12 of scparation /24

+4 of separation +/3a
Gm? Gm? m®

= —lZ——I!T— T

Gm |

= —12—(1 +T FJ Ans.

¢ wﬁ' Tips and Tricks for Shortcut Solutions

1.  Force between a spherical body of mass M and

a thin rod of mass m:
GMm
E= el
2. Force between arc of mass M and a particle of mass ‘m’:
- Gﬂe:m[sme}
R 0
8 — must be in radian.
For semicircular arc, 8 = %
sin—
F= GM;m
R T
2
_ 2GMm
=

Telegram @BookCornerOfficial




Gravitation

3. Weight of moving object on the equator of earth:

If ‘W is the weight of object when at rest (w.r.t. carth), then its weight when
in motion

W= IF(]:I:M).
g

Use *~’ when object moving in the sense of rotation of earth.

k
4.  For a satellite having gravitational force, F = o7
n-1
Vo X r 2 ]

n+l

and T r2.
§.  Satellite in clliptical orbit

Ymex _ lte
Vmin l-e

6. The velocity of a particle falling from infinity will be JZgR on reaching the
earth.

Time period of spy satellite is nearly 2 hour.

Escape speed from height & above earth surface will be

: ’ 2GM
v' = .
: (R+h)
TOPIC 8.2: Motion of a Satellite, Escape Speed and Orbital Velocity.

v 1 Review of Formulae

1. Orbital velocity of satellite (r =R + h);

2
Vo= /G—Maﬂﬁ_ and time period, T=2n i
r r GM

2. Tor a satellite close to earth, h << R, r=R
Vo= JgR =8km/s

% =

and T=2x [® =84.6min
g

3. Satellite in elliptical orbit : (2 is semi-major axis)

S e) q ' mn l+e) a
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_ . GM,
Kinetic energy of a satellite, K = 3 .
r
GMi
5. Potential energy, U= — rm g
GM
6. Total mechanical energy of satellite E=K+ U= — 2rm :

7. AlsoK=-E= —%.

8. Geostationary satellite : 7= 24 hour, v, = 3 km/s, £ = 36000 km from earth
surface

9. Escape speed, v, = 2GM _ Mer =11.2 km/s.
€ R g

10. For block hole, v,2C,

or ‘2GM 2c:>RszG;H.
R c

Q. Two masses m; and m, at an infinite distance from each other are initially at rest,
start interacting gravitationally. Find their velocity of approach when they are at
a distance r apart. AT [E
To see the video solution, scan the QR code: : 1‘%::’
OR YVisit https://www.youtube.com/watch?v=-q2faqghDjlc '

N
% Short-cut solution :

2l
Letv, is_the velocity of approach at the required separation. Then by conservation of
mechanical energy.

D+0 = luvrz_m _“(i)
2 r
mym
where = ——2
my+my

Substituting the value of p in equation (i) we get
Vr - ZG(ﬂh +m:) - A.ﬂs.
N r
IMMustration 9

A satellite close to earth is in orbit above the equator with a period of rotation of
1.5 hrs. If it is above a point P on the equator at some time, after what time it will
be above P again ?
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Gravitation

@ Short-cut solution :

Let &, = the angular velocity of earth about its axis = (2n/24) rad/hr
Let @ be the angular velocity of the satellite, then @ = 22/1.5
For a satellite rotating from west to east (same as earth), the relative angular velocity
O, = O -0,
. Time period of rotation relative to earth = 2n/w, = 1.6 h
Now, for a satellite rotating from east lo wesl (opposite (o earth) the relative angular
velocity w, = o + .
Time period of rotation relative to earth = 2n/w, = (24/17) hr. Ans.

Ilustration 10

A planet was suddenly stopped in its orbit supposed fo be circular. Find the time it
takes to fall on to the sun, if its period of revolution around sun is T.

% Short-cut solution :
The falling planet can be assumed, a body rotates in a circle

of radius 7, about @ where r'=§, neglecting radius of
sun in comparison to the radius of orbit. Therefore time to

complete a circle I”

¥ _ e
T TP
5

- %

r3
o L
N

5 T
Now time of fall, t = % = % = T Ans.

IMlustration 11

A planei moves around the sun along an ellipse so that its minimum distance from
the sun is equal to r and the maximum distance to R. Making use of Kepler’s laws,
find its period of revolution around the sun.

;@g}) Short-cut solution :

The motion of the planet can be approximaled (o be in a circle of radius [R; r].
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E‘ﬂ_% =_R+r—.'5
The time period will be given by
R+r 2
2
T = 2
= N et+m

Here m is the mass of the planet and M is the mass of sun.

Asm<<M
3
, ’(R+r)
T gt A
2GM .

INlustration 12

R
A very small groove is made in the earth and a particle is placed at 3 distance

Jrom the centre. Find escape speed of the particle from that place.

5% Short-cut solution :

If ¥V is the potential of the point, then

%mv2+mV = 0+0
; -
lmv2+m G 3R? —[EJ 0 e
2 2R3 X
, - [NGM s
4R
Illustration 13

A projectile is fired from the surface of the earth at an angle 0 = 60° from the

vertical. The initial speed is equal to ’% . How high does the projectile rise?
Neglecting earth’s rotation and air resistance.

% Short-cut solution :

Let projectile goes a distance r from the centre of the earth, then by conservation of
angular momentum and ME we have,

my, sin 60° = mvr (1)
1 GM 1 GM
and >mvg = R'" = gm’- rm (i)
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It

On substituting Vo

So height above earth surface, 1 =

Nlustration 14

If a satellite is launched from height ‘h’ with a speed ‘u’ horizontally, find the
angle with the vertical at which the satellite will hit the earth’s surface, if h =R

’GM
and u = 7— .

o@ Short-cut solution :

Using conservation of angular momentum and ME, we have

mu(R+h) = mvRsin ..(1)
1 2 GMm _ 1 1 GMm ..
and Emu “R+h 2mv =z (1) .
- GM e en
Substituting A=R and u = R and simplifying, we getl
) 1
sm@ = 75’
or 0 = 45° Ans.

Mlustration 15

Two spherical bodies of mass m; and m, have radii Im and 2m respectively. The
gravitational field of the two bodies with the radial distance from centre is shown

mn
below. The value of "T‘ is- [JEE Main 2020]

ot fm
[

(m)

(c) (d)

[ SR
b |

]

o | -
G [

(a)
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@ Short-cut solution :

Gm,
S
= Gml
2 = '
3 . Im
2 4 m

m 1

=L = = Ans. (a)
H’IZ 6

INustration 16

Two satellites s; and s, revolve around a planet in coplanar circular orbits in the
opposite sense. The periods of revolutions are T and 8T respectively. Find the
angular speed of s, as observed by an astronaut is s, when they are closest to each

other.
c@ Short-cut solution :
Using 7" a r, wehave
- )
8T) ~ |n
ry, = dr.

VitV _ on +onn =(
n-n  nB-f

$
]

T
= 1— Ans.

INlustration 17

A stone is dropped from a height equal to 3R, above the earth surface. The velocity
of stone on reaching the earth’s surface is:

@ B ® ek 0 2 @

;@ Short-cut solution :

Using,
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2.

Gravitation

mg(3R) 1 3

or [ 3!{) my
1+—
R

s }%. Ans. (c)

Concept Booster Exercise

A body of mass m is taken from earth surface to the height equal to radius of earth,
the change in potential energy will be :

1
(2) mgR (b) % mgR  (c) 2mgR (@) , mgR
M » R - .
Twao planets of masses M and 5 have radii R and 5 respectively. If ratio of escape

velocities from their surfaces E‘— is % ,thenfind n :

2
(@) 3 ®) 1 (©) 2 (d) 4
Imagine a light planet revolving around a very massive star in a circular orbit of radius
R with a period of revolution T. If the gravitational force of attraction between the
planet and the star proportional to R—32, then :
(a T’«<R? (b)y 72 R2 () P<cR¥2 (d) T2oc R3TS
Total energy of a satellite revolving in circular path of radius r is —E. The weight of
the satellite is

E E 2E 2E

— e —_— d —
(a) . (b) . (c) 5 (d) X
If weight of an object at pole is 196 N then weight at equator 15 [g = 10 m/s?; radius
of earth = 6400 Km)] Num&ricﬂntagar [NEE Main 2020]

(a) 19432N (b) 194.66 N (c) 19532N  (d) 195.66 N

The eccentricity of earth’s orbit is e = 0.0167. The ratio of its maximum speed in its
orbit to its minimum speed is : Numeric/l ntaﬂor

(2) 2.507 (b) 1.033 (c) 8.324 (d) 1 000
Two satellite §, and S, revolve around a planet in

coplanar circular orbits in the opposite sense. The
period of revolutions are T and 8T respectively. Find
the linear speed of S, as observed by an astronautin S I

when then angular separation is % as shown in figure.

2nRy( 1+ - 2nR1 1-
——i+

(a) T ( % J) (b) T, 21

2nR, [ A 2Ry 2 n

© T (~2i+) @ % (:+2;)
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10.

11.

12,

Authentic Shortcuts-Tips & Tricks in Physics
Three particles, each of mass ‘m’ are placed on a line as shown. The work done to
put them on an equilateral triangle of side ‘a’ is :

m
m m m a a
& 7 A
m 5 m

(d) zero

Four particles each of mass “m’ are orbiting in a circle of radius r in the same sense
under their mutual gravitational force. Speed of each particle is :

() GT'" (242+1)
© O 74 @ G—’" "
?( +1) 22r

The angular velocily of the earth’s rotation about its axis is ‘®’. An objecl weighed
by a spring balance gives the same reading at the equator as at height ‘#” above the
poles. The value of /& will be :

2n2
o“R 252
@ —— ) 2R
g 2g
202 R? 20°R?
(c) (d)
g ig

A planet is orbiting the sun is an elliptical orbit. Let U denote the potential energy and
K denote the kinetic energy of the planet at an arbitrary point on the orbit.

Choose the correct statement ; Numgﬁgnmg':g:'er IKVPY - 2015}
(a) K<|U]|always

(b) K>|U]|always

(c) K=|U]|always

(d) K =|U| for two positions of the planet in the orbit

A satellite moving in a circular orbit of radius » around the earth has a time period 7.
If its radius slightly increased by Ar, the change in its time period is:

o (B o e
r r

2 3( 72
BNET d (@) —[—-]Ar
2\r 2| r

(c)
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Solutions

5.

(b) AU =

mgh _ mgR =ng
1+ﬂ 1+R/R 2
R

_ [26M
@) e

20M
i = R =l=n
vy 2GM /2 4
R/2
= n=4
2
my K
(b) R~ R
v =" CRM
2nR  2=R
T= = """
2« R
GMm
© == 2r
or -E = —(thmji
r 2
GMm _ 2E
2 r
or W = E
r
(c) Atpole, weight=mg =196
m = 196kg
At equator, weight = mg — ma’R
- 2
= 196—(19.6) 2—"} X 6400x103
| 24 x 3600
= 19533N Ans.
Viax _1+e _ [1+0.01677 _
= = =1.033.
®) Vmin 1—€ [1—0.(}167_ 3
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T (R,
PR

B = 1]3R,=4R1
(8

V=% = @Ry (~1) - Ry (~7)
= —oRyi —oR,j

2rn A 2T A
= w TwdR PR
T 1 T i

_ 2mR, _j+-.
R 2t

8 W=AU = —GM:![l—l]——GM2 A
(b) - - a 2 2a ns.
2 2 2
9. (9 M 20M_ cosase = M Ans.
(2r) (\Er) r
10. (b) m(g — 0°R) = mg[l—%)
2
= h = w;g ; Ans.

11. (a) Planet sun system is bounded system
.. Total energy of the system 13 negative E=K +U

As E is negative {PE is negative here}
K<|U| Ans.
12. (b) Using, T = [%)rm
AT _ 3(2} p
r ~ 2\r) s
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TOPIC: Hooke’s Law, Modulii of Elasticity, Poisson’s Ratio, Thermal
Stress and Twisting of a Shafl.

f Review of Formulae
1. Elastic force is eleciromagnetic in nature, but it does not obey Coulomb’s

law.
Restoring force
2 Stress = =
ess Area
Strain = Cha_nge n c-limen?ion
Original dimension
3. Hooke’s law : Within elastic limit;
stress oc strain
or stre-ss = E (modulus of clasticity)
strain
Modulus of clasticity 1s the material property which does not depend on size
and shape of the body.

4, Three types of modulii of elasticity.
(1) Young’s modulus,

longitudinal stress
Y= longitudinal strain
_ F/A_ Mgl
AL/L ™ mr2Al
(i1) Bulk modulus,
Normal stress P
~ Volumetric strain (_g)
V

(1ii) Shear modulus,

shear stress 3 FiA

M= shear strain o
_ F
)
Here 6 is the shear strain.
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Poisson’s ratio,

__ lateralstrain  _Ap/r
®~ longitudinal strain  A¢/¢

Theoretical value of & lies from —1 10 0.5.
6. Y=38(1-2c),Y=2n(l +0)

_ 38
n+38
7. Change in volume,
A 295
v £
Change in density,
p

" 2

Thermal stress, [, = YaAT
Extension due to self weight

_ pgt* _ W¢

Al = —
2Y  24Y

10. Strain energy, [/ = %xstr&cs x strain x volume

2
Strain energy per unit volume, u = ;r_y

2
Strain energy due to shear of the body ¥ = er_'fl

11. Twisting of a shaft : Torsional rigidity of material of shaft

Tt

0 20
Here 0 is the angle of twist.

Telegram @BookCornerOfficial



Mechanical Properties of Solids

.flﬁ_l Tips and Tricks for Shortcut Solutions

1. Force in the rod:
When equal and opposite [orces are applied at its ends, the force al each
ti ual to that at its onc end.
section is eq | : : > r

2 Fy=Fy=F A B
2. When force (#) is applied at one end of the rod, the force at free end is
zero. In this case specimen will not be in equilibrium. Rod will accelerate
in the direction of force. The force in the rod varies linearly from zero to F.

Fy=0,Fy= = : : ¢
A ’ B 4 g 2 ]

F _: :_ —b‘F
Fe= 2 Fp=F. 4 B C D

3. Hooke’s law: When force [ acts along the one of the dimensions of the
specimen, then

StI'ﬁSS(f) _ F 4
e Y ] Y —>r
FlA
or S
ALl
YA
= | — |AL
i ( t ]
On comparing with native form of Hooke’s law, we have
F=kx (x = M)
YA
Ll
4. Extension/Compression - Y |- R=F
(i) Due to external force only £, A TT
At= L2 ylt4
AY
(11) Extension due to self weight
W, 2
Kbw s e LB T
24 2 Y F
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5. Extension of non-uniform rod

F; rz
B Ft
6. Strain in the ring of radius r due to radial force,
_ A _ A
E— T
7. Force at any section of a rotating rod OO
mow - 2 e— X —{
F= — (£ -x
57 ( )
Illustration 1
A uniform rod of length £ is made of materialof p 4 B F
Young's modulus ¥ is subjected to forces F, and ~~—] -
F, (F, > F,) at its ends. Find extension of the - £ >~
rod.
@ Short-cut solution :
Stress at A, L= %
5
and v o
F+F
Average stress T EYE
Fe .F| + Fz
= — f
S ( 24Y ] Anx
Illustration 2

A wire of length £, cross-sectional area A, Young’s modulus Y is connected to a
spring of force constant k. The wire is hanging from the ceiling and a force F is
applied on the spring as shown. Find extension of this assymbly.

% Short-cut solution :
Y4 LAY

The force constant of wire, k= i

; kxk'
The equivalent force constant, &, =

kE+k F
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Mechanical Properties of Solids

k+Ej
L

L Y,

Using Hooke’s law, we have x=

@kl""i

F(k+E)
. Wi 4
T 7T m

Illustration 3

A non uniform rod of length { is made of material of Young’s modulus Y. The radii
of its ends are r and 2r. Find extension of the rod due to a tensile force F.

c@ Short-cut solution :
FF 2
i ¥
- 2
Ans.

Fe Fé
wr(2r)Y T 2ply

INlustration 4

A steel ring of radius r and cross-sectional area A is fitted on to ¢ wooden disc of
radius R(R > r). If Young’s modulus of steel is Y, then the force with which the

steel ring is expanded is :
R R—r Y{R—r ¥Yr
\ AY sl Mol
(@ 4Y~) (@) — @ .4( - ] @
Solution.:
. Ar  R-r
Strain, e = — =
r r
R-
Stress J= ey =[ - r)Y
i R-r
Force needed F=fi= ( z )YA- Ans. (b)
INMustration 5

A solid sphere of radius R made of material of bulk modulus K is surrounded by a
liquid in a cylindrical container. A massless piston of area A floats on the surface
of the liqguid when a mass m is placed on the piston to compress the liquid, the
fractional change in the radius of the sphere AR /R is :

mg mg Img

1 B’ 18 i3 i
@ 28 m 0 @ =2
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@ Short-cut solution :

_ Mg
F=
Volumetric strain,
AV _ AP
V K
AR mg/ A
2 ikl
or 2 ¥
AR mg]
.-G me
Illustration 6

A cubical block of mass ‘M’ and side ‘a’ is placed on a rough inclined plane of
inclination 6. Find direct and shear stresses in the block.

% Short-cut solution :

The direct stress is due to Mg cos 0 and shear stress at
the bottom of the cube is due to Mg sin 8. Therefore

Mg sin
_ Mgcos0  Mgcos B
Jairect = p - Mg cos @
: Mg
Mgsin0 Mgsin@
and Lt ™ 1 = 2 Ans.

Illustration 7

A cylindrical rod is of cross-sectional area ‘A’, is subjected 1o iensile force at its
ends. Find maximum shear stress af a section inclined © from the normal cross-
section.

% Short-cut solution :

A
Here A’ = —— shear stress (parallel to shaded section),

cos O
A 4
3 FsnB i
f_ A - EB F
FsinQ

- = A" FcosB
v
cos® 3By 57
= —sin2 X
sin26 Fsin 6

For maximum shear stress, sin 20 =1, 8 =45°
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Mechanical Properties of Solids

il
24’

S =

Illustration 8

A metal cylinder of length L is subjected to a uniform compressive force F as
shown in the figure. The material of the cylinder has Young's modulus Y and

Poisson's ratio o. The change in volume of the cylinder is : lF
pFL (1-o)FL
@ - m
(1+2c)FL (1-20)FL
b A i i ), A=Vl
(© v (d) ¥
c@ Short-cut solution :
: AV AL
Using, TRk (1-25).
g o B
cre = A Y L]
AV

F F
g b A= S (1 =261

= -25)%. Ans. (d)

Illustration 9

Arod of mass M, length { and cross-sectional area A, made of material of Young's
modulus Y is rotated about its one end in horizontal plane with constant angular
speed ‘o’. Find its extension.

@ Short-cut solution :
For the element of mass dm,
—dF) = (dm)w’x
F=- I ‘[ﬁﬁ}"zx
£l sa—x—r|dx}a—

M 3.2 2
Zf’m(f x")

F(dx
Now using, dl = %
_ Mo® (82
2 AY
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Illustration 10

Arod of length { and radius r is joined to a rod of length (/2 and radius r/2 of same
material. The free end of small rod is fixed to a rigid base and the free end of larger
rod is given a twist of 0°, the twist angle at the joint will be

(a) &4 (b) 62 (¢) 50/6 (d) 8679
c@ Short-cut solution :
8,+0,= 6, .. (@) .
We know that L T
T _ ot T
0 2¢ 4

.. (ii)

After solving above equations, we get
80

Ans. (d)

Illustration 11

A hole is punched out of a plate having an ultimate shearing stress f. If the
maximum compressive stress on the punch is limited to fy, then determine the
thickness t of the plate from which a hole of radius r can be punched.

c@ Short-cut solution : ’_m_l .

Punching force = shearing resistance I l

foxn = fx2urt

_ S
; s - @,
INlustration 12

Two wires of same material (Young’s modulus Y) and same length L but radii R
and 2R respectively are joined end to end and a weight W is suspended from the
combination as shown in figure. The elastic PE stored in the system is:

3wlL ) swiL
4anR’y 8xR’Y
WL W2L
SnRy $nRy
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Mechanical Properties of Solids

@ Short-cut solution :

Ny 2 2
1 k(F F
Using, = SR = —(—] = —.

We have, Uu=u,+t,

2 2 2
_ W_[L,,L] [k,zﬁgmﬂ) &y = YR

I I 3
Wz[ L L]
= R A
2 L4nRYy =Ry

sl
T SRy Ans. (b)

Illustration 13

One end of a uniform wire of length ‘L’ and mass ‘M’ is attached rigidly to a point
in the roof and a load of mass ‘m’ is suspended from its lower end. If A is the area
of cross-section of the wire then stress in the wire at a height ‘x’ from its lower end

(x<L)is
Mg  mxg =
W == ® Sta }
X
mg Mg mg_ Mxg
@ Short-cut solution :
F I i meT %g{
— 1o orce be jw section _ T Ans. (b)
Illustration 14

Each of three blocks shown in figure has a mass 3kg. The wire connecting, blocks
A and B has area of cross-section 0.005 cnt® and Young’s modulus of elasticity Y =
2 x 10" N/m? neglect friction. Find the elastic PE stored per unit volume (energy
density) in wire connecting blocks A and B in steady state. (Take g = 10 m/s°)
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c@ Short-cut solution : m = ﬁ

Acceleration, a = % . %m!sz ‘

Tension in the wire between 4 and B

T= ma= Bx% =g=10N.

Using, “T oy T T2y T a4y
_ 102
T 2x(0.005x10%)? x2x10'!
= 1000 J/m?. Ans,

pi e Concept Booster Exercise

1. A wire of length 1m and radius 1 mm is subjected to a load. The extension is ‘x*. The
wire is melted and then drawn into a wire of square cross-section of side 1 mm. What
is the extension under the same load?

(a) = (®) m? (c) n%x (d) mx

X
2.  Auniform cylindrical rod of length L, cross-sectional area A and Young’s modulus ¥

L
is acted upon by the forces as shown in figure. The rod is hinged at point P, 3 from
the right end. Find extension of the rod

P
(a) 1 (b) 3L 5—- N a2 F
34Y 8AY et
2FL 3FL EY e
4 2= 3 3
© Say @ sar
3. A material has Poisson’s ratio 0.5. If a uniform rod of it suffers a longitudinal strain
of 2 x 1073 the percentage change in its volume is: Numericﬂnte&er
(2) 5% (b) 10% (c) 12% (d) 0%

4. A body of mass 10 kg is attached to a wire of length 0.3 m. Its breaking stress is
4.8 x 107 N/m2. The area of cross-section of wire is 1076 m2. The maximum angular
velocity with which it can be rotated in a horizontal circle without breaking

Numericﬂnteghr
(a) 2rad/s (b) 3rad/s (c) 4rad/s (d) Srad/s
5. A copper wire of negligible mass, length (£) and cross-sectional area (A) is kept on
a smooth horizontal table with one end fixed, a ball of mass ‘m’ is attached at other
end. The wire and the ball are rotated with angular speed ‘@’. If wire elongates by
Af, then Young’s modulus of wire is: (Af << £)
@ ma*e? mé ma’t (d méw’

A(AD) ® T @ Tan 3A(AD)
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Mechanical Properties of Solids

Two blocks of masses ‘m’ and ‘2m’ are connected through a wire of breaking stress
J; passing over a frictionless pulley. The maximum radius of wire to be used so that
the wire may not break is:

g dmg
4nfy ® 3f

[mg |4mg

A uniform pressure ‘P’ is exerted on all sides of a solid cube at temperature °C. By
what amount should the temperature of the cube be raised in order to bring back to
its original volume, it had before the pressure was applied? The bulk modulus and
coefficient of volume expansion of material are B and y respectively.

(a)

i YB
2p
(c) 1B (d) None of these

Consider a long steel bar under a tensile force £ acting at the edges along the length
of the bar. Consider aplane making an angle 6 with the length. For what angle is the

7
tensile stress is maximum? Numeric/inte ger §
(a) 30° (b) 45° £_ - F'
(c) 60° (@ 90 &,
@ Solutions
1. (o) a1l x1 = 12xf = (=n
Using, AL = £
AY
2
A, 6 4 T om())
or ALy, = mHAL)=nx. Ans.
2. (a) Rod will extend on both sides of the hinge, so
L 2L
ORI
AY | AY  34Y s
3. @) A?wao = %(1-25)
AL
= T(l—2><0-5} =0% Ans,
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(c) The tansion in the wire at the axis of rotation

T = mo¥ C}:’m T
or fy = mo¥t T
or 48x107x10% = 10xe?x03
w = 4radls.
5 Usi Al = =
' (&) sing, - AY
yo L _ (ma’0)
A(AE)  4AD)
_ me?t? 4
T AN G
6 (@ Hemwmsoninwis @ Ts —oDE
my +my
_ 2@m)mg _ 4mg
2m+m 3
Using, T = fA
_ 4
" Yo
4mg
= — Aﬂs.
3nfy
AP AV
7 (a) B = 3y = AV = 5
vV
PV
or WAt = 3
. i
At = B Ans.
8. (d) If A is the area of cross-section of the bar, then
i ] = Esin2 0
A A
[sine]
Jwill be maximum forsin8=1. or8=90°
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TOPIC 10.1; Pressure, Archimedes Principle and Accelerating Liquid.

“f Review of Formulae

1.

Pressure :
AF
Average pressurc, P = —
=B Ad

Pressure at any point is defined as :

= lim —
F ad—0 AA
. &
or = dA

SI unit of pressure is iz %=1Pa. 1 bar = 10°Mm?.
m° m
Variation of pressure with depth.
P = pgh

here h is the depth of the point from free surface of the liquid.
Atmospheric pressure :

1 atmospheric pressure= 76 cm of mercury height
= 10.3 m of water height
= 1013 x 10° N/m?

Gauge pressure = Absolute pressure—Atmospheric pressure

or Pga‘uge= Pabs'oiure_Pa
Assuming isothermal atmosphere, pressure at any height h is given by
P = _R]e_pogﬁj H)

here P, is the pressure at ground level.
Manometer : It is used to measure the gauge pressure of a gas.
If h is the difference of levels of liquid in the arms of manometer tube, then
Poage = P8H
Archimedes’ principle :
Buoyant force on the immersed body
Fy = Vpg

Apparent weight of the body

- W-F,- W[l _E]
o
For floating body :

weight of the body

buoyant force on the body
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If F° and ¥ are the submerged and total volume of the body, then
V' o

2
here o < p.
Equilibrium of a submerged body : For completely submerged floating body;
(i) If C.G. his below centre of buoyancy, then there will be stable equilibrium.
(i) IfC.G. lies above centre of buoyancy, then there will be unstable equilibrium.
(iii) If C.G. concides with the centre of buoyancy, then there will be neutral
equilibrium
Accelerating liquid :
(i) Pressure difference between two points at a vertical height # in a liquid
accelerating upwards is given by
-P, = plgtah
(ii) Buovant force,
Fy, = Vplg+a)
(ii1) When liquid is subjected to horizontal acceleration :

tan Q) = &
g
(iv) When liquid is subjected to rotation :
The difference in elevation between the axis and at a distance x,

o’x?

2g

0
<

Qﬂ TIPS, Tips and Tricks for Shortcut Solutions

The relative density of the body (pyo4, < P,,) can be obtained by floating in
water as :
RD = % of volume of body inside water.

— Psubstance _ _Wcrr_

Relative density, RD = ounee P —Wumer
Also Psubstance __ Wair

’ Piiquia  Wair = Wiguia
Tension in the string connected to a submerged body.
(i) When system has zero acceleration
T=W-F,

=W-Vpsg
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Fluid Mechanics
(i) When system has constanl acceleration in vertical direction
T=W- Vp,(g*a). Usc “+ for accclcration up or rctardation down.

(iii) If 7, is the tension in the string when system at rest, when accelerated
up, = Tﬂ (] + afg).
5. Force on the vertical walls (any shape) of the container

F=P, xah
2
= [E)aﬂ:ﬂ.
2 2

The line of action is at a height % from bottom.

6. Acceleration of body inside non-viscous liquid (p, < p,) fr "

i [Ec'_"b g=[£c__ b
Pb Py
Illustration 1

The liguid is filled in a cylindrical container of radius R. What should be the
height of the liguid, so that force at the wall of the container equal to force at the

bottom,
@ . .
%} Short-cut solution :
I'wall = ¥ bottom
or [Egﬂ)xzfmh = (pgh)nR2
3 h= R Ans.
Illustration 2

Two liquid columns of same height Sm and densities p and 2p are filled in a

container of uniform cross sectional area. Then ratio of force exerted by the liquid

on upper half of the wall to lower half of the wall is. JJEE Main 2020f
P 0= 0

1 1 2
® 5 © 3 @ 3

N

(a)
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@ Short-cut solution :

Ans. (a)

Mustration 3

A tube 1 cm? in cross-section is attacked to the top of a vessel 1 cm high and of

cross-section 100 cm®. Water is pouered into the system, filling it to a depth of 100
cm above the bottom of the vessel.

(a) What is the force exerted by the water against the bottom of the vessel?

(b) What is the weight of the water in the vessel?

(¢c) Explain why (a) and (b) are not equal.
Solution :
(a) Intensity of pressure at the bottom of the container is
P=hpg
=1x1000x 10
=1 x 10* N/m?
Force exerted by water at the bottom
F=PxA
= (1 x 10%) x (100 x 107
=100N
(b) Weight of the water in the container
W=(¥FtT1,)pg
=[100 % 107*>x 1 x 102+ 1 x 10~ x 99 x 1072] x 1000 x 10
=199 N=2N
{(¢) As we have seen in (a) and (b) the thrust of water at the bottom of the vessel
is greater than the weight of the water. It is because of the force exerted by the
top face of the vessel on the water. Water transfer this force to the bottom of the
vessel.

Force exerted by wall (A) on the liquid = 100 - 2 =98 N. Ans.
Ilustration 4

A body weighs 250 N in air, 200 N in water and 150 N in liquid. Find density of
liguid. (density of water 1000 kg/m?)
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@ Short-cut solution :
Py W..
Using, e
Pw Waf _Wmer
_o_ %0
250-200
or Py = 3p, = 3000 kg/m?
Now L S
Pe 250—150
_ pp _ S000 3
= 2 ="_""=2000k } A
Pe 25 25 gm s
IMlustration 5

A body floats in a liguid with one fourth volume out of liquid. The same body floats
in water with its one third volume out of water. Find density of liguid.

% Short-cut solution :

Density of body, Py = %pg
and Py = 2TW=@kgzm3
Pe = %p;, =§x 2000 _g9kgim®.  Ans,
Mlustration 6

A candle of diameter d is floating on a liquid in a
cylindrical container of diameter D (D > > d) as shown in
Sigure. If it is burning at the rate of 2 cm/hour, then the
top of the candle will

(n) remain at the same height (b) fall af the rate of I cm/hour
(c) fall at the rate of 2 cm/hour (d) go up the rate of I cm/hour

c;% Short-cut solution :

Initially, mg = (AL)P . g
or pd = 2L)g = (AL)p,2 - (1)
After one hour,
Pl (2L -2)g = (AD)pyg .. i)
Dividing (i1) by (i), we get
£ = (L-1). Ans. (b)
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IMustration 7

A metal weighs 20 g in air and 12 g in water. If relative density of metal is 5, find
volume of cavity inside metal.
@ Short-cut solution :
m_20 3

Volume of metal, V= F = ? =4cm
Lossinweight, (V+V)p.g = (20-12)g

or V+V = 8 (p,, = 1g/cm?)

¥ = d4emd. Ans.

Illustration 8

A rubber ball of mass m and density p is immerged in a liquid of density 3p to a
depth h and released. To what height will the ball jump above the surface due to
buoyant force of liquid on the ball? Neglecting the resistance of liguid and air.

V Short-cut solution :

Acosestion, a= | B2 = 22 ] ¢ & |
Py L *
Velocity of the ball when it comes out of the surface of liquid, = h
v=2ah =[2x2gh = 2,/gh. (B |
2 2
The ball jumps out a height, == (22@ =2k Ans.
g g

IMustration 9

A ball of RD 0.8 falls into water from a height of h. Find the depth to which the
ball will sink. (Neglect viscous forces).

% Short-cut solution : O

Retardation, a = —pfp_pb]g
b b e

T
]
|
1
b e o e

2 2
po VoGP, -
2a ng
4
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Fluid Mechanics
IMlustration 10

Two spheres of mass ‘m’ but of densities p, and p,
(p; = py are connected by a string and the combination is
immersed in a liquid (p,). Find the tension in the string.

% Short-cut solution :
For the equilibrium

and = mg-Fy, ...(11)
From above equations, we get

= Hu—fp

- heg—Vapeg
Vs

[mpg mpg]
—PeE——DP¢
_ P P2

2

_ M[L_L] s
2 | P

Mustration 11

There is a circular tube in vertical plane. Two liguids which do not mix and of
densities p; and p, are filled in the tube. Each liguid subtends 90° angle at centre.

Radius joining their interface makes an angle o with the vertical. Ratio L

P2
[JEE Main 2014]
1+sing 1+sina
W T ) @ eora

% Short-cut solution :

In static liquid, net pressure at A,
P,=0
or ng[RsinU. + Rcosa ]+ pigR(1 —cosa)

= pgR(l-sina)
On simphifying, we get
PL _ 1+tanc . po
P2 I=-tana
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TOPIC 10.2: Rate of Flow, Equation of Continuity, Bernoullis Theorem,
Toricelli’s Theorem and Efflux Velocity.

“f Review of Formulae
1. Rate of flow or discharge

Q = Av
2. Reynolds number
pvD
Re . T

If R, <2000, the flow will be laminar. If R, > 3000, the flow is turbulent. If R, lies
between 2000 and 3000, the flow is unstable.
3. Equation of continuity :
Q = Av=constant
4. Bernoulli's equation :

i P+ %pvz + pgh = constant

. P ¥
(1) =+ 4+ h=constant

Pg 28
Speed of efflux : The speed of the liquid emerging from a small hole under head A
is given by

th

v, = J2gh

x = 2Jh(H-h)

For maximum x, &= %, andx,  =H.

6. Time of employing a tank :

ANy

"'—ﬁpﬂ Tips and Tricks for Shortcut Solutions

-ll“ .
1. Rale of flow of liquid in horizontal venturimeter with simple manometer :

0 A“"“J p(A? Az) RN Fomyy
0
Also h=[ﬂ]. _.b_AV_'t!\_v

2g
. L
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~ Fluid Mechanics

(i) Toricelli’s Theorem :

In a large open container, velocity of
efflux under liquid head , v, =42gh , and
maximum range of liquid is found when
height of hole is H/2 from bottom.

If h, is the height of platform and 4, is the
height of liquid in the container then,
+
e irn
and Xoax = () + ).
(ii) Backward force on the container
F=pQv_=pAv,?=2pghA (A — area of hole)

Efflux velocity when there are two liquids in the container

e T -
e

%PI"; = pgh + Pygh, ,II -
Nz
or V= i—g(plh +pohy). i =
: hl 7,
= s+ 22hy). |
|
Lift force on acroplane wing

1

I
= [—pm(wz —sz)A]-

2

Neglecting gravitational head in comparison to other head.
In a close container, if P is the pressure over the liquid then

Vo= J23ﬁ+——2(P_E') :

If there is vacuum over water in a closed container, then water will come

out from the hole, when it is at a depth, 4 L 10.3m, from free surface
of water. Pg

In open container with addition pressure /> over the liquid, then

V- 23ﬁ+£.
J p
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INustration 12
A rectangular tank is completely filled with a liquid l
of density p. The length and height of the tank are

£ and h respectively. The tank is given a constant
horizontal acceleration a. Determine the pgauge
pressure at poinis A, B, C and D.

% Short-cut solution :

The effect of acceleration can be realised by adding the head of liquid as
shown in figure. If y is the maximum head, then

—
|:

g _ Y
tan @ = E = E
_at
y = q
Therefore pressure : Py= 0
Pg = pgh af
Golell e
Py = P&J’=P§[§J = pat. Ans.

IMustration 13

The velocities on lower and upper surface of an aeroplane wing are 10 m/s
and 20 nv/s respectively. If area of the wing is 10 m?, find lift force on the

aeroplane. Density of air 1.2 kg/m’.
:%7)) Short-cut solution :
v
By svor N
Using, F= Epair(vl -n)4

= %xl.Z(ZOz—lﬂz)xlﬂ
= 1800 N. Ans.

Illustration 14

The water is flowing in a pipe as shown in figure. What is the value of h difference
in pressure head from the data given.

[

Oms . »20m/s
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@ Short-cut solution :
§ i vt —w? _ 20% 10
B 2g T 2x10
= 15m. Ans.

IMlustration 15

Calculate rate of flow of glycerin of density 1.25 x 10° kg/m’ through the
conical section of a horizontal pipe, if the radii of its ends are 0.1 m and
0.04 m and pressure drop across its length is 10 N/m2.

% Short-cut solution :
A, =mr2=n0.1?=3.14 x 102 m?, {hwm

Ay =mr2=7(0.04)2=5.02 x 10~ m? 0dm
and P, — P, =10 N/m?

: ’ 2 -P)
= AA [———=—
Using, Q 142 (42 - 4,%)

On substituting the values we get, O = 6.28 x 10~ m¥s. Ans.

IMlustration 16

A cylindrical vessel contains a liquid of density p upto a height ‘h’. The
cylinder is closed by a piston of mass ‘m’ and area of cross-section A
There is a small hole at the bottom of the vessel. Find the speed ‘v’ with
which the liquid is comes out of the hole.

% Short-cut solution :

i 2P
Using, TR ‘283! Sy

Iustration 17

A cylindrical tank has a hole of 1 cm? at its bottom. If the water is allowed to flow

into the tank from a tube above it at the rate of 70 cm?/s, then Jind the maximum
height upto which water can rise in the tank.
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@ Short-cut solution :

Authentic Shortcuts-Tips & Tricks in Physics

As well as height of water in the tank increases, the efflux velocity and hence rate of
flow of emerging water also increases. At a certain height 4 the output become equal

to input and the level of water becomes constant.

Qin = Qout
Q= a2gh
.
. Zgaz
_ (70x107%)?

2x9.8x(1x107?

25x102m,

Illustration 18

Ans.

A liquid is poured inio a vessel at rest with the hole in a wall closed by a valve. It
is filled by liguid upto height h above the valve. What horizontal acceleration ‘a’
should the vessel moved, so that liguid does not come out when valve is opened?

c@ Short-cut solution :

The vessel is given an acceleration of such a value so that level of liquid at valve
become zero. Let a be the acceleration of the vessel towards right, then

tan@ = &

8

2h a

or T = E
_ 2gh
p— a = T

Illustration 19

Ans.

A tank filled with water (density p,, =1000 kg/m3) and oil of (density p,, = 900
kg'hﬁ). The height of water is 1.00m and of the oil is 4.00m. Find the velocity of

efflux through a hole af the bottom of the tank.

% Short-cut solution :

Height of water which exerts the same pressure on interface, whatever oil exerts, let

it is A,
hp,g = 4xpy*g
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4 %900
h = =36
or 1000 o
Effective height of water over the hole
H=1+36=46m
Ve = 28R =v2x98x4.6
= 95m/s.
Hlustration 20

W—tube system as shown is rotated about an axis
AA'" at 10 rpm. Determine the levels in columns C,
C, and C; in the new position of equilibrium.

c@)’ Short-cut solution :

The rise in the tubes C, or C; rises with respect to C,, is

2
10 2
2n| — 0.5
w2x? _ [ u[ﬁﬂ]] g

2g 2x9.8

1.4x102m
If k, and h, be the heights of the liquid in tubes, then
h-hy=14 aiid )
and 2h; + h,=30+30+30
=90 .. (i1)
After solving above equations, we get
h,=3047 cm
and h,=29.06 cm.

Il

Hlustration 21

A syphon tube is used to remove liguid from a
container as shown in figure. In order to operate the
syphon tube, it must initially be filled with the liguid.
Determine the speed of the liguid through the tube.

' —Pie- 3 Pole— I ——
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@ Short-cut solution :
Using Bernoulli’s equation between points 4 and B,

1
P, tpgh = fL+Epv2-pgy

J2g(h+7).

<
I

Ilustration 22

The figure shows a semi-cylindrical massless gate of
unit length perpendicular to the plane of the page
and is pivoted at the point “O’ holding a stationary
liquid of density p. A horizontal force F is applied
at its lowest position fo keep it stationary. The
magnitude of force is :

9
(a) %png ® ek’ () pgR?

@ Short-cut solution :

The vertical projection of gate is shown in figure. p - 5pr

in Physics

we have

(d) 2pgR?

Force exerted by liquid on the gate, —.,-""‘i— Pivot
Fr = [@J‘d ER
P = Ta=r 1)
= p f
i E Im ¥
= 4pgR?
The line of action of this force
2h 2x3R
=3 from top = ==2R
So distance of this force from pivot will be R.
Now using, Etpiml =0
F'xR = Fx2R
2

4pgR? 2
= 2PBN _ o eR2.
: g

Ans. (d)

Telegram @BookCornerOfficial



Fluid Mechanics

TOPIC 10.3: Surface Tension, Surface Energy, Angle of Contact, Excess
Pressure and Capillarity.

“f Review of Formulae

1. Surface tension,

r= F
!

or F=1Tl

(1) Surface tension force on a wire of length /, placed on water
F=2TI

(i} Surface tension force on circular disc of radius r,
F=2nrT

(111) Surface tension force on a ring of radius R.
F=22rnR=xT)

2. Surface means a thin layer of approximately 10-15 molecular diameters.

3. Surface energy : A molecule in the surface has greater potential energy
than a molecule which inside the hquid. The extra energy that a surface
film has 13 called the surface cnergy.

4. Work done in increasing the area of the surface film,
W= TAA
(1) W.d. in breaking a hquid drop
W= Tln * 4nr? — 47R?]
here r= %
(if) Work done in blowing a soap bubble from zero to radius R.
W= Tx 2(4nR?) = 8nTR?
5. Pressure difference :

: - _ 2T
(i) Inaliquiddrop P,—P;= =
. _ 4T
(ii) Inasoap bubble P,—P;= e

(111) In general, for one free surface
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Angle of contact :

(1) Angle of contact is the property of the materials in contact.

(i) It decrecascs with increase in temperature.

(111) Tt decreases with the addition of soap and detergent.

(iv) It increases with the addition of sugar and salt.

(v) Angle of contact of water with glass is 8°, and for mercury in glass is

140°,
7. Capillary rise : If r is the radius of the capillary tubc, then
o 2T cosB
pg
. r 2T
In terms of radius of curvature R=——, h=—
cosO Rpg
8. In case of square tube of side 4,
_ 4T cos0
apg

9. Capillary tube of insufficient length :

If % is the free rise of the liquid and / is the length of tube, being / < A, then
hR = [R' here R' is the radius of curvature of the meniscus of the liquid at
the top of the tube.

The liquid will not spillout.
As/<h,soR'>R.

10. Apparent angle of contact : If 6 and 8" arc the truc and apparent angle of

contact, then cos@’ = écosﬁ

11. Force required to pull the plates apart having some liquid between them :

274
d

Here d is the separation between the plates and A4 is the area of each plate.

F= (R-B)4=22

m:l Tips and Tricks for Shortcut Solutions

1. Work done in breaking a liquid drop into ‘n’ identical drops.
W= 41:R2?'[n”3 -1] {’;: S

1
2 i AR m,\g
- - iog: Sbigger _ ATRT _ 3 ol
Ratio of their surface energies; T dminl © o |
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2. Work done in merging ‘n’ identical drops.
-
= txir|a-s
-l- T € ;-L?_{"L {.ﬁ IL\
= 4nRzT[R3 =1 -'-,L'{} -—-"._‘ﬂﬁf_:.._}l
If ¥ is the total volume of all the drops, then
1
wr| 5 11
. R s
W= "% [" 1] B :WT[:* R]'
3. When soap bubble of radii r, r,,..., r, are coalesced isothermally to form a
single bubble, its radius
e o O
4. When two soap bubbles of radii , and 7, are in contact, the radius of
curvature of contact point o M
- £
F= [M.] '-.___\ —l:%sz ,/,.
nn 5
5. If a capillary tube is held in satellite, the rise of liquid will equal to the
length of the tube (what so ever the length). Ty
6. I T, is the surface tension of liquid at 0°C, then at
any temperature
T= Tyl — o AD); d '
Here o — temperature coefficient of surface tension and At is the change
in temperature.
7. The difference of heights in a liquid in U-tube
= E[LL]
PEXH R
8. Mass of the rise of liquid in capillary tube is, m « r.
Illustration 23

cl»% Short-cut solution :

When a wire of length £ and cross-sectional radius r (r << £} is kept floating on
surface of a liquid. Find maximum radius of wire so that it may not sink. Surface
tension of liguidis T.

Mg 2T¢
2T
2T¢ = r= [ Ans,

or p(nréé)g o
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Mlustration 24

An annular metal ring of inner radius r and outer radius 2r and of mass ‘m’ is
floating on the surface of a liguid of ST is T. Calculate the force required to lift it
Srom liquid surface.

F
% Short-cut solution :
F=mg+2n(r +2)T Ans. e 2n(r + 2T
Iustration 25

A large number of liguid drops each of radius ‘r’ merge to form a single spherical
drop of radius R. If the energy released in the process is converted into KE of the
big drop formed. Find the speed of the big drop (p is the density of the liguid).

% Short-cut solution :

Using, Energy released 3

1 1 1 2
3 S| = =(p¥VWw
or V?[r ] z{p )

v = Ans.

|
1:|°‘
=~
~—
~ |-

|
|-
b S

Iustration 26

Two rectangular plates are placed at a small gap ‘t°. Find rise of liguid between
them. Surface tension of liquid is T, and angle contact 0°.

@ Short-cut solution :
Tx2f = mg
= plg=p(fth)g
_
pig’
Mustration 27

A drop of liquid of density p, is floating with half immerged in a liquid of density
py If T is the surface tension of the liquid. Find radius of the drop.

[JEE Main 2020]
% Short-cut solution :

F

ST+ Fb = mg e =

2T+ E1E1‘3[:- g = im--’*Plg v
3 ek 3 mg
r
e Ans.
(Zp1 —p2)g
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TOPIC 10.4: Viscosity, Stokes Law, Terminal Velocity, Poiseuille’s
Equation.

f Review of Formulae

1. Viscosity is the resistance force between the adjacent layers of fluid.

2. Viscosity of liquids decreases with increase in temperature and viscosity of
gases Increases with increase in temperature.

3. Newton’s law of viscosity : For liquid layer of area 4 with velocity gradient

4% with the adjacent layer, the viscous force

dy
ol

SI unit of nis N — s/m2.

4. Stoke’s law (experimental law) : Viscous force on a spherical body moving
in an infinite liquid 1s given by Fv = 6xnrv

h

Viscous force on a spherical body by stoke’s is little different from that
obtained by Newton’s law.

6. Terminal velocity : A constant velocity in a viscous fluid is given by

- %rzﬂﬁ—lﬂ‘!g

t

M
7. Poiseuille’s equation : Rate of flow of a viscous liquid in a circular pipe is
given by
Q = R - Pz Py L)
R Q
Here R is the resistance of pipe, which is,
R= 8_“": ) ":' = ;
nr A f
= n(R-P)r 3
8nl
8. Pipes in series :
&nl, 8nl
Total resistance R=R +R,= (LJ+H—42)
L R
F-PF
and rate of flow, Q= [ ]R 2:|
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9. Pipes in parallel :
1 1

1
5 R I 7 2,
Total resistance, PR @:ﬁ

0-0,+0,=(4=)

Ilustration 28

Two identical drops of water are falling through air with a constant speed ‘v’ each.
If the drops conlesce to form a single drop, what is the new terminal velocity?

c@z Short-cut solution :

g(iﬂ’j] i ETERS
3 3
1
or R = 23r
3 ey
Using, G = —?‘2 (pw pmr)g
9 n
»2
We have - = ==
v R
= ; 5
2
v' = 23v_ Au&
Iustration 29

A small steel ball falls through a syrup at a constant speed of I m/s. If the steel
ball is pulled upward with a force equal to twice its effective weight, how fast will
it move upward?

% Short-cut solution :
Viscous force, F, = kv, and effective weight W, then

2W.
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Initially, We
and finally 2 We
or W

From above equations, we have
vl

Mustration 30

]

Fluid Mechanics

kv ..(i)
W, + kv

o’

.-.(i1)

v=1m/s. Ans.

A 16 cm? of water flows per second through a capillary tube of radius r cm and
length { cm, when connected to a pressure head of h cm of water. If a tube of the

same length and radius T is connected to the same pressure head. Find the mass

of water flowing per minute through the tube.

@ Short-cut solution :
Using, 0
1%
Q
[0
Mass
IMustration 31

1 1
— =""T=r ].6 — 3
[16] 16>< 1 cm-/s.

pO'=1x1=1g/s

60 g/min. Ans.

Three capillary tubes of same radius but of lengths £, {, and £, are fitted
horizontally to the bottom of u long vessel containing a liguid at constant pressure
and flowing through these. What is the length of a single tube which can replace

the three capillaries?
e ﬁ Short-cut solution :
Q
Pr
or
gns

or -

£

Q+0+ 0

Pt 1 1
& | £ €, 0
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0. Awire forming a loop is dipped in to soap solution and taken out so that a film of
soap solution is formed. A loop of ¢ long thread is gently put on the film and the
film is pricked with a needle inside the loop. The thread loop takes the shape of a
circle. Find the tension in the thread. Surface tension of soap solution is T.

To see the video solution, scan the QR code:
OR Visit https://www.youtube.com/watch?v=30_-wQXtgq0

lustration 32

A glass capillary tube is of the shape of truncated cone with an apex angle o
so that its two ends have cross-section of different radii. When dipped in water
vertically, water rises in it to a height h, where the radius of its cross-section is b.
If the surface tension of water is T, its density p, and its contract angle with glass
is 6, the value of h will be (g is the acceleration due to gravity) [JEE Adv. 2014]

(@) ﬁ:;cos(ﬁ—u) (b)
(© %cns[&—%] (d)

@ Short-cut solution :

Fromgeometry R = . =
cos[0+—]

2

e A
AP = R pgh
or
or = pgh = h=
[ba‘cos(ﬂ+%1|

FLUID MECHANICS

1.  There is a hiquid of density p in a container upto height 2. Now a block of mass M
and base area “a’ 1s placed on the liquid, on result of which the level of liquid in the
container becomes &', If 4 is the area of base of the container, then pressure at the
bottom of the container.

(2) pgh (b) pgh' (c) pgh+

Mg

M; )
£ (d) pgh +T

a
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Fluid Mechanics

A bird of mass ‘m’ is inside a close cage of mass M, starts ’P

flying vertically up with constant acceleration a. The reading

of cage 1s: “
(a) (m+Myg (b) Mg Sﬁf

() Mg+tm(g+a) (d) (m+Ma M

o

th
BJ of its volume submerged. The

A solid body is found floating in water with [

th
o
same solid body is found floating in a liquid with (E] of its volume above the

liquid surface. The specific gravity of the liquid is:
B-a Ll o _B_
(a) % (b) B (c) T (d) =

A tank accelerates upwards with acceleration 1 m/s? contain | oo

waler. A block of mass 1 kg and density 0.8 g/cm? is held L)
stationary inside the tank with the help of the string as shown
in figure. The tension in the string is : (Given, density of water

a3

= 1000 kg/m?). Numeric/integer
(a) 22N (b) 275N (c) 3N (d) 24N
Figure shows a U-tube of uniform cross-sectional area A accel- || '
erated with acceleration ‘a’ as shown. If ‘d’ is the separation h@ N | T
between the limbs, then the difference in the levels of the liquid |
in the U-tube is : —g—>
ad g adg
(@ — (b)) = (¢) adg (d) —=
g ad 2

In the arrangement shown in figure P4 - % and the ratio of density of block B and
mp

the liquid is 2 : 1. The system is released from rest. Then
(2) block B will oscillate but not simple harmonically
(b) block B will oscillate simple harmonically
(c) the system will remain in equilibrium gt
(d) None of these
A vessel filled with water is kept on a weighing pan and the g

K

scale adjusted to zero. A block of mass 10 kg is suspended
by a massless spring of force constant k= 100 N/m. This
block is submerged inside into water in the vessel such [-----f -1 kS
that elongation in spring is x = 10 cm. The reading of the e i K
scale is :

Numerlcﬂntégiar
() 100N (b) 110N
(c) 90N (d) 120N @
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A man in a boat which is floating in water is having some wooden planks inside the

boat. He unloaded the planks into water. The level of water in the pond

(a) increases (b) decreases

(c) remains same (d) none of these

9.  Equal volumes of two immiscible liquids of densities p
and 2p are filled in a vessel as shown in figure. Two small

3n

holes are punched at depth % and 2 from surface of
lighter liquid. If v, and v, are the velocities of efflux at

v
these two holes, then L i

¥2 Numericllnte:gi‘er
1 1 1 By
@ 35 ®) 3 © 3 @ %

’l

10. The velocity of the liquid coming out of a small hole of
a vessel containing two different liquids of densities 2p
and p as shown in figure is: 2h

@ gk (b) 2gh

(€) 22gh @ Jogh

11.  The Bhagirathi and the Alaknanda merge at Deoprayag to form the Ganga with their
speeds in the ratio 1 ; 1.5, The cross-sectional areas of the Bhagirathi, the Alaknanda
and the Ganga are in the ratio 1 : 2 : 3. Assuming streamline flow, the ratio of the
speed of Ganga to that of the Alaknanda is : [KVPY-2017]
(a) 7:9 (b) 4:3 (c) 8:9 (d) 5:3

12. A vessel of height H and length L contains a liquid of

' , I )
density p upto height 5 The vessel starts accelerating

horizontally with acceleration ‘a’ towards right. Find

pressure difference between points B and A as shown in
figure (assume liquid does not spill).

@ & @H+al) ®) & (oH-aL)

(©) 2p(gH—aL) (d 32—" (gH + L)

13. The solid spheres A and B of equal volumes but different densities
p, and p, are connected by a string. They are fully immersed in a
Mluid of density py. They gel arranged into equilibrium state as shown
with tension in the string. The arrangement is possible only il

(8 py<pp (b) py>pp
©) Pi>Pg d) p,;+pz=2py
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Fluid Mechanics

There are two identical small holes of area of cross-section a
on the opposite sides of a tank containing a liquid of density p.
'The difference in height between the holes is 4. Tank is resting
on a smooth horizontal surface. Horizontal force which will has
to be applied on the tank to keep it in equilibrium is

=

@ ghpa ®) 28 © 2pagh (@ P2
pa ;.

SURFACE TENSION AND VISCOSITY

135.

16.

17.

18.

19.

20.

The lower end of a capillary tube of radius r is placed vertically in water, then with
the rise of water in the capillary heat evolved is: (% is capillary rise and ./ mechanical
equivalent of heat)

() nrzkng () nrzthg f — w’h’pg @ m‘zthg

2J J 2J J
When a solid ball of volume V' is falling through a viscous liquid, a viscous force F
acts on it. If another ball of volume 2V of the same material is falling through the
same liquid then the viscous force experienced by it will be: (both fall with terminal
velocities)

& F
(@ F ® 5 (©) 2F @ 7
Waler in a clean aquarium forms a meniscus, as shown in figure. []
The difference in height h between the centre and the edge of the t
meniscus is: (The surface tension of water i1s T and density of h
liquid 1s p)

27T T AT el lalnieba]
(a) E (b) J% (c) J% (d) none of these

Two soap bubbles of radii R, and R, are kept in vacuum al constant temperature, the
ratio of masses of air inside then is:

R R} R} R
1) = b)) — c) — d) —=
(a) R, (b) R23 (c) Rzz (d) Rf’

A liquid 1s filled into a semi elliplical cross-section with @ as semi-major axis and b
as semi-minor axis. The ratio of surface tension forces on the curved part and plane
part of the tube in vertical position will be:

w(a + b) 2na na n(a —b)

m (b) 5 (c) W (d) b

The work done in blowing a soap bubble of volume ‘¥ is #. The work done in blowing
a soap bubble of volume 2V is

(a)

2 2
(@ W (b) 2W © 23w (d) 33w
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Q@ Solutions

1.  (b) The height of liquid above the bottom of container becomes #’, so
P = pgh' Ans.
2.  (¢) When bird flies up with constant acceleration, so it need an upward force,
F=m(g + a), whose reaction will transfer at the bottom of the case through air.

So R=Mg+m(g+a). Ans.
@ _ P» a Py
3 (o) — = 2 adl-—=b
B Pw B py
On solving above equations, we get
e = L ’ Ans.
Pw p-a
4. (b) Tension, T = mig+ a)[i-l]
Pp
= 110+ 1)(L-1]
0.8
= 275N Ans.
a
5. (a) Using, tan@® = E
h a
or - = —
d 4
h = ﬂ ; Ans.
g
6. (a) When block inside liquid, its acceleration [m , = 2, my = 3] in upward,
3z
2+—>-3
o = (magtF)-mpg 75 ¥ g 0
my+mg 243 10
When block is outside liquid
G-2¢_8 2
= ——2 =2 mfs°
% 2+3 5 :
So its motion is up and down periodically. Ans.
7. (¢) The reading, R = mg—kx
= 10x10-100x%0.1
= 90N Ans.

If M is the mass of the boat + man and m is the mass of the planks, then
meg = (M+m)g
(M +m)
Pa
When planks are unloaded into water,

or V =
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10.

11.

12.

13.

V!

Se ¥

(d) Using Bemoulli’s equation
h

B +pg—
0+tpPg 2

h
and Py +pgh+(2)g

gl
V2

(b) Py + pg(2h) + (2p)gh

Wi v
(¢) By equation of continuity

Area of Bhagirathi=A ; Area of Alaknanda = 2A

Area of Ganga = 3A

O +0,=0
Ix1+2x15=3vy
4
or v= 3
(a) PB
Using, lan 0
y
Now Pg—P,

(a, b) For the whole system, f’m =0
or Fo+Fy = (m,+myg (1)

As volumes of both one equal, so

E
(2Vprg

or 5 =

Fluid Mechanics
vol. displaced by (boat + man)
+ vol. displaced by plank

M m

_+_‘

Po P

V Ans.
Jf"n"'%li”*’l2 =  v=\gh
Po+l(2p‘,w22 =3 v, = f2gh
1

E' Ans.
~CpW 4Py

2,/gh. Ans.

Fg=Vp,g
Hp,tpplg
Pyt Pp
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For the system like this
Pr - pf-‘
s Py = Pp
14. (c) Force F = va=pav2
= pax2gh %
Thus netforce = F,-F;
= pay ey’ NS,
= pa(v,-vD)=pal2ey+h)-2g) ==
= pax2gh Ans.
mgh _ (zr’h)ph _ nrlhPpg
15 . ek _ _ s
(a) Q a7 = . -
16. (c) Weknow, F, = 6nnrv
5 3
sandve 2L = r1_3
- L
W
or Fz = 2F Ans.
17. (a) P x(th) = Tt
or P - 1
h = E Ans.
PE
18. (c) Using PV = nRT= ﬁ-nr
AT 4 3
P °, s
m _ Bh =[ 1] 3™
my PV, [4?‘}(4 2
R ) 3
R2
= _12 Ans,
R;
(a+b)
19 L S CRY) P
. (a) 5 ma— = -
LA
PVZ 87”‘227' r22
2 2
4 ! Vs
V = _ﬂa, [_] = | —
3 r [2?’) Ans.
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TOPIC 11.1: Temperature Scales, Thermal Expansion of Solids, Liquids
and Gases.

f Review of Formulae

1. Thermometer : If X is the property which varies linearly, then temperature
g (M}doo degree
X100 —Xo
Here property X may be length of mercury column, resistance of metal etc.
2. Temperature scales :
¢ =31 K-=27315
5 9 5
l1divofC=18divof F=1divof K.

3. Triple point of water is 273.16 K at 4 mm of mercury.

5
4. Absolute temperature T= T,,P—
ir

5. Radiation pyrometer : It is based on Stefan’s law.
L

T= [5}“ kelvin
o)
6. Expansion of solids :

(i) Coefficient of linear expansion

AL
o= —
LAt
(11) Coefficient of superficial expansion
M
B~ 2
(iii) Coefficient of volume expansion
AV
1= VA

(iv) B=2a; y=3a
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7. Densily of maierial at any temperature

i pﬂ
T W)
8. If p, and p, are the densities at ¢, and ¢, respectively, then coefficient of
volume expansion
y= PP
p2(t2 1)

9. Expansion of liquids : If y, and T, are the apparent coefficient of cxpansion
of liquid and volume coefficient of expansion of container, then

"= Yat Y
‘ V. -V,
(i) Ta=
2 M,-M
(if %= i
10. Expansion of gases :
1
= = o
A 273/
1
= —/°C
Tp 273/
11. Fractional change in MLI. of the rod due to small change in temperature AT
N pear
I

. A Al
For rotating rod, 20 - 7 =—20AT.
©

;ém! Tips and Tricks for Shortcut Solutions
1. If Xis any temperature scale (may be faulty), then

X-LFP. _ C-0 _ F-32 _ K-273
UFP—-LFP 100-0 212-32 373-273
AC _AF  AK AF 5 AK _
A.ISOT—g—S. OR AC_9mAC-l'

2. The temperature at which celcius and Fahrenheit read same is —40. The
temperature at which Kelvin and Fahrenheit read same is 574.6.
The coefficient of volume expansion in differential form is defined as:

=i(d_”)
= ylar)
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Thermal Properties of Matter

4. If two rods are connecled in series, then equivalent coefficient linear
expansion

Loy +£ o, har ]
as [f0he] P

S. Increase in circumference of a ring AL = £ a AT= (2nR)  AT.

6. For anisotropic solids, a,, o, and a, are the coefficients of linear
cxpansions along x, y and z axes respectively, then cocfficient of volume
expansion

= o to,+a;

7. The difference of length of two rods remains same at all temperature, if
oy = £50,.

8. Volume of liquid overflows from the vessel

AV= Vy(y,-3)AT.
Ify,=3a,AV=0 = no overflows.
9. Apparent weight of body in a liquid at any temperature
W= W-Fill - (1.~ 1)) Fp = Vypog-
The apparent weight of body in liquid will increase with increase in
temperature.
10. The change in time period of a pendulum of metal wire

ot

ar= (3)e =
t

11. For bimetallic strip, mean radius R

t

R= @a-apar

Illustration 1

An accurate celcius thermometer and a faulty Fahrenheit thermometer register
60° and 141.5° respectively when placed in the same constant temperature
enclosure, What is the error in the Fahrenheit thermometer?

?’ Short-cut solution :
9

Using, F= §C+32

§x60+32 = 140°F

141.5-140 = 1.5°F Ans.

Error
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Illustration 2
A faully thermometer reads freezing point and boiling point of water as 5°C and

95°C respectively. What is the correct value of temperature as it reads 60°C on
Jaulty thermometer?

% Short-cut solution :

If X is the value of temperature on faulty thermometer, then

X-F.P. C-0
BP.-F.P, 100-0

60-5 _C
or — = —
95-5 100
After solving, we get
¢ = 6l.11°C. Ans.

Illustration 3

What length of brass and iron at 0°C must be used, if difference between their
lengths is always x. The coefficient of linear expansions are o; and o, respectively.

% Short-cut solution :

Using, £, -4, x and £,0,1 = £,0,1

X0y X0

and .
o =0 2 ooy

Ans.

On solving, we get £

Illustration 4

A blacksmith fixes iron ring on the rim of the wooden wheel of bullock cart. The
diameter of the rim and the iron ring are 5.24 m and 5.23 m respectively at 27°C.
Find the temperature to which the ring should be heated so as to fit the rim on the
wheel. (0;,,, = 1.20 x 10~°/°C)

% Short-cut solution :

Using, diameter D, = Dy[1+aft,—t)]
or 524 = 523[1+1.20 x 105(z, - 27)]
t, = 218°C Ans.
Illustration 5

A clock with a metallic pendulum is 5 second fast each day at a temperature of
15°C and 10 second slow each day af a temperature of 30°C. Find coefficient of
linear expansion of the metal
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5% Short-cut solution :

Using, AT = [%]T
or 5 = %(7},— 15) x 86400 _..(i)
o e
and 10 = 5 (30-Ty) x 86400 .(i)
On solving, we get a = 231 x1075°C. Ans.

Illustration 6

A bimetallic strip having each strip of thickness 2cm consists of zine and silver
rivetted together. The approximate radius of curvature of the strip when heated
through 50°C will be: (a,;,, = 32 x 10°%°C, ay,,, = 19 x 167%/°C)

@ Short-cut solution :
_ t
Using, R = —(Otz ZapAT
= 2x10 =30.77 y
(32-19)x105xs50 -~ T AR
INlustration 7

A wooden wheel of radius R is made of two semi-circular parts S ..
(see figure). The two parts held together by a ring made of .7 \
metal strip of cross-sectional area A and length L. L is slightly .."
less than 2nR. To fit the ring on the wheel, it is heated so that .
its temperature rises by AT and is just steps over the wheel. As "
it cools down Yo surrounding temperaiure. It presses the semi-
circular parts together. If the coefficient of linear expansion
of the metal is o. and its Young's modulus is Y, then the force that one part of the

wheel applies on the other part is: [VEE Main 2012
a@)saoﬂmt solution : F

Using, Ju = Ya(AD)

Force T = f; A=Y4 o (AT) T T

The required force, F = 2T7=2¥4 a (AD). Ans.
Illustration 8

A long cylindrical metal vessel, having a linear coefficient (), is filled with a
liquid upto a certain level. On heating, it is found that the level of liquid in the
cylinder remains the same. What is the volume coefficient of expansion of the
liguid?
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Ans.

186 Short-cuts-Tips & Tricks in Physics
@ Short-cut solution :
AV esst = A jiquid
As level of liquid is const, so
AV i = (A4
Now from equation (i)
ABADE = (Al AT
Y. = B
= 2qa.
Illustration 9

A cube of coefficient of linear expansion o is floating in a bath containing a liguid
of coefficient of volume expansion y,. When the temperature is raised by AT, the
depth upto which the cube is submerged in the liguid remains the same. Find

relation between o and v,

o@ Short-cut solution :

Before heating, Mg = (Ax)pg

After heating, Mg = (A'x)p,g

From above cquations, we have

Aipff - Apf
Pg
Al +pAT)——— = 4
R
Illustration 10

Ans.

The volume of an air bubble becomes “n’ imes when it rises from bottom of a
water lake to its surface. If the water barometer reads H, the depth of the lake is:

() nH % Mm-DH (c) e
@ Short-cut solution :
Using, PV, = P¥,
or H+RV = Hx(m))
h = (n-DIL

Illustration 11

P-V diagram of some mass of a gas are drawn at
two different temperatures T, and T,. Then

(@ T,=T, ® T,<T,

(c) T,>T, (d) No relationb/wT,and T,

(d)

none of these

Ans. (b)
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P

% Short-cut solution :

As Vo = Viand Ve T
T, > T, Ans. (¢)

INlustration 12

A solid sphere with coefficient of linear expansion ‘o’ floats on a lquid whose
coefficient of volume expansion isy. On heating the system, find ratio of submerged

Vr
to total volume (F] 2

6@ Short-cut solution :

Using, Fy=mgorVp,g=Vpgor V_8
Vo pe
.. v'op
Initially, = — ==L
. s V. P 5
; V' Ps
On heating, = —==
> / V. Pe
B [ Py ) 1+7,AT
~ \1+3aAT Py

1+v,AT
B f( 1+3 :c ATJ
() The solid submerged as before, if y, = 3a
(ii) The solid submerged more, if y, > 3a.
(ii1) The solid submerged less, if y, < 3ac.
TOPIC 11.2: Specific Heat, Latent Heat, Mechanical Equivalent of Heat,
Law of Mixture.

Ans.

tf Review of Formulae

1. Mecchanical cquivalent of heat

¥
0
lcal=421]

2. [If cis the specific heat of substance, then
Q= mcAT
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If ¢ 1s the function of temperature, then

0= J mcdT
h
3. Specific heat of gas :
(1) If C, is the specific heat of gas at constant volume, then
Q,=nCAT
(i) If Cp is the specific heat at constant pressurc
0= nCAT
4. C,-C,=R
R R
c,= —andC,=-1=
. ¥—1
5. Latent heat: Q=mL
Latent heat of fusion of ice = 80 cal/g or 336 kJ/kg.
TLatent heal of vapourisation ol water 540 cal/g or 2259 kJ/kg al one atmospheric
pressure.
6. Law of mixture : Heat lost = heat gained.
o« imen _' Tips and Tricks for Shortcut Solutions

4.

Two liquids of masses m, and m, and specific heats C, and C, respectively
are mixed, then the specific heat of the mixture.

C= [mlq +myCy ]

my +my
When two substances of masses m, and m,, specific heats C, and C, are
mixed. If their temperatures are 7, and 7, then temperature of the mixture
(no change of states of any substancc)

_ | mGT +myGoTy

L mGAmG |
When equal amount of ice and steam (at 100°C) are taken together, the final
temperature of them remains 100°C.

When lg ice (0°C) is taken together with lg water (¢ < 80°C) the final
temperaturc becomes 0°C.

Illustration 13

‘n’ number of liquids of masses m, 2m, 3m, ....... having specific heats C, 2C, 3C,
..... are at temperatures {, 2t, 3, .....are mixed. The resultant temperature of the
mixture is:
3n 3n(n+1) 2n(n+1) In(n+1)
—t —_—t d ————-1
@ (mn]r ) 2an+y’ @ 3aarn' Y ann
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@ Short-cut solution :
US]Ilg o mlcltl + mzszz + m3C3r3 o
4 mlCl + MQ'Cz + m3C‘3 iy gL
| met+2m(2c)2t + Im(3c)3t
mct+2m(2c)+3m(3c)

P2t 43 4 ),
MP+22+3%+..)

3n(n+1)
22n+1) Ansih)

Illustration 14

A piece of ice (heat capacity —2100 J/kg °C, and latent heat = 3.36 x 10° J/kg) of
mass m gram is at —5°C at atmospheric pressure. 1t is given 420 J of heat so that
the ice starts melting. Finally when the ice-water mixture is in equilibrium, it is
found that 1 gm of ice has melted. Assuming there is no other heat exchange in the
process. Find the value of m.

5@ Short-cut solution :
Using, heat lost = heat gained
or 420 = (mx2100x5+1x336x 105 x 1073
5 m= 8gm Ans.

Illustration 15
6 gm of steam at 100°C is mixed with 6 gm of ice at 0°C. Find the mass of steam

left uncondensed.
c@ Short-cut solution :
Using, heat lost = heat gained
mx540 = 6x80+6x1x(100-0)
or m = 2gm.
mass of steam left uncondensed =6 —2 =4 gm, Ans.

INlustration 16
A tap water at 10°C and another tap at 100°C. How hot water must be taken so that

we get 20 kg of water at 35°C ?
4 50 20 130
@ - kg (d) 9 kg (0 Tkg M —3 kg
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@ Short-cut solution :

If m kg hot water is taken, then
(20 —m) x 1 x (35 - 10)

m % 1 x (100 - 35)

or m = %kg. Ans. (b)

Illustration 17

The amount of steam at 100°C that should be passed into 600g of water at 10°C to
make the final temperature as 40°C will be:

(@) 40g b 30g (c 20g (d) 45g
@ Short-cut solution :
L S LP + Myem Cw(100°-40°)
= m,. C,(40°-10°)
or mmmx540+mstm>= 1x60=600x1x30

or m = 30g Ans. (b)

sledam

TOPIC 11.3: Rate of Flow of Heat in Conduction, Thermal Resistance and
Thermal Conductivity.

\‘f} Review of Formulae

1. Rate of heat flow in conduction
g pilEBY . 5T
L L

2. Thermal resistance, R, = %

3. Equivalent thermal conductivity : When two rods of thermal
conductivitics K, and K, are placed in

o 2K, K,
(1) Series : K=
K +K,
3 Paralle] - K= K4 +Ky4,
(ii) Parallel : = ey
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W i PSI Tips and Tricks for Shortcut Solutions

-..,_‘.-—..__

1. The temperature of interface of walls of thickness £, and £,
T, T 7

(K].Ti }82 +{K2T2 }fl
Klfz + Kzfl

T= K,
—, T
2. In thermal conduction, temperature varies linear from 7, to 7, along the

length, so temperature of its mid point,

T, T,

o Bt
2

Therefore, length of the rod at any temperature

L= lo[l-ra(n ;TZJ]
Illustration 18

A cylinder of radius R made of material of thermal
conductivity K is surrounded by cylindrical shell H[[\| Rt
of inner radius R and outer radius 2R made of a

material of thermal conductivity 2K. The two ends 2R
of the combined system are maintained at two different temperatures. There is no
loss of heat across the cylindrical surface and system is in steady state. Find the
effective thermal conductivity of the system.

@ Short-cut solution :
K4 +K,4
; K = 17 272
Usmg’ e ‘4[ =+ Az
Here A, = nR’and 4,=n(d4R? - R?)=3xnR?
c - Kan2+(2K)x3nR2 p
%" nR? +3nR? "

Illustration 19
A rod of length L with sides fully insulated is made of a material whose thermal

conductivity K varies with temperature as K = %, where o is a constant. The ends

of rod are at temperature T, and T, (T, < T)). Find the rate of heat flow.

S% Short-cut solution :
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Short-cuts-Tips & Tricks in Physics

- _(g) 44T

) dx
) T i T,
T P
h

od, (T
1 __{ Mo

= H L H[ 7 ]

o, (T,
- )
I 7 n [ T, ) Ans,
Illustration 20 25°C

Four identical rods are joined at their ends. The free
ends are maintained at constant temperatures as
indicated. Find temperature of the junction.

100°C (V] 50°C

% Short-cut solution :

T
If T is the temperature of junction, then
100-T T-25 T-30 T-75
—_— = + +
R R R R
= 62.5°C. Ans.

INlustration 21

Three rods AB, BC and BD of same length {

and cross-sectional aren A are arranged as 20?;3 s b ok 1100°C
shown. The end D is immersed in ice whose B c

mass is 440 gm. Heat is being supplied at k

constant rate 200 cal/s from the end A. Time in 2

which whole ice will melt is: (latent heat of ice 20 » D
is 80 cal/g, K = 100 cal/im/s/°C A= 10 cm?, { = g‘;fg_ﬁgf;"”
Im) otice’p o
40 . 20 . 3
(a) ?mm (6) 700s (c) ?mm (d) not possible

x'?@) Short-cut solution :
If 7'is the temperature of junction, then

k
200 = ZA:A(T—IU{])_'_(E)A;T_O)
¢
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After putting the values and solving
T = 880°C.
If ¢ is the required time, then
Ht = mL
[%)A(SSO— 0)
or ff = 440 x 80
Here A = 10cm? £=100cm.
, 40 .
On solving, we get t= Tumm Ans. (o)

TOPIC 11.4: Radial Flow of Heat, Radiation, Kirchhoff's Law, Stefan-
Boltzzmann Law, Wein 5-Displacement Law and Newton s Law of Cooling.

“f Review of Formulae
H(r,-r)
dnrn (1, -T,)

Ht’n[r—zj
___NAg

1. In radial flow of heat K=

2. Cylindrical flow of heat X =

2r4(T, - T,)
3. Formation of ice on pond
= %{yﬁ -%)
4. Radiation is the universal and fastest mode of heat transfer.
€
5. KircholP’s law : a_;. = constant

6. Stefan’s-Boltzmann law : Net loss of heat
E .= so(T—T)") Wim?

7. Newtons’s law of cooling

2 - T T)

dl
here (T T}) is small.
8. Wien’s displacement law
A, T= constant

RV
9. Solar constant, §= oT? (TSJ
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o' TIPS] Tips and Tricks for Shortcut Solutions

19

2.

3.

For spherical body, 4 = 4nr? . H c 12

Rate of cooling, —%mé(?’—?},).’[‘hus two bodies of same material and

equal surface areas, one solid other hollow (m > m,,), then rate of cooling
of solid body will be less.

_ 4 4nr? 1
For spherical body, ol o« )
3 Pe
. Rate of cooling of body is inversely proportional to its radius, provided
other things remain constant.

If temperature of the body falls from T and 7, in time ¢, then we can write
_5hL+h

T 7

and Ti;Tz =k[—M;T -'lb]

INMustration 22

Two spheres are made of same material have their radii in the ratio 1 : 3. They are
heated to the same temperature and kept in the same surroundings af a moderate
temperature, Find rate of cooling, if they are cooled by natural convection and
radiation.

% Short-cut solution :

Using, C = ——J-x:l
»

G

Ans.
G

Illustration 23

A body cools from 80°C to 50°C in 5 minute. Calculate the time it takes to cool
from 60°C to 30°C. The temperature of the surroundings is 20°C.

% Short-cut solution :

Using, % = kl:Tl_;E—Tu]
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80— 50
or _5 = kl:80+50*—20]
2
and 6‘0;30 = k[w;m—zo] D

From above equations, we get

THERMAL EXPANSION

1.

3.

ABC is aright angled triangle made of metal rod bent as shown
in figure. IT it is heated, the angle ABC :

(a) increases (b) _decreases
(c) remains same (d) “becomes 180° C
In the given figure there is metallic annular disc when temperature
is increased, which of the following increases

(a) R, (®) R,

() R,—R, (d) Al

A thin cylindrical metal rod.is bent into a ring with a small
gap as shown in figure, On heating the system

(a) O decreases, r and d increases (b) O increases

(¢) 0O is constant (d) d and rincreases

A ring shaped lube contains lwo ideal gases with equal masses
and atomic mass numbers M, = 32 and M, = 28. The gases
are separated by one fixed partition P and another movable
conducting partition § which can move angle ‘a’ as shown is
1 ilibri g M
figure in equilibrium, then find o. Numeric/in togiar 2

(a) 291° (b) 219°
(c) 125° (d) 168°
When m gram of steam at 100° C is mixed with 200 gm of ice at 0°C, it results in
water at 40°C. Find the value of m in gram. [JEE Main 2020
(given: Latent heat of fusion (L!) = 80 cal/gm, Latent heat of vaporisation (L) = 540
cal/gm. specific heat of water (C,) = | cal/gm/°C) Numerimm&sgr

At the bottom of a lake where temperature 1s 7°C the pressure is 2.8 atmosphere. An
air bubble of radius 1 cm at the botlom rises to the surface, where the temperature is
27°C. Radius of air bubble at the surface is: Niitnaii cflrlto"siar

1 | 1 1
(@ 33 () 43 () 53 (d) 63
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CALORIMETRY
7. Two liquids 4 and B of equal volumes have their specific heats in the ratio 2 : 3. If
they have same thermal capacity, then the ratio of their densities is: Numericﬂnté’g‘ir
(a) 1:1 (b) 2:3 (c) 3:2 d) 5:6
8. 1gmofice at 0°C is mixed with 1 gm steam at 100°C. The mass of water formed is :
4 2 5
(a gm () gm (9 Jem (@) lgm
Numeric/integer
9. A hquid of mass ‘m’ and specific heat C is at temperature 2¢. If another liquid of
t
thermal capacity of 1.5 times, at a temperature of 3 is added ¢, it the resultant tem-
perature will be:
a t o
@ 3 ®) © 3 @ 3
HEAT TRANSFER
10. Two ends of a rod of uniform cross-sectional area are 37
kept at temperature 37, and 7}, as shown. Thermal o !
conductivity of rod varies as K = o7, where e is a
constant and T is the absolute temperature. In steady state, the temperature of the
middle section of the rod is:
@ 7T, ® 5 T, (© 27T, @ 3 T,
11. The figure shows the face and interface temperature 20°C 10°C T-5°C -10°C
of a composite slab containing of four layers of two
materials having identical thickness. Under steady state k| 2kl k| 2k
condition, the value of T'is: Numeric/inteder
(a) 5°C (b) 2°C (c) 4°C (dy 1°C
12.  Three rods of material ‘x’ and three rods of material
y are connected as shown in figure. All rods are of
identical length and cross-section. If the end A is
maintained at 27, and the junction £ at T, find the A—;
effective thermal resistance. Given length of each
rod is £, area A and thermal conductivity of x is K ¥
and that of y is 2K.
47 7¢ 4KA TKA
@ 3ka ®) x4 © 3 @
13. Three very large plates of same area are kept parallel and close to 54 T, 3T

each other. They are considered as ideal black surface and have very
high thermal conductivity. The first and third plates are maintained
at temperature 2T and 3T respectively. The temperature of the middle

plate under steady state is: [JEE Main 2012]
1 1
495
(a) [%]“ T (b) [?9]2 T (c 81T (d) none of these
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Two spherical bodies 4 (radius 6 cm) and B (radius 18 cm) are at temperature 7, and
1’, respectively. The maximum intensity in the emission spectrum of 4 is at 500 nm
and in that of B is at 1500 nm. Considering them to be black bodies, what will be the
ratio of the rate of total energy radiated by A to that of B? [JEE Main 2010}

(@ 2:1 () 3:2 () 9:4 (d 9:1

@ Solutions

(c) Each side of the riangle expands in equal proportion, so angle ABC remains
same,
(d) AR, =R, aAT,AR,=R,a AT Also R, - R/'=(R,—R) a AT.

(¢, d) Each part of the ring expands in same proportion,
m

i = —RT
(d) Using, Pl Tk
M, _ K
we have M, =%
W N
Aty  2n-a
28 o
or — =
32 2n—o
On solving, we get a = 168°. Ans.
40) M Lo+m, (40-0) C, =my,nL,+my. (100-40) C,
= 200[80 +40(1)] = m[540 + 60(1)]
= 200(120) = m(600)
m = 40 gm. Ans.
i BV
(a) Using, fITTL = % Ans.
(¢) Given, mC, = m,C, or ¥p,C, = ¥p,C,
L. M-
= q, 2 Ans.
(a) The amount of steam condensed to raise the temperature of ice by 100°C after
melting,
mx540 = 1x80+1x1=x(100-0)=180°
1
or m = 3gm
= l+ ]' - i A
waler = 33 gm. ns.
. mICI_Ti +M2C2T2 MKCXZI-FI.S(mC)KI:(:S
(b) Using, T= mCi+myCy mC +1.5(mC)
= Ans.
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(b) In steady state
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dT
H = —-KA|—
(&) )
£
o
or Ide = —| a4 dT ..(1)
0 o
And H J'm de = —od " qr (if)
n 3T0 st
After simplifying above equations, we get
T = 57, Ans.
11. (a) For first two layers
H, = H,
@10 _ . (10-17)
£ £
T = 5°C. Ans.
12. (b) In this arrangement of rods, there is no flow of heat in CD. So effective
arrangement is as follows
AsRa % so resistance of each rod x is R and that of rod y is 3
k= 2RxR i E R
2R+R 2
TR 7¢ R
= ?=6ﬁ Ans. 2 R
13. (a) At steady state 2
Rate of emission = rate of absorption
or o(2A)T* = cAQRD*+c4(37)°
1
T, = [ﬂ)"r Ans.
2
14. (d) We known that, A, T = constant
L Ay 1O
Ty & P -~ 500
Using, H = AcT*, we have
4
H o AR 4wt (B (6
H 413 dwg \ T 18

9.
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TOPIC 12.1: Boyles, Charle s and Gay-Lussac’s Law, Ideal Gas Equation,
Vander wall s Equation for Real Gas, Kinetic Energy of Gas and Degrees

of Freedom.

“f’ Review of Formulae

1. Boyle’s law

PV = constant
2 Charle’s law

v

F = constant
3. Gay-Lussac’s law

P

? = constant
4. Ideal gas equation

PV = nRT

5. Vander Waal’s equation for real gases

2
[P+ %J(V —nb) = nRT

2
6. Pressure, p= NMVpme
v

T Kinetic energy of gas
(1) Translational K.E. =%RT per mole for each gas
(it) For diatomic gas
Translational + rotational K.E. = %RT per mole

8.  Ifn, moles of gas with degrees of freedom f; and 72, moles with f, are mixed,
then effective degrees of freedom
f s J"lfl + qu 2
m+n,
9. Dalton’s law of partial pressure
P = P+Py+..
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Degrees of freedom
(i) Manoatomic gas
Degrees of freedom f= 3 translational

- - 3 fr
Kinetic energy per mole = ERI

10.

— _=_R
< T 2
C = CV+R=£R
P 2
c, 3

(i) Diatomic gas
Degree of freedom = 5(3 translational + 2 rotational)

- RT
Kinetic energy per mole = ST
5R

C, = ra

7R

“ = 3

=

L

(ii1) Triatomic or polyatomic gas
Degrees of freedom = 6 (3 translational + 3 rotational)
Kinetic energy per mole = 3RT

C, = 3RT
CP = 4R
fr— i
Y 3
1 In general ¥ = 1+ 2
] , 7
12. Mean freepath, A = Lz
J2nd*P

13. y of the mixture :
(i) When C and C"(J are given : For two gases with #, and n, moles

H]C +ﬂ2C
[Clyy = 22
m o+
mC.  +n,C
[C ]mix = —~ e
P n +ny
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Thermodynamics and Kinetic Theory

" i [Cp];m‘;r
e [Cv ]mér
(1)) For two gases of y, and y, with n; and n, moles
+
(m+m) oM
Ymix =1 n-1 y2-1

Qﬁﬁ! Tips and Tricks for Shortcut Solutions
1. Foranideal gas with ‘/” degrees of [reedom (translational and rotalion), its

translational KE is ERT per mole and total kinetic energy will be — jRT
per mole.

2. When n; moles of a gas with molar mass M,, are mixed with n, moles of
another gas with molar mass M,, the equivalent molar mass of the mixture
M= [nlM] +n2M2 ] )
n+ny
3. When n; moles of an ideal gas at temperature 7 are mixed with n, moles
of an another gas at temperature T,, the temperature of mixture

_ | mhi+mhy
n+n i
4. The relation C - C, = R is same for all ideal gases. Here C and C, are
molar specific ﬂeat at constant pressure and constant volume mpectwely

R
5. G=——and C, =72 Hee y-c_
=1 = c,

6. Ifvis the speed of sound in gas, then
T. ¥y =092v  andv, =0816v

8. Iftwo vessels (P, V,,T|) and (P,.V,,T,) with different gases are connected
together, then they will get a common pressure and n; + n, = n'; + n'y.

Mustration 1

A light vessel containing one mole of an ideal gas of molar mass M moves with
constant speed ‘v’ an a smooth horizontel surface. If vessel suddenly stops, then
determine the increase in temperature of the gas. The adiabatic exponent of the
gasis ‘v’
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Authentic Shortcuts-Tips & Tricks in Physics
fﬁ-? ) Short-cut solution :

When vessel stops, the external KE will convert into intemnal energy and so

EMv = nC (A1)
R
Asn=1l,and C,= —
v-1
1 17, R ]
—Mvt = ——Al
(r-D
_ (y=nMm?
or AT = —2R : Ans,
Illustration 2

Two moles of a monoatomic gas are mixed with ‘n’ moles of a polyatomic gas. If
mixture behaves like diatomic gas, then find the value of n.

@ Short-cut solution :

B, F mfi+ o/
m+m
2x34nxb
or 5 = o e
2+n
n = 4 Ans.
Tlustration 3

Two container of equal volume contain the same gas at pressures P, and P, and
absolute temperatures T, and T, respectively. On joining the containers, the gas

reaches a common pressure P and temperature T, then find the value of L
T

% Short-cut solution :

Using, notn, = ntal

AV BV _ Px

RT, RDL RT
£ — l ﬁ.pi L Ans.
A

Tllustration 4

Find the minimum heat energy required to cause complete dissociation of n-moles
of H, gas at constant temperature.
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Thermodynamics and Kinetic Theory
% Short-cut solution :

When n-moles of H, dissociates, there becomes 2r-moles of H. So
) = n[energy of two moles of H — energy of one

mole of H,]
= 2nxiRT-nx£RT
2 2
= ﬂ Ans.
2

Hlustration §

A metre long narrow bore held horizontally (and closed at one end) contains a
76 cmt long mercury thread, which traps a 15 cm column of air. What happens if
the tube is held vertically with the open end at the bottom ?

Solution :
Suppose the air column in the tube becomes (15 + x), then

@P>DB™

15em 76cm T
V, = Ax15, P 100 -x
P =P l
V, = A(15+2),
¥ 2
P2+x = Pﬂ' = *
-~ P, = (P,—x) Toa
By using Boyle’s law, we have P\V| = P,V,
or P x(154) = (P,—x)(100-x) 4
or T6x15 = (76-x) (100 -x)
or x2-176x + 6460 = 0
After solving, x = 5217cm

Thus mercury thread will decrease in length by 23.8 cm. Ans.

TOPIC 12.2: First Law of Thermodynamics, Thermodynamic Processes,
Polytropic Process, Entropy, Carnot’s Engine and Refrigerator.

Gf Review of Formulae

1. Internal energy of an ideal gas is due to its kinetic energy, which is the
function of temperature.

U= %RT for monoatomic gas

- % Rt for diatomic gas
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Authentic Shortcuts-Tips & Tricks in Physics
Also AU = nCvAT

If AT = 0,AU=0,
In cyclic process,
AU = 0.

Yy
2. Work done, W = _[PdV

¥;

3. First law of thermodynamics

Q=AU+W
In diferential form, it can be written as
dQ=dU+ W

4. Thermodynamic processes :
PV = const for isothermal; PV" = constant for adiabatic.
(1) Work done in isobaric process,
W = PAV=nRAT
(11) Work done in isochoic process
w=20
Also Q=AU+ W=AU+0=nCAT
(111) Work done in isothermal process

V
W = uRTfn—Vf- = nRTfn—Ij-

f Py
Isothermal elasticity,

E,=P
(iv) Work done in adiabatic process
_ BV -FFy)
(-1
nRk
= —=(T-T
or W ¥ _1 ( i f)
Adiabatic elasticity,
E ;=%4P
Ead = TEiso

5. Polytropic process :
PV=1Lr#lory.

_ nR
Work done, W = m[?} -T¢]
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Thermodynamics and Kinetic Theory

Specificheat, C = ¢, n

r—1

6. The change in entropy,

T
For a system with vanable T

51
as = [

S r
7.  Efficiency of heat engine

noog-e_ o
& o &

8. Carnot heat engine :

v,V = WV,
I
I
9. Refrigerator or heat pump: Coeflicient of performance
woo-0 9,
0,
. R
T Ly 1-m
L 1
g{@ Tips and Tricks for Shortcut Solutions in
- Thermodynamics
1. If O heat is given to an ideal gas at constant pressure, then change in
internal energy (AU).
AU
2 v
W  O0-AU AU 1
and _= =]l-—=]1-—
Q Q Q Y
If °f" be the degrees of freedom, then
AU f 74 2

E=f+2andQ f+2°
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Authentic Shortcuts-Tips & Tricks in Physics

For adiabatic process, PV = constant
I
Also PT'7 =constant and TV~ '= constant.
3. In free expansion. 0=0, W=0,AU=0,AT=0.
4. Tf two engines are put in series, having first source temperature 7', and last

sink temperature T, then efficiency of engine, n = l-% :
1
If efficiencies of engines are n, and n,, then net efficiency, n =n, x n,.
5. On increasing the pressure AP, the change in volume AV, in isothermal
process and AV, in adiabatic pressure, then AV /AV, =Y.
6. For the same volume expansion, final pressure in adiabatic process is
smaller than isothermal process. But for same volume compression, the
final pressure in adiabatic process will be greater than isothermal process.

£ BT

)
p M

Illustration 6

Figure shows two identical cylinders A and B which contain equal amounts of
an ideal gas with adiabatic exponent y. The piston of cylinder A is free and that
of cylinder B is fixed. If the temperature rise in cylinder A is T, then find the
temperature raised in cylinder B,

P A A P A A i

A B

@ Short-cut solution :

AT, = AU, Qly
or AT,

Il
=
B
o
S’

IMustration 7

»C

The P-T diagram of a thermodynamic heat engine cycle B C
is shown in figure. Two curved processes are adiabatic. 5T, 3T
The work done for one mole of a monoatomic gas in
one cycle is given by A
(/) 125RT, (b 2RT, T
(c) -2RT, (d) -125RT, 0 »T
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Thermodynamics and Kinetic Theory

@ Short-cut solution :
W =Wt WgetWept Wpy

= —LRUE’_LST]+£(3Tn—1.5T0)+—R(32°_2T")+E(Ib-21’5)
5/3-1) 2 (5/3-1) 2

=2RT,, Ans,

Mlustration 8

A diatomic ideal gas is heated at constant volume until the pressure is doubled and
again heated at constant pressure until volume is doubled. The average molar heat
capacity for whole process is :

B8R 19 BR VR
(@ . B % (c) . @ —

O@ Short-cut solution :
AQ=C(AT) + CP(AT’)

3R TR
- SR - T+ (4T - 20) 27

19
= ?RTO P “_““,ii

Total change in temperature from A to C >V
AT=4T, - Ty =37, Va 2Fy

AQ_19RTy/2_19

. R
C=ar~ ar, 6% Ans. (b)

IMlustration 9

The pressure of an ideal gas varies according to the law P = P, — AV2, where P,
and A are positive constants. Find the highest temperature that can be attained by

the gas.

Solution :

The ideal gas equation

PV = nRT
Given P = Py,-Al2,
(Po—AVAV = aRT
or PV-AV¥ = nRT ... (i)
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Authentic Shortcuts-Tips & Tricks in Physics
Differentiating above equation w.r.t. ¥, we have

dar
_3412 = nR| 2=
Py— 34V n [dV]'
For highest value of T, d7/dV = 0
or Py-341% = 0
y = (h
34

Now from equation (i), we have

[ﬁ-m%}[@} -

_ 2R R
O i Ans.
mE - 3R\ 34

IMustration 10

The efficiency of a Carnot cycle is % . If on reducing the temperature of the sink

by 65°C, the efficiency becomes % , find the initial and final temperatures between

which the cycle is working.
Solution :
If T, and T, are the temperatures of source and sink respectively, then
T
= 1-2
1 15 :
or - = 1l-= .1
g T (1)
When temperature of sink reduces by 65°C, thenn, = %
1 I, -65
Col W i 2
3 T ..(11)

Solving equations (i} and (ii), we get
T, = 390Kand T,= 325 K.

Ans.
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IMustration 11

Thermodynamics and Kinetic Theory

Three Carnot engines operate in series between a heat source at a temperature T,
and a heat sink at temperature T, (see figure). There are two other reservoirs at
temperature T, and T, as shown, with T, > T, > T; > T, The three engines are

equally efficient if: [JEE Main 2019]
12 3 C— r
@ 1=(57)"1=(51) Of
V3 /3 T,
® ne(iin) () o
1/3 1/3
(© T2=(1;;rf) ;13=(le1:1) I%IT3
3
1/4 1/4
@ 1=(F1) n=(57) —

('5%5; Short-cut solution :

According to question, n; =1, =",

sty By B
L L, 7

h n 4

= =Tl =TT,

T3 — T2T4

IMustration 12

One mole of an ideal gas is contained within a cylinder by a frictionless position
and is initially at temperature T. The pressure of the gas is kept constant while it
is heated and its volume doubles. If R is the molar gas constant, the work done by
the gas in increasing the volume is

(a) RTIn2 () ? (¢) RT (d) %RI‘

We know PV = RT, or PAV=RAT
At constant pressure V' o« T, when volume doubles, temperature also doubles,
therefore.

AT = 2T-T=T.
W PAV=RAT=RT. Ans.
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Authentic Shortcuts-Tips & Tricks in Physics

to an ideal gas)

Q. Helium gas goes through a cycle ABCDA (consisting
of two isochoric and isobaric lines) as shown in figure.
Find efficiency of this cycle. (Assume the gas to be close

[JEE Main 2012]

To see the video solution, scan the QR code:
OR Visit https://www.youtube.com/watch?v=D28GvbINEA

IMustration 13

Find the efficiency of an ideal gas with adiahatic exponent “y’ for the cyclic process

shown in figure.

@ Short-cut solution :

o, =

Work done Wi
and Wye
Total work done

W
Heat extracted
Hence efliciency

n

25, Ve
nR(2T,)én| —
(2Ty) "[V J 5

0 0

2nRT(n2
PAV [

V ............
v, ---;C-.AA

nR(AT) = —nRT,

Wict Wye
2nRTytn2 - nRT,
HRTo(sz 2-1)

nRTy(26n2-1)
nrk
75
(r-1°

(26n2 -1)(y =1)
¥

it
O

Ans.
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9.

Thermodynamics and Kinetic Theory

Concept Booster Exercise

Two gases Ar (40) and Xe (131) at same temperature have same number density. Their
diameters are 0.07 nm and 0.10 nm respectively. Find the ratio of their mean free time.
[JEE Main 2020]

(@) 1.03 (b) 2.04 (c) 3.04 (d) 2.40
Two identical containers joined by a small pipe initially contain the same gas at pres-
sure P, and absolute temperature T;,. One container is now maintained at the same
temperature while other is heated to 27),. The common pressure of the gas will be:
3 4F, 5F
20 (c) |

@ Sh 0 3

(d) 2P,

R

For a gas ro 0.67, This gas is made up of molecules which are
¥

(a) diatomic

(b) mixture of diatomic and polyatomic molecules

(c) monoatomic

(d) polyatomic
Cp 3
Two moles of helium are mixed with n with moles of hydrogen. If —£ - =37 for the
mixture, then the value of n is Numericﬂnteger
(a) 372 (®) 2 © 1 (d) 3

A gas mixture consists of 2 moles of oxygen and 4 moles of argon at temperature T.
Neglecting all vibrational modes, the total internal energy of the system is :

(&) 4RT (b) 15RT (¢) 9RT (d) 11RT

In a thermodynamic process helium gas obeys the law 7P-2 = constant, what is the
heat given lo the gas when the temperature of 2 moles of the gas is raised from T to
4717 (R is the universal gas constant)

(a) 9R (b) 18RT (c) zero (d) none of these

A diatomic gas obeys the law PF™ = constant. For what value of x, it has negative
molar heat?

(@) n>14 (b) n<14 (¢) 1<n<14 (d) 0<n<l
The figure shows the variation of density p with temperature P,

T for an ideal gas. Choose the incorrect alternative 2
() PV,=P,V, (b) P, <P,

(c) W, is negative (d) AU,,=0 1

The figure shows (1/p) versus T graph for an ideal gas. Choose
the correct alternative(s) (1)
(a) the graph represents isobaric expansion
(b) large the slope of straight line higher the pressure
(c) internal energy of gas increases
(d) work done during the process is positive
0
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11.

12.

13.

14.

15.

@ Solutions

Authentic Shortcuts-Tips & Tricks in Physics
A gas undergoes a process in which its pressure P and volume ¥ are related as VP" =
constant. The bulk modulus for the gas in the process is :

(8 P (®) nP © P (d) f

The average degree of freedom per molecule for a gas is 6. The gas performs 25 J of
work when it expands at constant pressure. The heat absorbed by the gas is:

Numarlcflntefa%r

() 757 (b) 1007 (c) 1507 (d) 12517
During an adiabatic process, the pressure of a gas is found to be proportional to the

Cp
cube of its absolute temperature. The ratic —— =¥ for the gas is: Numericﬂnteﬁer

G
The temperature-entropy diagram of a reversible en- £
gine cycle is piven in the figure. Its efﬁcrency is 21, —[

[JEE Main 2005/ Numencflntagar 2 |

(8 173 () 273 P
(c) 172 (d 1/4 S5 %
A system is taken from state A to state B along two different paths 1 and 2. The heat
absorbed and work done by the system along these two paths are O, and Q, and ¥,
and W, respectively, then

(@ =0, (b) W, =W,

) O-W,=0,-W, d 0, +W, =0, +W,

Cascaded Camot engine is an arrangement in which heat sink of one engine is source
for other. If high temperature for one engine is T}, low temperature for other engine is
T, (Assume work done by both engine is same) Calculate lower temperature of first

> 5

engine. [JEE Main 2020]
T

® 7= ® L+h © 0 d) VIiTz
1 2 2

Mean free time = = .3
(b) 2nnd Vrms
o di
IXe di
2 2
= (&} = E =2_04 Ans_
0.07 7

R _ P, PY
RT, RI, R(2Ty)
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(c)

(b)

()

(c)

(©

Thermodynamics and Kinetic Theory

R _og1mc-R 3R
€ 067 2
Thus gas is monoatomic.

Using formula,

Ny, Nays
- =[&] e
mixture CV mix m i n7

n-1 -1

C
Putting the value of n, =2, n, = n, [EE] =
¥/ mix

3

i =§,72=% and solving we get, n =2. Ans.

U= 2x¥+4x%R’T=llR’l‘_ Ans.

4
nR
Given TP25 = constant

PV p2is _ constant

nR
or PV3 = constant
On comparing with P¥* = constant, we have
r = 5.

il g, B R R B g
° y-1 r-1 i_] 2_1

Using, PV=nRT = T=

So Q = nCAD)=0. Ans.
For diatomic gas, y= 1.4 and

C = R R R R R R
y-1 r-1 14-1 r-1 04 r-1

For negative value of C,

(r-1) < 04
or r< l4=>n<ld Ans.
P RT P
T . o
(a) Using, - M P T
As p increases from 1 to 2 so P, > P,. Also T'is constant, so F constant,
~ PV =P, Ans.
P RT 1 1. :
(a, ¢, d) We know that _=?:>_ccT.As — | increases, so T increases and
P P (Y

hence U increases. Also pT is constant, so P is constant. Ans.
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Authentic Shortcuts-Tips & Tricks in Physics

—V.Pn 0 " -1 "
(VP = mvw(w]m ¥1=0

¢ p
f{a)
¥V
or B= —. Ans.
n
f 6 3
AW [ AQ-AU =1_l=1_1=l
AQ AQ y 4 4
- AQ =4(AW) =4 x25=100 J. Ans.
12, (b) Using, pIHYTY = constant
A1)
=1
or P«
Here P« T
Y 3
or — = 3Jory==
r-1 o 2
2T, + T,
13. (a) o= 0 8, —-T(,So
0, =TySpand 2;=0
) 3 3 So 25,
Ans.
14. (c) The change in internal energy depends only on initial and final state, so
or 0, -W=0,-W, Ans.
15. (b) Let, O : Heat input to I* engine
O, : Heat rejected from I** engine
0O, : Heat rejected from I™ engine
Work done by I* engine = work done by I engine
Ou-9, = 9,0,
2QL = QH+QL
2= 54.&
T T
T = -Ti ;TE Ans.
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TOPIC 13.1: Linear and Angular SHM, Velocity and Acceleration in
SHM, Time Period of Pendulum, Coupled Oscillator, Springs in Series
and Parallel.

“f Review of Formulae

1. Differential equation
(a) Linear SHM :

: - g A N
2. 'Time taken to travel from mean position to g 3 and from 5 to A will
T
be —.
6
3. Velocity of the particle :
v= w4 cos(wt + §y) = m«/,gz —x?
Vinax = @4, at mean position.
Vinax = 0, at extreme positions.
4. Acceleration of the particle :
a = -’ 4 sin(a! + ¢) = -0’
|8, = ©%A, at extreme positions

la 0, at mean position

m'ml =
1
5. Average K.E. of the period = Average PE. = EmmzAz.

6. Time period of simple pendulum
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7. When point of suspension is accelerating, then

T= 2% {i
aﬂ'e.l‘

wherea, . = \Ja® + g” +2ag cosp

8. Time period of a infinitely large pendulum
R .
T= 2rn, |— =84.6 minutc
g
9. Time period of a body oscillating in a tunnel dug along the diameter of the

earth
= 211:\/E
g

10. Time period of a physical pendulum

T=2n
\ngd

11. Time period of mass — springs shown in figures, I'= 27,|—

Fm’fm‘-lu_ -é:

12. Time period of torsional pendulum

T= 215\/Z
C

13. Time period of a floating body

T= 2%
Ap.g
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Oscillations
14. Time period of coupled oscillator

i U]
= {ml+m2] [m "’5666(5556"‘1;

1]
7= 2m, =
"k
15. Springs in series : kcc%
1 1 1 1
= e e i
k kK k,

Springs in parallel : k =k, +k, + ...+ k,
16. Composition of two SHMS of equal frequency in perpendicular directions.
x=a sin o

and y = b sin(®t + $)

2 2
¥y 2y .
a—2+b—2—a—bcos¢i = Sll'l2 lI) x

and @ : straight line. y

0
T .
5 . an ellipse
hi
2

, a=b:acircle.

&i PSI Tips and Tricks for Shortcut Solutions

1. thn particle starts oscillating:

(1) from mean position towards right, x = 4 sin w¢
x

0‘/}2\\/‘7“ ‘

(ii) from mean position towards left, x = -4 sin o/
%
. TR ‘

7 T

(i) from,x= +§ towards right, x = A sin (cor+%)
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; 5
(iv) from,x= +§ towards lefl, x = Asm(mr +—;£]

. 5
(v) from,x= -g towards left, x = Asm(mt—-g]

X

(vi) from,x= --g— towards right, x = Asin[wf—%)

N

0
A/zi./i'nz Ndr

2. If U, is the PE of the oscillating particle at mecan position, then its total
mechanical energy, £ = -:12- ma?A4? + Uy Then Uy, # K 1£ Uy =0, then

Um=Kw= % mao? A2,

3. The position at which KE and PE of the oscillating particle are equal is,
T 3T

rire Also we can say that at this position KE and
PE, each one is half the maximum value.

4. The frequency of KE or PE is twice the frequency of oscillations.

-:i:A and att=
i el 75 a

1
The energy of oscillations, = K, = > ma?A42.
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Oscillations
6. If a particle oscillates between x = +a to x = +b, its amplitude of motion,
A= [.ﬂ] _ OI s

> ~—5

If particle oscillates between x = +aq and x = —b, then A = (a; b}

7. If a particle oscillates in a straight line, and travels distances @ and 4 in
successive seconds, starting from rest, then its amplitude of motion,

242 . s s ¢t=0
= ! Oambioa-g-w
A=l s e

8. TIfparticle has velocities v, and v, alx, and x, from mean position, then its
5 x2 =5t
time period 7= 2n .
i =

9. The amplitude of motion of x = 4 + B sin wr will be B.

: : : : A
10. The amplitude of motion of x = 4 sin? wr will be >

11. ‘The amplitude of, x=A sin o¢+ B sin (wz+0), will be 1/ 42 + B2 + 2 4B cos 6.

[ ; B
12. The equation, x = A sin ot + B cos wt = VA* + B sm[mHtan 1;—;)

Illustration 1

A particle is moving such that its displacement along x-axis as a function of time
is given by x(x - 6) = 1 — 10 cos wt. Find mean position, amplitude of motion and
time period.

T/f? !
o ‘@' Short-cut solution :

Given, x(x-6)= 1-10cos wz
or x2-6x+9= 10-10cos m¢
or (x=3)2= 10(1 - cos )
or (x=3¥2= Ssin? %
x= 3+J§sin%.
On comparing with x= x,+ b sin wt, we have

Xo= 3, and amplitude b = /5.
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Time period,

Illustration 2

Find amplitude of motion of the following motions.
() x=3+4sinot

(i) x=cos’ wi - sin’ ot
(i) x=sin? ot

n
(iv) x=asin ot+b cos (G)t+—).

"

2

x=A sin wt+ B sin (mt+§]

d@ Short-cut solution :

In this motion (SHM), mean position x; = 3 and amplitude is 4 =4 unit.

(@
(ii)

(1i1)

(iv)

()

x = cosZ ¢ — sin? ¢

or x = cos2w¢. It represents SHM of amplitude 4 =1, and 7'= T

— sin? of = 1-cos2at 1
x =sin® @ 2 3
in
i F'== =
20 ©

T
x=asin ot + b cos (W'i'gj

= q sin ¢ — b sin of
=(a — b) sin ©f

cos2mt. It is SHM with amplitude 4 =

Ans.

2 T
iy

K [t

2n
A= (a—b)and T=—.
w

x=Asin@+ Bsin [mt+§]

Amplitude, a =

JAZ +B* EABcos%

JA2+32+EAB:-:%

VA2 + B+ 4B,

Ans.
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Oscillations

Illustration 3

The displacement of a particle is given at time t as x = A sin(=2wt) + B sin® wt.
Find its amplitude of motion.

% Short-cut solution :

We know that sin? et = %(l —-cos2wt), so
) B
x = A sin(—2wy) + ?(l -cos2ex)
B B
=—(A sin 2ot + Ecoﬂmt )+ 5

2
The motion of the particle is SHM, with an amplitude | 42 +[—) _ Ans.

Illustration 4

Which of the following is not SHM?
() y=asinZot+ b cos2 ot
(ii) y=asin2wt+ b cos wt

(i) y= Ja +p* sin ot cos ot
(i) y=1-2sin’ ot

@'} Short-cut solution :
(i) y=asin2 wt+bcos2
The above equation can be written in the form
y=Asin{w't + ¢).
= A sin ®'t cos ¢ + .4 cos 't sin ¢
On comparing, A cos¢=aand A sin ¢ =b, ' = 2w

b
A= g +p? andtan ="

or pi= m sin (2 of + tan™! (b/a)).
Tt represent SHM,
(i) y=asin2 wt+ b cos wt. This cannot be represent in the form y = 4 sin(w? + ¢),
so not SHM.,
(iil) y= /42 4 p? sinwicoswr
a® +b?

= > sin? wr. Tt represents SHM.

(iv) y=1-2sin’ ot
=¢o0s 2 0t.
It represents SHM. Ans.
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Illustration 5

Two SHMP, x; = A sin ot and x, = A cos ot are superposed on a particle of mass
‘m’. Find total mechanical energy of the particle.

% Short-cut solution :

x = x;+x,=Asinof+ A cos ot

24 sin[mt+%)

Total ME, E

1 ma? (\EA)Z = mo’d>. Ans.
2

Illustration 6

A particle of mass m is executing oscillations about the origin on the x-axis. Its
PE varies with position as, Ufx) = kixP, here k is a constant. The amplitude of
oscillation is ‘a’, then how does ils time period T vary with amplitude?

% Short-cut solution :

; 1 ;
Given, U= K, but U= 5 ma? 42 sin? ot

Putting x| = e and 4 = a, we get
ka* « mald?

or o< g
1
and T < 7;- Ans.
Illustration 7

A particle moves simple harmonically in a straight line starting from rest. In first t
second it travels a distance ‘a’ and in next  second it travels a distance ‘2a’in the
same direction, find its time period.

% Short-cut solution :

| : 24"
Using, amplitude A = La_ b}
2a°
= =2a.
3a—2a
As particle starts from rest, so
x = Acoswt
= 2acos ot £
_ 27t De—iii—s
A—a = 2gcos 3 a 4_g
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Oscillations

2at

2a—a = 2 —_—

or a—a a cos T
COS[E) = 1
or = = 5
2t _ =
or T = 3

T = 6t Ans.
Illustration 8

The displacement of a particle executing periodic motion is given by, y = 4 cos’

f
[E) sin(1000 ). Find the independent constituent of SHM.

@ Short-cut solution :

4 cos? (i) $in(1000 £)

y = 2
. 20032% % 2 sin 1000 ¢
= 2(1 + cos t) sin(1000 ¢)
= 2sin 1000 £+ (2 sin 1000 £ cos ¢)
= 2sin 1000 ¢+ sin 1001 7+ sin 999 ¢
So it is the combinations of three SHMS. Ans,

INMustration 9

A particle of mass 0.1 kg executes SHM under a force F =— 10x (N). Speed of the
particle at mean position is 6 m/s. Find its amplitude.

c;% Short-cut solution :
On comparing with # = —kx, we have k= 10 Nm
If A4 1s the amplitude then,

lkAz = lmv1
2

2
vJE =@ E={].6m. Ans.
k JIO

Ablock of mass Misconnectedtoamasslessspring .. v | \r
of constant k, whose other end is connected to
the wall as shown in figure. A bullet of mass m strikes to the block will velocity v
and embedded is it, find amplitude and time period of resulting motion

or A

Illustration 10
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Solution :

Using, conservation of momentum
mv+0 = (m+ My

or f [ iidd )
v =
m+M

If A is the amplitude of motion, then

Lo = Limenmn?
2 2

or A =i E M v
k
_ |m+M x[ my J
k m+M
2.2
= L Ans.
k{m+ M)
Time period, T= 2rn i ;M). Ans.
Illustration 11
In figure a sharp blow by some external agent imparts M
a speed of 2 m/s to the block towards left when it is in k | F
equilibrium position. The PE of the spring when the
block is at the right extreme is (k = 100 N/fm, M = 1 kg
and F=10N)
(@) 45J G 4J (¢ 05J (d) 2.5J
@ Short-cut solution :
If 4 13 the amplitude of motion, then
2 2
2 1x2?
. X
A= |J— = =02m.

or J X J 100 02m
Compression of the spring due to F= 10 N.

_E_W _

% = % =100 =0.IN

Energy stared, = %x 100%(0.2 —(].l)2 =051 Ans. {¢)
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Oscillations

Illustration 12

A linear harmonic oscillator of force constant 2 x 10° N/m and amplitude 0.01 m
has a total mechanical energy 160 J. Find maximum and minimum values of PE
and kE.

% Short-cut solution :

K= Llis = %x{.‘leOﬁ)x(O.ﬁl)z

2

= 100)
Using, K ..t+U,,= 160
or 100+ U, = 160, Ui, =601
Maximum PE = total mechanical energy

= 160 J. Ans.

Illustration 13

Two particles are performing SHM in a @ )
straight line about the same equilibrium - =0 +—e

point. The amplitude and time period for « :
both particles are same and equal to A and A2 4
T respectively. At t = 0, one particle has displacement A while the other one has
displacement —A/2, and they are moving towards each other. Find the time when
they cross, each other.

% Short-cut solution :

This problem can be solved by using a phasor diagram. Y
The particles arc located at P and Q as shown in the
diagram.

The angle to be covered by the particles,

0=120°= %Pﬂd

Their relative angular velocity = 2@.

) 0 n/3 T
So time to cross each other, t= 7—= i Ans.
20 [Zn) 6

Illustration 14

Two particles are executing SHM with amplitude A and frequency © along the
x-axis. Their mean positions are separated by distance x,(x, > A). If maximum
separation between them is (x, + A). The phase difference between their motion is:

(JEE Main 2011)
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1@ \
) 4@* Short-cut solution :

x, = Asinorandx, =x,+A sin(wt + ¢)
X, =%, = X,+[4sin(wr+¢)—A sin wr]

= Xt 24 sing~cos[ux+%)

The distance between then is changing harmonically with an amplitude x;, + 24 sin
2
5
Given, x0+2.-£sing = xp+4d

|
or sin >
or ¢ = ; Ans.

e

. TIP§]
o imi: Tring and Tricks in Simple Pendulum and
Physical Pendulum

’ £ :
1. ‘Time period of a pendulum with point mass bob 7'= 2% —— and time
net

I/
period of physical pendulum 7 = 2111”"—@- Here ‘4’ is distance of CG

from point of suspension (£ also the same).

2. The value of a,, in different cases as follows:
(i) Pendulum oscillating of smooth inclined plane

¢
=2 ‘ .
Feen gsin@

(i) Pendulum in a cart moving on an inclined
with constant velocity

T= ZHJZ.
g

(iii) Pendulum in a cart moving freely with
acceleration g sin 0

4
gcosf

T=2n
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Oscillations
(iv) Oscillations of charged bob in uniform £-field

T=2r - : -
[gz-l{ﬂ) +2g[§g-Jcose]
m m

(v) Pendulum in a cart moving on a circular path of large radius,

T=2xn | : g ‘K
Y o + s
R

(vi) Pendulum oscillates in a lift

T= 2% : Use + a for acceleration upwards.

£
(gxa)
Time period of simple pendulum inside satellite will be infinite.

Pendulum oscillates in non-viscous liquid of density p,= —** (n>1):

T= 2n —-i—
1
o)
YU
If o is coefficient of linear expansion of the string of the pendulum, then due
to change in temperature A, the change in time period

AT _ (&)
T 2
If temperature increases, there is loss in time and if temperature decreases,
there is gain in time.
If two pendulums of different lengths start from same position,
then they will start again from same position when
t=nT;=mT,.

Here 7, and 7, are there time periods and » and m are their
number of oscillations.
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Ilustration 15

A simple pendulum 2m long swings with an amplitude of 0.1 m. What is its
acceleration at the extreme position? (g = 10 m/s?)

@ Short-cut solution :
At extreme position is only tangential acceleration, so
a, = gsind
= 10x o1
2
= (.5 m/s?.

Illustration 16

Two pendulums of lengths 1 m and 1.44 m start swinging together. After how
many oscillations will they again start swinging together?

% Short-cut solution :

Using, nTy = mT,

or annF = mx2ln ’ﬁ
£ g
n_ 12
m 10

So they swing logether afler shorter pendulum completes 12 oscillations and longer

one 10. Thereafter 24 and 20, and so on. Ans.

Illustration 17

A semicircular rigid wire of radius is smoothly pivoted at F. Find its time period of
motion.

@é) Short-cut solution :
2
Here d= |R? ...(E] = E\hr2+4

T T

I= 2mR* (MI of ring about tangent)

Ans.
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Oscillations
Illustration 18

A simple pendulum is of length £, but there is a peg at a distance % below the point
of suspension. Find time period of such a pendulum.

5% Short-cut solution :

]
——
g

Illustration 19
The length of a pendulum is equal to the half the radius of earth. Find its time

c;% Short-cut solution :

. - R
Using, = 2rn LR
o(+4)
= 2n :
gl l++
e
[ZEJE]
= T3_L=49 min. Ans.
g]j;!_ Tips and Tricks in Spring and Other Devices

.

1. The time period of block-spring system is, T = 2=, ’% which is

independent on value of ‘g’, so it remains same on moon, inside satellite
and inclined plane etc.
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2. In the spring device, if body has translation only, then we can use
mXa=—kx
If body has both translation and rotation, then
(m + T;?) xXa =—kx

3. Other simplifications

7= LM T=23J—F—
( 4k

| =
—

S.
<
UV
4

Oscillations of floating body Liquid oscillates in U-tube or V-tube

(4
These devices has, T= 2“&-

R
6. Body oscillates in tunnel in earth, 7'= 2'rc

Yo
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Oscillations

Illustration 20

A black of mass m is attached fo the light spring of force constant k and released
from its normal length. Find amplitude of subsequent motion.

% Short-cut solution :

Using conservation of ME, we have
_ 1, 2
mgy = —kg é é

2mg
or A
k
mg 2mg mg
The equilibrium position is at Yo© % - Soamplitude of motion becomes &k
mg
= Ans.
k
Illustration 21

Find time period of oscillations of the vertical motion of
the block in the device shown. The mass of the block is
M and force constant of springs are shown in the figure.
(pulleys are massiess).

c@ Short-cut solution :

The given device can be equivalent to the following device.

¢ = kxk _k
# k+k 2 k
Ti= 2?‘: % ﬁ=ﬁ=k
e 4 4
2
= 2 % Ans.

IMlustration 22

In the device cylinder has mass m and radius R. There is sufficient friction between
the surfaces to cause pure rolling of the cylinder. The spring connected is massless
and force constant k. Find time period of motion of cylinder.
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@ Short-cut solution :

I
Using, [M+F)xa

|
(e ]
A

Ans.

INlustration 23

In the device shown, find time period of small vertical oscillations of the block. All
the springs are massless and block is of mass M.

@ Short-cut solution :

The effective force constant
2
k= (k+B) 220 cos 45°, N3
Vertical springs  Inclined springs 219 R~ 2k
= 2% +2x2k x%
k

4.
Ti iod, T= 2 /M n,/M A
1me perig = —_— = T K ns.
pe o X

Illustration 24

In the device shown, each block is of mass M, and each spring is of force constant
k. The blocks are pushed together and released. Find time period of oscillations.

@ Short-cut solution :

Reduced mass of the system,

_ o mmy MxM M
" m+my, M+M 2

Telegram @BookCornerOfficial



Oscillations
The effective force constant,
k = k+k+k+k=4k

Time period, 7= 2m L.
(=

M

= 2m-2
4%

M

= Ans.

%

).  Two solid spheres, each of mass 1 kg are connected to each other with the help of]
a massless spring of force constant 70 N/m. The spheres can roll without slipping|
along the horizontal plane. If both the spheres are pulled apart and released they
start oscillating. Find time period of their oscillations.
To see the video solution, scan the QR code:

OR YVisit https://www.youtube.com/watch?v=LcHEAS55Y9S58

Illustration 25
A spherical ball of mass m and radius r rolls without slipping

)

I

; R

on a rough concave surface of large radius R. It makes small :
oscillations about the lowest point. Find the time period. N\ | 4

@ Short-cut solution :

) |
) A\
& R—r N, ! ; ,
or a mg sin ©

&

=)

T

3

g

2l
o LT 4

xX

]

[]

2

=]

=

[an]

'g;

o,

=

2
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On comparing with, a = —o2x, we get

58
HR-7)

2 TR-r)
= == _2x |—=
and T % Sg

TOPIC 13.2: Damped and Forced Oscillations.

m:

Ans.

Qf Review of Formulae

1. Damped oscillator : Differential equation of damped oscillator

d*x badx k
= k¥ =)
dt mdt m

—bt/2m

where x = 4,¢ sin(w ¢ + §)

o 2]
a m \2m

2. Dafferential cquation of forced oscillations

d’x  dx
m—-+b—+kx =F05i11 ot

arr = dt
A= Fy/m ,'\r.rhf:reﬂn:u(,=,'i
2 m

(o -oir (%)

A mass of 2 kg oscillates on a spring with force constant 50 N/m. By what factor
does the frequency of oscillations decrease when a damping force with b = 12 unit
is introduced?

C@ Short-cut solution :

Illustration 26

o, = ‘g = @ =5 rad/s
(2] -

{Bd =
= 4 radfs
O =% 100 = =310
0y 5
= 20% Ans.
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Concept Booster Exercise

The displacement of an object attached to a spring and executing SHM is given by,
x=10.02 cos mz m. The time at which the maximum speed first occurs is:

Numericﬂnté:aér
(a) 055 (b) 1.0s (c) 155 (d 2s
Figure shows the graph of velocity versus displacement of w(mm/s)

a particle executing SHM. Find period of oscillations of 06

the particle. [\
@ ns (b) gs _m@ /10 x(cm)
n

B T
(@ 3 (d) i —0.6

The PE of a harmonic oscillator of mass 2 kg at its mean position is 5 J. If its total
energy is 9 J and its amplitude 15 0.01 m, find its period.

. L .U
®  7o0° ® o © 3555 (@ 7
An object of mass 4 kg is moving along x-axis and its PE as a function of x varies as
U(x) = 4(1 — cos 2x) J, the time period of small oscillations is:
(a) ms (b) 2ns (c) 4ns (d) 2s

A particle moves in the xy-plane according to the equation 7 = (i + j) [4 sin oz + B
cos w?]. Motion of the particle is:

(a) pernodic (b) along a straight line
(c) SHM (d) all of these
A simple pendulum has a time period T when on earth surface and 7" when on moon,
' 5 ¥
then I Numeric/integer
T
(@ 1 (®) 2 © e (d) V3

A particle moves such that its acceleration is given by a =—3(x — 2), here P is positive
constant and x is the position from origin. Time period of oscillations is:

1
2+P

A particle of mass 4 kg is in a gravitational potential ¥ = (800 x2 + 150) J/kg. Its
frequency of oscillations is:

@ 2B ® % © 2xffrz @ =

5 20 50
(a) ;Hz (b) ?Hz (c) S0m Hz (d) ;Hz
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A particle free to more along the x-axis has potential energy given by

U(x) = i1 — e*2] for — «0 € x < + oo, where k is a positive constant of appropriate
dimensions. Then

(a) at away from the origin, the particle is in unstable equilibrium

(b) forany finite non-zero value of x, there is a force directed away from the origin

(c) ifitstotal ME is 5 it has its minimum kinetic energy at the origin

(d) for small displacement from x = 0, the motion is SHM

The variation of PE (U) of a SHO is as shown. Then ()
force constant of the system (PE is in J and displace-

ment x in mm) Numericﬁnleg:ér e i
() 100 N/m (b) 150 N/m i

200 0.01 i

© = Nm o (@ 300N/m x(mm)

For a body in SHM the velocity is given by the relation v = /144 1652 m/s. The
maximum acceleration is:

@ 12 m/s? () 16 m/s? Numeric/integer
(¢) 32m/s? (d) 48 m/s?

The average KE of a simple harmonic oscillator is 2 J and its total energy is 5 J. Its
minimum PE is; Numeric/int ge ;
(@ 1J (b) 15J (€) 2] (d) 37

q@ Solutions

1.

(d) x = 0.02 cos s
2 2%
i D e D
T
The maximum speed first will occur after
= B2
= 4 E O.SS.
(c) Viax =~ @A
06 = 2Ex0.10 r=1s
or b = T 2 = = 3 i
Maximum KE = TE-PE .
L2 = 9_5
2
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Oscillations

4x2
k= —— =8x10*Nim
1i i T = 21:‘]_ =2 = —.s
e, \’leo“
(a) F = _Z =—— [4(] cos 2x)] = -8 sin 2x
For small x, sin2x = 2x
F= 8x2X
F
- 5 _=_8x2x=_4x
m 4
On comparing with @ = —»%x, we have
2n 2x
J4 =2radss andT—E— 5 =TS
(d) F = (i+]) (4 sin ot + B cos of)
\E,/Az +B2 sin [m!+ tan™! (%D
£ £
(c) T = EEJ:andT'=2W—=J(_iT.
g (g)
6
(b) a= —Px+2
On comparing with, a = —w?x, we have
o= B
27T 2“
T =] — = T -
o B
(b) PE, U = mV = 4(800x% + 150)
dUu
F = Sl =—4 x 800 x 2x =— 6400x
F
Acceleration, a= = —étﬂﬂx =-1600x

On comparing with @ = —o’x, we have

V1600 =40 rad/s

Now, f= s-=-—="Hz
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-dU  —d —2kx

T g e

For small value of x, &2 — 1,50 F ot (—x)

It represents SHM.
10. () o= %M’
27 2x(0.04-0.01)
- L= = 150 N/m.
k e (0.02)° 50 N/m
1. (@ v = J144-1602 = W9-2® = 432
On comparing with v= ov4> - x*, wehave n =4 and 4 = 3.
2 a . = 024 =42 x 3 =48 m/s?.
12. (a) K _ = 3K =3ig=4)
Now K ¥Uu = 38 = Uy=3d-K, =5-4=1].
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TOPIC 14.1: Equations of Wave Motion, Sound Waves, Speed of Sound
Waves in Air, Speed of Transverse Wave is Stretched String, Wave Intenstiy,

Loudness of Sound and Doppler Effect.

ﬂf Review of Formulae

1. Other equations of wave

(i) y=Asin %(vt —X)

(i) y= AsinZTr(%—%]

. : . 6’ &t
Differential equation of a wave : —':’ =v? —f
ot ox
2. Phase difference, Ad

(i) Between two particles at any time

2n
= = Ax
4 A
(i) Between two times of a particle
= 2 1z
T

3. Sound waves or pressure waves
AP = AP _sin(kx —wf), AP = ABk
4. Speed of sound waves in air

v= E, forairy=14,
\J p
Also v= ﬂ
V M

5. Speed of transverse wave in stretched string

B £_ stress
yv= u—,{ Y
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11.

Power transmitted

2 42
P= pvSo“A

2| —

Intensity of wave

I= g:%pvmzf =21° £ 4%pv

Variation of intensity with distance

s : 1
(i) For point source, 1 OCr—z

(i) For line source, [ o L
-

Sound level : The decibel scale

B= lOlog[LJ decibel
Iy

and B,—B,= IOIOg{i—z]

1

Doppler effect in sound
(1) When source moves towards stationary observer
3
¥
e
(i) When observer moves towards stationary source
vy )
=722 =
v
In general,
[ 3
v—v
p=
kV—Vs J
Doppler effect in light
Ah_N v
A f ¢

where v — relative speed between source and observer.
¢ — speed of light.

Frequency of sound as received by the observer himself after reflection from
wall,

Authentic Shortcuts-Tips & Tricks in Physics
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Wave Motion

=~
Il
'-...’
N
=
-+
=
S——

Here V= Vo= u.

l Tips and Tricks for Shortcut Solutions

i In wave equation, three quantities x, v and f must appear in combination
of x+v)or(x-v). Thusy =22+ 122, y=(x+ v)2, y=(x - v)? and

y = v¥x=v represent one dimensional wave, but y = x2 — v*2 and y =
Jx — /vt are not.

2. For any periodic function to represent a travelling wave it must satisfy the

n2 2 Y Vv
S . &y _ 0% <
differential equation v Vi —3. 2\ 5
dy
3. Particle veloci —-'Vd—y E-me
G arllceveoclly,vp— e

4, Positive and Negative initial phase

f’\ .:’y ~
e n Ax
ol *
Ax(—){)

Positive initial phase Negative initial phase
y =4 sin(kx — wt + ¢) y = A sin(kx - ol - §)
INlustration 1
Does the function y = A cos? (m.,r - 2Tﬂx) represent a wave? If yes, then find its
amplitude and frequency.
9 é) Short-cut solution :

The given equation can be written in single power of ‘cosine’ i.e.,

2
e oo 2]

Sl )

ﬁ

4l )
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Clearly the amplitude of the waves % and angular frequency 2. Ans.

Illustration 2

A progressive wave of frequency 500 Hz is travelling with a velocity of 360 m/s.
Two poinis A and B are separated by a distance of 12 cm, find the phase difference
between the two points.

8% Short-cut solution :

v 360
A= — =2 =072
/500 o
Phase difference g g P upih wd g Ans.
’ A 072 3

Illustration 3

The wave pulse on a string shown in figure is moving to the right without changing
the shape, with a velocity 2 m/s. Find velocity of a particle of the string at which
slope of the y-x of the pulse is from 45° —ve x-axis.

Y

45°N”

% Short-cut solution :

The particle velocity
— L‘ZJ
- 2
= -2 tan(135°)
= 2 x(~1)
= 2m/s. Ans.
Illustration 4

A certain sinusoidal wave of wavelength 20 cm is moving in the positive x-direction.
The velocity of the particle at x = 0 as a function of time is shown. Find the
amplitude of motion.
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Wave Motion

5 .....
—1(s)
| FOONSN— ..
@ Short-cut solution :
Time period of the particle, I'= 4s, and so frequency,
T .1 2 =
_— —= —H = L, —
I =2 z, and @ = 2nf" 54
We know that, maximum particle velocity v, = m4
1
or 4= 2= = = Lt cm, Ans.
0] n i4
2
Illustration 5
The wave function of a pulse is given by
_—
Y= ax+3n)?
where x and y are in metre and ¢ is in second. Determine the wave velocity of the
pulse.
3% Short-cut solution :
Putting, 2x + 3¢ = conslant
d
—(2x+3) =
or = (2x+3¢) 0
dx
2—+3 =0
or 5
% = —% m/s. Ans.
Illustration 6

A tuning fork of frequency 220 Hz produces sound waves of wavelength 1.5 m in
air at STF. Calculate the increase in wavelength, when temperature of air is 27°C.

Solution :
Given f = 220Hz ;= 1L5matT,=273K
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Speed of sound at STP, Vo = fAp=220x 1.5=330m/s.

Final temperature, T = 273+27=300K

Let v the speed of sound at this temperature, then

X
v\
_ [T
v= 1 7
300
= 330,[— =
73 346.1 m/s
- L v 246l
Final wavelength, A= 7 = 520 =157m
The increase in wavelength =& —4,=1.57 —1.50 = 0.07 m. Ans.

Illustration 7

The maximum pressure amplitude AP, that the human ear can ioleraie in loud
sounds is about 28 Pa. What is the displacement amplitude A for such a sound in
air of density p = 1.21 kg/m’, at a frequency of 1000 Hz and a speed of 343 m/s?

o% Short-cut solution :

The pressure amplitude is related to displacement amplitude as
AP = ABk

A-uszg
v

Il

Avp x 2nf
Displacement amplitude
A = _Ari'i.._.
w(27f)
28
343x1.21x2rx1000

1.1 x 103 m. Ans.

Q. Asample of oxygen at NTP has volume V and a sample of hydrogen at NTP has
volume 4V. Both the gases are mixed and the mixture is maintained at NTP. If the
speed of sound in hydrogen at NTP is 1270 m/s, calculate the speed of sound in
the miixture.

To see the video solution, scan the QR code:
OR Visit https://www.youtube.com/watch?v=pkHDvwSebal
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Wave Motion
Illustration 8
A line source of sound of length 10 m, emitting a pulse of sound that travels

radially outward from the source. The power of the source is P= 1.0 % 10° W. What
is the intensity I of the sound when it reaches a distance of 10m from the source?

%) Short-cut solution :

The intensity at a distance » from a line source is given by

£ 1
2arl

4
= 10x10 s g0 wim? Ans.

2ax10x10

I =

INlustration 9

A person sounds a whistle of frequency f, moves with a velocity ‘u’towards a wall.

What is the frequency detected (after reflection from wall). by the person himself

speed of sound is v
@ Short-cut solution :

Frequency as received at wall f; = fp ﬁ

The frequency of reflected sound as detected by person

L= A

v+u v+u
= fo—
v v—u

Illustration 10

The sound emitted by a point source reaches a particular position with an intensity
L What is the change in intensity level at that position if N such sources are placed
together. (Assuming that the sources do not produce interference).

c@ Short-cut solution :

Using, B = l[ilu.‘)gi
Iy

NI

d = 10log—.
an Bf ogl

0

AB = lﬂ[logﬂ—logi] =10logN. Ans
Iy fo

IMlustration 11

i
v
The source is moving towards a stationary observer, plot variation % to T’
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@ Short-cut solution : r
USing, f" = fv:rv [7) 3 E
or e Ans. :
F Vs : Vs
[l_ 7] 0 [ v J
Illustration 12

In a mixture of gases, the average number of degrees of freedom per molecule is 6.
The rms speed of the molecules of the gas is c. The velocity of sound in the gas is:

c 3c 2c c

== =S — d —

@ ® = © 3 @

% Short-cut solution :
2 2 4
i = 2 TS e
Using, Y 1+f +6 3
P
As c= 22 wmav- &
P P
v= cﬁ=c£=2—c- Ans, (¢)
3 3 3

Illustration 13

An astronaut is approaching the moon. He sends a radio signal of frequency

5 x 10° Hz and finds that the frequency shift in echo received is 10°Hz Find his

speed of appreach.
@ Short-cut solution :

The frequency shift as observed on moon

I c c
Now moon becomes source of frequency f, = (f + Af) the shift in frequency in
reflected light is observed,
- v
& c
v
Therefore total shift observed = 24af= 2f 2
103 = 2x5x ll:]9 X 4
¥ 3x10°
v = 30 m/s. Ans.
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Illustration 14

A string of length 0.4 m and mass 0.01 kg is clamped at its ends. The tension in the
string is 1.6 N. When a pulse travels along the string, the shape of the string found
to be same after a time t. Find value of L.

@ Short-cut solution :
F
Speed of pulse, v ;* I’ —

o e -
= LB =8 m/s
()
0.4
o 20 2x04
Required time =y E g =0.1s Ans.

TOPIC 14.2: Boundary Effects, Principle of Superposition, Interference,
Beats, Stationary Waves, Resonance Tube, Vibration of Streiched Strings
and Organ Pipes.

Gf Review of Formulae

1. Boundary effects :

(i) When wave is reflected from rigid boundary, the reflected wave will
suffer a phase change of « radian. Thus if
y; = sin(kx — wr), then

—_—

-

¥, = A sin[k(—x) — of + n] = 4 sin(kx + w?)

(i1) When wave is reflected from free boundary, =~ ||
the reflected wave suffers no phase change.
Thus if
¥; = sin(kx — 1), then -
¥, = A sin[—kx — &f] = A sin(kx + of)
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2. Principle of superposition : If y,, y,, ..... y, arc the displacements produced
by waves acting separalely, then the resultant displacement
Y=¥1 ¥yt ety
There are three types of superpositions.
3. Interference : When two or more waves of same frequency travel
simultaneously in the same direction or nearly along the same direction in

a medium, they superpose on each other and give rise new disturbance is
called interference.

If A, and A, are the amplitudes of the interfering waves, then resultant
amplitude

R=A2+ 4,2 +24,4,cos ¢
(a) Constructive interference ;
¢=2mn,n=0,1,2, ..
or Ax = nk
Rypax =4, t4,)
(b) Destructive interference :
é=2n-n.n=1,2, ...
or Ax= (2n- 1)%

R

min

=A4,-4,

The ratio of maximum and minimum intensities
Ingy _ (A +4)
Imin (4~ 4)?

4. In Quinke’s tube, each x c¢m slide of tube will cause a path difference 2x.
Thus for a maxima and next minima

%=x or A=4x.

5. Beats : In the superposition of two waves of slightly different frequencies
y, =4, sin 2nft
and ¥y = A, sin 2nfyt
number of maximum per second are f; ~ /5, and number of minimum per
second are f; ~ f5.
Beats frequency, Af=fi~f
6. Stationary waves :
(a) Consider two waves travelling from opposite directions
¥, = 4 sin (kx — ©f)
and ¥, = A sin (kx + wi)
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Wave Motion
The resultant wave
y=¥ *+¥; = [24 sin kx] cos of

¥y

Fixed

boundary X
Positions of nodes :
Positions of antinodes :
(b) When wave is reflected from free boundary, then

¥, = A sin(kx — or)
and ¥, = A sin(—kx — 0f) = -4 sim(kx + )

The resultant wave
v = [24 cos kx] sin ot

Positions of nodes :x = &, 2, .....
4’ 4
/E Nodes

i ‘Antinodes

7. Resonance tube : It is used to determine the speed of sound in air.
For the two consecutive resonances

E7N

and L2+e=T

_ I -3L)
2

A
L te= 1

A=2L,—-L,) and e

Speed of sound v=jfA=2fL,—L,)
8. Vibrations of stretched string :
(a) Frequency of fundamental note

1 [F i -
ﬁ:i ; “'-,__ ----._.‘I}

-------

(b) If string vibrates in P loops, then | L !
P [F
VTR
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9. Organ pipes
(a) Open organ pipe : The frequency of fundamental note

e 2
— 2L
Harmonics of frequencies ratio 1 : 2 : 3 : ... are possible.
(b) Close organ pipe : The [requency of fundamental note
= ¥
=
Harmonics of frequencies ratio 1 : 3 : 5 : ..... are possible.

Illustration 15

Figure shows an instantaneous displacement position ¥
graph of a sound wave travelling along the positive

x-axis. Identify the points of maximum and minimum ANB/C *
pressure.
c@ Short-cut solution :
The change in pressure is given by AP
o - -5(2) |~
dx }/ A N/

The slope % 1s negative at A and positive at C so,

AP = +ve at A and “—ve’ at C. Point B is the point of normal pressure. The variation
of pressure change (AP) is shown in figure. Ans.

Illustration 16

A source of sound S and a defector D are placed at some distance from one another.
A big cardboard is placed near the detector and perpendicular to the line SD as
shown in the Figure. It Is gradually moved away and it is found that the intensify
changes from maximum to minimum as the board is moved through a distance
of 20 cm. Find the frequency of the sound emitted. The velocity of sound in air is

336 m/s.
|
o@/ Short-cut solution : . [
- |
The distance between maximum to next © D l
minimum is A/2. When cardboard is {
displaced by 20 cm the path difference +—20 cm——
produces by 40 cm.
: A2 = 40 cm — 3.......—
or A= 80cm

Telegram @BookCornerOfficial



Wave Motion

Frequency of sound  f= % = %

= 420 Hz. Ans.

Hlustration 17

A tuning fork of unknown frequency gives 4 beats with a tuning fork of frequency
J10 Hz It gives the same number of beats on filing. Find the unknown frequerncy.

Solution :

The unknown frequency of the tuning fork can be
= 3104

or f = 3140r306 Hz

Suppose f = 314Hz

On filing, let it becomes = 318 Hz.

When it sounded together with a fork of frequency 310 Hz, beats frequency will be
more than 4 per second. Therefore unknown frequency can not be 314 Hz.

Now suppose J = 306Hz

On filing, let it becomes = 314 Hz.

When it sounded again with a fork of frequency 310 Hz it gives 4 beats per second.

So unknown frequency must be 306 Hz. Ans.
Olustration 18

A string under a tension of 129.6 N produces 10 beats/s when it is vibrated along
with a tuning fork. When the tension in the string is increased to 160 N, it sounds
in unision with the same funing fork. Calculate the fundamental frequency of the
tuning fork.

‘?{ Short-cut solution :

Suppose f'be the frequency of the tuning fork. The frequency of the string will be
either (f— 10) or (f+ 10). With the increase in tension its frequency becomes f, so
mitial frequency of the string is (f— 10). Thus

1 (1296 _
For F=129.6 N, (F-10) = 7y . ()
and for f= 160 N, f= % % ... (i)

Aller solving equations (i) and (i), we gel
f = 100 Hz. Ans.
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IMustration 1§

The first overtone of an organ pipe beats with the first overione of a close organ
pipe with a beat frequency of 2.2 Hz. The fundamental frequency of the closed
organ pipe is 110 Hz. Find the lengths of the pipes. Velocity of sound in air =330
m/s.

c(@/l Short-cut solution :

Suppose L and L _ are the lengths of open and close pipes respectively.
Frequency of first overtone of open organ pipe,

_ v _ v
L= 3,71,
Frequency of first overtone of close organ pipe
v
Given fo—-f. = 22Hz
v v
—_——— = 22
L, 4L,
As —— =110 Hzand v = 330 m/s
4L,
330
—-3x110 = 22
L,
or L, = 099m=L_=101m, Ans.

1.  An open organ pipe of length 1m contains an ideal gas whose density is twice the
density of atmosphere at STP. Find the difference between fundamental and second
harmonic [requencies if speed of sound in atmosphere is 300 m/s. [JEE Main 2020]

Numericnnlé'gér

2. A wave motion has the function y= A sin(a¢—kx). The graph i s
shows how the displacement y at a fixed point varies with 47 \p /" "

time #, which one of the labelled points shows a displacement —Al- ----- -\é/R

n
equal to that at the position x = Ek at time ¢ =07

(@ P ® Q ) R (d) §
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10.

Wave Motion

A sine wave has an amplitude 4 and wavelength A. Let v 1s the wave velocity and v,
is the maximum part velocity in the medium:

(a) vcannot be equal fo v (b) v=vy,,if A:gl_Jt
() v=v,ifd=2m\ (d) v=v,],if3.=£
i3

6

A travelling wave pulse is given by y= m where symbols have their usual

meanings x and yareinmand tisin s

(a) The amplitude of the wave pulse is 6 m

(b) The amplitude of wave pulse is 3m

(c) The pulse is travelling along negative x-axis with velocity 3 m/s
(d) The pulse is travelling along positive x-axis with 2 m/s

A metal string is fixed between rigid supports. It is initially at negligible tension. Its
Young’s modulus 1s ¥, density p and coefTicient of thermal expansion is a. 11l 1s
now cooled through a temperature 7, transverse waves will move along it with speed.

@ Y (®) yﬁ © ar‘F @ rJE
p p P p

A bus is moving with a velocity of Sm/s towards a large wall. The driver sounds a
horn of frequency 165 Hz. Tf the speed of sound in air = 335 m/s, the number of beats
heard per second by a passenger on the bus will be Numeric/int e"g‘ér

(2) 3 (b) 4 (©) 5 (d 6

Two identical sounds 4 and B reach a point in the same phase. The resultant sound is
C. The loudness of Cis n dB higher than the loudness of 4. The value of r is:

Numericﬂntab‘ér
(a) 2 ®) 3 () 5 (d) 6
A pipe of length 1m is closed at one end. The velocity of sound in air is 300 m/s. The
air column in the pipe will not resonate for sound of frequency Numericiinte aer
() 75Hz (b) 225Hz (c) 300Hz (d) 375Hz

Two sources 4 and B are sounding notes of frequency 680 Hz. An observer ‘O’ moves
from 4 to B with a constant velocity v,. If the speed of sound is 340 m/s, what must
be the value of u so that he identifies 10 beats per second? - cﬂnteger

(a) 2.0m/s (b) 25m/s (c) 3.0m/s (d) 40m/s
Sound of wavelength A passes through a Quincke’s tube, which is adjusted to give a
maximum intensity ;. Through what distance should the sliding tube be moved to
give an intensity o 4

A
(a) 3 (b)

(© (d) A

&
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A string of length L 1s siretched along the x-axis and 1s nigidly clamped at its two
ends. It undergoes transverse vibrations. If n is an integer, which of the following
may represent the shape of the string at anytime?

(a) y= Asin [%)cosmt (b) y= Acos[%) sin mf
(c) y=4 sm( :x )sm o (d) y= 4 cos(%) cosat

12.  Astanding sound wave in a pipe has five displacement nodes and five antinodes. The
harmonic number for the standing wave is Numencﬂnteger
(@) 3 (b) 4 () S (d) 9

13. A source of sound placed at the open end of a resonance column sends an acoustic
wave of pressure amplitude P inside the tube. If the atmospheric pressure is P, then
the ratio of maximum and minimum pressure at the closed end of the tube will be

P,+PR P [Fﬁ PE]]
@ P o &I g B g 2
4770 (Py—2R) A [pﬁ_sz]

14. A siring is rigidly tied at two ends and its equation of vibration is given by y = cos
2t sin 2mx. Then mnmmm; length of string is Numeric/in tager

(a) Im (b Em (c) 5m (d) 2nm

15. A source of frequency f is stationary and an observer starts moving towards it at
t = 0 with constant small acceleration. Then the vanation of observed frequency f
registered by the observer with time is:

14 f
@ / ®)
e I 1
f 7
(© _/ @ \
4 ———
@So[utions
1. (105.75) V= ‘E
JE
Voipe _ X200 _ 1
T
p
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Wave Motion

- Py
_ (n+ DV,
- EIEC
% 2L
Vo 300
L vy CPRR e B o -
hHh=1h SR 105.75 Hz (If ¥2 = 1.41)
= 106.05Hz (If V2 =1.414). Ans,
(b) y = A sin(wr—kx)
= Asin| 0—k 1J=A' [‘—“J=-A.
Sm( “w) N2
—> Point Q.
(b) We know that, v = fhandv,= 04 =2nf4.
A
If we put A = o we find v =y,
6 .
(b,c) y= (13 For maximum value of y, x + 3r=0oryp, . =4= — =3m.
On comparing (x + 3f) with (x — vf), we find v=-3 m/s.
f You
a) v=_ [— = [—.
o e
v+,
_ f(_o.J .. [335+5] 70T,
© S= 0 T 18 555 !
So number of beats, f, = 170 - 165 =5 Hz.
41
(d) Ap = 10 long = 101og,,*=101l0g,22 = 10 x 2 x log,;
= 20=03=6
1 300
(c) o e By ot WETE,
The resonance frequencies are in the ratio 1 : 3 : 5.
iy Tising; A= f[*”r_vu_ﬂ]
¥ v
2
or 10 = |
v
2x680xv
= 4 =
or 10 340 — Vo =2.5m/s.
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(a) If/is the intensity of sound, then
I, = 4L, when¢ =0

Iy

10.

and 5 = I+1+Ilcosd
or 2l = 2I+7icos¢ = cos¢=00r¢=g
Ax = =
4

To cause path difference of % the tube must be slide by half of Ax, so %

11. (a, ) Atrigid supportsx =0, y =0, so sin % satisfies the given conditions.

12. (d) Equal number of nodes and antinodes occur in close pipe. It is corresponding
to ninth harmonic.

13. (a) The maximum pressure is = Py + P,, al the closed end and minimum pressure
is P, — P, at the open end.
14. (b) On comparing with standard equation, we get
® = 2nand k=2x

or z—ﬂ = 2m, - A=1m
A
A
Thus £ = 5=0.5m.

So the length of the string will be in integral multiple of 0.5, which is 2.5 m.

15. (a) Using, fo= fYth =f(”:“"].

v

It represents a straight line with positive slope.

Telegram @BookCornerOfficial




TOPIC 15.1: Coulomb’s Law, Electrostatic Field and Potential, Gausss
Law, Electric Flux, Energy Density in Electric Field and Electric Dipole.

f Review of Formulae

1.  Coulomb’s law in vector form : If charges ¢, and g, are placed at the position vectors
r and r, respeclively, then force between them

By = i |¥l||€2|(%-ﬁ)_
: dn e, |’_'2"~'1|3

2.  If the space of thickness 7 between the charges 1s filled with a dielectric of dielectric
constant &, then

1 |2
4n g, [ r_;).Htﬁ]z

3.  Relationship between Eand V:

F =

4
B
B P
” I.Ew!ﬁ: A B E
A
-dV
Also E = —
dr
For constant field
V-V, = Ed
4. Work done from 4 to B:
we = (Va-V)q

S.  Gauss's law : According to it, the total electric flux through a Gaussian surface is

| ) e
equal to (E—] times the charge inside the close surface. Thus

5 - (L),

€p
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6.  Line charge with linear charge density L

)
| N
£ = 2rneyr’ E,
at the middle of the line charge S g5 g o +}~+ i
E along the end of the line charge
B A
By = By dnegr
E = ,’E_f +E§
—
22n € r
7.  Ring of radius R with a uniformly distributed charge g :
- 1 qr
E = 4 3/2
nEg (Rz + r?')
E =0, (r=0)
q
E =
o 63 me, R?
1
v = i_ (>0
4ney JRX4r
1 ¢
i = dne; R =0
8.  Energy density in electric field :
W - %Eo F? (in free space)
Electric Dipole : Dipole moment P = g¢ E

Electric field at any position (r, 0) :
1 Py3cos’0+1

M ineg, s .
ic)
_ 1 PcosB -9 ¢ -q
¥ = 2
dne; r
- _ tan®
& 2
(i) Along the axis of the dipole, 6 =0
g oo L 2P P | E
dney r
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Electrostatics

1 P
Vo= 4 'E.n r_2 g
(ii) Along the equator of the dipole, 6 = 90° *—4
e 1 P b r
dngy ' —-—P-P-
Vv =0
(iii) Force between two short dipoles placed on the same axis
P
_ L 6RB T 1
4ney, r* L r

Force between two short dipoles placed parallel on different axes
_ 1 _3RA
F = a o

._Eﬂ! Tips and Tricks for Shortcut Solutions

1. If a metal sheet is placed between the charges, the force between the
charges becomes zero, but there is net force on each charge because of
induced charge on the sheet.

2. The force between two charged spheres with opposite charges (¢ and —g,

q

separation r) will be more than, > e
A charged particle ¢ is in equilibrium due to the forces of charges; g, 45,
.-s G- If nOW g, is removed, then the net force on g due to rest charges is
equal to

1

o ]
oo [4'-1 < ] -
where r is the separation between the charges ¢ and g,.

‘The ratio of number of field lines emerge or terminate is equal to the ratio
of the magnitude of charges, i.e.,

Mo_ lal
N 4l
The net electric ficld inside the metal body duc to charges on the body and

surrounding will always be zero. If E is the electric field inside, due to
induced charges on the body and E, due to all other charges, then
E +Ey=0 or E,=E,
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Electric field depends on the spread of charge while electric potential does
not

Electric field at the center of arc

1 sin©
E= 4)!5(} Rz 0 0d

and Ve L 4.

4ney R
7. The force between two long charged threads with linear charge densities A,
and Lz ll J":l
F=Egq,
2 £
= —1—(\,0).
2reyr
A |
8. The ratio of energy stored of a uniform charged sphere outside to inside
U,
Uf =
9. Electric flux associated by a closed surface
§= ik,
€
or charge enclosed, q;, = €,9.
2
10. Energy stored by charged spherical conductor is, U = s;eo % and that of
2
non-conductor, [/ = 3 3.
20ney R

11. Force between two short dipole can be obtained by

Fip= ﬁ(%?]

12. The potential of earthed conductor will be zero, but charge may or may not
be zero.

—-—-m—-——

Flux associated to each of the closed surfaces is ZL .
€p

Telegram @BookCornerOfficial




Electrostatics
Mlustration 1

A charge q is placed at the centre of the line joining twe equal charges Q. If the
system of charges be in equilibrium, then find minimum value of charge Q from
the options given. (e — charge of an electron)

(@ e ® 2e (c) 4e
w@ Short-cut solution :

As charge ¢ is al the centre of the charges Q and Q, so it remains in
equilibrium for any value of g. For Q to be in equilibrium,

(d) 8e

= 2 0] q [0,
F oy = _P‘
or 90 0q ~n *m
0 _ &g
£ ¢
3)
- =@
7 7

As minimum value of charge can be + e, so Q should be 4e. Ans.(c)

Nlustration 2

The field lines of two charges are shown in figure. Determine the ratio L/

N o

% Short-cut solution :

The field lines emerge from g, are 12 while terminate towards g, are 4, so
4 _ 12_

3.
> 4

The charge ¢, is negative. Ans.

Mustration 3

An electric field is given as E=2i+ 3_;' . Find the potential difference between

two points A and B (V ,— V) whose position vectors are given by r, = i +2}‘ and
Fp=2i+ j+3k.
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@ Short-cut solution :

In uniform field, we may write
Va-Vg = Ed=FE(i,—7p)
= @i+ 3}').[(5 L2+ j+ 3:2)]
, = 1V Ans.
IMustration 4

The electric field in the region is given by E =E,i +E, ] If V, is the potential at
the origin, then find potential at point (x, ).

@ Short-cut solution :
Vo—Viyy = Ed=(Eg+E,J)(x +y))
or V(I,Y) = Vy-(Ex+ Er_v] Ans.
Iustration 5

Figure shows field lines and equipotential by
dashed lines. Calculate work done to move -2pC Pl >
charge from A to C by B. N

é% Short-cut solution :

WAC

‘I(VC — VA}

=25 100 (5—13)
2x107]. Ans.

IMustration 6

Twao identical positive charges each of q are placed on the x-axis at x =—a and x
=+ a as shown. Plot the variation of E and V along the x-axis.

Y
_. I Hx

@ Short-cut solution :

The electric field will be zero at their centre and maximum on both sides of centre.
The potential at their centre is minimum but not zero, and maximum on both sides of
cenire,
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—=a o~ ¥a ~* o e

Variation of E with x Variation of ¥ with x

IMustration 7

A point charge Q is placed outside a hollow conductor of radius R, at a distance r
(r > R) from its cenire C. Find eleciric field at the centre C of the conductor due

to charges induced on it.
@ Short-cut solution :
If E, is the electric field of charge ( at C and E, due to induced charge, then
‘él + Eﬁ = 0 + _ Q
e Ez i E] + - - L
+ C - r
or £, = E| + -
= ! 2 : Ans.
4dn g, r2

Mlustration 8

A charged ring has mass m and radius R. A point charge q and mass m is placed
at its centre. If total potential energy of the system is zero, then find charge on the

ring.
{ ﬁ Short-cut solution :

If ( is the charge on the ring, then m

1 o9 GM
4mey JR R U
g = %_Eﬁﬂ. Ans.
q

Hlustration 9

A point charge q is placed af the centre of a uniformly charge
ring of total charge Q. Two small pieces, each with charge
q' are removed from the ring as shown in the figure. Find net
Jforce on charge q due to the remaining ring.
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@ Short-cut solution :
If £ is force due to remaining ring and > and ﬁf; by the removed charges then

or F o= «F+F)
or F = JF'22+F32 = JF? . F?
= ﬁxF=ﬁx 1 499 Ans.

dney R?
Illustration 10

In a region of space, the electric field is in the x-direction and is given by E = Exi.
Consider an imaginary cubical volume of edge ‘a’ with edges parallel to the axes
of coordinates. Find the charge inside the cube.

% Short-cut solution : YA

Atx=0E=0 /7
andx=qa, E=Eya ]
Total flux, =0 x @* + £ x @ = Eq®
=Eya x a? =E0a3 0, 0)
Using Gauss's law g = e0=¢€pfa’. Ans. ¥z

Illustration 11

Three identical metallic uncharged spheres A, B and C of radius a are kept on the
corners of an equilateral triangle of side d(a << d), A fourth sphere radius ‘a’ has
charge Q touches A and is then removed to a position far away. B is earthed and
then the earth connection is removed, C Is then earthed. Find the charge on C.

@! Short-cut solution :
When charge (J touches A, then AR?
- 9
da = 5
Now if charge on B is g, then its potential
B C
o= —\ |28 ,0/2 d
dney| a d
a
As Cis earthed
1 |9c .98 94
= L4224 24
Fe=t 4ﬂeo[ a d d
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Electrostatics

gc Qa QfZ]
= A E e
or 0 [a 22 4
. Qa[d—a]
= = : A
9c 2d\ d s

Ilustration 12

Two point charges, each one —Q are fixed at (0, a) and (0, —a). Another point
charge q and mass m is placed on x-axis at a small distance x (x << a). Find time
period of oscillations of the charge q.

% Short-cut solution :

Restoring force,

FR = 2Fcos0
- 1 1 g N x
2 2
47560}(0 +x%) g 4 x?
Acceleration, A = £
m
I 20q
= (—x)
For x{{a 4.“: Eﬂ m(a2+x2)3f2
1 )20¢
A = — (=
{4TIIE{)]ma3( )

w

On comparing with, @ = —w?c
4

1 204
N €y ma3
3
7 o= 2® _ g [AnEqma e
@ 20q
Ilustration 13

In a parallel plate capacitor of capacitance C, the plate A carries a positive charge
and the plate B carries a negative charge. The potential difference between the
plates is V. If the plate A is given an additional charge +Q, then find the potential
difference between the plates.

3% Short-cut solution :

When charge Q is given to the plate 4, then charge appear on its one face, will be

0/2, therefore V=Vo+%=%+£. Ans.
C 2C
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TOPIC 15.2: Capacitance of a Capacitor, Parallel Plate, Spherical and
Cylindrical Capacitor; Combination of Capacitors, Kirchhoff Laws of
Capacitors and Charging and Discharging of a Capacitor.

‘!f Review of Formulae

1. Capacitor and capacitance : A capacitor is a device which is used to store electrical
energy. A capacitor consists of two isolated conductors (plates) with equal and opposite
charges +g and —. Its capacitance C is defined as :

c = 4
4
where V is the potential difference between the plates. The SI unit of capacitance is

the farad.

2. Capacitance with a dielectric : If the space between the plates of a capacitor is
completely filled with a dielectric material, the capacitance C is increased by a factor
k. Thus

Cmﬁd = k Cair‘

In aregion that is completely filled by a dieleciric, all electrostatic equations confaining
€, must be modified by replacing €, with k €,

3. Electric potential energy of the capacitor : The electric potential energy U of a
charged capacitor 1s given by

2

_ o 1l
U = 3@z
This energy is associated with the capacitor’s clectric field E between the plates. The
energy density within an electric field of magnitude is given by

u = %Eo E? (In vacuum)

4. Redistribution of charges : When two charged conductors are connected by a
conducting wire, charge flows from the conductor of higher potential towards the
conductor at lower potential, until their potentials become equal. 1f ¢, and g, are the
charges on the conductors of capacitances C| and C,, then common potential

nt+q _ Gh+GH
Cl o Cz Cl + CQ
If g," and g, are the final charges on them, then

q) = CV¥andg, =CV
Lossofenergy = U,-U,

I

Vv =

1 1 1
[Eqﬂz +502V22J-3(q +Cy P2
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Electrostatics

Combinations of capacitors :

() Inseries: L =L+L+....
G G
(ii) Inparallel: C=C,+C,+ ...
Capacitance of spherical conductor of radius R
C = 4dneyR
Parallel plate capacitor :

Eo A
c = d (Vacuum between the plates)
C = k € A
d

(When dielectric % is placed between the plates)
If r is the thickness of the dielectric placed between the plates, then

© [(dj)}ii]

2
Force between the plates of capacitor F = g 4

2 'Eo,
Spherical capacitor :
ab
= 4n s
€ o b-a
When outer shell is earthed
7}
C = 4n ;
"o b-a
When inner shell is carthed.
Cylindrical capacitor :
c = 2ney d .
fnb/a
. Dielectrics :
(i) Inducedcharge ¢ = q(l —%)
(ii) Polarisation P = Joduced charge =9
area A
(iii) Electric displacement
D = g E + xa
(iv) Electric susceptibility
E Eo
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11. KirchhofT's laws for capacitors :
(i) Junction rule : The algebraic sum of charges at any junction is equal to zero i.e.,

Tq=0.
(i1) Lgop rule : The algebraic sum of the p.d. across all circuit elements is equal to
zero i.c.,
se+s L = o
C
£ -g/C
(iii) Sign conventions : I I ql rq
-+ -
+£ +q/C

12. In unbalanced wheat stone bridge, the C c

equivalent capacitance between 4 and B | E | ?

€, [26102 + GO+ 60 ] 4 J_C | B
Ci+ G+ 26 T :

13. Charging of a capacitor through resistor : (::: (:::

Charge g = gyl-e) 3 ’

Current i = gt

where g, = CEand 1=CR.

Potential Vo= gl-e™)

Energy U = Ufl-etp
14. Discharging of a capacitor :

Charge g = g™,

Current i = —ige?

Potential v o= keth

Energy U = Upgen

Ilustration 14

A conducting plate C carrying a charge g is placed between two earthed plates as
shown. Find charges on the plates A & B.

% Short-cut solution :

If g, is the charge on plate 4

q, on B, then Htq, = g
| 9
and G C,
il _ {2

o [fﬂ_f{) € 4

df2 3d/2

. : _ 34 - 9g

On solving above equation, we get g, = = and ¢, = T Ans.
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IMustration 15

Electrostatics

A dipole consists of two particles, one with charge Q and mass m, and the other

with charge —Q and mass 2m, separated by

a distance L, For small oscillations

about its equilibrium position, find the angular frequency when placed in a

uniform electric field E.
‘@ Short-cut solution :
Restoring torque, T = —PEsin
or Lt = <PEH)
PE(-0)
or = 7

om

On comparing with o = —020, we have

PE

m — —

{ em
LY LY

Here P=QLand [, = m|—| +2m =
o REE

7 NomL

MMlustration 16

Y

0

4

Ans.

Two isolated metallic solid spheres of radii R and 2R are charged such that both
of these have same charge density c. The spheres are located far away from each
other, and connected by a thin conducting wire. Find the new charge density on

the bigger sphere.

@’? Short-cut solution :

After connection, the common potential

G+0
G +Cy

¥

[4nR? +4n(2R) o

41[50 R

+4neg (2R)

20nR*o

Il

|

s ks
3 Eﬂ

dney R+4meg (2R)

|
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The new charge on bigger sphere
Q) = CGV=4ng (2R) % [S.Jtl]

MMlustration 17

A conductor is charged from an electrophorous by repeated contacts with a plate
which after each contact is recharged with a quantity Q of electricity from the

electrophorous. If q, is the charge of the conductor after the first operation,
calculate the ultimate charge.

% Short-cut solution :

It g, is the charge on the conductor after first contact, then

a _ G
Q-q G

Let g, be the maximum charge which can be given to the conductor. When
potential of conductor becomes equal to the potential of the clectrophorous plate,
thereafter no charge flows between them, so

V.

Plate = Conductor
Q2 _ o
G G
G, o P
= I = C,° 0-g° ns.

Ilustration 18

In figure a capacitor of capacitance 2uF is connected to a cell of |2 '.'l'F
emf 20 V. The plates of the capacitor are drawn apart slowly to Ve
double the distance between them. Calculate work done by the | |,
external agent on the plates. 20V

Solution :
Using, U+ Wbum + anmt = Up+loss

As the plates are pulled slowly, so loss =0

Cf-=%=%=lpF Charge flow 0= 0~ ;=1 x 20 ~2 x 20 = —20uC

1 1
Ex2x202—20x20+Ww = Exlx202+0

Wopgent = 200 . Ans.
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Electrostatics

Hlustration 19
Find the time constant of the circuits shown in figure.

Short-cut solution :
6x12
= +2+2=8Q
Ryer 6+12
Tnet = Rnet Cnet
= 8x l
= 4s

(b) %IOQ — _0.5F %mn —_0.5F

Cost = 05+05=1F
10x10
R = =
et 10+10
Tt T B G
= 5x1
= S§s. Ans.

Illustration 20

A capacitor of capacitance I uF can withstand a potential of 4000 V and another
capacitor of 2uF can withstand a potential of 3000 V. Find the potential that they
can carry when they connected in (i) series (ii) parallel.

5‘% Short-cut solution :

(i) =C,¥; =1 x 4000 = 4000 pC
and gy = C, ¥y =2 x 3000 = 6000 pC
When connected in series, the least charge should be taken (because both can
carry least charge), so

least of g; and g, 4000

V= = —— =6000 V.
C
eq 2/3 e
(i) When connected in parallel, the least of the voltage should be taken, so
V=3000V. Ans.
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Ilustration 21
Find equivalent capacitance between P and Q, in the following circuit.
_lluF lulF
P ; [ I | o
] |
) uF

% Short-cut solution :

The effective circuit is as shown

1pF IuF
P D_H_ 0
l"I'FII —
]lzuF
2x1 8 .
Cro = 2:1+2=5M' Ans
IMlustration 22

There are six identical metal plates arranged as shownin 4 B
figure. The area of each plate is A and separation between I I
two consecutive plates is d. Find the total energy stored by

this system when connected to a cell of emf V, . Vs
T .
v s
9 @) Short-cut solution :
The effective capacitance is £ L
C = sS4 .
So energy stored d
B= LgptlB450 4. —
2 2 d ¥
1llustration 23

A and D are connected to a cell. What will happen, if

Four identical metal plates placed parallel with B C
equal separation between consecutive plates. Plates I I I I
plates B and C are connected by a conducting wire?

@ Short-cut solution :

Potential, V, >Fy>V.> V),
When B is connected to C, Fg = ¥, and no electric field remains in between.

&
Initially there are capacilors (each of C) are in series, so g, = ?V ;
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Electrostatics
After connecting B and C, there remains two capacitors, so ¢ I = %V.

cv_cv _cy
2 3 6

Tlustration 24 |SJ“._| '_é s

There are three identical capacitors, each of capacitance
C are connected as shown. The emf of the cell connected ''c _CI

is & Find the charge flows through the switch when it —
is closed. H e

Therefare Ag = ¢q -4, =

{%' Short-cut solution :

Initially, q, 2C+C 3
Afier closing the switch, g5 (20)e =2Ce
Therefore charge flows through switch

= charge flows through cell

= 2Cn—£=ﬂ. Ans.

3 3

2CxC 2Cs
Cs=[ x ]E= 5

Tlustration 25

When a charge Q is given to an isolated metal plate X of surface area A, its charge
density becomes o, when an isolated identical plate Y is brought close to X the
surface charge density on X becomes 6, When Y is earthed, the surface charge
density becomes o, then

@ a=2 ® o-2 © o= @ o=l

% Short-cut solution :

X
When there is only plate X, the density, o) = QT& % %
. X Y
When plate Y is brought close to X, o1 Q|@e
212 212
When Y is carthed, o3 = % . Ans. (b, ¢, d) ‘Q Q
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Ilustration 26 ~5Q 10Q
Three large plates are given charges as shown in figure. If the
cross-sectional are of each plate is the same, then find charge on
both sides of plate C. A B C

C@ Short-cut solution :

Let g is the charge on lefl side of the plate C. The eleciric field due to all charges in
plate C will be zero.

SO, EP=0 _SQ ‘i’[lOQ—q)

g 2 g0 . g [100-7) P
Eo A Eo A EO A Eu A
or O0-50+¢gq-100+g=0=¢4=70
and10Q-¢=100-70=130. Ans.
Mustration 27 B

Ens

The following diagram shows three metal balls. Ball A is 5+ Sa

charged to Q and B, C are uncharged. Find the charges ¢ \

on balls B and C when the switches 8, and S, are closed. A@- - L

ﬂ J?_Sz
@ Short-cut solution :
Let charges on B and C are g, and g, respectively.
As B is earthed, so Fp =0
L [Q@ & 9] ,
=4+ 2425 =

x dneg 5S¢ 2a Sa ¢ weoll)

and V=0

or L B, 6.6 ...(ii)

dneg[Sa Sa a |
: ; _ % 30
On solving above equations, we get §1 = 3 and g3 = T Ans.

0. Space between plates of a parallel plate capacitor
is filled with three dielectric slabs as shown in
figure. Find equivalent dielectric constant for the
arrangement shown. Area of each plate is A.

To see the video solution, scan the QR code:
OR Visit https://www.youtube.com/watch?v=SukN131aFvs
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Mlustration 28

In the following diagram the conducting shells
are concentric. Find the amount of charge that
Sflows through § after closing it.

% Short-cut solution :

The charges on the shells are as shown in figure
qz_ql = _2Q -“(.i')
q,-9,%q; = Q+30 ...(11)
Also ¥, =V,

or —|0_9 . D D @
dneg| R 2R 2R 4R 4R

_ 1 [qu -4 +'Ig—¢h+§"3]

4r €, 4R
g2 42 G2 4 _ g

or -Z= gl _fe gl = 4 ...(iii
Nty T Ty 4 (uit)

On solving above equations, we get

@4 = —-
So the charge flows through Sis O —ZTQ =%. Ans.
Tilustration 29 9 =0 2 9
In the following diagram the plates are conducting
and are held parallel. Find the charge flows through 4 iﬁﬂdg-t— _‘E
the switch when it is closed. %
? S
% Short-cut solution :
The charges after closing of switch are shown in figure. @ -20  3Q 40
By conservation of charge, we have ~(Q +g)
G1+9-0-g+q, = 5Q - e | PP %
or g tq, = 60 wf) =20 ©0+a
Also V=0

of  E,pd+Eg.(2d)+E, (4d)=0

or L g+3720 55 O+ 40y g

EoA Eu:’i EGA
or gt2q40+40+4g = 0
or g =0 ...(11)
Using, E,=0
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| . ]
2 EO A 2 Eu A

From above equations, we get q,=9,=30Q
The charge flows through the switch, Ag=3Q - Q2=20. Ans.

or =0=q =9, ....(iii)

S

6.

Concept Booster Exercise

In a regular polygon of n sides, each corner is at a distance r from the centre. Identical
charges of magnilude Q are placed at (n — 1) corners. The field at the centre is

L L n 9 (- 0
(a) krz (®) (n 1)-’!}»2 (© (n—1)kr2 (d) k=

A half ring of radius R has a charge of A per unit length. The electric potential at the
centre of the half ring is

k) kA kmA,
(@8 —

z () kad (© R (d) "

A solid sphere of radius R is charged uniformly. At what distance from its surface is
the potential half of the potential at the centre?

(&) R ) RA3 (¢) R2 (d) R/4

A capacitor of capacitance C and potential V, the flux of the electric field through a
closed surface enclosing the capacitor is :

@ @ = wy =L (d) Zero

e 0 = y (em)
A uniform electric field of 400 V/m is directed at 45° above ©,2
x-axis as shown in figure. The potential difference V, — V" "
is given by Numeric/integer (3,0

(cm)

(2 0 () 4V (c) 64V (d) 28V

A conductor of radius R and carrying charge q is joined to another conductor of radius
2R and carrying charge —2¢. The charge owing between them will be

(8 4¢3 ®) g (©) 2473 (d) ¢/3
A charge +¢ and a charge —q are placed as shown. The variation of £ with x-axis is:
¥
*q -
2} x
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10.

11.

12.

13.

Electrostatics

o A W AL
N |7

A cubical block of mass m containing a net positive charge Q is placed on a smooth
horizontal surface which terminates in a vertical wall. The distance between the
wall and the block is “d”. A horizontal electric field E directed towards the wall is
suddenly switched on. Assuming elastic collision (if any) the period of the resulting
oscillation is:

dmd 8md md .
(a) 1} OF (b) \ OF (c) ’w—F (d) Nol oscillate

There are two uncharged identical metal spheres of radi-

us g, separated by a distance d. A charged metal sphere m -
with charge O of same radius is brought and touches 7
sphere 1. After some time it moved away to a far off 2
distance. After this, the sphere 2 is earthed. The charge

on sphere 2 is:

® Q ® -Q © =% (d Zero

2d
Four identical pendulums are made by attaching a small ball of mass 100 g on a 20
cm long thread and suspended from the same point. Now each ball is given charge
Q so that balls move away from each other with each thread making an angle of 43°
fram the vertical. The value of () is close to

=9 x 10% in ST units) ; [KVPY-2017]

|
(8 1pC (®) 1.5uC (©) 2puC (d) 2.5 uC

A long string with a charge of A per unit length passes through an imaginary cube of
edge “a’. The maximum flux of the electric field through the cube will be

(@ Aale, ®) V2aley,  (©) 6ha¥ e, (d) Aralg

When two uncharged metal balls of radius 0.09 mm each collide, one electron is
transferred between them. The potential difference between them would be :

Numericflnte?gér
(a) 16pVv (b) 20 pVv (c) 32pv (d) 40 pV
X and Y are large, parallel conducting plates close to each other. Each face has an area

A, X 1s given a charge Q, Y is without any charge. Points 4, B and C are as shown
in figure :

4 Thehelda R 2
(@) — S—
0 A.I.BI.C
(b) The field at Bis —2—
€04

(c) The field at 4, B and C are of the same magnitude
(d) The ficld at A and C are of the same magnitude, but in opposite direction.
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15.

16.

17.

18.

A parallel plate capacitor is charged from a cell and then
isolated from it. A dielectric slab of dielectric constant K is P.—I |—¢
now introduced in the region between the plates, filling hall -

of it. The intensity of field in the dielectric is £, and that in

air is F,, then

Ey E,

(b) E, =kE, ) E,=E, (d) K=

(@ &= k o)

There are two infinite plane sheets each having uniform surface charge density +o
C/m?. They are inclined to each other at an angle 30° as shown in the figure. Electric

field st arbitrary point P is: [JEE Main 2020]
%
+G
P
30
+a X
o[, ¥3). 1.] ol Ji).l."
2t e e 2 2]
(@ 25.}*(1 z})’ 2" ) 250_(+2 ¥ 2%
e [f. &Y 1: ol Ji). 1]
O =¥ 501 d S (.35, 1
© 250_( 2Jy+2x_ ) 230(“2 rra¥

In the circuit shown, when switch is closed, the capacitor charge ||

1 1 Y C ﬁ
at a time constant xRe. Find the value of x. Numerlc/int e&ér »
(@ 1 ®) 2 %
(c) 3 (d 15 —+|E.-—Sf.—

In the circuit shown, 4 and B are equal resistances when S is closed, the capacitor C
charges from the cell of emf ¢ and reaches a steady state

(a) Imitially current in A is greater than B C‘Il
(b) At steady state current in A4 is equal to current in B

(c) TInsteady state, energy stored in capacitor is %C‘az

(d) Capacitor can not be charged

The two capacitors, shown in the circuit are initially un- ﬁ Ic Lo
charged and the cell is ideal. The switch is closed at 7= 0, g iR '{ ;
which of the following functions represents the current i T R R
at any time ¢ through the cell?

(8) Zero (b) i=%(}+e“”€")

(¢) —1/CR +e—t!2CR) (d) j=i(1+e—h‘2CR)

¢=£(l+e
R
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@ Solutions

1. (a) Elecmc field due to the charges at all “n" comners will be zero at the centre.
Therefore electric field of (7 — 1) charges is equal to that of single charge. So

E:k%. Ans.
r
TRA
2. (b) V=k%=kx =k Ans,
q)_3k
V= k=
3. (b)) The required potential will be, 2[2 R] iR
As potential at the surface is H, 30 the required point must be outside the
sphere, so R
_3% o 4R Ans.
r 4R 3
4. (d) g Vg Ans.
% %o
5. (@ Fap = Fy-Fg=(i-2j)em
=~ n g a 4l?+4_}
and E = 4c0s45°% +4sin45°) = Viem.
S
~ . Ai+4) .
Now V.-V E(Fy-rg)= (3i -2
A~ "B (F4—7p) 7 ( 7
12-8
= ——=2/2=28V A
7z ns.
6 (2 9-24 | __ =4
dney (R+2R) | 4ney (3R)
-4 4
Do gy = = meg x(4neﬂx3}a) 3
Therefore, Ag = —%—q-—%}. Ans.
7. (¢) The electric field the centre of cha:ges 18 mlmmum and non-zero
8. (b &= 1 a® =
- 2dm
EQ
2dm
7= =2 { f
and 1 2t= 0 OF Ans.
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1 /2
For second sphere V,= 0= [Q— + ﬂ]

drey| d a
. _La
or ) d Ans.
kQZ
- [20:40—2]
10. (b) Here,tanB= —=  or tan45°= V2
mg 1000x10x107>

Hence, value of Q = ’?xl{]‘2 =15uC. Ans.

11. (d) The charge on longest diagonal of cube, g = \Eah .

¢ = i=\/§alfe[], Ans.
=
12. () y = 2[4 ! ]E- Ans
o QXQ QYQ
Q/2  Q/2 0 =x2|= =)=
13. (a,c, d) By & B 3T R 35 212 292
Ik o 2¢gA 294 26,4 il 8 |c
= Eyg=E. Ans. £y E, E,
14. (c) The Pd between the plates in both halves is same, and also separation between
the plates also same, .. E, =E, =%.

230 28(]

T[NP N

16. (b) After removing the cell connect a short at the place, so R = 2R and 1=2RC.
Ans.

15. (@ E =%cosw“(—f)+[i—isin60°}(5»)

17. (a, b, c) At steady state, ; = % in both 4 and B.

=—. Ans.

]2 Cs?
B

Energy stored in capacitor = —{Z'V2 =—C(§ xR

18. (o) Each arm in parallel, so Pd across each one isE.
ow il + ‘2 g 53
_ E_E R _E 2R
R R

—-t/CR +e-r!2CR) )

= %(1+e Ans.
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TOPIC: Current Density, Drift Speed, Resistance, Ohm s Law, Combination
of Resistances, Combination of Cells, Wheatstone Bridge, Meter Bridge,
Potentiometer and Conversion of Galvanometer into Ammeter and
Voltmeter.

“f Review of Formulae

1. Electric current : An electric current i in a conductor is defined by
-4
dt
By convention, the direction of electric current is taken as the direction in
which positive charge carriers would move.

2, Current density : Current density 1s related to the current as
i= [J-dd

where d4 is a vector perpendicular to a surface clement of arca d4, and the
integral is taken over any surface cutting across the conductor. 7 has the
same direction as the velocity of the moving positive charges.

3. Drift speed : When an electric field £ is established in a conductor, the
charge carriers (assumed positive) acquire a drift speed v, in the direction of
E; the velocity is related to current density J as

-

J = (ne)¥,
4. Resistance of a conductor : If Vis the p.d. applied across the conductor and

i is the corresponding current, then its resistance is defined as :

R= .
i

Similarly we can define resistivity p and conductivity o of a material :

_E
J

1
p=—
c

Also E

Jp
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If # is the number of free electrons per unit volume and 7 is the relaxation
time, then

.
" ne’t
The resistance R of a conducting wire of length L and uniform cross-section
Ais
el
-5

Change in p or R with temperature : If R is the resistance of a wire at
temperature 0°C, then resistance at any temperature ¢ is

R =Rl +ai)

R

where @ 1s the temperature coefficient of resistance. It can be defined as

Ohm’s law : Under given physical conditions the current i produced in
the conductor is proportional to the applied potential difference across the
conductor.

Combination of resistances :

(i) Inseries: R=R +R,+..
ii) In llel : L% ]—+L+
(i) parallel : R R TR

Changing the size of the resistor :

If the conductor is stretched from length £ to £/, then its resistance changes from

RiloR as
2
r-o()
£

In terms of radius of cross-section of the conductor

4
R=R|Z|.
r’
Combination of cells :

(i) Inseries: Ifnidentical cells each of emf £ and internal resistance r are
connected in senies, then current in external resistor R

[
nr+ R
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In case when nr < < R,

i = ni

R
(ii) In parallel: i= 5
»
B
n
Incase R << nr,

= n—.

r

(iii) Series-parallel ; If n cclls arc connected 1n scries and m cells arc n

parallel, then
[= L
®in
m

For maximum current

nr
— =R.
m

Total number of cells = mn.

Wheatstone bridge : It is the combination of four resistances in the form of

bridge. For the balanced bridge with the resistors P, 0, R and .S
£ R P Q
= — O —== P Q

= T =
o S R S
The equivalent resistance across the terminals of the cell

ok N | S

R, P+Q R+S
Metre bridge : It is used to find unknown resistance. If £ be the balanced
length and R is the known resistance, then unknown resistance

o)

Potentiometer : It is an ideal device of finding emf of the cells, internal
resistance of the cell etc.

If R, is the resistance of the potentiometer wire, then emf of the cell
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4
e= g fn »
where £ is the balancing length and £, is the length of the potentiometer
wire.
Internal resistance

7= R EI-EI
L)

where £, and £, are the balancing lengths without R and with R.

3. Ammeter : Galvanometer of resistance G and full scale deflection current
i, can be converted into an ammeter of range i by connecting a shunt of

resistance S, such that s
‘- _ i S vvvvvvvvvv
& S+G
. SG i (N
Resistance of eter R, = > —G .
stance of amm 1= 510 i, U/

6. Voltmeter : A galvanometer of resistance G and full scale deflection current
i, can be converted into a voltmeter of range ¥ by connecting a large
resistance R, in series, such that

i, R,
V= Ig(G + 'Rll) l—'—@—m—v

( :-1“’3'_ Tips and Tricks for Shortcut Solutions

_ STRICKS =
ST

1. Current carrying conductor has no electric field outside the surface, because
it has no net charge.

2. When current i is divided into two resistors R, and il
R, in parallel, § e
y — = I‘Rl =AW
l’— -Rl +R2 andiz‘— RI-!-RI- lz ‘RZ
3. When potential ¥ divided into two resistors R, and R, R,
R, in serics, At Wi
1 2
L Sl
Vl:R,+R2 anc’ll*’z-ﬂ,l-bﬂ2 oVe

4. The equivalent temperature coefficient of resistance (o) for two resistors;
(Ry;, @) and (R, 0,).

- . _ Rooy +Rpay
(1) Inseries:a= Ry + Ry
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Current Electricity

Ry + R0y
Ry + Rpm

(i) Inparallel: o' =

For Ry, =Ry, a=a'= nr%

5. If n-cells of different emfs, the cquivalent emf |

ooooooo

¢
-‘P 1
+
s
+
+
aﬁ
1
[

For two cells: €

and pi= M .1
ntn

6. Resistance of a wire (r}, 7,, £) is

_ Pt
T mn
7. If each side of the cube is of resistance r, then
S5r Tr 3r
Ri7= > iRp=-—, Rg="
1= ==y

8. In an infinite grid, if r is the resistance between two
junction, then equivalent between 4 and B

2r Al
Ry= '
a4 [no. of wires connected at the junction]

Illustration 1

@ Short-cut solution :
0= g+2+4: = _q_l =2q
-
2
53
Current i= —?—_ = ﬁ = ?. Ans,
L13]

Telegram @Boo



Authentic Shortcuts-Tips & Tricks in Physics

Illustration 2

A straight conductor of uniform cross-section carries a current L. Let ‘s *is the
specific charge of an electron, find the momentum of all the free electrons per unit

length of the conductor due to their drift velocity.

ff@ Short-cut solution :
!
P: AY= b
(mv,) (nd) (mx"eA)M
/
= _L - =, Ans.
!_: 5
()
[llustration 3

2
The charge flowing in a conductor varies with time as, q = m—b—;-+%. Find

minimum current in the conductor.

@iﬁhort—wtloluﬁon:
_ dg i[ w_’i]
PEod T e 2 6
2
- m'—br+i
2
and S - =b+c1=0
R =
b
or [=- *g
, Y 1 (bY b
bia = a—b[;—)+5c(z] Gl Ans.

2
Atr=0,i=a,so a—% is less than a.

Illustration 4

A steady current flows in a conductor of non-uniform cross-
section. Discuss electric field at points A and B. Also compare
the resistance of equal width nearby A and nearby B.

1('?? | Short-cut solution :
Current density at A is greater than at B, so

E = jp is greater at A. As cross-sectional area at A is smaller, so R=§ is greater

aLA. Ans.

Telegram @BookCornerOfficial



§ ¢ El I'ly
Illustration 5

A cylindrical solid of length L and radius a is having _e : P (_)_

varying resistivity given by p = px where p, is a s,
positive constant and x is measured from left end.
The cell connected has emf V' and no internal Iy
resistance. Find electric field inside solid as a v
JSunction of x.
@ Short-cut solution :
L L
PoXxdx
Resistance, R = I 2L = I—OT
A na
0 0
_ poL?
2na’
Current, i = K = Vz ;
R pﬂL
2na’

v
Pducioss the clemetit, @V = WdR)= x(p “xfr)

PoL na
2na’
= %xdx
L
dav 2Fx
o e e A
dx 2 ns.
Illustration 6 ARkt — LR

In the circuit shown, find current in the resistor 2R.

le
I'V
5@ Short-cut solution :

In the circuit all the three resistors are in parallel, so current in 2R.
¥
2R

Illustration 7 Y
In the circuit shown, find reading of ammeter. _,,,35,1,“_|,_®_

Telegram @Book
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5% Short-cut solution :
The equivalent resistance across the cell, “
= 1r3=an N

i= %=%=3A. Ans.
3Q |12V &
Ilustration 8
In the circuit shown find the reading of ammeter.
5Q] 5Q 5Q) 5Q s5Q
10v]
@
% Short-cut solution :
10
As all the resistors are in parallel, so current in each one, i = ? =2A.
The reading of ammeter, = 3 x 2 = 6A. Ans.
V)
Illustration 9 N~
12V, 1

Two cells 12V, 1<) and 6V, 2Q are connected in parallel toa | ——| Hvww——
voltmeter V as shown. Find reading of voltmeter.

oV, 2Q2
% Short-cut solution :
. B 81?2—8271 B 12x2-6x1 N
Using, V = T 142 =6V. Ans.
Ilustration 10 3v==1§1
Three cells of (3V, IY), (6V; 1Y) and (9V, 1Y) are connected 6V 10
in parallel Find P.d. across their ends. B
7 oV, 10
C@Short-mt solution : '
Using B gl
’ Yag non n
& _ 3609
(lj 111
3
g = %xls = 6V. Ans,
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Current Electricity
INlustration 11
Find current in resistor 2R at steady state in the circuit shown.

AAAAA e bt A AAA LA AA A A
RCI 2R R'_(';'

5% Short-cut solution :

In the branch of capacitors, there is no current so,

JR 2R | R
] A AN |
]F
i
R L
—wvw—{.a
. v r
i= 2R+R ~ 3R Ans.

,_r.._,- —

M! Tips and Tricks on Delta-star Transformation
~ (DST) and Junction Removal Method (JRM)
Delta—star transformation : A combination of three resistors in the form of delta

can be effectively converted into star. A delta of three resistors R), R, and R, is
equivalent to a star with three resistors R, ,, R,; and R,,, where

2o | BB
2 | R+R+ Ry

RiR;
R R+ Ry

_ RyR,

K= | R+R+R,

4 Ry

C
(a) Delta of three resistors. (b) Star of three resistors.
For any two junctions R ;; in delta is equal to R, in star, similarly R ;. and R ..

Telegram @Boo




Authentic Shortcuts-Tips & Tricks in Physics
IlIustration 12

&
Find equivalent resistance between the o 100
terminals A and B by using delta-star , B
transformation method.
100 ' 502
D

@ Short-cut solution :

We can simplify the circuit by transforming delta ACD into star as follows.

z
5 100
=Q
2
B
50
D
5 9
20 Z0
2 2
—AAAN—————ANMAN—a
A B
B R AR ARy S5+10%5 2
R]3 - R1R3 - SXS =§Q’
Ry+Ry+R; 5+10+5 4
.R — R2R3 — 10)(5 =£
B R+Ry+Ry 5+1045 27
5 9
Rip = Z+4Z=7Q. Ans.
4 273

Illustration 13

Find the equivalent resistance of the
circuit shown in figure between the
poinis A and B. Each resistor has a
resistance 1€
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Current Electricity

@ Short-cut solution :

Method 1 : By junction removal method

Because of symmetry about dotted line PQ, the currents in left part of circuit are
same as the right part of the circuil. The current distribution in the resistors may be
as in figure (b). It is very clear from the figure that resistors having current i; can
be removed from the junction @ without affecting the currents in other resistors as
shown in figure (b). The resulling circuit can be simplified as :

1Q 2/30

8/3Q
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Illustration 14
In the network there are twelve identical resistors,

each of resistance r. Find equivalent resistance
between A and B. A B

(5?7' Short-cut solution :
The current distribution and the equivalent circuit after removing the junction is

shown in figure.
R s A
A E = i AR e

Illustration 15 B

Find equivalent resistance between A and B of the

given network. Each resistance is of 1Q.

@ Short-cut solution : A
Hang the network from 4, so all the resistors become parallel.
1
R AR = gn Aﬂs.
B

Illustration 16 A%

There is an infinite wire grid with square cells as shown.

The resistance of each side is r. Find equivalent resistance

of whole grid between any two neighbouring points such == ==

Al B
as A and B.
:
% Short-cut solution : m
2r
Usin R = —
g: AR n 2
ro_r
Here, a = A Rug= il Ans.
1, I

Illustration 17
A group of N cells whose emf varies directly with the )

internal resistance as per the equation E,, = 1.5 ry, are
connected as shown in the figure below. The current I N=ry

>
in the circuit is T3
(@ 0514 () 5.1A Ty

(c) 0154

() 154 A
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Current Electricity

% Short-cut solution :
E, = 15x1V E,=15=%2/, ...
E\+Ey+. ..+ E,
Now current I=

n4n+.... +r,

_ 1.5(1+2+.....+N)
(1+2+..... +N)

= 15A. Ans. (d)

Nlustration 18

There is a potentiometer wire of length 1200 cm and 60 mA current is flowing in it.
A battery of emf 5 V and internal resistance of 20 <2 is balanced on potentiometer
wire with balancing length 1000 cm. The resistance of potentiometer wire is-

Numerlcﬂnte}er [NEE Main 2020]
(a) 80Q &) 1009 0 1200 (d 600

% Short-cut solution :

VPI.
L
M L=1200 cm
I=60mA
_S|V 200
; .. & Ky
Potential gradient = 1000 _ 1200
Vo = 6V
d R, = L . 100 Q A
an P77 T 60107 ne )

Q. Twelve cells each having the same emf are connected in series and are kept in a
closed box. Some of the cells are wrongly connected. This battery is connected in
series with an ammeter and two cells identical with each others. The current is
3A when the cells and battery aid each other and 2A when the cells and batteljf
oppose each other. How many cells are wrongly connected ? ,

To see the video solution, scan the QR code:
OR Visit https://www.youtube.com/watch?v=Gfon6pVENAw
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Ilustration 19

In the circuit shown, find reading of voltmeter of large resistance. The emf of the

cellise.
@ Short-cut solution :
Vy=Vy = [ﬁ}m =:_;
and V-V, = 624"6'%
Veg=Vp = (Ky=Vp)=(V,=Vp)= %_;1_;
) % Ans.

im@! Tips and Tricks for Shortcut Solutions

1. Maximum power theorem : I, | S
Power generated in the resistor R
e 2
P= ( ) R. LIy
R+r [El
For maximum power
_ _E
r=Rand P = AR

2. Electrical appliances :
The resistance of any electrical appliance of power .""Mm-gn and men can
be obtained by
2.
R = ﬂ

The allowable current
. FResign
1 =

Vdesisn
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Current Electricity

3. In houses the electrical appliances are connected in parallel. If appliances
of powers Py, P,, ... are connected in parallel across the design voltage V,
then total power consumed

P=Pi+P:+..
In series :
1 1 1
— = —+—+..
P R B
4. Fuse wire : In a fuse wire, the change in its temperature A0 for the constant
current i is given by
3
rp
AB=
2n4°’C

For the given material of fuse wire 12 « 13,

Illustration 20

An eleciric bulb rated for 500 W at 100V is-used in a circuit having 200 V supply.
Find the resistance R that must be put in series with the bulb, so that the bulb
draws 500 W.

o@ Short-cut solution :

Current needed for full power consumption

v L w?
L= 7 =700 SA.
. v 100
and resistance of bulb, Ry = - 500 200
If R is the required resistance, then
i= Ysugpiy
Ry+R
200
or 5= 0LR = R=20Q0. Ans

Illustration 21

A capacitor of capacitance C has charge Q. It is connected to an identical capacitor
through a resistance. Find heat produced in the resistance.

% Short-cut solution :
Q

As the capacitors are identical, so final charge on each one is 5 Therefore heat
produced
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p Concept Booster Exercise
1. The charge flowing in a conductor varies with time as ¢ = ¢ — £>. Then the current,
(a) remains constant with fime (b) varies and will get a maximum value
(c) decreases with time (d) changes at the rate -2 A/s.
2.  Inthenetwork shown, each resistance is of 1Q). The equivalent
resistance between 4 and B is Numeri cflnteaer
2
@ 10 ®) 30 A
4 8
ks —0
@ 3@ @ v
3. Inthecircuit shown, each of the wire is of 1Q). The Pd 1Q
between 4 and B is 1 V. The current flowing between
Aand Bis Numeric/inte§er 103 10
(@ 14 () 24 ]
() 34 (d) 44 A 10 B
4. The current through the 5€ resistor in the circuit shown is: 50
(a) 044 . ¥ 5
® 084 Numencllnte&er 8\_{__ : |
(© 124 6v |4V
204
(@ 2.0 —
5.  The potential difference between the points A and 2V 10 &
Bis ¥
Numeric/l nteger L
(@ 2V 3V, 1Q
b) 4v T —|l—]§
(c) 6V ==
(d) Zero 4V, 1Q
6.  In the circuit shown, the current in conductor XY is:
G ||4V 116V
@)y 24 Numaricfinlea&ér ! v I
®) 44 * el
(c) 64 1Q

Zcm nnnnnnnnnnnn
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10.

11.

12.

13,

14.

Current Electricity

n-identical cells, each of emf & and intemnal resistance » are joined in series to form
a closed circuit. One cell (4) is joined with reverse polarity. The potential difference
across each cell, except A4 is:

- -2 2n

@ 2° ®) 2L © == @
n n n

Milliammeter of range 10 mA gives full-scale deflection for a current of 100 mA

when a shunt of 0.1 Q2 is connected in parallel to it. The coil of the milliammeter has

a resistance of Numeric/int eser
(a) 09Q ® 10 (c) 1.1Q (d) 0.11Q

A, B and C are voltmeters of resistances R, 1.5R and 3R respectively. When some
potential difference 1s applied between X and Y, the voltmeter readings are ¥, V),
and V- respectively, then

VitV
@ V;=Fg=Fc ® V#V=Vc © V=Fg#Vc@V,=-4-FC

If in a meter bridge experiment, the balancing length | was 25 cm for the sitnation
shown in the figure. If the length and diameter of the of wire of resistance R is made
half, then find the new balancing length in centimetre 13 [JEE Main 2020

4 100 - £

In the circuit shown, 4, and 4, are ideal ammeters.
When an ideal cell of emf 10V in applied between
A and B, then

(a) the current drawn from the cell is 4A

(b) the reading of A is 2A

(c) the reading of A, is 2A

(d) reading of A, is1Aand A, is 2A,

In full scale deflection current in galvanometer of 100 Q) resistance is 1 mA. Resistance
required in series to convert it into voltmeter of range 10 V. [JEE Main 2020

(2) 099KO (b) 9.9KO (© 98KQ  (d) 10KQ
Find the equivalent resistance of the network shown.
r r
Ae— A —— A —L—— AW ww—IL-e B
r r r r
‘.‘.‘;:.‘.‘

3 r

@ 37 ®) 2r (c) 4r @ 3

Two identical cells of the same emf and internal resistance give the same current
through an external resistance of 2 (), regardless of whether cells are connected in

series or parallel. The internal resistance of each cell is: Numerlcﬂnte%ér
() 05Q (b) 10 (c) 3Q2 (d 2Q
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When a galvanometer is shunted with a 4 £ resistance, the deflection is reduced to
one fifth. It the galvanometer is further shunted with a 2 £ wire, the further reduction
in the deflection will be (the main current remains the same)

/
(a) %) of the deflection when shunted with 4 Q only
\

4

(b) i) of the deflection when shunted with 4 Q only

\13
/
© %] of the deflection when shunted with 4 € only
\
/
) %) of the deflection when shunted with 4 © only
\
16. A line having a total resistance of 0.5 Q delivers 15 kW at 240 V to a small factory.
The efficiency of transmission is nearly: Numericﬂnte"&ér
(a) 78% (b) 89% (c) 68% (d) 97%
17. In the polentiometer arrangement shown, the driving Dy, (& 7)
|I

cell D has emf ¢ and internal resistance r. The cell C,

whose emf is to be measured, has emf % and internal A

J
resistance 2r. The potentiometer wire is 100 cm long. _C||_@_T

If balanced is obtained, the length AJ = {. &
() £=50cm [5,2 r]
(b) £>50cm

(c) balance will be obtained only if resistance of AB is > r.
(d) balance cannot be obtained

18. ‘Iwo electric bulbs rated at 25 W, 200 V and 100 W, 200 V are connected in series
across a 200 -V source. The 25 W and 100 W bulbs now draw P, and P, powers
respectively, then

(8) P =4W (b) P,=4W () Pi=16W (d) P,=20W
@So[utzons
L ed o dg _du-tH p
. (c,d) 1—&— F7 =]-2t ns.
2. (d) The effective circuit is like:
8
R, = —L. A
LT =
3a
—
A B
2
B 38
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(d) All the resistors are in parallel, so
4 1

i= E = l] =44
4
(a) Take a close loop through 8V and 6V batteries, we have
8-6
i = 5 =04A Ans.
2x1-4x1
Vip = |——|+3=2V. A
@) = [ 1+1 J+ e
(d) As the conductor XY does not complete the loop, so i =0. Ans.
n—2)&
@) (n-2)8
nr
. 2g
Fp—¥F, = s—jr= s—ﬁr =— Ans.
nr R
Usi o= i 3
(@) Hsmg, s = 'Ges
10 = = G=09Q 4
or - G+0.1 = e s
2 2
(a) V;=iR, Vg=?><(l-5R) =iR ® 3
; 1.5R
and Ve = —(3 ) =iR Ans RE _
C)—
IR~ i
X 75 3
40.00) — = ——=3
R 2
£
{3)
Bt _tet o A2 gp
R_A 2 R’= ﬂ i ]
X [100-{] 2
et =1 2
100-¢ X 3
~7 2R 2 £=40.00 cm Ans.
1
(a, b, ¢) 3Q and 2Q) in series also 4€2 and 102 are in series across 10V, so i) = ? =
. 29
2Aand i, = 5 =2A. Ans.
(b) Vg = i3R8=0.lV
V= 10V
V
- afi)
Vg
= 100x 99=99 KQ. Ans.
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(a) The effective circuit is shown in figure.

A
r
As :‘:;_.-.-. r wx%m—oB
‘.";.:.“.
Rz rel = 32_r Ans.
W @) = =20 4
T e TN e
2
15. (b) Usi R L ®
. (b) sing, L™ 1S+G = 5 446G
or G = 1602
%, 1= SG  16x4 —
A7 S+G 20
o g 2 e _ 5
Now, by E 3242 i T3 Ans.
P 15x10°
16. (b) i= = S625A
Loss = 2R=6252x05~2x100W
Power produced = 15+2=17kW
Eﬂiciency =) ﬂ’—“‘xlﬂ[} =EX]00=89%. Ans.
B, 17
i i ( g J"E _ & g HR+D) _ UR+r)
. o) R+r) L ~ 2~ T2k T 2R
As £<1,s0 R >r. Also for r lo be non-zero value £ > (.5, Ans.
VZ 2002 2002
18. (b,¢) R = T =1600Q and Ry = <oo- = 40002
; ) L V _ 200 —LA
n series T R+R; T 1600+400 10
12
Now P, = R = [ﬁ] x1600 =16 W
132
P = [ﬁ] x400 =4 W. Ans.
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TOPIC 17.1: Motion of a Charged Particle, Cyclotron, Magnetic Force
on a Current Carrying Conductor and Torque on a Current Loop.

f Review of Formulae

1. When charged particle 1s projected perpendicular to the magnetic field, its
path will be circular.

The radius of path
with
r= B
The time to complete the circle
2 e
4B .

uniform magnetic field B. The magnetic
field extends to a distance x, which is less
than or equal to the radius of the path, then
deviation angle O is given by

" X
sinQ= —.
s

3. Cyclotron ; If V' is the potential and f is the frequency of the AC source used
in cyclotron, then K.E. of the particle ¢ will be
K=2fqV.
4. Magnetic force on current carrying conductor :
F= Bif sin B,
and the direction of force can be obtained by Flemings left hand rule. In

vector notation F = ifxB.

5. Force on curved conductor :

7= f:’d?xﬁ
P
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6. Torque on a current loop :
i=Mx Ei

s & Tricks in Physics

where M = NiA, is called magnetic moment of the loop.

+ TIBS] Tips and Tricks for Shortcut Solutions

1. The path of charged particle in E-field is either straight line or parabolic.

2. The path of charged particle in B-field is either straight line, circular or
helical.

3. When charged particle goes undeviated in a region having £ and B-field
both, electric field may have component along the velocity of the particle.
4. When charged particle gocs without change in velocity in a region having
E and B-field both, electric field must be perpendicular to velocity of the

particle or
F=F,+F =q(E+vxB) =0
=5 BE= -VxB.
Magnetic field may have component along the velocity of the particle.

TqE (E)

-v.
&:E

Y 2 S A
& qvBsin0(-£)
5. The ratio of magnetic force to electric force between two charged particles
moving parallel

E v
= —.

e &
6. The net force on a current carrying close loop of any shape placed in
uniform magnetic field with any orientation will be zero.

7. Inaradial magnetic ficld in the plane of the current carrying 3
loop, the magnetic force is
F= Bi(2na).
8. Ifa charged body of mass m, and charge ¢ rotates, then its A and L are
related as; o
o q) 7
M= —2;!—1,.
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Moving Charges and Magnetism
9. If particle describes angle o inside field, then time spent by it inside field,

= m_a’ here o — rad.
qB

10. For the given perimeter of loop, circular loop has greatest area, so moment
of couple will be maximum for circular coil when placed in magnetic field.

1= NiAB sin 0.

Illustration 1

A charge particle with a charge q and momentum F, enters into a uniform magnetic
Jield of intensity B normally. If width of the field is *d’ then find deviation angle of

I
i ’ &
S
I
X
o|F
5
-aIng.
= e = K= e

Illustration 2
A particle with charge +q and mass m enters a magnetic field
of magnitude B, existing only to the right of the boundary PQ.
The direction of the motion of the particle is perpendicular to the
direction of B. Find time spent by the particle in the magnetic  __ _90>
field.

% Short-cut solution : é

The angle moved by the particle in-side magnetic field is (x + 20) rad.

Usi - T 2= i 20
g, 1= o (n+20)= L (x+20)

|
|
|
|
|
I
m
= — (n+26). Ans. iy
q -

Illustration 3

Two protons move parallel to each other with an equal velocity v = 3 x 10° mv/s.
Find ratio of forces of magnetic and electric interaction of the protons.
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@ Short-cut solution :
F, v2
Using, . N, i
8 F, c?
(3x10°)?
—(hmg)z = 1075, Ans.
INlustration 4
A slab of resistance R is inserted between two parallel pfa:es Q C

of a capacitor charged to Q, The capacitor is dtscharged
through the solid. A magnetic field is present mmughout - @ B
and is out of the plane of the paper. The total momentum |

given to the siab after complete discharge is (given that
the capacitance of the capacitor is C and the plates are ' e}

separated by a distance d). 0
(a) CQ,B () dBQ, (c) zero (d) infinity
c}% Short-cut solution :
Momentum, P = I Fdt
= _[ (Bid )dt
= ij'm
= BdQ, Ans. (b)
Illustration 5

A uniform sphere of mass m = 1kg having charge g = 2uC is rotated about its
diameter. Find its ratio of magnetic moment to angular momentum.

0@ Short-cut solution :

: M g 2
US'II'Ig, 7 = m = m
= 1 uCkg Ans.
Ilustration 6 8.4
Figure shows a square current carrying loop
ABCD of side 10 cm and current i = 104, The B
magnetic moment M of the loop is C
A N = 1
@ (0.05)(7 - V3k) A-m? e
L) - D
@) (0.05)(j+%)A-m® . /\;kI

© (005)(+37 +£)A-m? @ (i+k)a-m?

Telegram @BookCornerOfficial



Authentic Shortcuts-Tips & Tricks in Physics
5% Short-cut solution :
For conslant speed, net force on the particle is zero. So

F = 0= g(E+VxB)

or 0 = +4¢[E+50i x2x1073 )
or 0 = [E+0.10k]
E = —010kV/m Ans.
Illustration 10

A current carrying conductor lies along the curve x? = 2y, If the current in the
conductor is I then the force acting on the wire lying between x = -2 and x = +2,

due to a magnetic field in the region is B= _.BGE

1B,
(a) 21B, () 4IB, (c) IB, @ —*

2
3% Short-cut solution : y

The effective length of the conductoris=2 +2 =4
So F=Bil
=Byix4=4By.  Ans.()) “n_ * X
! i
22 2 "
X X X x

TOPIC 17.2: Magnetic Field due to a Current Carrying Wire, Biot-Savart’s
Law, Magnetic Field due to Circular Current Carrying Coil, Solenoid,
Force between Two Parallel Current Carrying Wires and Ampere’s Law.

f Review of Formulae

1. Magnetic field due to a current carrying wire :
Ho I

B= ——(Sin B]_ +Sin 92)
4n r
Magnetic field due to a long straight wire
Mol
B= o’

at the middle region of the wire.

B= L, at the end of the wire.

a 4nr
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Moving Charges and Magnetism

2. The force between two parallel current carrying wires :

dF _ By by
dl 2w r
3. Magnetic field at the centre of the circular current carrying coil
_ Bl

2a
The magnetic field on the axis of the circular current carrying coil

a

X —
B
B |.I.[|£-ﬂ2 I-l-o Zﬂ
= T 2. _2.3/2
2(a2+x2] 4n (R" +x )3

4. Magnetic field due to a solenoid
B= EO;—‘ [cosB, —cos6, ]

Magnetic field due to a long solenoid at its centre
B = pyni.

Magnetic field of a toroid of radius R

kNI

B=1—

2nR

5. Ampere's law : It states that
(ﬁﬁ df = Ho fin-
The line integral i this equation is evaluated around a closed loop called Amperian
loop. The current i, is the net current encircled by the loop.
The magnetic field inside a current carrying tube is zero.

6.
7. The magnetic field due to a magnetic dipole on its axis
. 2M
B = ﬂ_s-
dn x

;;fﬁﬁ_! Tips and Tricks for Shortcut Solutions

1. If a moving charge particle produces electric field E ata point, then
magnetic field produced by the particle at the same point will be, B =

[ﬁxé]
2 1
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2. The magnetic field in a cavity parallel to the axis of a long straight
conductor of current density J is given by

B = %’-(} x t') Here ¢ is the distance between axis of conductor and
cavity.
3. Magnetic field of a large current carrying sheet nearby it, carrying current
iy per unit width is given by
= By
B 5
4. When a circular coil produces magnetic ficld at the centre is folded into a
coil of n-turns, the magnetic field at the centre due to same current

B =n’B.
5. The magnetic field at the centre is zero in the following cases :

) 2OV
L7 N /'

Illustration 11

A charge particle is moving with a velocity v = (f +}) and produces an electric
field at a point equal to E =2k. Find magnetic field produced by it at the same

point.
@ Short-cut solution :
= vxE
Using, B = ! xz
c
B (i + ::) < (2k)
o2
2 Fi + b
_ - /i P
c
Illustration 12
An equilateral triangular loop of side a carries current i. Find magnetic field at its
centre.
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Moving Charges and Magnetism
@ Short-cut solution :
= 3[ﬂi(sine. +sin e;_)]
dnr

[iny i
4“(JLJ

243

_ S
2T a

x 2sm60°

Illustration 13

Two long current carrying conductors carry equal currents are placed parallel.
Draw magnetic field along the line joining them in the following cases:

(i) Currents in the same direction.

(i) Currents in opposite direction. [VEE Main 2010/

@ Short-cut solution :

Assuming the dircction of B positive along +ve-x-axis and y-axis.
(1) If 4 is the seperation between them, then at a distance x from left conductor,

magnelic field
o &'[L_ L }
2nlx d-x

Atx > 0,B— o Alsox —»d, B> o At x=

P
?
=

7

Ry

b

4
.
<

SR S S
(1) (1)
s _Ei.l+_l_]
() B= 2::[1' d-x]
x=0andd, B> wandatx= %, =2t A
2 wd

Illustration 14

An infinite long wire carries current i bent as shown. Find magnetic field at point
P
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s

@ Short-cut solution :

r=dsina

R= Z[ugi {sit190°—si11{90°—a)]

4 dsing

- gl (100500 I @
2nd  sina 2nd 2

Illustration 15

A current I flows along a thin wire shaped as a regular polygon with n sides which
can be inscribed into a circle of radius R. Find the magnetic induction af the
centre of the polygon. Analise the obtained expression at n —> «.

@ Short-cut solution :

In a regular polygon of r-sides, each of its side subtends an angle A at the centre
n

of the polygon. The angle © =E. If B, is the field produced by each side of the

polygon, then total magnetic induction

..........

B = nB,
[smLsmE]
= n#‘ﬂf n n
47 r
Fo= RcosE-
n
B = n"—“[x 2sinn/n

4x  Rcosm/n
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pord
2nR

For n — o, we can write

Mol .

G

n

_ ko
2R

hm[tanﬁfn]
2R | w/inm

Ans.

Polygon of infinite sides is a circle, and so its magnetic induction at the centre is

equal to that due to a circular loop.

Illustration 16

Find the magnetic induction of the field at the point O if the wire carrying a
current I has the shape shown in figure. The radius of the curved part of wire is

R, the linear parts of the wire are very long.

L Z

A

Solution :

In this case current in the curved conductor is divided into two parts. The length of

upper curved part is thrice that of hidden lower part and so currents in them are i

and % respectively. Thus

> ]
I

Mol = 7
—0(j+k).
axr U HH)

JE’.straigl'lt + B-cun'cd

Bof g By Sl .5
LER( ey J)]

CHANEN )

2R

Ans,
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INlustration 17

An infinite long conductor carries current i is bent as shown in figure. Find
magnetic field at the origin.

=X

n@ Short-cut solution :

B = EAB + 5‘30 +§ou

Mol ‘ of 7 . of
= — __|5in45%—i)+sind5°% |+0+0
47::1\5[ 1) ]

= u_ﬂi(—;‘l'i:). Ans.
8na

Illustration 18

Figure shows an Amperian path ABCDA. The loop lies in two perpendicular
planes as shown. Find the value of 4‘)3 -de Jfor the path ABCDA.

o .
-*
I

3% Short-cut solution :

- l-lul,-,,
= uoli; +5y). Ans.

= w1

(=N

el
|

$
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Moving Charges and Magnetism
TOPIC 17.3: Magnetic Moment, Magnetic Field due to a Bar Magnet,
Work done, Potential Energy in Magnetic Field, Torque, Moving Coil
Galvanometer, Vibration Magneiometer and Gauss s Law in Magnetism.

“f Review of Formulae

1. Bar magnet : If m is the magnetic charge and £ is the length of the magnet,
then magnetic moment of the magnet

M = mt
2. Magnetic field due to a magnetic charge m at a distance »
—
4 An 2
3. Magnetic field due to a short magnetic dipole M at a distance r
By, -
r
8
M
B= l"—"ﬁ:*ﬂ.,‘ih:a:)s2 0+1
4z r
and tan a = m?ﬁ
(i) On the axis of the dipole, 8 =0
_ g 2M
B An 3
(i) On the cquator, 8 = 90°
_ g M
4n r3
4. Torque on a magnet in magnetic field
1= MxB

5. Work done in increasing angle from 0, to 9,
W= MB(cos 0, — cos 0,).
6. The potential energy of magnet in magnetic field
U=-MBcos 0.

7. True dip and apparent dip : If 0 is the true dip and @’ is the apparent dip
in a plane making angle o with the meridian plane, then

tanQ
CcOSQL

tan B' =
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8. Moving coil galvanometer : If i is the current in galvanometer, then

1= Npa"
9. Vibration magnetometer : The time period of magnet of magnetometer

T=2n !
‘\] MBy

For magnets of magnetic moments M, and M,

M, L'+1?

10. Gauss’s law in magnetism :
$B-di =0

Illustration 19

Find the angular position at which magnetic field is perpendicular to the magnetic
dipole, provided it to be short enough.

@ Short-cut solution :

B+a = 90°
Also tang = g
or tan(90 - 8) = lanTB
1 tan 8 -
or = = 0= tan l{ﬁ) Ans.
tan @ 2

Q. If9, and B, are the angles aof dip observed in two vertical planes right angles to
each other and O be the true angle of dip, show that cor’o = cot291 i cotzez.

To see the video solution, scan the QR code: S
OR Visit https://www.youtube.com/watch?v=Z7qULsmGLck 7 L

Illustration 20

The angle of dip at the place is 45°. Find apparent angle of dip in a plane 30° from
meridian plane.
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@ Short-cut solution :

_ ~_ tan®
Using, tan ' = —

_ 45 _ 1 _ 2

cos30° ﬁ NE]

2
~af 2
or 9 = lan I(EJ Ans.

Illustration 21

A bar magnet vibrates in a magnetometer with a period T. Find the time period if
an identical piece of wood is placed of the magnet.

% Short-cut solution :

1
MB,,

T = 2

When identical piece of wood (non-magnetic) is placed on the magnet
r= 2landM=M+0=M

21
MBy

T = 2n = ﬁT Ans.

1.  Aparticle of mass m and charge g is released from rest at origin as shown. The speed
of the particle when it has travelled a distance ‘d” along z-axis is :

z
2m 2qEyd E,
(a) — (b) m ) J Y _
B, / m, q ¥
Fod
© gz @ =o A

2.  Anelectron in a circular orbit of radius » makes » rotations per second about z-axis
in counter clockwise sense, its magnetic moment z

(@) —nrinek ®) nrinek

rzne 3

2n

(© @ ~Zr7ne
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3. A wire carrying current / is placed in a uniform magnetic field B is in the form of

the curve y=a sin(’?]; 0 <x < 2L. The force acting of the wire is :
? ¥y

IBI. i B
IBL ®

(a) m 1)) n " /"\ N

(c) 2BIL (d) zero N’

4.  Anon-conducting rod of length £ has a total charge g. The rod is rotated about an axis
passing through its centre of mass with constant angular velocity @. The magnetic
moment of the rod is:

gof? qot gl
@ &2 o 5 W e B5

5.  Acircular loop of wire of radius R is bent about its diameter
along two mutually perpendicular planes as shown in the

figure. If the loop carries current J, then its magnetic moment
18:

nR2T
2

@) (i+]) ® =&*()

2
(©) %(“‘HE) (d) zero

6.  The magnetic ficld at the centre of current carrying loop is 8. When it folded into two
turns, the magnetic ficld due to the same current at the centre of the loop is x B: Find

hevalieots. Numerlc!lnteiﬁ"'er

1
@ 1 ® - (© 2 (d) 4

7.  Aconductor ABCDEF, with each side of length L, is bent as
shown. It is carrying a current / in a uniform magnetic field

B parallel to the positive y direction, The force experienced
1
by the wire is Lot . Find the value of x.
xna

(a) BIL in the positive y-direction
(b) BIL in the position x-direction
(c) 3 BIL along positive y-direction
(d) zero

8.  Aparticle of mass m and positive charge ¢ is projected with a speed of v, in y-direction

in the presence of electric and magnetic field are in x-direction. Find the instant of time
at which the speed of particle becomes double the initial speed. [JEE Main 2020/

;M3 _mvg2 L) L)
@ T W =TS et fhesgd
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13-

14.

Moving Charges and Magnetism

ABCD is a square loop made of uniform conducting wire. A current enters the loop
at A and leaves at D). The magnetic field is

(a) zero at all points inside the loop
(b) zero at the centre of the loop

(¢) maximum at the centre of loop
(d) zero at each point

cos(wt+ Kz). A positively charged

Electric field in space is given by E(;) = Ey (l +2J )

o3
particle at (0, 0, n/K) is given velocity voo’; at t=0. Direction of force acting on particle
is [JEE Main 2020]
(@ f=0 (b) Antiparallel to 4
¢ &
¢) Parallelto *1J d) £
(c) VA (d)
An infinitely long straight with current 7 flowing along the positive z-axis is located
at (-4, 3) as shown. The magnetic field at point O is: b7
¢ ud P, I
@ LL1(i+])  ® Hoi(37+4)) é.
2n 4 3 e
3 +4) 1 ’
() Rog [uj (d) none of these
2n 25

A length ¢ of a wire is bent to form a circular coil of some tumns. A current / is then
established in the coil and is placed in uniform B. The maximum torque acts on the

2 ; @
coil is 225" Find the value of x. Numeric/integer
XT
(@ 0 ®) 2 (c) 4 (d) 15
A charged particle initially at rest at O, when released follows a trajectory as shown.
Such a trajectory is possible in the presence of : [KVPY - 2014]

(a) electric field of constant magnitude and varying direction.
(b) magnetic field of constant magnitude and varying direction.
(c) electric field of constant magnitude and constant direction.

(d) electric and magnetic fields of constant magnitudes and constant directions
which are parallel to each other

A particle of charge g and mass m starts moving from origin under the action of an
lectricfield E = Eyi and magneticfield B = Byk. Its velocity at (x, 3, 0)is (47 +37).
The value of x is:

o ®) 4Bom © — @ 24E,

(a)
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'The electric field and the magnetic field in a region are given by £ = £, and B = jB,.

Consider a frame of reference moving with a velocity ngﬂ. The electric field in this

frame will be zero if v, is equal to .

F 2F, Ey
(@ 2 b =2 (c) — (d) none of these
Bo By 2B,
16. The figure shows a conducting loop ACBDA placed in the  _ ¥

plane perpendicular to a uniform magnetic field B. Thetwo X

parts ACB and ADB are circular arcs of radius ‘a’. The points ¢
A and B are at (0, + £) and (0, —£) respectively. The current in
the loop is i. The magnetic force on the loop due to the field x X

is x Bil. Find the valuc of x. Numeric/l nteeﬁ'ér

(a) 1 (b) 2 (c) 3 (d) zero
17. A positive charge Q is distributed over a circular ring of radius “#’. It is placed in a

horizontal plane and is rotated about its axis at a frequency /. A horizontal field B
exists in the space. The torque acting on the ring due to the magnetic field is:

(8) nPO/B () grzgﬂs (©) 2nP0B  (d) zero

18. Along cylindrical wire of radius 10 ecm caries an electric current. The magnetic field
at a point outside the wire at a distance 5 em from the surface 18 4.0 pT. The magnetic
field at a point inside the wire at a distance 5 cm from the surface will be:

() 3uT (b) 4uT () 5uT (d 12uT

@ Solutions
Eoq

1. (b) Magnetic field does not change the speed. It is only by E-ficld, so a, = ry
and 12 =02+ 2a,d.

2. (a) f=%=neﬂ?=ui=(ne)xm2(_;2)

3. (¢) F=Bifsin0=Bi(2L)sin90° = 2BIL.

£
o2
0]
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11.

12.

Moving Charges and Magnetism

2
@ 4 =i+ ]) = ZaG+ ).

(d) Using, B’ =n®B=22B=4B.

(a) Side AR and EF, BC and DE have equal and opposite forces. So net force is
only on side CD,

Fop = BLL(}').

(a) Vol
y[ m g E=E;
—.-. -
X B=By

As ¥ = wyj (magnitude of velocity does not change in y-z plane)

(2v0)2 - 02+vx ™ J_VU
‘E"O qF' mvoﬁ

& 0+ == Ans.
PRORCE

qE
(¢) Force due to electric field is in direction — 5

(i+J)

becausc ati=0, F=— E
] ﬁ 0

Force due to magnetic field is in direction ¢(7 x B) and v ||

itis parallel to F

net force is antiparallel to (4 ) Ans.
V2
] ¥y
() B = ;—;][-:(cosﬁf+sin9}) é B
3; W l,é
_ E&.i[l;,,i ;) | *
2n r\r
_ By 1 3l+4 = o [{3I+41)}
- 1) == .
2n r ( ) 2 25
(b) For given length, the arca is maximum for circular coil, so
2 2
£ 1Be”
= 0_ =
Toax = 148 sin 90 fx[zn) B = e
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14.

15.

16.

17.

18.

(a) Magnetic force on static charge will be zero,
(d) 7 =4i+3], sov=5ms,

2 2
_ v 5 25m
L R
m

(a) For zero electric field,

F+E, =0
or gE+g(¥;xB) = 0
== &
or v[} BO
(b) F B[ijx2£+3(£)x2£ = 2Bit.
2 2
g i (B _
(a) 1=idAB sin 90° = T w8 = nrtQfB.
_ Mo !
(@) a= 2n
_Po ¢
o 4= on 015
F x 0.05
And p=to o _tol

On solving above equations, we get B’ =3uT.
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TOPIC 18.1: Magnetic Flux, Faraday s Law of Electromagnetic Induction
and Motional emf.

st Review of Formulae

1. Magnetic flux : Magnetic flux of the magnetic field B through the normal
arca A4 is

¢g = B, A=BAcosh.
2. Faraday's law : Whenever there 1s change in magnetic flux linked with

circuit, there induces an emf in the circuit. The rate of change of magnetic
flux is equal to the induced emf. Thus

e = 948 ]
dt
here negative sign indicates that induced emf opposes the change in flux.
Induced charge in time A¢,
A
AQ = —,
Q R

3. Motional emf : When a metallic conductor moves in a magnetic field 3
with velocity an emf induces across its ends. The induced emf
e = Bvlsinf.
In general, it can be written as :

e = [(vxB)-dl
4.  When a metallic conductor is rotated in normal magnetic field about its one
ends, the induced emf across the ends

Buwt?
e = :
2
S.  Induced electric field : If £ is the induced electric field, then by Iaraday'’s
law
= = dég
e = QE-dé=-—-.
pedz=—y

6. Induced emf in a coil rotating in uniform magnetic field
e = NBAw sin ot
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,, P"LS! Tips and Tricks for Shortcut Solutions

1. For induced electric field or emf, there are two basic mechanisms;

(1) The motion of conductor relative to magnetic ficld, called motional
emf. The angle between #x B and £ should not be 90° or between ¥
and B should not be zcro.

(i1) Change in magnetic flux with time.

2. The induced emfin a loop is distributed around the loop in proportional to
the resistance of its parts.
3. Induced electric field is of non-conservative nature so, its integral over

close loop is not zero, (j: E.dt= -%. In close loop potential difference

has no meaning so we use induced emf.

4. When the field B varies with time as well as the distance, the induced emf

should be calculated by taking into consideration of two factors. So induced
emf can be written as :

L. I S
e = $E-di= = $[7xB) -4t
Here the first term is due to the time variation of the magnetic field, while
the second is due to the motion of the loop.
S. When magnetic field changes with both time and space:

Lo dby _ _[m+m z] A[a_ﬂa_ﬂ]
dt &t ox o ox
6. Inapparcnt change in magnetic flux, there is no induced emf, See following
cases:

(i) Let us take a steady magnetic field inside a
conducting loop 1. If loop changes in area y
as like shape 2, there is no induced emfin <.
the loop because there is apparent change

in magnetic flux.

(i) In above case, if any part of loop crosses the i -
magnetic field, then there will be induced * ~--- -- i':_*
emfin it (see figure). T

Induced emf in the loop

(i) Now let us take a conductor PQ moves on a U-shape conductor
placed in steady magnetic field. The emf will be induced in the loop
till the conductor £Q moves in the field (position 1).
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Electromagnetic Induction

40 _ pdt) ;
dt dt TS

dx — i

= Bé— = Byt y . -
dt lR ;

Induced emf, le| =

BN
When conductor PQ moves outside the magnetic field, there is apparent
change in magnetic flux, there is no induced emf in the loop when conductor
in position 2.
(iv) Take a conducting loop of radius r is placed in time varying magnetic field
dB
[E) in a cylindrical region R (r > R). Here the change in flux in region of

area 12, Therefore induced emf in the loop

= @E:ﬂ?z[g]
lel = =4 di
If E_ is the induced electric field, then Conducting lotp
Eodi = -9%
$E,dt = =
dB
ol E x2nr = 2 80
T L X 2 =
R*(dB
or E, ™ _E(E)

7.  When current in one of the loops is increased, when they placed parallel, they will
repel and if current is decreased they will attract.

Illustration 1

Three identical conducting circular loops are placed parallel as shown in figure if
current in loop B increases, then

A B it
(a) there is repulsion between B and C, attraction between A and B.
(b) there is attraction between B and C, repulsion between A and B,
(c) there is repulsion between B and C, also between A and B.
(d) none of the above,
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c@‘ Short-cut solution :

When current in loop B increases, its field causes increase in magnetic flux in both
the loops 4 and C. So both the loops move away from B so as to compensate the
increased flux. Ans. (¢

Illusiration 2

A bar magnet moves towards two conducting identical parallel circular loops with
constant velocity as shown. Then

(n) loop A attracts towards magnet, while loop B repels
(b) loop A repels from magnet while loop B attracts

(c) both the loops repel from the magnet

(d) both the loops will attract each other

% Short-cut solution :

As magnel moves towards the loops, so magnetic flux in both of them increase.
To compensate increased flux, both the loops move away from the magnet. The
direction of induced current in both of them is in the same sense, so they atiract each
other. Ans. (¢, d)

Illustration 3

Figure shows two conducting loops of radii a and b (a < b) joined together with
wires of negligible resistance. They are placed in time varying magnetic field

ﬂ: k, perpendicular to the plane of the loops. Find induced emf in the loops

dt
in the following cases. Also indicate the direction of induced current in both the
loops.
E £ x = = = £ = " K = x K é
(i) (if)

@ Short-cut solution :

d dB
Induced emf|e| = d_'f:A(E):M
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So le,| = k(na?)
and le,| = knb?)
Net emf (i) e = e,+e, =mk(b? +d?).
(i) e = ¢,—e,=nk(b®—a?). Ans,

The direction of induced current/ emf is to compensate the increased flux, so the
direction of current is counter clockwise in bigger loop in both the cases (see [igures)

=+ = ES )«ebx £ b *® *

B ‘\_/I e )

A L3

(i) (1)
Illustration 4

Find the induced emf across the ends of the conducting rod in the following
situations. The length of the conductor is £.

» B
kL é p
L3 x - ’
% ’ v
= >
() ©

P <
Y
s

Q)

@ Short-cut solution :

(a) In this case we can make 7 perpendicular to length of the rod or ¢ perpendicular to
v. Thus

B(v sin 8)f or BW{ sin 8)

= Byfsin® Ans.
(b) Tf we take the plane of motion of the rod as xy, then

T

= -t (k-i)=0

L,
I
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e = I[v; X B;] (E}) =0
(@ e = [(vixBi)d
= vBt(-k-i)=0
(e) If PQ line makes 6 with the velocity vector, then
e = B(vsin0)PQ. Ans.

INustration 5

A copper conductor is bent in the shape of ‘Swastika’ moves with constant velocity
v in a perpendicular magnetic field B directed downwards. The each side of the

swastika is of length L. Find Pd between P and V, between X and V, between P and
X

P
g R
i
WRS|‘
x—T:

0@ Short-cut solution :

The length of conduction perpendicular to velocity vector
Loy = 2L, .. epy = BV(2E).
And £y, =2C, . eyy = Bv(20).
Lpx =0, Soepy =0, Ans.
Illustration 6

P_Q

A vertical ring of radius r and resistance R falls vertically. It is in B
contact with twe vertical rails which are joined at the top. The rails are
YV

without friction and resistance. There is a horizontal uniform magnetic

field of magnitude B perpendicular to the plane of the ring and the
rails. Find the current in the section PQ when the speed of the ring is v.

@ Short-cut solution :

Spliting the ring into two parts, each of them becomes a cell of emf, p 0

e = Bvl = Bv(2r). )
. e 2Bvwr 8Bw * e RP
i= = = : AW
Req (R/4) R R
Ans. e
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Tllustration 7

Figure shows an L-shaped metal rod rotating about its end P in a plane
perpendicular to the magnetic field B, Find the P.d between P and R, between

Qand R.
G@Shoﬂ:—mt solution : s s s s g
Distance PR, bop = 2t e ;o
©
Bméz op *
V,<¥, = 2P P
2
2
@ﬂmﬁ
[Here point P is at higher potential and point R is at lowest potential].
B —
o ota = | F e
- 2
= B ey - )= 22 e
2 L 2
lllustration 8

A metal rod of length {, moving with an angular velocity » and

velocity of its centre is v. Find potential difference between points 4
A and B at the instant shown in figure. A uniform magnetic field of u
strength B exist perpendicular to the plane of paper: ® X
| j—V
(a) Bvt (b) Bvé+ EB&)L‘Q
(c) Bat- %Bmfz (d) Bvf+ Bo(/2)? B

c@ Short-cut solution :

VA u VH (VA » yﬂ)mmlalion 3 (VA - VH)rotation

e 2l (4]

By, Ans. (a)

Tllustration 9

A square loop of side 12 cm with its side parallel to x and y axis is moved with a
velocity of 8 em/s in the positive x-direction in a magnetic field pointing towards
positive z-direction. The field has a gradient of 10~ T/em. Find the magnitude of
the induced emf if field changes at the rate of 0.1 T/s.
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@ Short-cut solution :

We know that, the induced emf in this case is given by

A|:§+ vﬁ:l
ot .

le]

144><10“‘[0.1+8x10‘3]
155 mV. Ans.

Tllustration 10 % % . =

A conducting loop is being pulled with speed v from region | * X ¢I =y
I of magnetic field to region I1. If resistance of the loop is | x By 28"
R, current induced in the loop at the instant shown is

Region -1 Region -2

(@ %, clockwise (b) B‘;:" , anticlockwise
© 2% tockwise (@) 3?" , anticlockwise
C@Shoﬂ-wt solution : TR g
e
ey
xBD b4 'Q_BI:
Region-1 Region -2
e = gte
= Byl + 2Bp!
= 3B
. _ e 3By 4
i = 7 R ns.(c)

THustration 11

A rectangular metallic loop of length { and width b is placed coplanerly with a
long wire carrying a current i. The loop is moved perpendicular to the wire with a
speed v in the plane containing the wire and the loop. Calculate the emfinduced in
the loop when the rear end of the loop is at a distance a from the wire.

JLI'

—a— £

A I
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@ Short-cut solution :

When x = g, the position of the loop is shown in figure. The magnetic ficld at left arm

of the loop
_ Bed i
5= oxa B, B,
i ‘ : X %—v
Similarly, magnetic field at right arm of the loop N
[T —(a + ) —
B = o (a+¢)
Now induced emf across lefl and right arms are T | %
e, = Byvbande,=8Bvb
et — 1 B2
. ol BB R O
2n a 2ma+f
poi(bEv)
~ 2ma(a+€)” Ans
Ilustration 12 s o« @4
A conducting ring of radius r and resistance R rolls on a B

horizontal surface with constant velocity v. The magnetic
field B is perpendicular to the plane of the ring. Find Pd -
between points O and (. Also find current in the ring.

c@ Short-cut solution :

y
Split ring into two equal half and rotates each one about O with ® S So induced

emf across each one becomes, (Here Q point will be at higher potential)

Bot? _ Bu(2r)?
fqo 2 2

2Bor? = 2B(or)r
= 2Bvr.

Tt is clear that net emf of the ring becomes

€t — €go €00~ 0
Therefore, there is no current in the ring, Ans.

Telegram @Boo



Authentic Shortcuts-Tips & Tricks in Physics

Tllustration 13

< ol
The magnetic field in a region is given by B=k Tﬂ v where L is a fixed length.

A conducting rod of length L lies along y-axis between the origin and the point
(0, L, 0). If the rod moves with a velocity v = vof, find the emf induced between
the ends of the rod

% Short-cut solution : N

Consider a small element of width dy at a

distance y from the origin. The induced emf 5B, d
across it - yq
de = Bv(dy) 7 Yo
B O
= | 20X
[ L )‘W 2
The induced emf across whole length of the rod
L
B
e = ITOVB ydy
0
= %. Aus‘

Illustration 14

Figure shows a rectangular loop of wire immersed in

a non-uniform and varying magnetic field B that is T
perpendicular to and directed into the page. The field's 11{ dd |l
l

magnitude is given by B = 412x2, with B in tesla, ¢ in

second, and x in metre. The loop has width W = 3.0 1 — + »X
m and height H = 2.0 m. What are the magnitude W ”
and direction of the induced emf & around the loop at
t=0.10s?
Solution :
Take an element of thickness dx, its area d4 = Hdx. The magnetic flux through this
area
db = B.dA=BdAcosQ" = BdA
= B(Hdx)
= 4¢2x* Hdx

The total flux through the entire loop

30
¢ = [do=4H [ ’dx
0
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Electromagnetic Induction

x3 3.0
A°H|—| =72 (H=20m)
0
Now by Faraday’s law, the magnitude of induced emf
ap 4|72
e _—
dt dt
= 1441
At t = 0.10s,
e = 144 x0.10
= 144 V Ans.

Direction of induced emf : The flux of B through the loap is into the page and is
increasing in magnitude with time. According to Lenz's law, the field of the induced
current must oppose this increase and so is directed out of the page. Therefore the
direction of induced current or emf is counterclockwise in the loop (see figure).

Induced Electric Field:
E = —%[%) forr<R
2
and E. = —R—(ﬁ] forr2.R
2r \ dt

Mlustration 15

A conducting rod is placed in a changing magnetic field as shown in figure. Find
induced emf across its length.

@ Short-cut solution :

Let us consider a rod of length £ is placed in magnetic field, which is perpendicular
to the plane of paper and pointing into it. The field is changing at the constant rate of
dBldt.

Now consider a point 4 in the rod, it is at a

distance r= from the centre of field.

cos0
The induced electric field at A,

pu LB, d @8

Ty 2cosB dr

The component of field along the rod

E = E,cos0=22"
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Potential difference between ends of the rod

g = E£=£f£
2 4t

Case (1) : Ifrod is placed along the diameter
d= 0. e=0.
Case (2) : If the rod is outside the changing field

E = —_cosO. Ans.

Ilustration 16

magnetic field region. PQ =PR = 2{. Find emf induced across P(,
OR and PR of the loop.

c((‘]/‘ Short-cut solution :

d , [dB
: = 2=
Using, e 2 [ ]

ForPQ, d=0, . ep,=0

For PR,d=¢, .. ey = %foxx=x€2

d dB
For whole loop, le| = d_T = A(E]
= l(Zf x28)xx
-
= 2%
As eppteprtegy = €
or 0+x6%+epq = 20%
epg = O Ans.

Illustration 17

Consider the situation shown in fipure. The wire PQ has a negligible resistance
and is made to slide on the three rails with a constant speed of 5 cm/s. Find the
current in the 10£) resistor when the switch S is thrown to (a) the middle rail (b)

the bottom rail.
X X XpX X 10Q
™y
Fond e K K xx” |
S
2em X X X[ X X >
X X Xé)( X B=1.0T
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Electromagnetic Induction

‘@ Short-cut solution :

(@) The induced emf, e = Bvl
1 % 0.05x0.02
1x103V
e _Ix107
R 10

= 0.1 mA. Ans.
(b) Theinducedemf, e = Bv/

1 %0.05x%0.04
= 2x107°%V

Il

Thus current, § =

e _2x107
R~ 10
= (.2 mA. Ans.

Thus current, i =

Illustration 18
A non-conducting ring of radius r has charge Q. A magnetic field perpendicular

to the plane of the ring changes at the rate of % = x. Find lorque experienced
by the ring.

% Short-cut solution : E, . x B x

, ridBY rx " o
Using, £, = E(E) =5 x %
x x

As the field at each point is tangential so, its force

F = EH =Px_QI
2
Now, torque about cenire
T = Fr=rx—er
2
1 3
= EQ" X. Ans.

TOPIC 18.2: Self and Mutual Inductance, Energy Stored in an Inductor,
RL-DC Circuit, LC-Oscillations, Combination of Inductors, AC Generator
and Transformer.
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Qf} Review of Formulae

1. Self induction : The induced emf in the coil itself due to change in current
in it is called self induction. For the coil of & turns
No, = Li,
where L 1s called self inductance.
2. Self induction of circular coil of N turns and radius r

Mo N 2y
—a

3. Energy stored in an inductor : Energy in the inductor stores due to magnetic
field in it. For any current { in the inductor, the energy stored

1

I =

U = [
2
If B is the magnetic field in the coil, then
2
U = B—x Vol.
214

4. RL-DC circuit : For a circuit with time constant 1, the growing current
i in circuit at any time ¢

= io (] —e-‘h )

L .
R g

The decay current in the circuit, with initial current #,

R L
WA W

wherei0=% and 7 =

AENT Sl

5. LC-oscillations : When a capacitor C with a charge g is connected to an
inductor L, the energy of the circuit oscillates between C and L. If @ is the
angular frequency of oscillations, then

2

L4 g +o’q = 0,
dt
where o = fL
e
Also T = 2aJLC.
Electrical energy of capacitor will store in inductor after time 7/4 and vice-

versa.
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10.

§ Pﬁ! Tips and Tricks for Shortcut Solutions

1.

2.

Electromagnetic Induction
Mutual inductance : The induced emf in the second coil due to change in
current in first coil, 15 called mutual induction. If M 1s the mutual inductance
between the coils, then

Nydy = Miy,
or N, = Mi,
Mutual induction between two circular coils of radii R, and R, with turns
N, and N, is

M = Uo7 N Ny Ry
2R '

If L, and L, are the self inductances of two coils, then mutual induction

between them
M = JLL,.

Combination of inductors :

(1) In series : L = L+,

(ii) In parallel : L L+L
L L L

AC generator : If i; be the maximum current (current amplitude), then
i = ipsinwt,
where iy = NBA@.
R
Transformer : For the transformer with the turns N, and N, in the primary
and secondary coils, the ratio of output and input potentials
Voo _ N _ip
Vp Np i
For the ideal transformer
Vpip = V,i.

. . . . o , Lo
Maximum induced emf in a coil rotating in uniform g Ex g - x

Crax = NBA®. -
Maximum induced emf in an inductor due to AC of
frequency f and peak value i,
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Comax = L(ﬁ] — Lﬂ_ = ﬂl = 4Lﬁ0.

At) (T12) T
3. Reciprocity Theorem : Experiments confirm that
13 = byy-
Also M, =M,,.

4, InLC-oscillations EZ changes into ME and vice-versa, each after 7/4. Both the
energics are equal after 7/8 starting from ¢ = 0, when charge on the capacitor
Q

q= N7k

5. 'When mutual induction between the coils of different radii
are asked, we should take smaller coil for total flux due to i
the current in larger coil.

Tllustration 19

The network shown in the figure is part of a complete circuit. At some instant,
the current in inductor is 54 and is decreasing at a rate 10°Ass, then find Vi-Vg

10 15," 5mH

Ao—sgw—l| T sp

@ Short-cut solution :

di 3
The induced emf in the inductor, e = L?;=5><10 3x10% = 5P

As the current is decreasing, so this induced emf will compensate the current. The
effective circuit is as follows;

10 15V 5V
In close loop, 3A Il Al 'I " \
—Sx1+15+5+(F,-VpF 0 V,—¥,
or Vi—¥y = 18V Ans.

Tlusiration 20

In the circuit shown, the cell is ideal. The coil has an inductance of 4H and zero
resistance F is a fuse of zero resistance and will blow when the current through it
is 5A. The switch is closed at t = 0, find the time when fuse will blow.

—F
=il

‘

S
L=4H

g=2V[
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Electromagnetic Induction

@ Short-cut solution :

Using, £ = Lﬂ
dt
i 1
or di = Zdt= [di==[at
L L
0 0
. &t
i= —.
L
2
or 5 = Zt:>t=105'. Ans.
Illustration 21
In the circuit shown, find the value of currents, i, i, and i; at
i =0 (i) ¢=, after closing of the switch
S

b ARARE —AAA

% Short-cut solution :

(i) At¢=0, inductor behaves like infinite resistor and capacitor like zero resistor
for DC.

i = 0,ip==, h=0

¥

(ii) After t = «, inductor offers no resistance while capacitor like infinite resistor

for DC.
ih =10
; 3
L & i
|: i +r] EgF R
R+r -|- L
Alsa ilR = yr

On solving above equations, we get

' £ and'——gR A
T R4 BT dprart s

Illustration 22

()  Two circular loops 1 and 2 whose centres coincide lie in a plane (see figure).
The radii of the loops are a, and a, Current i flows in loop 1. Find the
magnetic flux ¢, associated by loop 2, if a ;< <a,
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s

(ii) Also find mutual induction between the loops.

% Short-cut solution :

(1)  The direct calculation of the flux ¢, is clearly a rather complicaled problem since
the configuration of the field itself is complicated. However, the application of the
reciprocity theorem greatly simplifies the solution of the problem. T.et us pass the
same current 1 through loop 2. Then the magnetic flux ¢, created by this current
through loop 1 can be easily found, provided that a, < < a, : it is sufficient to

multiply the magnetic field B at the centre of the loop [B = %] by the area mlz

of the circle. 23
Thus ¢ = 9
= B4,
T
- nay . Ans.
(i) On comparing ¢, = Mi, we have
2
M= B4 Ans.
2!22

Illustration 23

At t = 0, an inductor of zero resistance is joined to a cell of emf ¢, through a
resistance. The current increases with a time constant ©. Find emf across the coil

after time .
@ Short-cut solution :

Using, i = -
ﬂ — _l —n’-:_a_oﬁ—n‘:_ﬂ it
ar I“( T.]e rL Lt
ai
P —tit

or 7 £0€
di

Here L— = g emf
dt

£ = Eoe-m_ Ans.

Tllustration 24

Two circular conducting loops of radii a and b (b << a) are placed on the same
axis as shown. Find mutual induction between the loops. [VEE Adv, 2012}
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Electromagnetic Induction

c@ Short-cut solution :

Flux in smaller loop due to current in larger loop
¢ = BdAcos 60°
2
Moid 2 1
AP + a2 Sk

I

Q. A wire of mass m and length £ can freely slide on a pair of parallel, smooth,
horizontal rails placed in a vertical magnetic field B. The rails are connected
by a capacitor of capacitance C. The electric resistance of the rails and the wire
is zero. If a constant force F acts on the wire as shown in the figure, find the
acceleration of the wire.

ES ES ES - Fs ES

L “

x St F 30 x

=

= = x x E = Ed

To see the video solution, scan the QR code:
OR Yisit https://www.youtube.com/watch?v=jAowGt6513Q

Illustration 25

A charged capacitor C is connected to an ideal inductor L at t = 0. Find the time
when electrical energy stored in capacitor becomes equal the magnetic energy of
the inductor.

Q|

LITTT N
L
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o@ Short-cut solution :

Supposing initial charge on the capacitor is Q and energy stored is 0%/2C. If ¢ is the
charge remains on the capacitor, when both the energies becomes equal, then

¢ _ A|lg?
2C 2| 2C

_ 9
or = =
t a
Now using, g = Qcoswt
or £ = (cos or t
V2 2
o
ar T = E
or t = 1= 2rdLC =E«}LC. Ans.
8 8 4
INlustration 26

The secondary coil of an ideal step down transformer is delivering 500 W power
at 12.5 A current. If the ratio of turns in the primary to the secondary is 5 : 1, then
Jind the current flowing in the primary coil.

% Short-cut solution :

P 500
For secondary coil, V, = T—=m=WF
i, 125
¥V, N
Now v = N, :>Vp=—st=ix40=200V
P
e 500
Ip=7" = —=254 Ans.
Voo 200

IMustration 27

In the cireuit show, the key (K) is closed at t = 0, find the current through the key
atthe instant 1 =10"3(n, s,

40 50
AN J_ VAN
L=5mH 'L ¥ 50
K
L}
60 C=0.1mF
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Electromagnetic Induction

@ Short-cut solution :

Using , i = %(‘[ —e My Here T =%
-3
Here B s wm ac
R 10

On substituting = 10~3/n 2, we get

i, = 15A

. B 20V

And iy = jet=—¢"m

3
Here il ﬂzu,

R 10

1, = CR=0.1x103x10=107s.
On substituting = 10"%¢n 2, we get
i, = 1.0A
Therefore, = i +ih=15+10=25A. Ans.

1.  Abar magnet is moved between lwo parallel circular conducting loops with constant
velocity v as shown in figure.

" . A B
(a) There is induced current in loop B only. =
(b) ‘There is induced current in loop A only. e @ s':fv’@ mas
(c) The current in cach loop flows in same direction.
(d) The loops will repel each other.

x > x
2. A conducting rod in the shape of letter Z of equal arm each £ P "
mave in a perpendicular magnetic field B with constant velocity . ¢ T v g
v as shown. Find potential difference between P and —0
x x > x
Bvf
(a) T ®) 28ve (c) 2Bvf (d) 3BvL
3. A semicircular conducting ring of radius R is falling with its plane z : x
vertical in a horizontal magnetic induction 3. At some instant its p/’:\Q
velocity is v, find potential difference between its ends  and Q. = xﬂ
(a) 2BvR (b) BvR (¢) mBvR (d) Zero * *Bx

4. A uniform magnetic field exists in a region is given by B=37+4j+ 5k - A rod of
length 5 m is placed along y-axis is moved along x-axis with constant speed 1 m/s.
The induced emf in the rod will be Numeric/integer
(a) 15V (b) 20V (€) 25V (d) Zero
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A coil of sell-inductance L is placed in an external magnetic field (no current flows in
the coil). The total magnetic flux linked with the coil is ¢. The magnetic field energy
stored in the coil is

L 20 5
(a) T (b) = (©) o7 (d) Zero
'The magnetic field of the carth at a place is B, and the angle of dip is . A horizontal
conductor of length ¢, lying north-south, moves eastwards with a velocity v. The
emf induced across the rod is:
(a) Zero (b) Byvf () Byvisin®  (d) Byvécos B
A long solenoid of N-turns has a self-inductance L and area of cross-section A. When
a current  {lows through the solenoid, the magnetic field inside it has magnitude B.
The current i is equal to:

BAN BN BA
(a) 7 (b) BANL (c) e (d) e
Two coils, A and B, are linked such that emf & is induced in B when the current in 4
is changing at the rate I. If i current is now made to flow in B, the flux linked with
A will be :
(a) (e/Di (b) gil (c) (eDi (d)ille
At =0, an inductor of zero resistance is joined to a cell of emf e through a resistance.
The current increases with a time constant t. The time when P.d. across coil becomes
equal to that of resistor:

T
(a) = (b) twén2 (c) ®(1-6n2) (d) )
When a coil carrying a steady current 1s shori-circuiled, the current in it decreases n
times in time £, The time constant of the circuit is :
i ¥
(@ fofnn ®) © 2 (d) —0
£m n n-1

Figure shows a square loop of side 1 m and resistance 1€2. The magnetic B ip

field on left side of line PQ has a magnitude B = 1.0 T. The work done  * x

in pulling the loop out of the field uniformly in 1s is: Humaricﬂntdasr "E—““’
"0

x

(a) 0.11J (b) 2] (c) 1] (d) 5]

In the circuit shown, x is joined to y for a long time, and then x R,

is joined to z. The total heat produced in R, is : —MM—I
—rr—

S

2 2 2 2
gL E°L gL £°LR
(8 — (b) (© (d) 2
2R, 2Ry 2R R, 2R’
The capacitor of capacity C is given charge Q and then connected L
to the coil of inductance L by closing the switch $. The maximum
current flowing in the circuit at any time will be :
C" S

0 20 (d) ——

_8 £ 28,
(a) 2JLC () Jic (© B T
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15.

16.

Electromagnetic Induction

PQ and RS are smooth, parallel, horizontal rails on which a

conductor 7 can slide. A cell € drives current i through the

rails and T. i

(a) T will experience no force

(b) T will experience a force o the lefl

(c) The current in the rails will set up a magnetic field over T

(d) T will experience a force to the right i
Ina coil of resistance 100€), a current is induced by changingthe  Current
magnetic flux through it as shown in the figure, The magnitude (amp.)

of change in flux through the coil is Numeric/inte 53'_ ka8
(a) 250Wb (b) 275 Wh (c) 200 Wb (d) 225 Wb

A conducting square loop PORS of side f moves ina o _e o o
perpendicular magnetic field B with constant velocity 7 . .Q " r .
Choose correct alternative(s) eple o o v
(a) The induced emf across each side of the loop is zero T

(b) The induced emf of the loop is 2BvE

(¢) Theinduced emfacross PQ and RS equal to Bv{ across each one and no induced
emf across QR and PS.

(d) The net emf of the loop is zero.

? Solutions

3.

8.

(c¢) The induced current in both the loops will be in anticlockwise direction. Ans.

Bvf
a Bv(£ sin 45°%)= — . Ans.
@) epy=BH )=
(b) The length of the ring perpendicular to velocity vector and inside magnetic field
isR ..e=BR Ans.
(©) e=@FxB)L=[ix(3i+4]+5K)]5]
=25V Ans.
0 1,2 1,(¢Y_¢
(©) ¢=Li:>s=—.U=—L:3=—L[—) = Ans.
L 2 2 \L 2L
(¢) The horizontal conductor will cross vertical component of earth’s field,
Bv=Bsin 0.
o e=Bvl{=B,vlsinb. Ans.
(a) ¢=Li=NBA=>i Nﬁ’d Ans.
(a) Let M =mutual inductance between 4 and B.
di4 &
=M — =M1 or =—
dt I
&
Now, ¢,=Mi,= 7 i Ans.
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izin{l—e_m)- §=—i0(—l)e_m =£x£e-m
{4

T R L
di
or LE = Ee—!f‘l'
& G ge—l.f*r
Now Fesr © Vesonor
or se—f.ﬁ.’ = iR
_ & -/t
= —(l-e R
R ( )
{ = tén2. Ans.
10. (b) Using, i iﬂe-tf‘r. or h - 1-03'”1
n
— fp=t1tm = =1 :t—ﬂ, Ans,
€m
Byl
11. (c) W = Fs=Bi£x£=B[T]f2

B PxixP
R 1
12. (a) In steady state energy stored in inductor

2 2
U= lu'o2=lL[E] s

1J. Ans.

2 2\ &) 2R
= heat produced in R, during discharge. A4ns.
1..2 0
: —Li® = =.
13. (b) 2“0 2C Ans.
14. (¢, d)Because of the current in the rails, there is an upward magnetic field in which
T experiences a force to right. Ans.

15. (a) According to Faraday’s law of electromagnetic induction, g = %
t

Also, e = iR
. db Ty
R==2 = [do= R
Magnitude of change in flux (d$) = R x area under current vs time graph

Or,

1

dp = lﬂﬂx%x%xlﬂ =250 Wh. Ans.

(¢, d) The sides PQ and RS are only perpendicular to velocity vector,
SO ePQ=eSR=Bv£.And € = BvE— Bl = 0. Ans.
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TOPIC 19.1: RMS and Peak Value of AC, Impedence and Admittance,
RLC Circuit, Resonance and Power in AC Circuits.

Gf}’ Review of Formulae

1. RMS value of AC : For sinusoidal AC, i = i, sin o/, the RMS value
g = % =0.707 i,

: Z
Similarly V. = T; =0.707 ¥,

ms

2. Three simple circuits :

(i) Circuit having resistor only : The alternating potential difference
across a resistor has amplitude ¥, = iR; the current is in phase with the
potential.

e : : e e s : i .

(1) Circuit having capacitor only : V_ = iX_m which Xx_ = 1s the
capacitive reactance : the current leads the potential by 90°.

(i) Circuit having inductor only : ¥/, = iX;, in which X, = wL is the inductive
reactance; the current lags the potential by 90°.

3. Impedance and admittance : The total resistance of AC circuit is called
impedance Z, and reciprocal of impedance is called admittance A. Thus 4 =
1

E.

4. Series RL C circuit : For a series RLC circuit,
1\
Z= JR2+(mL——] .

oC

(-ac)
and tan ¢ = #‘L‘C
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Vo

i:
2 1Y
R ol -—
y +( uf)

Resonance : The current amplitude i in a series LRC circuit driven by a

n
.

sinusoidal external emf is a maximum (t =?°) when the driving angular

frequency o equals the natural angular frequency w, (resonance frequency)
of the circuit. Then X. = X}, ¢ = 0, and the current is in phase with the

potential.
i L
v Yic

6. Power in AC circuits : In a series RLC circuit, the average power P, equal
to the production rate of thermal energy in the wesistor :

P, = Vg frms ©08 §-

R
Here cos ¢ is called power factor and is equal to 7z Its value cos ¢ < 1. For

purely inductive or capacitive circuitcos 6 =0andso P, = 0.

s !',,,P,s,_' Tips and Tricks for Shortcut Solutions
1. The average value of half rectified AC

: LN
(i) from 0 to 5,a¢,1.=7‘:-

m)mmomnm=%

2. The average value of full wave rectified AC from 0 to
T -
— or from 0 to T will be E'l

2 T
3. The average value of AC over half cycle will be
T 3r
zero from 7 to R

1T . 5 1 1¢7 , 1
';'Io sin wtd:—i, ?L cos mm't—?

4
5. The RMS value of square wave is equal to its peak value.

6. V=iRisthe general relation between i, ¥ & R, so it can be used for both DC
and AC,
The power consumed in the circuit is never negative.
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Alternating Current and EM-Waves
INlustration 1 i(A)

Figure shows the wave form of an alternating 2 l:_i:r]_‘

current. Find rms value of the current. lg o — et f
1 Dt.l..z. sjtt_u_h 8
., WES————. T —
@ Short-cut solution :

Since the waveform is symmetrical, therefore rms value for half wave is same as that
of full wave. So

Z 100420 +10°
- - =200

Now ime= 2 = V200 = 1042 4 Ans.

Illustration 2

Find the effective or rms value of i = 5 sin 100 7t + 5 cns(ll}[l*n:t+ %) .

@ Short-cut solution :

The given value can be written as

i= 5sin 1007+ Ssin(lﬂ{]quB—“)

= 5% +5% +2x5x5cos X
2

1
25+25+50| ——
J * [z)

th

5

s s ML o T
Now . \E ﬁA' Ans.

Illustration 3

The time varying current is given by i = 10 + 5 sin [mt + %]A Find rms value of
the current.

c@ Short-cut solution :
Here 10 A is the steady current (DC) and 5 Sin(mr +%) is AC, so

5
iy= 104andi,= = 4
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2
i= i 4id = m%( 5)
ms TR 75
= ‘% =10.6 4. Ans.

Illustration 4 ¥

The voltage-time (V-1) graph for triangular wave Fy
having peak value V) is as shown in figure. Find rms )

T 2 \ | /T
value of V fromt=01t0 —. I
4 _VO """""""

Solution :

The value of ¥ at any time

v _ N
© (@)
4
t
or V= At
T
2 2
4¥4t lﬁVQ 2
2 = -——{J— =
Now | [ T ] T:
9 Ti4 2 3%
72 16V}, I‘zd 6y 4t
T* r? 3l
0
Ty
i
2 3
_ 16x4¥; x[z) 1
T3 4) 13
2
_
3
Vo
Vems J;T=$- Ans,

Illustration 5

The voltage of an AC supply varies with time as
V=120 sin 100nt cos 100nt. Find maximum value of voltage and frequency.

@ Short-cut solution :

=
]

60(2 sin 100 nf cos 100 nz)
60 sin 200 nr.
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Alternating Current and EM-Waves
On comparing with ¥ = F|; sin ©f, we have
Vo = 60 Fando =200 %

®
or f= E=100Hz. Ans.

INlustration 6

An electrical heater and a capacitor are joined in series across a 220 V; 50 H; AC
supply. The potential difference across the heater is 90V. The potential difference

across capacitor will be about.
(a) 100V () 1OV (c) 140V (d) 200V
@ Short-cut solution :
As 2= VR+VE = Vo=V -1}
= y220% -90?
~ 200V. Ans. {d)
Illustration 7
A coil of inductance 0.50 H and resistance 100 € is connected to a 240 ¥, 50 Hz
AC supply.

(i) What is the maximum current in the coil?
(i}) What is the time lag between voltage maximum and current maximum?

@ Short-cut solution :

() o = 2nf=2r > 50=100x rad/s,
X, = olL=100r x0.5= 50 n€d.
Impedance, Z = JR2+ X2 =\100% +(50m)? =186Q
: v 2 x240
Maximum current, g = L= =] 82 4. Ans.
7 186
. _ X, 0m
or b = §57°
Therefore, time lag, Az = (i)T o §
- 2n 2nf
n 1 57
= 57x—]x— = —— =32x10735, A
( 180/ 2nf 180x2 x50 BER=S -
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Illustration 8
A series LCR circuit with L=0.12 H, C=480 nE, R = 23 Q) is connected to a 230
V variable frequency supply.
(i) What is the source frequency for which current amplitude is maximum?
Obtain this maximum value.

(i) What is the source frequency for which average power absorbed by the
circuit is maximum. Obtain the value of this maximum power.

(iii) For which frequencies of the source is the power transferred to the circuit
half the power at resonant frequency? What is the current amplitude at these
Jrequencies?

(iv) What is the Q-factor of the given circuit?
Solution :

(i) The current will be maximum at resonance, so

1 1
0,= T— = = 4167 rad/s
0" JIC ~ V0.12x480x107°

_ % _ mex _ Vo _ ¥2x230
and &= . 663Hz. Iy = R-  m; =14.1A. Ans.
(i) Average power will also be maximum at the same frequency.
(2 2
R 14.1%x23
[P e = 512_ =——5 - =2300W. Ans.
; -
(iii) Bandwidth, Ap= 70z " 191.7 rad/s
Ad 191.7
Now O= 0y~ - =4167— — =4071.2 rad/s
4071.2
= ﬁ = = L
or A o I 648 Hz.
A :
And 0, = mu+7OJ = 4167+ 217 _ 4562.8 radss
_ 42628 :
or h= o 2n =678 Hz.
At these fr jos, = g 2L A
ese [requencies, i = ﬁfu = 75- = . ns.
; )
()-factor pom
4167
= ﬁ =21.7. Ans.
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Illustration 9

In the circuit shown; R = 100 ), X, = 100 R
Q and X; = 200 €1 Find effective current 200y
through the source.

% Short-cut solution : U

|2 Lx. =100
iy = % -24. R T
V 200 £
And i'= m = 200-100 = 24 [--_--tE
Resultant current, i= W =22 : p
=22 A Ans.
Ilustration 10 JLBEE s0a

In the given circuit, the AC source has o = 50 rad/s.
Considering the inductor and capacifor to be ideal, 1LOH 50Q

find impedance of the circuit and current drawn from — e —ww—D
the source. [JEE Adv.2012] ()

50y
@ Short-cut solution :
X, = oL=50x1=50Q
., L
e Xc= oC = 50xa00x10° ~ 0%
Now, Zys= B2+ x% = 502 + 50
= 5(}\50 Len
and Zop= R2+ X2 = 507 4507 450 :
a5
= 50420 ;
CD
c oV 50 1 P
i “BT Zp 502 2
50
tan ¢, = %=5—=1 or =45
; v
an YD T Zep T 5042 2
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_ X, 50 _ -
tan —?—50—1 or  §,=45
Resultant impedance
2 2
7 = 2+ 28 = {(5043) +(5043)
L TN
o (= v =) {(5)
= 14, Ans.
X =12Q R =50
Illustration 11 A C | 1 i
What amount of power delivered by the AC source in B _
the circuit shown? v X, =8Q Rg—ﬁﬂD
Eo.=130F
@ Short-cut solution :
Zp = \’Rlz"'X%' = 4524122 =13Q
s 130
o flams = 70 T 13 lgd

Zop = RE+XE = Je248? =100
3

130
= - — 134
o 10

and I3 s
Power dissipated = i, R, +i3,.. R,

= 102x5+132x6
= 1514 W, Ans.

TOPIC 19.2: Electromagnetic Waves, Maxwell’s Equations, Energy of
EM-Waves and Radiation Pressure.

Bf Review of Formulae

1. EM-waves : An EM-wave consists of oscillating electric and magnetic fields. An

EM-wave travelling along an x-axis has an electric field £ and a magnetic field B
which depend on x and ¢ as;

E= E, sinflx — o)

B= B, sinfkx — o).

and
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Electric field induces the magnetic field and vice-versa. The speed of EM-waves is
¢, which can be written as

1
B VHo €

Maxwell's equations : Maxwell discovered that all the basic principles of
electromagnetism can be formulated in terms of four fundamental equations,
called Maxwell's equations. These are :

(1) Gauss's law for electricity

(ﬁﬁ'-dﬁ =iy

€0

(i1) Gauss's law for magnetism
$B-ai =0

(iii) Faraday's law of induction

F.oa7 — —49
cj')Edf_TB

=

b | b

(iv) Ampere's law
o oAF : dl}l)g]
B.df = i L 38
‘j’ Ko [1(, +£g it

Energy flow : The rate per unit area at which energy 1s transported via an
clectromagnetic wave is given by the Pointing vector

ExB
Hg

Intensity of EM-wave : The time averaged rate per unit area at which
energy is transported, is called the intensity of wave :

S =

1 2
_— E c.
f 260 g

The intensity of the waves at distance  from a point source of power P is
P
I= 4
Radiation pressure : When a surface intercepts electromagnetic radiation,
a force is exerted on the surface. If the radiation is totally absorbed by the
surface, the force is

I4

T e
where A is the area of the surface perpendicular to the path of the radiation.
If the radiation is totally reflected back along its onginal path, the force 1s

214
F="=
¢
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Illustration 12
A parallel plate capacitor with circular plates of
radius 1 m has a capacitance of I nF. Att=10, it is
connected for charging in series with a resistor R O-===pP OP=05m
= I MQ across a 2V battery (see figure). Calculate

the magnetic field at a point P, half way between the
centre and the periphery of the plates, after t = 1073 T/—|
s. [The charge on the capacitfor at time t is given by

g=CV(l -¢*), where t=CR.]

@ Short-cut solution :

————AA——
2V 1 MQ

Electric field between the plates
= o g _Ccrd —e'm:R)
- Eu B AE{, - A €0
Displacement current, i, = % = g %(Ex nrz)

2

_ 2o dEY) _ ST AT () tCR
= gy [dx]_ Aeg dt[ ( e )]

2

= B xR
CR

nR?

2
_ (rY ¥ uce
[R) “R°

~ [ET" 2 107
1 10°  e(10™° x10%)

1
_ 1
2x10%°¢ -

Now using Ampere’s law

Bx2 m [0+ L e“‘J
or x2nr =
" 2x108
1 1 4
Bx2nx(—) = X e
2 F 2x10°
B = 074x101T Ans.
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[ st e |

Q. A box contains L, C and R. When 250 dc is applied to the terminals of the box, a
current of 1.0 A flows in the circuit. When an ac source of 250 V rms at 2250 rad/s
is connected, a current of 1.25 A rms flows. It is observed that the current rises
with frequency and becomes maximum at 4500 rad/s. Find the values of L, C and
R. Draw the circuit diagram. El34=]
To see the video solution, scan the QR code:
OR Visit https://www.youtube.com/watch?v=qsU4VFEGuVI

Illustration 13

The magnetic field in a plane electromagnetic wave is given by
B,=2x 1077 sin(0.5 x IFx+15x 1019 T

(i) What is the wavelength and frequency of the wave?

(i) Write the expression of electric field.

C(@f' Short-cut solution :

(1)  On comparing, with
B = B sin(kx + wi), we have

2
By = 2x107T k=05x1030r Tn =0.5%1073

2n
A o= 0,5)(10"3 =0.126 m
Also w = 1.5x10"
e _15x10" _
or f= S =239 GHz
(i) Using, Ey = cBy=3x108x(2x 107)=60 V/m.
For direction of magnetic field, using
ExB RN I
S — , or (i) Ex(j) gives £ >k

E; = (f)go sin(0.5 < 10%+15x%10110).  Ans.

Illustration 14

Calculate the electric and magnetic ficlds produced by the radiation coming from
a 100 W bulb at a distance of 3Im. Assume that the efficiency of the bulb is 2.5%
and it is a poini source.

@ Short-cut solution :

Power 100x2.5%

—_— = 2
— ) 0022 Wim.

I =
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If of this intensity is provided by the electric field and half by the magnetic field,

"%(Eu Eppc) = %
_ 0022
2
P [ 0.022
ms 4 (8.85%1072) x(3x 10%)

= 2.9Vim
and Ey = 2 Ep = v2x29 =4.07V/m. Ans.
Now B = E';“ = 3:‘15:]3 =96x10°T.
and By = V2B = 2x9.6x107

= 14x108T. Ans.

If i, = 3 sin @t and #, = 4 cos 1, then 7, is:

(a) 5 sin(wt+ 53°) (b) § sin(wt+37°) i
(¢) S sin{wt+45°) (d) 5 cos(m+ 53°)
The tms value of potential difference I of half wave rectified square wave is:
¥y
@ ¥, ) Vo/2 3
(]
Yo
© V @ 7 O T T J
In the circuit shown, assuming all ammeters to be R
ideal, if readings of the hot wire ammeters 4, and 4, @ Sl

are i, and i, respectively, then reading of the hot wire

ammeter 4, 15 @ HMLW

(@ (h-i) (®) @G +iy) R
u

(c) q/ilz +i22 (d) zero AC source

An electric lamp designed for operation on 110 V, AC is connected to a 220 V, AC
supply, through a choke coil of inductance 2H, for proper operation. The angular
frequency of the AC is 1002 rad/s. If a capacitor is to be used in place of the choke
coil, its capacitance must be Numoricﬂntegar

(@) 1pF (b) 2pF (c) 5SuF (d) 10 pF
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Alternating Current and EM-Waves
An inductor and a capacitor are joined in series to an AC source. The frequency of the
AC is gradually increased. The phase difference ¢ between the emf and the current
is plotted against the angular frequency . Which of the following best represents
the resulting curve?

o ¢

(a) 7 ® (b) 5 ®
) ¢

(c) 5 ® (d) 5 w

In an AC circuit a resistance R is connected in series with an inductance L. If the

phase difference between the voltage and current is %, the value of inductive

reactance is xR. Find the value of x. Numeric]lnt&ﬁér
(a) 1 (b) 0.5 (c) 0 d 1.5

The current in resistance & in resonance is

(a) minimum but finite (b) maximum but finite

(c) zero (d) none of these

For the circuit shown, the ammeter 4, reads 1.6A and

L
ammeter A, reads 0.4 A. Then i, is Numerlcﬂntegﬂ;r e @

(a) lLe6A
& s i Lo—
¢) 1.

PR o,
(d) 24 AH)—)
An LCR circuit as shown in figure is connected to a voltage 24 H | 1.5Q
source whose frequency can be varied. The frequency, at 2uF
which the voltage across the resistor is maximum?
(a) 23Hz (b) 143 Hz Numﬁricﬂnte‘:&;r @
() 345Hz (d) 902 Hz V=¥ sin ot

A transformer having efficiency of 90% is working on 200 Vand 3 kW power supply.
If the current in the secondary coil 1s 6 A, the voltage across the secondary coil and
the current in the primary coil respectively are :

(@ 300V, I5A (b) 450V, 15A

(©) 450V,135A ) 600V,15A

In the circuit shown, R = 100 &, X.= 100 Q and

X; = 200 Q. The effective currenl through lhe $
source is: Numerlcﬂnteger 200 Vﬂ)
@@ 24 (b) 224

(¢) 054 (d) zero
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Solutions

[y
H

th

10.

11.

(@)

and

(c)

(a)

(a)
(©)

(c)
(©)
(b)

and

(b)

iy = JJ‘EH‘% = 32442 =54 i}........
4 4
tang = g or ¢ =53°. Ans.
3 f
I R A L
Vrms J 2 5 JE Ans.
iy= it +i2. Ans.
1 : : 10%F. 4
T = — —: b4
wl e or 8 2L (IOOJL_’)zx?. 5 , ns.
1
ol —
) .
tan ¢ % ForR=0, ¢ >
i L:-mJ =
At low frequencies, oC v =7
At high iog, 5 g® A
t high frequencies, ®/ o Ty ns.
ta L ﬁ = X, =R A
"4 R L= e
At resonance, inductor and capacitor together
offers zero resistance, so entire current will pass L R
through them. Ans. - E2
i=16-04=124. Ans. 1
_ L sk
ﬂ]o LC A
oo Wl _ V(6 .
n=09= Vi, = Ix10° =% V=450V
Vpi 3000 0ri ol I154. A
= ori,= = = . Ans.
PP PT ¥, 200
o m
= T00 =24
. 200 _—
27 (200-100)
= 2424 Ans.
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TOPIC 20.1: Angle of Incident and Deviation Produced by a Plane Mirror,
Number of Images Formed by a Plane Mirror and Image Velocity.

f Review of Formulae

1. Deyviation produced by a mirror
(i) By single mirror; at an angle of incidence i, it is
5 =180°-2i

(ii) By two mirrors at an angle 0, the deviation
& = 360° - 20.
It is independent of the angle of incidence of ray.
2. Number of images
Suppose 0 is the angle between the mirrors, then

360° . ; ; p
is even integer, then number of images n = i

(1) if —1 for all

positions of the object.
(i) if ? is odd integer, then

360°
= 0 if the object is placed off the bisector of the mirrors, and

(E_l
0

n=73 for 0 =90° and 5 for 60° and 72°.

), when object is placed on the axis.
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® m! Tips and Tricks for Shortcut Solutions
1. The minimum size (y) of mirror (plane or spherical) needed to make full
image is y — 0.

2. The minimum height of mirror needed to see the full image of the observer
himself is half the height of the observer.

3. Ifyis the width of the face of the observer and x is
the distance between his eyes, then minimum width 3

w
of mirror needed to see full face is (y;x). :

4. If an observer moves parallel to plane mirror of
width ‘4 at a distance x, and if object at a distance x, P
from mirror, then the maximum distance upto which a"":':_{f p 0
he can see the image is y. >

From similar triangles, we have o A '
I 2
d
r__ 2 4 y=[1+214.
X +x2 X xl
S. Ifray incident at an angle 0 with the normal, then N
unit vector along incident ray, I R

X
f = sian—cosB_;, \é/ —l—-x

and unit vector along reflected ray R = sin6i +cos§j.

6. Ifvector J and N given, then angle of incidence 0
T-N R-N
cos(180°-8) = N Also cos 0= N
7. Ifvector J and R are given, then angle of incidence
cos(180° - 20) = %{-
As I,R and N are in the same plane, so their scalar product, [ §z7] = 0.

9. The number of images by two mirrors placed at 60° and 72° may be 5, and
for angle 72 and 75 may be 4.

10. A person standing at the middle of the room looking in a plane mirror hung
on a front wall can see the image of the back wall if the height of mirror is
equal to one third of the height of the wall.
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Ray Optics

INlusgtration 1

A ray of light travelling in the direction %(; + \5}) i5 incident on a plane mirror.

After reflection, it travels along the direction %(f ~/3}). Find angle of incident,

[JEE Adv. 2013]
D@ Short-cut solution : | \(180°~20)
I£ 6 is the angle of incident, then
cos(180° - 20) = R

(0+33))- (i —A))
(0 + 87757

L
2x2 7
3 180 -206= 120°
or 0= 30°. Ans.

Illustration 2

A ray of light is incident on a plane mirror along a vector in (f +j) The normal
at incident point is along (7 + ), The unit vector along the reflected ray is:

Fa)

j+k j-k i+k i—k

(a) Nl (®) > 5 (c) Nl (d) o
c@ Short-cut solution :

As I.N and R in the same plane, so 1. N B
[NRT] = 0
11 we take k= (}—IE) then
NRI = (F+£)-(j-£)x(i +])
1 0 1
=10 1 -1
11 0
= 10+ D)+0+1{0-1)
= 0.
Therefore correct option is (b). Ans. (b)
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Illustration 3

Velocity of object and mirror are shown in figure, find the velocily of image.
10m/s 5 m/s y

Ao a1,

@ Short-cut solution :

Along x-direction
Vom = Yo Vm = 10c0s60° +5c0560°
13- 5
= (5+5X5)f = 7.5i
- Vim = —Vom = 7.5 ms.
Along y-direction

% = ¥, =10sin60°] = IOx% = 53] m/s.

Velocity of image = (7.5 +543]) m/s. Ans,

Illustration 4

A point source of light S is placed at a distance d from M
a screen; the intensity at the centre of the screen is Se
I. When a perfectly reflecting mirror M is placed a

distance d behind the source, then intensity at the Screen
centre of the screen becomes : et s
10
(a) T ® 21 (c) ?f (d) 41
c@ Short-cut solution :
k
Intensity, 1= =
Intensity at th ithout mi
nsity at the sereen without mirror g 4 S Screen
k
1, = —= —d—> |l—g —a—g—»
1 72 d d
Intensity at the screen with mirror
k k
L = —+
2 4 (3a)
10k
= e Ans. (c
i (¢
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Ray Optics
TOPIC 20.2: Spherical Mirror Formula, Magnification Laws of Reflection
in Vector Form.

"f Review of Formulae

1. Spherical mirror formula (for small size mirror)

1,1 _1_2
v # f R
2. Lateral magnification
—V S S=v
m _—— —_
u —-u [
Longitudinal magnification
__ length of image
L™ " length of object
For short object (), its length of image (&v)
_w_ ¥
e
Superficial magnification
A4 _ ¥
3. Velocity of image:
” V2
Vim = 3 Vom

4. Ifthe object and image distances are measured from focus, thenxx_ = f %

Illustration 5

A point object is placed 60 cm from pole of a concave mirror of focal length 10 cm

on the principal axis. Find

(i) Position of the image.

(ii) If object is shifted Imm towards the mirror along principal axis, find the shift
in position of image.

@ Short-cut solution :

(i) Using, e el

or

or v = —12¢m. Ans.
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2

(i) Using, Bv = ——x(8)
u
=INE 1
- (ﬁ] Bl =y, Ans
Ilustration 6

When an object is placed at a distance of 25 cm from a mirror, the magnification
is m, The object is moved 15 cm further away with respect to the earlier position,

and the magnification is m, If ﬂ=4, the calculate the focal length of the

mirror. ]
@ Short-cut solution :
Using, m = f{u
_ 7 M
or MT O (25 T T+2s
B i __f
il ™ T F+(25+15)  [+40
mo _f+40 .
- = 4= T+25 =20 cm. Ans.
Illustration 7

An object of length 4 cm is placed symmetrically on the centre of curvative of a
concave mirror of focal length 10 cm. Find length of its image.

@ Short-cut solution :

1 1 1
Forend A: Tt (i St

\ =22 10
A
or v, = —183cm T
1 1 1

. —_—— = —
For end B: T 10
or vy = —225cm
Length of image (4'B')=22.5-183=42cm. Ans.
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Ray Optics
Illustration 8

An object kept on the principal axis is moving in the same
direction as that of mirror as shown in figure. Speed of

the object and mirror is 10 m/s and % m/s. The radius of o —

curvature of the mirror is 20 cm. What should be the distance
of object from the mirror at this instant so that the image is

stationary?
@ Short-cut solution :
v
Using, YVim = ——5XVom
u
2
= = f{uJ X]_';Oi'l‘!
40 —10 Y
or 035 = (=) «[10-%)
13 —10-u 13
—10 2
— i—
R —10-u 3
On solving, we get u=-25 cm. Ans.
Illustration 9 L=10cm fi=-20cm
In figure there are two mirrors; one convex \ \
mirror, f; = 20 cm and other of f, = 10 cm. Find 9
the total magnification after two reflections first /
on M, and thenon M,
M, 10 cm 30cm M,
Solution :
F M - l+L - L - __60
orM, : v 30 - 20 = v, =60 cm
=¥ (=60)

X

20 cm 'I:Il)cm
60 cm

30 em

[
Y
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.. b
vy +20 +10

=5 vy = +20 ¢cm

2 20,
T w20
Total magnification, m = X my = (-2)(-2)
= 4 Ans.
Illustration 10 R=20cm
Find the position of final image after three
successive reflections taking first on M, Q
\ 15¢m
M, M,
25 cm )
/ Short-cut solution : /‘%
For M, : 1 -
or —+~ = h
vV f \/ 5
M, |
or - _=W = v=-30cm M, “Scm 5cm
v =I5 - 15cm Scm
For M, : Object distance, = (30 —-25) =5 cm, and so v= -5 cm.
Now again for M| :
u=-20cm
_uwf (20)x(-10) -
T St SDUEE e
So final image will be 20 cm from M. Ans.
Law of reflection in vector form

If J and R are the unit vectors along incident and reflected rays respecttvely, then

I =1sin87 —1cos0A

and R =1sin67 +1cosn
R-1 =Qcos0)i

or R=1+@2cos0)f

Also I-A =1x1xcos(n - 0)
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Ray Optics
INlustration 11
A ray of light is incident on the yz-plane mirror along a unit vector

s i ] .k
I=—+-=4+—. Fj ;
e Find unit vector along the reflected ray.

% Short-cut solution :

The unit vector normal to yz-plane 1s 7 =

A a

Using, R = j-2(i-A)a
H - )
S EEE ns

Illustration 12

Calculate the diameter of the image of sun formed by the concave mirror of focal
length f, if O is the angle subtends by sun’s rays at the mirror.

@ Short-cut solution :

The image of sun will be formed at the focus of the mirror. As 0 is very small
(8~17),s50
f

= 8 or d=10. Ans,

Illustration 13

A square ABCD of side | mm is kept at distance 15 cm
infront of the concave mirror as shown in figure. The —31—.p
Jfocal length of the mirror is 10 cm. Find the length of
the perimeter of its image.
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368
@ Short-cut solution :

As side of the square is small in comparison to the distance i =

15 cm, so we assume
AB and CD at same distance. So
led o A o
v T g 5 ¥l
For sides AB and CD,
A'B' = m(AB)= [%Jxl =2mm.
For sides AD and BC,
30\
A'D = m¥AD)= (E] x| =4 mm,

Now perimeter =A4'B' + B'C'+ CD'+~ D'A'=2 + 4 + 2 +4=12mm. Ans.

TOPIC 20.3: Refraction of Light, Laws of Reflection, Real and Apparent
Depth and Vector Form of Snell’ s Laws.

e I',,':.s' Tips and Tricks for Shortcut Solutions

1. When light passes from one to other medium, its frequency will not change
but wavelength gets changed.

2. Iflight ray travels through many mediums, then angle of emergence in any
medium depends on angle of incidence, R/ of first and last medium.

up _ Sini
W sin; * o

. Ky \%
By _ sinp NG
Hy  sinp” =

. M3 N
Bg _ SIND By eny

&nd j.l',3 Sine

By by Mo _ sini sinn | sinsy
B My M3 sing sini  sine

Bq _ sini
= Ky sine
3. [Iffirst and last mediums are same, then
By =1y = e=1

4. Iflight ravels a distance x,, in medium of R/, p,, in any time, then distance

travelled by light in air (vacuum) in the same duration will be p, x,. So
optical path length

xaf:' = o xm'
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Ray Optics
Optical path of light from A4 to B travelling through a
glass slab of thickness z will be;

Optical path of AB=AB + (n— 1)¢.

R e

1
Time taken by light to travel through a slab of thickness 7 and R, p:

: t t
Distance, AB= =

and sinr=—
1

s o, el

Time take in= 2242
Yy €/

Apparent depth

(i) For overhead observer, AD = ) " ,
observer medium Hobject medium

RD o]

oHlm

Apparentshift  S= RD[!— ! )

oMm
(i1) For oblique observer

_ (RD),p% cos*@
(u3, —sin?0)*?
(i) For oblique line of sight the AD will be smaller than that .. {8.....

of overhead observer. SEEEe ErEE
Area of plate (overhead observer) ;[E'.'Jb
(i) When plate is situated parallel to refracting surface 0 E'fb
Area ofimage, A,=A, ¢
(i) When plate is situated normal to refracting surface B
In this case height of image S —
b ﬂ’:',:l b
2 olm O@b
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A=th=—2 - Lo

ortm

9. Apparent depth in general

A 1 Iy
AD = T
oMl oMH2 oM

and S= 4 (l—-L)-I-Iz[l —1—]+.....+r,,(
ok (11251

10. Velocity of image
Case 1 : Bird is the observer
The apparent distance of fish from bird,

.

_ Y !
x==+h
n ' h
On differentiating w.r.t. time we get Alr, ';ll -
& _1 (gg],,(ﬁ] =
di p\ar) \at =il

Here % —» apparent velocity of fish w.r.t. bird

Take [%] positive, if y increases (fish moves downwards) and (%J

positive when bird moves upwards.

Case 2 : Fish is the observer
The apparent distance of bird from fish

x=phty
On differentiating w.r.t. time, wc get

& _ (& (ﬂ)

e [ a'r)+ di

Here, %x— —»> apparent velocity of bird w.r.t. fish
t

11. Shift formula can be uscd in following situations

i \\ fi/u[, \\.-.'.‘.,
"‘-'"-;g

W/

‘ -

- ()
12. Thick mirror (silvered slab) forms infinite image, but second image 1s the
brighest image.
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Ray Optics

Some Interesting facts about Refraction and Snell’s Law

(i) When light enters from one to other medium at normal incident, it goes undeviated
(£i = Zr=0). But speed of light changes, the phenomenon known as refraction
(general definition of refraction).

(i) RI of the material is determined by observing angle of incidence i and angle of

sin
refrection r (But angle / and r should not equal 1o zero), so p = ;;;'::- u is the
material property which does not depend on angle i and r.

s ; sini _sin0
(iii) We can use Snell’s law even for Zi = 0, which gives sinr= —=——=00r
Zr=0. B H

Hlustration 14

A ray deviates by 30° (which is one third of the angle of incidence) when it gets
refracted from vacuum to a medium. Find the RI of the medium.

@ Short-cut solution :

We know, 5 = i-r
or Lo i =300
3
= i = 90°and r=060°

sini _ sin%0° 1

29 B ginr " sin60° 3
2
2
= 7= Ans.
NE]
IMlustration 15
Given that, velocity of light in quarty = 1.5 Quartz
x 10% m/s and velocity of light in glycerine Obicot
9 # :
8 = o
= lel} m/s. Now a slab made of quartz Glyceririe '
is placed in glycerine as shown. Find shift TB_c;f: Aen~idigcering
produced by the slab.
0@ Short-cut solution :
3x10°
Th R_I f V = —
e M7 15x108
REs it 3x10° 4
of glycerine, = 7oy L ==
i [E)xlos 3




| Shift produced, S 4

(1{1_
\ K2
— ‘ == -.p—-z-:|

L

1)

6 cm. Ans.

Illustration 16

A light beam is travelling from region I to V as shown. The RI of the regions are
also shown in figure. Find angle of incidence 0 for which the beam just misses
entering the region V.

0@ Short-cut solution :

sin 90°

sin

—
wniE =
B

.l | B
3 4 5
o ¥id V
ing = L 9—3111"'[1] A
or sin 5 =5 5) HS.

Illustration 17

In a thick siab of thickness ‘¢’ and RI \, a cubical cavity of thickness ‘m’is carved
as shown in figure and is filled with a liquid of RI p,; (A, > ny). Find the ratio of
{/m, so that shift produced by this slab is zero when observer A observes an object

B with paraxial rays.
@ Short-cut solution : Air %
S, +8 = 0 b
1 1 - l’" ¢
or (f—m)[l——]+m[1——] =0 i
W U2 .
B
{ &
i Lo o) Ans.
m Mol —1)
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Illustration 18

A pendulum of length £ is free to oscillate in vertical plane above
‘O". An observer is viewing the bob of the pendulum directly ———
Jrom above. The pendulum is performing small oscillations in ——|——p
water (RI, ) about its equilibrium position. Find the equation —fp—
of trajectory of bob as seen by observer ‘0. e

@ Short-cut solution :

At any instant the pendulum is as shown. The x-coordinate of the bob as seen by eye,

Il

|

x=£sm0,
o sin 0 = % 0
y-coordinate, y= rioush
B
or cos B = —T ..(ii)
)
Now squaring equations (i) and (ii), we have
22

=sin? 0 +cos? O

—+
f2 [ £ )2
)
Illustration 19
A bird is flying up with velocity 10 m/s at an angle sin™" (%) with the horizontal. A
Jish in a pond looks at that bird when it is vertically above the fish. Find apparent

velocity of bird as seen by fish. (au,,. = i]

@ Short-cut solution :

v (apparent) = v (real)
= 10cosO= lﬂx% =8m/s
and vy(apparent) - [vy(real)] u=pvsinf

4 3
= —x10x2 =
3 x10x 5 8 mfs,
Therefore velocity of bird as seen by fish
v = (8i+8j)mss.
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Apparent angle, 0 = tan'{%) = tan~1(1) = 45°. Ans.
Illustration 20
3
In the figure shown a slab of thickness 3 cm RI — H
is moved towards a stationary observer with velocity Z® 5
1 m/s. A point object ‘O’ moves towards right with a

velacity of 10 m/s. Find apparent velocily of image as 1m/s
seen by observer, if both observer and object are in
air.

c@ Short-cut solution :

As object and observer both are in air, so there is no apparent change in position
of image of ‘O due to the motion of slab. Therefore velacity of image will appear
10 m/s. Ans.

-_—
Jem

Vector form of Snell’s law

K _ sin?
W sinr A
or W sini = p,sinr ~(1) ;
H
|7xal = 1x1xsin(m—i)=sini p;
-
and [Bxal = 1x1xsin(n-r)=sinr 2
From equation (i), we have
ul(fxﬁ) = pz(ﬁxﬁ}.

INlustration 21

A ray of light moving along the unit vector (—f - 2}) undergoes refraction at an
interface of two media, which is xz-plane. The RI for y > 0 is 2 while for y <0, it is

V5

——. Find unit vector along the refractive ray.

2
c@ Short-cut solution : A=j

Using, me; x )

~ A _;.‘_ % . By =—
. {520] - SRl 2

Here y is the length of unit vector perpendicular to the refracting surface.
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— _ s 3
or +)y = 4 = }= g
o x e
—1 — v
Therefore, 2 4

=
|
=
+
b -
[ 5]
I
.-i'__‘___
e -
P
| e
S
[ ]

[MJ j—

Illustration 22

A ray of light enters into a thick glass slab from air as ﬁ
shown in figure. The refractive index of the glass slab .
varies with depth x from the topmost surface of the slab as )

pn= (\5 = %), where x is in meter. Slab is of sufficiently

large thickness. Find the maximum depth reached by the
ray inside the slab :
(@) IL5m B 25m (c) 1.25m (d 175m

@ Short-cut solution :

If r is the angle of refraction, then
sin 60°

sinr

=

For maximum depth, # — 90° and so

sin60° x
Ssin90° [J_ NE) ]
NE) x
22 = -
or > NE] 75
or x= 15m Ans. (a)
Illustration 23
A composite glass slab is manufactured so that its RI varies along its thickness
according to the relation. u(x)
ox
peg = 1+, 0

where t is the thickness of the slab.
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The optical path introduced by the slab when it is placed in the path of light
passing normally through i, is given by

@ (I+o)  (8) (H%)t © T @ ~int+a)
@ Short-cut solution :
i f
Optical path = _[nu{dx)=fo[l+%
2 ax?| _ a
. x+?[, = r(1+ 2). Ans. (b)

Illustration 24
Avray of light is incident on a glass slab at grazing incidence. The RI of the material
of the slab is given by |L = 1Jl+ y. If the thickness of the slab is ‘d’, determine the

equation of the trajectory of the ray inside the slab and the coordinates of the point
where the ray exists from the slab. Take the origin to the point of entry of the ray.

@ Short-cut solution :

. 3¢
At origin, 8"_190 =u '
sin@Q pio
1 i
or sin@ = — ; (@ =
H {— 90 Air
— 1 =
" ey )
Take a point P close to O, the slope
> JlI+
dy /MI
& tan(%0° - 0)
Jy
or ﬂ = cotO (ii)
e
From above equations, we get
& _
dr - J;
¥ X
-2,
or jﬂ y dy = -{[dx
or W2 = x
2
or s X
4
The ray will exit wherey=d =  x= 2Jd. Ans.
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Illustration 25

The refractive index of an anisotropic medium varies as p = PoV1+X, where
0 < x < a. Aray of light is incident at the origin just along y-axis (shown in figure).
Find the equation of ray in the medium.

@ Short-cut solution : ¥,
At origin e s g_ip
: sind " P
m=rpa) |
: l = o >
or sin@ = — x=0 x
p 90\3‘0
_ Mo |
Movl+x
B i
Vi+x
Take a point ‘#’ close to “‘Q’, the slope T
1
% -
T Vx
X ¥
or Ix'”zcbc = J.ﬁf!"
0 Q
or %2 = y

TOPIC 20.4: Total Internal Reflection, Dispersion Produced by a Prism,
Minimum Deviation Condition.

"f) Review of Formulae

1. Total internal reflection (TIR)
(i) TIR occurs when light ray passes from denser to rarer medium.
(11) Angle of incidence in denser medium must be greater than critical
angle. Critical anglc 1s given by
: 1
sin C= —.

18

Critical angle for water to air is 49° and for glass to air is 42°,
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(iii) A fish inside water at a depth h can sce outside world in horizontal
circle of radius r, where

h
N

2. Dispersion produced by prism =
The refractive index of material of a prism depends on wavelength of light.
It approximately is given by Cauchy’s equation as :
B

u= A+x—2

Here 4 and B are constants.
_ angular dispersion 6, -0,

mean deviation & "

Dispersive power, ®

ot = Ky —Hg
l'l'y ~1
3. Combination of prisms

(i) Dispersion without deviation :
For two small angled prisms, we have

' _(_Hd A
(n),—-1)
The total dispersion
D= (u,—ugld+ (', — wpd

(ii)) Deviation with dispersion :

For two small angled prisms, we have
_(ur _“f) p

(W, —HR)

The total deviation
5= (1, — DA+ (4, — DA

b I],.':,s,! Tips and Tricks for Shortcut Solutions

T =5—’, so greater is |, smaller is critical angle and more chances
r¥d d

1. AssinC=

of TIR.

2. An optical fibre of core material 1, and surrounded all over by medium p, (1, < ;).
The maximum angle of incidence at one end of the fibre:

Telegram @BookCornerOfficial



sin@ _ py

sinr M,
or sin 0= &sin r
H2
= ﬂ\h -cos’r
H2
Al the boundary of the fibre
(90°-nN>C
or sin(90° - r) > sin C
or cosr> ;
()
[27]
or (08 1)in = B
My
[ad] 2
sin@_ = — (€08” ) in
Ny

If light enters from air into the fibre, then p, = 1
sin G, = '\h‘l2 . ui .
Condition of maximum deviation in prism
Opax = (90° + &) -4

where, e = sin"'[j sin(4 - O)]
Condition of minimum deviation
i=e
and 8 in=2i-4
S,
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. (A+3 )
sin m
=
sinﬁ
2
At minimum deviation, ray inside prism becomes parallel to the base of the prism.
5. For thin prism, § = (u - 1)A.

6. Condition of no emergence of light, 4 > 2C.

Illustration 26

A point source S is placed at the bottom of different layers as
shown in figure. The RI of bottom most layer is ., The RI of any

other upper layer is p= pg - L sn=12,...Arayoflight | =2

bedeeJecstsanane

(4n—18)
n=|
with angle i = 30° starts from the source S. Find the value of n so [
that TIR takes place at the upper surface of a layer. S
c@ Short-cut solution :
Using Snell’s law
B sin90°
Ho sin 30°
Ky ]
Ho — 1
- [ 4n-18] _ 75
w (3)
2
1
1- = 2
o 4n-18
= L =425
or T

Therefore, TIR will take place in n = 4 layer.

Illustration 27

An equilateral prism is made of a transparent material of RI 4'

2. A ray of light AB is incident at 45° as shown. Find the
net deviation in the path of ray when it comes out of prism.
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@ Short-cut solution :

smn45°
= JE = sinr
1
P sin r = E or r=30°
Deviation, § = (45°-30°) + (180° - 60°) + (45° - 30°) /é;
= 150° clockwise. Ans.
Illustration 28

A rod of glass (n = L5) and of square cross section is
bent into the shape shown in the figure. A parallel beam
of light falls on the plane flat surface A as shown in the
Jigure. If d is the width of a side and R is the radius of

circular arc then for what maximum value of % light

entering the glass slab through surface A emerges from T 1 1 .

the glass through B
(@) 15 M 0.5 (¢ 13 (d) none of these
@ Short-cut solution :
For TIR, e
or sini > sinC
R 1
ol R+d = 15
or d < 05R
or L < 0.5
R
d
R = 05. Ans. (b)
max
Hlustration 29 0y '
Right face of a glass cube is silvered as shown. A _ e
ray of light is incident on left face of the cube as _-ﬂkl's "
shown. The deviation of the ray when it comes out 4?/ Glass
of the glass cube is cube
(q) O° ) 90° (c) 180° (d) 270°
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@ Short-cut solution :

From Snell’s law,
suf 45 -
sinr
or siny = l
2
r= 30°
1 |
Critical e, sinC = —=—=
noe! noV2
L C = 45°
So ray comes oul antiparallel to the incident ray. Ans. (¢)
Illustration 30 B
A rectangular block is composed of three different Hy Ma

glass prisms with refractive indices p,, pyand py |
as shown in figure. A ray of light incident normal i
to the left face emerges normal to the right face. 4 45 P2 45 &
Find relation between p,, |1, and ..

@ Short-cut solution :

p—t—

KVPY 2016]

v (<]
For face 4B, S".] e
sinn 1
: W . K
or sinr, = — sin45°=
T :/‘2uz
On face BC,
sind5°  sin45° [
sin r sin(90°-r) 3
o u
or cosr, = — sin45°= 7‘L
N Ha 2!»12
Now squaring (i) and (ii), we get
2 2
T R
2u3 23
o e %
H Al
Ilustration 31 ' =

A ray of light is incident at the top surface of a transparent
slab. Find minimum value of its R, so that TIR will occur at
its vertical face. "
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@ Short-cut solution :

Using, sin0_ . = |Jul-pu?

max

Il
—

Here, 1Y

sin@ = (Ju?-1? = p=+l+sin2g. Ans.

TOPIC 20.5: Refraction Through Spherical Surface, Magnification, Lens
Formula, Lens Maker s Formula, Power of Lens, Combination of Lenses.

f Review of Formulae

1. Refraction formula through single spherical surface

e 1 k-l

vV u R
5t Fa W M7 H

vV oou R

2. () Lateral magnification

L
"~ 0 Hott
(ii) Longitudinal magnification
Wy
L p, u’
3. Lens formula
1 1_1
v u [
Lens maker’s formula
1 1 1
— = @-D|———]|
! R R
4. Ify, and p, are the refractive indexes on both sides of the ", iy
lens of material of refractive index p,, then A
B W _ (Mz—Pl)+(N3_F‘z)_ v
v u .R'| R 5 ‘Rl R2
5. Lateral magnification,
I S O |
"T0 u u- f
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A

6. Velocity of image v, = u—zvo.

7. Minimum distance between object and its real image in convex lens
and D =0,

max
8. Focal length of convex lens by displacement method

D?—x*
i
4D
9. Deviation produced by a lens A s
h TR - S
d= —. hr
f
where 4 is the height of incident of ray on the lens
of focal length f. &
10. Power of a lens P= %

11. Combined focal length
(1) When lenses arc placed 1n contact

— = —t—t...,
I 6 h
and P= Prdb-Bak ...,
(ii) If two lenses of focal lengths f; and f, are placed at a separation of d,
the equivalent focal length
l_ L, 1 @
S h h AN
and p=p,tpy—dp\p,

12. When one face of a lens is silvered, it behaves as a concave mirror. If £, is
the effective focal length of the lens, then

R
e 2 T
Lo fo fu
(i) Plano-convex lens silvered at plane surface, then
_ R
¢ 2Ap-1)
(i1) Plano-convex lens silvered at convex surface
R
T2
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1.  First principal focus H K3
1 A
_=_l[l‘lz_ul+l-13‘!-lz) 2 -
h Ml R R, ' ?
Second principal focus "-f—'"'T“'
1 2
= L(y_;;m,,&m)
Lrom R, R,
1
L W

2. Focal length (i, = py = 1 and p, = )

(i) Convexlens:f= 2p-1)

R

(ii) Concave lens : f= —2(“_1)-

3. If distance between object and real image is D and magnification is m, then
__mD

(1+m)*

4. Focal length of air lens in glass slab

R —
2(k-1) Air
S. Focal length of a slab with two materials,

R

£ ”'l-”?.

=

Ifp, >p, f=+ve
Ifp, <, f=-ve.

6. Iff; is the focal length of the lens in air, and if i, and y, are the medium on its both
sides, then

[ 2 (uy 1)

-7 ,
A= o | 21—y — 13 |

) g
and _&z f“ —u—“zul: El:ll _'33 .
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mustrnﬂon 32

There is a fransparent sphere of radius 10 cm and RI 1.5. A point object is placed
at a distance 5 cm from the centre of the sphere. Find the position of final image,

when it seen from (i) left of the sphere (ii) right of the sphere.

@ Short-cut solution :

Lo B .

Ha—y

D Ui
(1) sing i 7 %
Here B, = LSandp,=1
u = -5cm, R=-10cm
1-1.5
Su l_E = —_—
v =5 -10
or v = —4cm
(ii) Here, , = lS5andp,=1
p = -15em,R=-10cm
_l_ 15 = I=15
15 -10
or v = —20cm.
Illustration 33

A beam of diameter d is incident on a glass hemisphere as
shown. If the radius of curvature of the hemisphere is very
large in comparision to d, then find the diameter of the beam

ai the base of the hemisphere.
@ Short-cut solution :
Wi, K By _ H27H
v u R
3 3
= 9 = il
2 2 - 2
vy R
or v = 3R
From geometry,
x _d 2d
5R ~ IR x= 3 Ans.

Telegram @BookCornerOfficial

\



Ray Optics
Illustration 34

A concave mirror of radius 40 cm lies on a horizontal
table and water is filled in it upto a height of 5.0 cm.
A small dust particle P floats on the surface of water.
Pariticle P lies vertically above the point of contact of
the mirror with the table. Locate the image of the dust
particle as seen from a point directly above it. The
refractive index of water is 4/3.

@ Short-cut solution :

For concave mirror, u =5 cm, f=—20m

By mirror formula, 3 + s l we have
v u f

I
+

|
I

v's T
2
vy = +T0 cm
Thus ar = %cm
= 11.67cm
2
The distance Pr = ?U +5
= 11.67 cm.
Now for the refraction through waler surface, we have
_ kD
T D
AD = RD =11.67
p 4/3
or P, = 8.75cm. Ans.

Illustration 35

An equiconvex lens of glass (= 1.3) of focal length
40 cm is placed such that on left side of it is air and

3
the first and second focal length of the lens.

4
that on the right side is water ( =—]- Determine Air
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/ Short-cut solution :

. 2!-'-1(!-'-2-]) }
Using, = ol m—/—————
: f ﬂ[-’-uz-m-us

Here, m=lLpw=15and yy=

|

o 40|' 2x1(1.5-1)
1

2x1.5- 1—%] A

atidl fg_f{l 2]-'-3(!-(2—1)
Air ( j

i PP
230 ==
=40 —3

2x1.5- 1—— £

=60

=80cm.

Illustration 36

A point object ‘0’ is placed along the edge of the
convex lens of focal length 10 cm, at a distance 20 cm.
Find the coordinates of the image from origin of axes,
if diameter of Iens is 5 cm.

20 cm (0. 0)
@ Short-cut solution :

As abject is at distance 2/ from the lens, so its image will also be at 2/=

2x10=20
cm. Therefore coordinates of image are (20 cm, 5 cm).

Ans.
20 cm 20 cm
Illustration 37
A convex lens of focal length 10 cm is placed at an 30° with 4
the horizontal axis. An object is placed at distance of 40 O S30°
cm from the optical centre of the lens. Find distance of its 40 cm y
image. /
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@ Short-cut solution :

The distance of object from principal axis of the lens u = —40 cos 60° =20 cm.
So, image distance will also be 20 cm i.e., PI' = 20 cm. The distance

20

=40 cm. Ans.

cos60°

Illustration 38
A biconvex thin lens of radius of curvature R is made

up of variable refractive index p = 2(1+%).

Assume 2d << R. There are infinite images of point
object ‘O’ which is placed at a distance R on the
principal axis from the lens as shown in figure. Find
the distance of spread of images.

@ Short-cut solution :

0 R
Fory=0, pn= 2[“;) =2 Also f= 2=’

1 1 202-1)

¥ -R R
or v = R
d
For y = d,p=2(1+—]=4
d
L 2(4-1) /\
= B Y c ' 1
v -R R o
_ R R RB
or Y = = -— ey
5 R
R 4R
Spreading = v—v'= R—? = = Ans.
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Illustration 39

Two point sources S, and S, are 24 cm apart. Where should a convex lens of focal
length 9 cm can be placed in between them so that the images of both sources are

Sformed at the same place?

c@ Short-cut solution :

One of the source has real image then other will be virtual. So

i1 _1
¥y —z 9
] 11
L -y -x 9
On solving above equations, we get
x = 6cm
Illustration 40

A concave lens of focal length 10 cm is placed on a plane mirror. A point object is
placed 15 cm above the lens. Find position of the final image.

c@‘ Short-cut solution : 0

Usin - = 3+L E
= Lo T F fn o
2 1 >
= —_l{l+; 3.75cm B
or Jo = —Sem
This system like a concave mirror, 50
JS= 5=5cm
1.1 1
Using, o oy &
1, 1 1
w v -15 5
v = 375cm. Ans.

Illustration 41

If the optic axis of convex and concave lenses are
separated by a distance 5 min as shown in the figure.
Find the coordinates of the final image formed by
the combination if parallel beam of light is incident
on lens. Origin is at the optical centre of convex
lens.
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@ Short-cut solution :

Parallelincidentraysonconvex lens will intersectat the focus
of the lens. So for concave lens

1 1 1

v =10 = -10
or v = -5cm c10em
7 v v -5 ]
_ = = = O =|—— 5 —
Also 0 G or [ 5 X (—l 0 X 2.5 mm.
Coordinates of final image are (25 cm, 2.5 cm). Ans.
Illustration 42 n=4/3

In the figure shown the radius of curvature of the left and right
surface of the concave lens are 10 cm and 15 cm respectively. The
radius of curvature of the mirror is 15 cm. Find focal length of the

system, p=73/2
@ Short-cut solution :
I 1 1
i = — —1 Pk PP
1 3 1 1 1
For glass lens, - [5_1)(—_10_EJ =iy
1 4 1 1 2
b ; iR st (I ity (PN
and for water lens, % (3 ](15 _15] 45
Now usi  _ 2,2, 1
Ow using, j; f] fz fm
-1 2 1
= At — 2= —=
[12) [45) [+15]
2
= _f;, = |18 em. Ans,

As f=-f,=—18 cm, so system behaves like concave mirror.

TOPIC 20.6: Simple and Compound Microscope and Astronomical
Telescope.
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*X Review of Formulae

1. Simple microscope

. 3 D
Angular magnification, M= 1+—

A
Here D =25 cm.

2. Compound microscope
(1) When final imagc is formed at ncar point

M=—&p+£)
utl €
Length of the microscope
L=|v|+ul
(i1) When final image is formed at infinity
-0
uy fe

Length of the microscope L = |vy| + f..
3. Astronomical telescope
(i) When final image is formed at near point

./ ( &)
M 1. 1+ D)
Length of the telescope,
L=f +|u]
(i1) When final image 1s formed at infinity
S
-
*="%
Length of the telescope,
L=f +f.

Q. Acontainer is filled with water (u = 1.33) upto a height ~ '* <™
of 33.25 cm. A concave mirror is placed 15 cm above
the water level and the image of an object placed at :
the bottom is formed 25 cm below the water level. The ;< .|
focal length of the mirror is ‘

(a) 10cm (h) I15cm (c) 20cm (dt)
To see the video solution, scan the QR code:
OR Visit https://www.youtube.com/watch?v=JoNerSgUUX4
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Ray Optics

Illustration 43

A persen uses + 1.5 D glasses te have normal vision from 25 cm onwards. He
uses a 20 D lens as a simple microscope to see an object. Find the maximum
magnification power if he uses the microscope (a) together with his glass (b)
without the glass.

V Short-cut solution :
The focal length of the glasses (lens) used

f= %cm
Ify is the distance of near point, then
Lol oy 43
y =25 100
or y = —40cm
(a) The focal length of the lens of the microscope
_ L _ o
¢” p - pp M
The magnifying power of the microscope together with the glass
D 25
M= lH—=js=
S 5
= 6X Ans.
(b) Without the glass, D = y=40cm
Df
M = 1+
e
40
= 1+? =9X Ans.

Illustration 44

The image of the moon is focused by a converging lens of focal-length 50 cm on a
plane screen. The image is seen by an unaided eye from a distance of 25 em. Find
the angular magnification achieved due to the converging lens.

@ Short-cut solution :
The ray diagram of the image of moon formed by a lens is shown in figure.

Moon B

H—f--q—

Suppose d is the diameter of the image of the moon. If o and B are the angle made
by moon and its image respectively, then
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and B =

Angular magnification M =

Ans.

I
b|

I
;

Rl&

I

s

1.  An object is kept fixed in [ront of a plane mirror which is
moved by |0 m/s away from the object, the velocity of the
image

(@) 107 m/s () 20/ ms (c) si m/s  (d) zero.

2. A mirror of length I. moves horizontally with a velocity v. The mirror

—
——p-)

]
]
]
2

is illuminated by a point source of light P placed on the ground. The
rate at which the length of the light spot on the ground increases is :

(a) v (b) 2v (c) 3v (d) zero
3.  Inthe figure shawn an object AB makes small angle with the
normal line PQ. The length of AB is £. The RI of the slab is
p and surrounding medium is air. AB is seen with the helpof _____| ____| ---/—Q
paraxial rays, from the lefi side of the slab. The size of the £ /4
image of AB is: T

£
@ ¢ ® © e @ (1-]

4.  Pis apoint on the axis of a concave mirror. The image of P formed by the mirror
coincides with P. A rectangular glass slab of thickness ¢ and R/, p is now introduced
between P and the mirror. For the image of P coincide with P again, the mirror must

be moved:
(a) towards Pby (pn— 1) (b) away from P by (u— 1)
(c) towards P by t(l —ﬁ) (d) away from P by I(l — i)

5.  The width of man’s face is 10 cm. The distance between the eyes of the man is 4 cm.
Then the minimum width of plane mirror to see his full face is:

Numencnnteaer
(a) 3cm (b) 4cm () S5cm (d) 10em
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10.

11,

12.

13.

14,

Ray Optics
A mirror is placed at an angle of 30° with respect to y-axis as shown in figure. A light
rays travelling in the negative y-direction strikes the mirror. The direction of the
reflected ray is given by the vector : JKVPY-2017]

(a) i ®) i—.f3j -
(© 3i-J @ i-2

Given magnetic field equation is B =3x 1078 sin{w¢ + Ax + ¢)}, then appropriate

equation for electric field (F) will be: [JEE Main 2020]
(@ 20x107"sin (ot + ke + p)k (b} 9sin (of + ke + d)k
(©  16x107 sin (o + kx + §)k (d) 3x107%sin (oof + kx + $)k

A concave mirror is placed on a honzontal table, with its axis directly upwards. Let
‘O’ be the pole of the mirror and C its centre of curvature. A point object is placed
at C. It has a real image also located at C. If the mirror is now filled with water, the
image will be:

(a) real, and will remain at C

(b) real, located at a point between C and O

(c) wvirtual, and located at a point between C and O

(d) real, and located at a point between C and O

4
If relative permittivity and relative permeability of a medium are 3 and 3 respectively.
The critical angle for this medium is. [JEE Main 2020}
(a) 45° (b) 60° (c) 30° (d) 15°

Focal length of convex lens in air is 16 cm (uglﬂ_,,5 = 1.5). Now the lens is submerged
in liquid of refractive index 1.42. Find the ratio of focal length in medium to focal
length m air has closest value JJEE Main 2020]

(@ 9 (b) 17 (© 1 (d) 5
A thin concavo-convex lens has two surfaces of radii of curvature R and 2R. The
material of the lens has a R, p. When kept in air, the focal length of the lens:

R 2R R
a) — o el — = d) none of these
(a) = (b) e (c) G (d)
A plano-convex lens of radius of curvature 30 cm made of refractive index 1.5 is kept
in air. Find its focal length (in cm). Numeric/Int ‘-s.ér{JEE Muin 2020]

A concave lens of ROC 10 em each and made of material of R/
e 10em| [10cm

1.5 is silvered at its one face. Its focal length Numeric/Int o&ar
(a 25cm (b) 5.0cm
(c) 10.0cm (d) 20.0cm

An object is placed in front of a thin convex lens of focal length 30 cm and a plane
mirror is placed 15 cm behind the lens. If the final image of the object coincides with
the object, the distance of the object from the lens is: §

Numericflntafaeer
(a) 15cm (b) 25¢cm (c) 30cm (d) 60cm
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15. 'l‘w:Ienses of focal lengths £, = 10 cm and f; = 20 cm are kept as b
shown. The power of combination will be #: f
Numerlcﬂntaaer !
(a) -10D () 5D
(c) 0 (d) 10D

dition on the refractive indices so that the lens is diverging?
@) 2p3<(utpy

(b)) Zpy>(u 1)
(© 13> 2n —1) R
(d) none of these

17. Two plane mirrors are combined to each other, one of them in yz-plane and other in

16. Figure shows a concavo-convex lens of RI w,. What is the con- |
By m H3

- -~ -

xz-plane. A ray of light is incident along [ LI > ] on the first mirror. Find
pienc. & ey ofign BB

the unit vector of reflected ray:

4§ & GY'i &k
FEE e BE
i,J_k

NERINE RN

(d) none of these

Solutions

L. (b) As Vin = ~Vom
or V=V = (Fo _i';m)
= 2x10i —-0=20{ mJs. Ans.
2. “(d) Length of spot, AB = OB—0A=2L+x)-2x=2L.

— constant, so ;ﬁ = 0

X x 4 LB
L+x L+x Ans.
(a) As object and observer both are in same medium so length A8 remains same,
only there is shift in its position. Ans.
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10.

(@

so mirror must be moved away by distance S. Ans.

_10-4
(a) w= 7 = Icem.
(¢) Incident ray =-—j
Reflected ray vector
Bi
2 2
E,
b =0
(b) By
£
So E
(d)

(c) 4

(a)

F

fa

Shift produced by slab § = i[l - iJ towards right of P

The image will be real and between C and O (see figure)

Ray Optics

AT
/

=

!

Ans.

cos 30°

30°

sin 30° Reflected ray

C(speed of light in vacuum)

B C=3%10%x3x10%
9N/C
9 sin(oy + kx + )

Ans.

Il
W
(=
o

Ans.

] 1l
L . S
FlE FIF

| |
—_ =
|~ 3=

|
Fl- @l-
N A

(%"J _ 008
[@ —1] (1.92)(0.5)
1

(1.42)(0.5)

008 8.875=9
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12.

13.

14.

15.

16.

17

Authentic Shortcuts-Tips & Tricks in Physics

1 2R
—RJ = I—E- Ans.

Ans.

—10em

I 1
rial o (5
(60) 7= l)&—é)
R, = «
R, = -30cm
1 _ 1 1
v 4 (15~ I)[oo —30)
1 _ 05
f 30
S = 60em.
R -0
(a) = "oy T 25—
121 2. 1
Now A7 AT

2

+[_jj = f,=-25cm. Ans.

(c) The rays after refraction from lens will reflect back from

mirror, if they fall normally on the mirror, so object must

be at the focal point of the lens.

1

d
(d) 7
or P
- Ps_Hi
(b) Using, —
Bz M
o (f) =
1
7

Forf<0 = 2u > (gt )
(b) When ray is reflected from yz-plane, only i reverse in sign, so

L3

2

2 1

Ans, \LI

B0 IR 0 A 150111
fl fz fm
2 2 1
S S i
010 -0,20 o
10 D. Ans.
Hi—Ha Ha—H3
2R R
[ul-uz+uz-u3]
2R R
L[PL_FZ_FHQ_H?,]
Mzl 2R R
Ans.

R =-T£3 +:;4_5+:%. Now when this ray is reflected from xz-plane, only 7 gets

reverse, so &, = %-j’;+7§

Ans,
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TOPIC: Interference, Diffraction, Polarization, Malus Law, Brewster

Law and YDSE.
“f Review of Formulae
Reflected light
Interference in thin films : '[
(a) In reflected light :
Télsmiued light

2utcosr=(2 1)—, n=1,2,..... for constructive interference and

2uwecos r=nk,n=0,1,2, ... for destructive interference
(b) In transmitted light :
2weosr=nh,n =012 ... for constructive interference

and 2ur cos r = (2;:-1)%—, n=1 2, ... for destructive

interference

Interference in wedge shaped film :

Fringe width, B- 21“’;““. M

Fraunhoffer diffraction at single slit : Diffraction occurs due to super
position between the wavelets originated from same wavelront. For
diffraction, size of aperture is order of wavelength of wave.

a sin O = 2, for first order minima |
Width of principal maxima d e
—
=20 = 2sin”' (Ma)
Polarization : Symmetry to asymmetry of i
vibrations of optic vector is called polarisation. I !

*When natural light falls on polariser, its intensity
becomes half the intensity of incident light.

Polariser Analyser
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Authentic Shottcuts-‘l‘ips & Tricks in Physlcs
Malus Law : I, = I, cos® 0

Brewster's law : p=tan i, '

ot

® I|,£§! Tips and Tricks for Shortcut Solutions

1. Brightness of the fringe is directly related to the intensity of source. When
the slits of unequal width (area) are used, the intensity of fringe will not
change but brightness of fringe will change. In this case we should take
the power of source emerging from the slits. If P, and P, are the powers
corresponding to area of slits 4; and 4,, then

P =14, and P, = I4,

Py (B+B)

Therefore, P = ( JF,— ﬁ)z .

2. For sources of intensities /; and /, originated from slits of equal width,

o (a.+a3) ( ""\/_)2
huin (-~ ;)" (J_ Jz)

2
3. Path difTerence, - T(b'

The resultant intensity in interference
I=h+kL+ 241,1’2 cos §
Ax)
= II. +I1 + 2 1112 COS(E).

— For two identical coherent sources, [, = I, .. wsz% =4] cos® %
— Intensity at a point y from the centre of screen / = 4/, cos? .

A
4. For maxima, Ax==ni; n=0, 1, 2, ..... and for minima, Ax = (2n—1)-2—;
n=12, ...

wn
h

Path difTerence in difTerent cases of YDSE
(i)  When screen is parallel to the plane of the slits

Path difference incase D >>d :
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Ax=S5,P-§P=dsin0
The shape of the fringes are hyperbolic
with straight central section. )

y d-5F

IfA<<d,thensin 0 =tan 0= )

d
Ax=dsin@=dtan0= 2.

D
Fringe width, B= %
(ii) Obligue incident of plane wavefront on the slits
Path difference, Ax=dsin0-dsina

= d sin .
D
Position of zero order bright fringe, Ax =0

or 0= E‘%—’Q—dsina

Y= Dsina

(iii) When transparent sheet is placed in front of §, or S,
Optical path of §; P
=8P+ (u-1)
Path difference, Ax=S,P-[S,P+(n-1)]

d Air
g sy A
Position of zero order fringe, Ax =0 _'.:T| ----------- -Jo
dyo 2
i (= —==(f=1)t
D ot
= D(p-1)
= _T
(iv) Optical path of ray when passes through a medium of RI p, into
transparent sheet of Rl p,.
]
My Hy B
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Authentic Shortcuts-Tips & Tricks in Physics
= (AB - t) in medium of RI, p, +¢ in medium of R/, p,.
=(AB-1)py +pyt
=(4B) py + (uy = 1L
(v) When transparent sheets are placed in front of both the slits
Path diffcrence

Ax = optical path of 5, — optical path of S,
= [(S,P)uy + (ny— w)f] - [(SlP]p.3 +(1y - 113)‘]
= (S,P-5,P)u; * 1y~ iy

d
Ps(gjﬂh —y)t

For zero order fringe, Ax=0

d
or 0= 113[—;'2]4‘(#2 -t D

(=)t
D> =
P;d

(vi) When screen is placed perpendicular
lo the plane of the slits

path difference, Ax = d cos 0 (d << D)
For d = m). and for bright fringe Ax = ni.,
n\ = (mi)cos 0

Yo=

n
or cosf= —.
m

Here nsm.
The shape of the fringes are circular and of different width.

(vii) In YDSE, using two wavelengths, i.; and L., and if bright Jringes of
both coincides, then

mh=mhy, = A

Illustration 1

1
In YDSE, d=1 mm; l=§ mmand D=1m.

(i)  Find the distance between the first and central maximum on the screen.
(i) Find number of maximum and minimum obtained on the screen.
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Solution :

M

(i)

Wave Optics

Here path difference between the waves on reaching at P
Ax= dsin0

For maxima, Ax= +pd\ = i%

n n
j:—: 1 i =:I:—
3 1xsm®8 = sinB 3

-—)—]
For I maxi n=1 'sinﬁ——l-ortanﬂ— :
PO 3 N

1 1
= fan 0 = yl=DlanG=le=—m.

Now 3

3

D
. n

We have, sin 0 = ig, here n < 3.

Forn=3,5smB=1 =5 8 =90°. So maxima corresponding to n = 3 are
nol possible. Therefore lotal maximas are:

One for n =0, and two for n = 1 and two for # = 2, so0 total are 5.

" 3=z
Minima| a=1 z;{l} Maxima
":_é n=-1
o )
;i 1/3 2n-1
For minima, Ax= :i:(ZJ"z—l)i = +(2n-1) . )
2 2 6
and Acx= dsinB=1sn0
or sin 0= i2n_1, heren < 5.

Therefore possible minima are two for each n = 1, 2 and 3, so there are 6
minima. Ans,
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Authentic Shortcuts-Tips & Tricks in Physics
Illustration 2
In YDSE set-up d = 1 mm, ). = 600 nm and D = I m. The slits produce same

intensity on the screen. Find the minimum distance between two points on the
screen having 75% intensity of the maximum intensity.

Solution :

. 29
Using, I= 4], cos"5

3(41p) 2¢
T = 4!0 Ccos” —

or 2

=2
)
b |-

]
w|a

-3
=% or ¢

Il
|
=

Now using

or

I
x
I

Ax
Bl 22
D 2n 3

v
The minimum distance between two maximas

gy = 2OM _ 1x600x10~°
1T 6d T 3x107

0.2 mm Ans.

Illustration 3

If slits of the double slit were moved symmetrically apart with relative velocity v,
calculate the rate at which fringes pass a point at a distance y from the cenire of
the fringe system formed on a screen D distance away from the double slits, if
wavelength of light is \. Assume ). >> d.

Solution :

Number of fringes passing through P
= number of maxima passing through P

For minima, Py
nh= % "
-G = F-5
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Wave Optics
Illustration 4

In the figure shown in a YDSE, a parallel beam of light
is incident on the slits from a medium of RI, .. The ”_‘..‘E =

wavelength of light in this medium is )\, A transparent O
slab of thickness t and R, n, is put infront of one slit. - Hy

The medium between the screen and the plane of the z

slits is 1. Find the phase difference between the light

waves reaching at O (symmetrically relative to the slifs).

@ Short-cut solution :

Optical path of §,0, x| = (S, ) + (py —py)t
optical path of $,0, x, = u,(5,0)

So path difference, Ax = x ~x,= ,(5,0) + (13— )t — 1(8,0)
As S lCJ = SZO
Ax = (uy—p)t
and A = M
Phase diffe ¢ 8 b D ( ) A
ase difference, = : e — )t ns.
3'iul' P’ll'l ”.3 “2
Illustration 5 P
Three identical coherent point sources S p S;, and .5'3
are placed on a line perpendicular to the screen as
shown in the figure. The wavelength of light emitted S, S, 5, 0

by source is , d = 3\ The distance of S, from the “g g
screen is D >> d. Find the minimum distance x of the

point P on the screen at which complete darkness is l D
obtained.

@ Short-cut solution :

For complete darkness at P, the resultant amplitude of three sources will be zero.

2
Therefore the angle between nearest two must be 120°= —.

3
i _ oA g A A
Path difference, Ax = 2ux¢-21|:x3 o
_ A P
or dcosB = 3 ,,_dcos’a lx
A 0
or Jhcos@ = — S 5 5
3‘ i
d
1 I D
cosB = E
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Authentic Shortcuts-Tips & Tricks in Physics
D 1

= _ =% 81D2=x2+ D?
X +;D2
120°%
/”
J30D = 45D, Ans.

Q. Two coherent point sources S; and S, vibrating in
phase emit light of wavelength 1. The separation | &

between the sources is 2L Consider a line passing [

through S, and perpendicular to the line S S, 1| \‘
What is n'ze smallest distance S , where a minimum | ’
of intensity occurs?

To see the video solution, scan the QR code:
OR Visit htips://www.youtube.com/watch?v=XmP_cVphKFs

Illustration 6
Figure shows three equidistant slits being illuminated by a monochromatic

parallel beam of light. LetBP—AP=% and D >> ). “'IC
_ 2D dIH
(0 Show that d = T. 14 i
(ii) Find the resultant intensity at point P. D
Solution :
olution c
() Given, BP— AP = % B
Ad'é ------- 4 B et
or dsing = 4 P
3 D
or dtan0 = %

dx(jz))

e | 2
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_|2AD
d = 3
(ii) Phase difference between 4 & B
A
Ax = BP-AP= 3
¢ =
Phase difference between B and C
M —
_
2D
2D 3
5 ¢ = 2m
Therefore B and C add together becomes 2a and with 4,
R = Jaz +24° +2ax2ac052?x
= 3
Intensity, = ps (ﬁa)z =3a%. Ans.

Illustration 7

In figure S ; and S, are two coherent sources. A large screen is placed perpendicular
to the plane of the slits. Find total number of bright fringes can be seen on the
screen. Given D >>d, and d = 3. | JEE Main 2013}

Solution :
Path difference between the waves on reaching P,
Ax = dcos®.
For bright fringe, Ax =nA
or dcosB = nA
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or cos@ = @_=ﬁ=£
d 3 3
Here n= 01223
For n=0, cos 8 =0 or 6 = 90°, which practically not possible
w1 posfimrpeie BT
n ,c080=>or0= 3
2 12
n= 2 cosB= 3 or 6= cos 3

n= 3cos0=1o0r0=0°
Therefore there are total three circular bright fringes can be possible on the screen.
Ans.

1.  When light of different colours move through glass, they must have different

(a) [requencies (b) wavelengths
(c) amplitudes (d) speeds

2. Alight of wavelength 6000A and frequency 5 = 104 Hz in air enters a medium of R/
1.5. Inside the medium, its wavelength and frequency Numoricﬂnté:géir
(a) 4000 A,5x10'% He (b) 6000 A,3.33 x 10" Hz
(c) 4000 A,3.33 x 104 Hz (d) 6000 A,5 =10 Hz

3. InaYDSE, let A and B be the two slits. A thin film of thickness ¢ and R/, p is placed
in front of A. Let B is the fringe width. The central maximum will shifl by

(8) w (®) m%
B, _ Ao
© - @ Fo-r

4. Ina YDSE, let B be the fringe width, and let [; be the intensity at the central bright
fringe. At a distance x from the central bright fringe, the intensity will be :

o unfy o )

2| ™™ ; X
() I, cos (ﬂ (@ I, sin” [FJ
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Wave Optics
Ina YDSE, d is the separation between the slits and D is distance of screen from slits.

The distance of nearest point to the central maximum where the intensity is same as
that due to a single slit : (A — wavelength of light used)

DA DM
@ B

D). 2D\
(© EY] (d) a4

In a YDSE, first maxima is observed at a fixed point £ on the screen. Now the screen
is continuously moved away from the plane of the slits. The ratio of intensity at point
P to the intensity at point O (centre of the screen)

S| ~
_______________ O
51
(a) remains constant (b) keep on decreasing

(c) first decreases and then increases  (d) first decreases then increases

In the YDSE shown the two slits are covered with thin sheets having thickness ¢ and
2t and RJs, 2p1 and p. Find the position of central maximum (y) :

8|
M
s
Dt _Di
@ — b) —,
(¢) D(p-1) (d) zero

In YDSE, the wavelength of red light is 7.5 x 105 cm and that of blue light is 5.0 x 10~
c¢m. The value of 7 for which (s + 1) blue bright band coincides with nf red band is:

Numaricﬂntal'g;r
(a) 8 (b) 4
() 2 (d) 1
Figure shows two coherent sources §, and S, vibrating is same A
phase. AB is an irregular wire lying at a far distance from the °! et
sources. Let — = 10, ZBOA = 0.12°. How many bright 4 }‘
5l Tl

spots will be seen on the wire, including 4 and B. )
Numaricﬂntﬁﬁér

(@ 2 (b) 3
(c) 4 (d) more than 4
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12,

13.

Authentic Shortcuts-Tips & Tricks in Physics
The adjacent figure shows Fraunhoffer’s diffraction due
to single slit. If first minimum is obtained in the direction

shown, then path difference between rays 1 and 3 is : /
A
0 A /
(@) ® 2
A
c) = d) A
() > (d)

Unpolarised light of intensity 10 is incident on surface of a block of glass at Brewster's
angle. In that case, which one of the following statements is true?

(a) Reflected light is completely polarised with intensity %0-

£l

(b) Transmitted light is completely polarised with intensity less than 2"

(c) Transmitted light is partially polarised with intensity ‘;—0
(d) Reflected light is partially polanised with intensity %0

Three waves of same intensity (I;) having initial phases 0,%,-% rad respectively
interfere at a point. Find the resultant Intensity JJEE Main 2020]
(@ I b)) 0 (c) 581, (d) 021,

Assuming human pupil to have a radius of (.25 cm and a comfortable viewing distance
of 25 cm, the minimum separation between two objects that human eye can resolve

at 500 nm wavelength is : .
(@) 100 um (b) 300 pm Numarlcnntagar
(€) 1lpm (d) 30 pum

2~ Solutions

1.

2.

(a, b) Different colours have different speeds, and wavelength, As v = f&, so
frequency will also be different. Ans.

(a) A,=—=—— =4000A. Ans.

B s B _E B
l-Shlf‘l:f\— ?(u l)r—l(p Dt Ans.
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4,

10.

11.

(c)

()

or

or

or

(c

et

(a)

or

()
(a)

(d) Path difference between 1 and 2 is

Wave Optics

dx 2
Ax=dtan 0= . phase difference ¢ = TE(M)-

20
2

I=[Cos" — =] cosz{
Q 0 A

Using,

I=41, cosz% = 4I.gcosz[

2n dx

—_——

| >

41 cos’ ~
LSS

4r, cos” =
0= 2

oS

nyd )
DA J

¢

29

Ax=[S,P+ (u— 1)2¢] - [S,P+ (2u - 1)1]
0= (SP-§,P)-1

0_

Do _

D

(7.5 % 1075 = (n + 1) (5 x 10°5)

Angular width,

o

o>

9
a

dillerence between 1 and 3 will be A.

2

4 =

= n=2.

=103

0.12x2m _

601073

d

=1 [P ) acge DA
ZDJ =1, cos (BJ.AsB i

Ans.

Ans.

Ans.

Ans.

Ans.,

Ans.

and between 2 and 3 is also % So path

Ans.

(a) At Brewster’s angle the reflected light gets completely polarised.  Ans.
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A
12. () A= (V2+1)4 /
2 E A
e = (V2+1) fo T
4
= (3+2V2)1y =5.81gs o "
025 1
13. (d) snd= 2—5=m
1224 P
RS,

Resolving power = 2sin® =30 um.

| 25¢cm 1
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TOPIC 22.1: Planck's Hypothesis, Photoelectric Effect, de-Broglie Waves,
Rutherford o-Particle Scattering Experiment, Bohrs Model, Spectrum of
Hydrogen Atom and X-rays.

“’f Review of Formulae

1.

Planck’s hypothesis : Light propagate in small packets of energy, called
photon. Each photon having energy
E = hf=hc/h.
*Rest mass of pholon is zero.
Momentum of photon = Av/c = h/A
Number of photon per second emitted by a source of power P 1s
B P
"~ (hc/A)
Photoelectric effect : The emission of electron from metal surface by light
is called photo electric effect (PEE).
Einstein’s photo-electric equation

N

E=Wy+KE,_
or b= hfy + (12)m?
he _he, lmv,fm
x A 2

*With increase in intensity of incident light, photoelectric current increase
but maximum K_E. of clectron remains same.

*With increase in frequency of incident light, photo electric current will not
change but maximum K_.E. of photoelectrons increases.

de Brogile Waves : If a particle of m is moving with a speed v then
corresponding wavelength

g

my

h

T 2mKE
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4. Rutherford o - scattering formulae

Atomic Model
(1) Size of nucleus : Distance of closest approach

_ 1 (Ze)2e)
B= 4n g, n ‘_) @
2 Lo
— Fy= 1 2Ze - :-—L-:
dne, E,

(i) The number of a-particles scattered at an angle ¢ by a nucleus is

Oy @
51115

Bohr’s Model :

(1) Electrons revolve around the certain circular orbits without radiating
energy, such that

1 7 _ mv’ @ "
dney r r
(11) Quantization of orbit
nh
mvr=_—-n=12, ...
2

(iii) Quantization of energy Af= £, - E,.
(iv) Mass of revolving electron remains constant,
Deductions: 7, =(0.53/Z)n’4
¢ Z
Vp=—=—mis
-TE.=KE. =(-PE2)
E (TE)=(-13.6 Z¥ n®)eV

. 1 1
Wave number : %=R¢’:2[_2‘_2]'

R m

Spectrum of hydrogen atom :

1. Lymen (Ultraviolet) n=1,n,22
Balmer (Visible) n=2n,>3
Paschen (Infrared) n = 3: n,>4
Brackett (Infrared) n=4,n,25
Pfund (Infrared) n=5n,>26
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Photons, Atoms and Nuclei
Limitations of Bohr’s theory

1. It can only explain the structure of hydrogen like atom.
2. Itis unable to explain the fine spectral lines.

Phosphorescence and fluorescence : Certain substance emit visible light
when high frequency radiation incident on it. If the emission continues after
the source of excitation is removed then it 1s called phosphorescence. If not,
18 called fluorescence.

First excitation potential ¥, = [(E, — E,)/e]
Tonisation potential = [(E_ — E|)/e]
= 13.6 V for hydrogen
X-rays (1A to 100 A)
When fast moving electrons strike to a target of high melting point and
atomic mass, X-rays are produced.
*Intensity of X-rays is proportional to filament current.

*Penetrating power is proportional to potential difference across filament &
target.

*X-rays of A > 4A are called soft and X-rays X < 4A are called hard X-rays.
X-rays Spectra :
1. Continuous spectrum are produced due to deceleration of electrons.

2. Characteristic spectrum are produced due to knock of bound electrons
from the inner orbit and the vacancy so caused is filled by either free
electron or electrons from higher orbits.

EL - E& = hj;m:
Ey—E= kfkp
hc
Energy of X-ray = hf = n
; h h
Dynamic mass of X-ray = —{ =—.
¢ ch

Minimum wavelength of continuous X-rays
_ he 12345
hin= = 4
Brage’s law 2dsin0=nk (n=1,2, ...)

Intensity of X-rays after passing through a medium of thickness x is
I=Ie™.
0
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- I'PS! Tips and Tricks for Shortcut Solutions

1. Intensity of photons :

Q) 1= i - Power .
At A
- . ! . Power
(i1) Intensity due to a point source at a distance r, I = -
. . . Power
(iii) Intensity due to a line source al a distance r, I = —

2. Radiation force (Normal incidence):

(1) If coefficient of reflection is r, then force exerted

(1+71) e
= power
(ii)) For perfectly reflecting surface
=2 power= 24,
c e
(iit) For perfectly absorbing surface
E= I—A
c
(iv) When radiation of intensity / incident at an angle 8 with
2
the normal of surface, then F = g B. 0
c
3. Photoelectric equation: If ¥, is the stopping potential then
Vo= —ﬂ+[£) f.
0 e \e

h
The slope of ¥, vs f'is a constant and equal to (;)

: : : 12.27
4. D-Broglic wavclength associated with an clectron A= - A.

5. Shortest wavelength in continuous X-rays, A, *-@A and longest

wavelength will be infinite.
6. Remember hc=2 x 1072 J-m,
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Photons, Atoms and Nuclei

IMustration 1
How many photons are emitted per second by a 5 mW laser source operating at
632.8 nm?
@ Short-cut solution :
The energy of each photon
=X
A
~ [(6.63x107)x(3x10%)
632.8x107°
= 3.04x10719].
The number of photons emitted per second is given by
n = Power
E
_ 5x107
3.14x107"
= 1.6x 106 Ans.

HNlustration 2

A beam of white light in incident normally on a plane surface absorbing 70% of
the light and reflecting the rest. If the incident beam carries 10 W of power, find
the force exerted by it on the surface.

@ Short-cut solution :

1+
Using, F= Mﬂ, here
c
r=03.
e 1.3 Power
(o
1.3x10
= = =43 x 109N Ans,
3x10

IlMustration 3

Radiation of intensity I is incident on a perfectly absorbing
hemispherical surface of radius R. Find force exerted by radiation
on the hemisphere. R

Solution :
Force on perfectly absorbing surface
_ 14 _ Ixprojectedarea _ /(nk?)

c c c
Note: If surface is perfectly reflecting, then force remains same.

F

" Ans.
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Hlustration 4

The radiation of intensity I is incident at an angle 0 with the normal of the surface.
If coefficient of reflection is r than find force exerted by the radiation on area A of
the surface.

@ Short-cut solution :
E _ I(Acos@)

Momentum of incident photons P =—

¢ ¢
Force, F=£= P(1+r)cosB _ [Momgr} (1+r)cos®
At ¢ - :
p .
Illustration 5
A hydrogen atom at rest emits a photon of wavelength 122 nm. Find the recoil
speed of the hydrogen atom.
Solution :
0 = pphm + ﬁH
> PH = -R photan
or PH = Pphgm
h
e my = —
A
h -34
= — & 6.63x10 325 ms A

mA 1.67x10 2 x122x10% ~

INlustration 6

Calculate the value of the retarding potential needed to stop the photo-electrons
ejected from a metal surface of work function 1.2 eV with light of frequency 5.5 x
10" Hy

@ Short-cut solution :

If ¥, is the stopping potential, then by Einstein photoelectric equation, we have

VD - hf_Wﬂ
[
 6.62x107 M x5.5%10" —1.2x1.6x107"7
1.6x1071?
= 1.07V Ans.
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Photons, Atoms and Nuclei
HMlustration 7

What is the angular momentum of an electron in Bohr's hydrogen atom whose
energyis—3.4eV?

% Short-cut solution :

We know that,
13.6
E = —]—e¢eV
n2
13.6
_34 = RO i
nz
or n= 2

The angular momentum L of an electron is given by zﬂ
T

For n= 2L= E Ans.
T
Mlustration 8
Find the shortest wavelength of the X-rays emitted by an X-ray tube operating at
30 kV.
@ Short-cut solution :
Using, Aein = e A
V
w2090 Ans,
30x10°
Mlustration 9

The wavelength of the characteristic X-ray K, line emitted by a hydrogen-like
element is 0.32 A, Calculate the wavelength of K, 5 line emitted by the same element.

O@ Short-cut solution :

For hydrogen like atom

. . wd -___
For K, - line, — = Z°R %, }
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3Z2R .
2 -~ |
1 (1)
i 1 i g |
- 2w R
For XB line, J‘-KB |:12 32]
872R .
= . vk 11
3 (ii)

From equations (i) and (ii), we have
Mg 3/4 _3x9 _ 27

Ak, 8/9 4x8 32
Mg = Sag = 2 x0324 =027A. Ans
2% " 3

Mustration 10

Calculate the ratio of minimum to maximum wavelengths of radiation that an
electron causes in a Bohr’s hydrogen atom (if the electron is de-exciting to n = I).

% Short-cut solution :
)4

Y T -]
|-
L

|

f’_"“\

I—

— |
e
1]

Blw

or Smin = Ans.

lm

IMMustration 11

Two identical nen-relativistic particles move at right angles to each other,
possessing De-Broglie wavelengths ., and )\.,. Find the De-Broglie wavelength of
each particle in the frame of their centre of mass.

Solution :
If A and P, are the momentum corresponding to wavelengths A, and X,. The
velocity of CM

5‘:4

I

tm
+
i

m+m
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Photons, Atoms and Nuclei

or 2P, = JB+P

S OL0

A= ; Ans.
N, J\.f + kf
Nlustration 12

Characteristic-spectra of X-ray is shown in figure. Which is K , and K,?
1

or 2

>

Solution :

Since energy difference of K, is less than K
ALy, < Bl
= Mg < g
Therefore 1 is KB and 2is K, Ans.

Mustration 13

An energy of 24.6 eV is required to remove one of the elecirons from a neutral
helium atom. The energy (in eV) required to remave both the elecirons from a
neutral helium atom is

(@) 79.0 (b) 518 (c) 49.2 (d 38.2

o@ Short-cut solution :

The ionisation energy of helium atom
=13.672=13.6x22=544¢V

So total energy needed to remove both the electrons from helium atom =24 .6 + 54 4
=79 cV. Ans. (a)

TOPIC 22.2: Radius and Density of Nucleus, Mass-Defect, Packing
Fraction, Binding Energy and Radioactivity.
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*ﬁ Review of Formulae

1. Radius of nucleus R = R,Al3
* Size of nucleus is of the order of 10~ m.
* Size of atom is of the order of 10719 m.
* Nuclear density is of the order of 10'7 kg/ m?
2. Mass defects (AM) = Mass of nucleons (M) — Mass of nucleus (A).

3. lamu=1.66x102"kg
=031 McV.

Mass defect _ M -4
Mass number A

4, Packing fraction f=
. BE.=Amc?
6. Radioactivity
(1) Spontaneous disintegration of nucleus is called radioactivity.

* It 1s matter of chance, for any atom to disintegrate first. The life time
of radioactive atoms will therefore be from zero to infinite.
(i) N=N, e

;
Also N=Ny(172)°, n=—.
b2

(ifi) Mean life T=(1/A) = 1.44¢,,,

*B-particle is not initially present in nucleus, but is produced due to
disintegration of neutron

ot = H + B0+
dN
(iv) Activity (A) : A=‘E‘=1N

Also A=Ae™.

S.1. unit of radioactivity is becquerel.

1 becquerel = 1 disintegration /s.

* 1 mytherford = 10° disintegration /s.
* 1 curie = 3.7 x 10'? disintegration /s.

INlustration 14

The binding energies per nucleons for deuteron ,Hz and helium JHe‘ are 1.1 MeV
and 7.0 MeV respectively. Calculate the energy released when two deuterons fuse
10 form a helium nucleus (,He").
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@ Short-cut solution :

The fusion of deutrons can be written as :
H2+ H? - _He*+ Energy
The binding energy per nucleon of deutrons is 1.1 MeV,
net binding energy of deutrons will 4 x 1.1 =4.4 MeV.

The binding energy per nucleon of ,He® is 7.0 MeV. The binding energy of helium
nucleus is 4 x 7.0 = 28.0 MeV.

The energy released = 28.0 MeV — 4.4 MeV =23.6 MeV Ans.
Mustration 15

What is the power output of a o, U™ reactor if it takes 30 days to use up 2 kg of
fuel, and if each fission gives 185 MeV of usable energy?

Solution :
The number of 4, U in 2 kg,
y = 2x1000) e 02x10%3
235
= 512x10%
The fission of each o, {*? produces energy
= 185 MeV

Total energy produces,
E = (512x100*x(185x 1.6 x 107 J
= 15723 x10"J

E _ 15712.3%10Y

© 30%24x3600
6.06 x 107 W Ans.

The power output P =

Nlustration 16

A nucleus with mass number 220 initially at rest emits an o-particle. If the Q value
of the reaction is 5.5 MeV, calculate the kinetic energy of the a-particle.

() 44MeV (b) S5.4MeV (c) 5.6 MeV (d) 6.5MeV

@ Short-cut solution :

O Pl
( ) Pz
= O—n

M =220 m =216 m,=4
K,+K, = 55MeV (1)
and P, = P,=2x216K, = [2x4K; ... (i)
On solving equation (i) and (i1), we get
K, = 54 MeV. Ans. (b)
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Ilustration 17
Two radioactive ntaterials X; and X, have decay constants 10). and A respectively.
If initially they have the same number of nuclei, then the ratio of the number of

nuclei of X, to that of X, will be 1/ after a time
(@ 1/¢100) (B) 1/(1I1) (c) 11/(103) (dy 1/(90)

% Short-cut solution :

N, =Ny "% and N, = Nje ™

Ny
—L _ L10a+h) = e
N, el e
So — = g™
1
or L= Ans. (d)

INustration 18
Nuclei of radioactive element A are being produced at a constant rate a. The
element has a decay constant \. At time t = 0, there are Ny nuclei of the element.
Calculate the number N of nuclei of A at time t.

Solution :
The rate of formation of nuclei is = a.
The rate of decay of nuclei = AN.

Thus net rate of formation of nuclei, e (o - AN)
aN ~
(@-AN) dt.

On integrating, we have

Xooav ¢

= [a

AN .[

o (a ) ;
N
fn(a—IN

or n(a ) =
_:l._ ND

]
|
L
-

£n(a. —AN) — (o — AN)

a—-AN
£ = _
n[“-mo) M
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Photons, Atoms and Nuclei

a-AN
or a_?u.Nu B e_a‘!
N = %(l—e'”)+N0e'“. Ans.

Ilustration 19

The activity of a sample of radioactive material is A, at time t, and A, af time
t,(t, > t). If mean life is T, then find A,

@ Short-cut solution :

Ay = Aoe_m'
and Ay = ""ﬁe_Juz ; also A = %
-11’2
A _ €T ()
A4 e
or 4, = Ae) = gl Ans.

0. A small plane perfectly reflecting mirror of area A and mass M is hanging
vertically with the help of a massless string of length L Light of intensity I is
incident normally on it. Find the angle made by the string with the vertical.

i EEE

To see the video solution, scan the QR code: p:‘f:;g_g

OR Visit https://www.youtube.com/watch?v=PShcFnJNpSQ IR FH
Mlustration 20

Suppose, the daughter nucleus in a nuclear decay is iself radioactive. Let hp and
A, be the decay constants of the parent and the daughter nuclei. Also, let N, and
N, be the number of parent and daughter nuclei at time t. Find the condition for
which the number of daughter nuclei becomes constant.
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or

IIlustration 21

AP
hpNp

Ay

ANy

Authentic Shortcuts-Tips & Tricks in Physics

@ Short-cut solution :

Ans,

A factory produces a radioactive substance A at a constant rate R which decays
with a decay constant ) to form a stable substance. Find (i) the number of nuclei
of A and (ii) number of nuclei of B at any time t assuming the production of A
starts at t = 0. (iii) Also find out the maximum number of nuclei of A present at any
time ¢ during the formation,

Solution :

Factory L SN

(i) Let N be the number of nuclei of 4 at any time ¢

or

or

or

or

dN
dt

N
dN

R—-A\N
0

tn(R-AN)[Y

=V
én(R—AN)— £nR

N

= R-MAN

(i) Number of nuclei of B at any time ¢

Np

—AL

%(l —e_u).
Rt—- N,
Rt—%(l— e‘“)

)E(M— 1+ ™M),

(iii) Maximum number of nuclei of ‘4° present at any time during its formation

R

T

Mustration 22
A radioactive sample decays with an average life of 20 ms. A capacitor of

in time?

Ans.

capacitance 100 uF is charged to some potential and then the plates are connected
through a resistance R. What should be the value of R so that the ratio of the
charge on the capacitor to the activity of the radioactive sample remains constant
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Solution :

1.

N

o

th

Photons, Atoms and Nuclei

The activity of the sample at any time # is given by

A= APe‘:“,

The charge on the capacitor Q = Qe R
~t/CR

ThUS Q = g)e_—‘u

A Age
1t is ind dent of £if l—L l-—T

15 10 epen enfolf1 ot CR l‘-'

PO T 20x10™° HHE

or AC  C 100x10°° s

- Q- oncept Booster Exercise

An electron and a photon have same energy E. Find the ratio of de-Broglie wavelength
of electron to wavelength of photon. Given mass of electron is m and speed of light is C.

[JEE Main 2020}
. 512 1/2 112
@ l(ﬁ») ® [fi'] c  © YE g [i)

Let T'be the mean life of a radioactive sample, 75% of the active nuclei present in the
sample initially will decay in time

(a) 2T (b) ”2"2 () 4T (d) 2Ttn2

The radiation force experience by a disc of radius R exposed to radiation of constant
intensity ! is . The maximum value of F is: (¢ speed of light)

2 2 2
w =4 w X g L g e
¢ 2c c
Energy required for the electron excitation in Li'" from the first to the third Bohr orbit
1 Numeric/Integer
(a) 363eV (b) 108.8¢eV (c) 1224¢eV  (d) 12.1eV

The diagram shows the energy levels for an electron in a certain atom. Which transition
shown represents the emission of a photon with the most energy (JEE Main 2005]

n=4
1 n=3
n=2
n=1
1 11 m v
(a) 1 (b) TI (c) 1M (d v
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An electron of mass ‘m’ and charge ‘e’ initially at rest gets accelerated by a constant
clectric field £. The rate of change of de-Broglie wavelength of this electron at time
t, ignoring relativistic effects is :

—h —eh —mh o
® =X © 2 @ 2

a —
() eEt? E eEt? ek

N<Lx<
Eﬂ,0_1_1, }u]

7. The potential energy of a particle of mass m is given by U(x)= {0 ¢
. X>

and A, are the de-Broglie wavelengths of the particle, when 0 < x< 1 and x> | re-
spectively. Il the total energy of particle is 2£,y, the ratio ;:—‘ will be[JEE Adyv. 2005]
2
Numaricﬂnta':ai}ar
1
a) 2 b) 1 d —
(a) (b) © 2 (d) 7

8.  Consideridentical particles 4 and B moving along x and y-axis respectively and having
respective De-Broglie wavelengths 34 and 4A. De-Broglie wavelength of one of the
particles w.r.t. the other is: [consider no relativistic variation of mass]

Numaricﬂnte_:gfar
(a) 122 (b) 2A (c) 242 (d) 361

9.  Anelectron is in an excited slaie in a hydrogen-like atom. Tt has a total energy of 3.4
eV. The kE of the electron is E and its De-Broglie wavelength is A

Numaricﬂntézgétr
(8) E=68eV,A~66x1010m (b) E=34eV,A~66x1010m
(c) E=34eV,A~66x10"m (d) E=68eV,A=66x10"m

10. The count rate from 100 cm? of a radioactive liquid is ¢. Some of the liquid is now

c
discarded. The count rate of the remaining liquid is found to be 10 after three half-

lives. The volume of the remaining liquid in cm? is:

Numoﬁcllnto;gér
(a) 20 (b) 40 (c) 60 (d) 80

11. Inthe Bohr model of the hydrogen atom, let R, V" and E represent the radius of orbit,
speed of election and the lotal energy of the eleciron respectively. Which of the fol-
lowing quantities are proportional of the quantum number n?

() PR () RE © = @ &
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12.

13.

14.

13.

16.

Photons, Atoms and Nuclei

An electron of a stationary hydrogen atom passes from 4th energy level to the ground
state. Recoil velocity of the atom as a result of photon emission is:
(7 = Plank's constant, m = mass of atom, R = Rydberg constant)

15hR hR 16AR
138 ® — @ 2R g 2

(2) 16m m 15m 15m

Aclivity of a substance changes from 700 57! to 500 s~ in 30 minute. Find its hal(-life
in minutes. [MEE Main 2020/

(a) 66 (b) 62 (c) 56 (d) 50

Two radioactive elements 4 and B have half lives T and 27 respectively. In the
beginning the number of atoms in both samples is same. After 47 time the ratio of

remaining atom of 4 and B will be: . @
Numeric/integer

1
® = @ 1 @ —

@ 3 4 16

S

Let A, Ag and A’ denote the wavelengths of the X-rays of the K, K and L lines in
the characteristic X-rays lor a melal

(@) Ng>h,>hg (b) Ny>Ag>R,

(c) L=L+L, (d L+L=L_

90% of the active nuclei present in a radioactive sample are found to remain unde-
cayed after one day. The percentage of undecayed nuclei left after two days will be

Numerlcﬂntézéiar
(a) 85% (b) 81% (c) 80% (d) 79%

Solutions

I

-y
gj -

(a) A ; for electron

A for photon

it = B B o 1 [E ns.
J2mE hC  CV2m
(d) When 75% decays, 25% is left undecayed. This requires a time ¢ = 2¢,,

_ 2
A
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As = T,

L
A
it

2Tén2, Ans.

214 27xnR?
¢ c

Ans,

3. (¢) F=
4. (b) Energy of excitation,

aE=13.6zZ[iz—i} v
o n

(3]

1 1
= AE=13.6(3)2(1_2‘3—2J=108.8eV Ans.

5 (a)

Ee

6. (a) Acceleration, a=—-

. Fet
Velocity of electron, v=ar = .

h _ h

Wavelength, L = —.
velongth my  Eet

dr h

dt ekl
7. () For0<x<1l, X ,=E-U=2E,-E=E,
Forx> 1, K,=E-U=2E,-0=2F,

Now ML _ hiJamky K,
Ay nl 2mK, K,

42, Ans.

Now Ans,

Ahg (GR)AR)
8. (0 N=-——L2_ _ =240 Ans.
B2l Jeni+eny?

9. (b) The PE=-2(KE)=-2E
Total encrgy =—2E+ E=-E=-34¢V

3= 8 =6.6* 10710 m Ans.
ZmK ’ i
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10. (d) Initial count rate (CR) for 1 cm? of liquid = 100

1
After 3 half-lives, CR for 1 om? of liquid = 2 ﬁ

If ¥ is the volume of remaining liquid, then

- .
800 10
V= 80. Ans.
1. (@) Roew, Vel andEcn? Ans.
n
1 1 1 15R
e £ [155)
LAY W T
1ShR
v="T__- Ans.
1
+]
13. fﬂ[— =t
(b) 4
= 2 = M, ()
700 . ..
E — =
== n 500} (30 min) ..(11)
(1)/(i1)
o £n2 — fuz-
n(7/5) (30min)
= (2.06004)30 = ¢,,=61.8 min. Ans.
4. @© N o Noe ™! _ g hmha)r { m(r 27 }
i Ny  Nge ™!
1
= Z Ans,
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15. @q&—5==15
[« 5
he
Ey—Ey = Ag K
K, |k
hc he ke
E—E — —_— e — —— L
b A, Ap Ag 5 L,
M
R .
1'[3 l’u }‘:1
Alsu(EK—EM)>{EK—EL)>(EL—EH)
or £>h—c>h—c Ans.

Ap Ay Ay
16. (b) Asequal fraction decay in equal times, so if a fraction of 0.9 remains undecayed

after one day, a fraction of (0.9)% = 0.81 will remain undecayed after two days.
Ans,
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TOPIC 23.1: Band Theory, Forbidden Gap, Conductivity of a
Semiconductor, P-type and N-type Semiconductor, PN-junction Diode,
Zener Diode, LED Half-wave and Full-wave Rectification.

Wf) Review of Formulae

1. According to band theory, the substance is a semi conductor if forbidden gap
is order of 1 V.

*For Ge, Eg =().7 e} and for 81, Eg =1.1eV.
2. Conductivity of a semiconductor
&= e(n i, + 1)
for intrinsic semiconductor #, = n;,
for extrinsic semiconductor
(a) N-type,n,>n,
(b) P-typen,>n,

*In N-type semiconductor, impurity added is pentavalent, (Antimony,
Arsenic elc.)

*In P-type semiconductor, impurity added is trivalent, (Aluminium, Boron,

Indium etc)
P I

3. Forward bias

Reverse bias

*For an ideal junction diode, forward resistance Rf= 0 and reverse resistance

Rr=ao.
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5.

. P,,E_S! Tips and Tricks for Shortcut Solutions

1.

2.

Authentic Shortcuts-Tips & Tricks in Physics

Current in p-n junction

=1 (evin) —1; n =1 for Ge and n = 2 for Si.
Rectification (A.C. — D.C.) by diode :

(a) Halfwave:i, =iym i =i, /N2

Ppc=ig Ry

Pio= (R +R).

N = S x100% =220
ac Tl

(b) Fullwave:i, =2iyn. i =iy2

Ppe= iRy
7 AC=i2rms(RL+Rj)
'rlrec= PﬁxIOO%= 8]R2 .
ac 1+-L
R;

Diffusion current in the diode is due to difference in concentration of

charge carriers and from p-side to n-side of the crystal.

Drift current is due to movement of bond electrons into conduction band,

in depletion region. It is from n-side to p-side of the crystal.

In forward bias, the current is due to majority carriers and mA order, while
in reverse bias the current is due to minority carriers and of u4 order.

Zener diode is highly doped diode and always uses in reverse bias. Zener

diode is used for voltage stabilization.
LLED is usually made of GaAs or indium phosphide.
PN-junction is a non-ohmic resistance.

Illustration 1

An intrinsic sample of germanium crystal has a hole of 10%cm™ at the room
temperature. When doped with antimony the hole density is decreased to 10' cm™3
ai the same temperature. Find the number density of majority charge carriers.
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Ans.

Illustration 2

A potential barrier of 0.50 V exists across a P-N junction. If the depletion region
is 5.0 x 1077 m wide. Find the intensity of electric field in the region.

E,
Solution :
fr—
E= E= 0'57 =105 V/m. Ans. —
d 5x10°
Af—
Ilustration 3 p
Determine the current i in the circuit shown in figure. Assume diodes are made of
silicon (V= 0.7 V).
D,
2kQ _ 4V
207V i
D
C@ Short-cut solution : i 07V
1 ¥
In the given circuil, D, is in FB and D, is in RB ZRQ
and so current will pass through D,. The equivalent .o
circuit is :
i)
e pm B0 _penigsa smiv 4
= =y T —— k4 =
urrent i 2% 10° L e
Illustration 4

In the circuit shown find current in 100€) resistor, assuming diode is ideal.

100 Q2
DWW —

T2V
.

‘w‘L
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L@ 100 Q
A Short-cut solution : _SE.M_
The effective circuil is shown in figure.
Iy
4-2 [
PR - . 2V
i 100 0.02A, Ans
Illustration 5

Calculate the value of V, and i if the Si diode and the Ge diode conduct at 0.7V and
0.3V respectively, in the circuit given below:

Vo

5kQ

12V_—_—_

If now the Ge diode connection are reversed, what will be the new values of Vo
and i?

@ Short-cut solution :
The potential barrier of Ge is 0.3 V, which is less than the potential barrier of Si (0.7
V). So Ge diode will conduct, therefore

Vor 12-03

T TR 5%10°

V, = iR=234x103x5x 10
= 11.7V. Ans.

When Ge diode is reversed, it offers infinite resistance, and now Si diode will
conduct. Thus

=234 mA

Vo = 12-07=113V
= “'33 =226mAd  Ans.
5x10
Illustration 6
A zener diode is connected fo a battery and a load as shown below. Find carrent in
diode and load resistor.
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60 V=
.|.

@ Short-cut solution :

The current in load resistor R,

i=L= 10
2R, 2x10°

=5mA

. V-V
The current e = — R,=2kQ
60 v'|'
60-10
= =12.5 mA,
4x10°
The current iy =i—i,=125-5=75mA, Ans.

TOPIC 23.2: Transistor-current Gain, Voltage Gain, Power Gain and
Transistor as an Oscillator.

“f Review of Formulae

1. Transistor : (Willium Shockley)
Function : Amplification : To convert weak signal to strong signal.
Oscillation : To convert AC into DC.

FFor any transistor, L=ilptd,
’ Al :
2. Current gain : =77 in common base
e
— Mc Z 'tt
B= Al In common emitter
o= m and
a
B=1- o
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Authentic Shortcuts-Tips & Tricks in Physics

Voltage gain : A= a% in common base
1
R! . .
A,= B in common emitter
1
R
4. Power gain : Ap = o f in common base
1
2 Ry .
Ap =p R, 1n common emitter

th

Transistor as Oscillator : It consists of :
(i) LC Circuit
(ii) Transistor Amplifier
1
2nJLC
*Negative feed back is used in amplification to reduce distortions.
*Positive feedback is used in oscillators.

() Positive feed back circuit, /=

Illustration 7

In a common base transistor amplifier, the input and oulput resistance are 500
2 and 40 kL), and the emitter current is 1.0 mA. Find the input and the oulput
voltages. Given u. = 0.95,

Solution :

.

Similarly, the output voltage

i,*R,=(1.0x103)x500=05V

ic 3% Rl]lll = (afe) Rl]lll
(0.95 % 1.0 x 1073) x 40 x 103
3BV Ans.

Illustration 8

In a NPN transistor 1010 electrons enter the emitter in 1075 5. 2% of the electrons
are lost in the base. Calculate the current transfer ratio and current amplification
factor.

Solution :

l;z =102 x 1.6 x 10-1° = 1 6 mA

2 2
j, = —xi, = —x1.6 =
iy lOOx"' lﬂﬂx 0.032 mA

= i,—i,=1.6-0032=157mA

D
|
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Semiconductor Electronics: Materials, Devices and Simple Circuits
Current transfer ratio

L.57
@ = £ =-"-=098
i, 1.6
Current amplification factor, f = e = 17 =49, Ans.
i, 0032

Illustration 9

A transistor is connected Is common-emitter configuration. The collector-supply is
8V and the voltage drop across a resistor of 800C) in the collector circuit is 0.5 V.
If the current gain factor (a) is 0.96, find the base current.

Solution :

a _ 096 — 24

C t gain, = = =
urrent gain B “o _ 1-096

voltage drop across collector resistor
resistance

The collector-current is =

= 23 107 —0.625 x 103 A
800

] =3
As  B=%.  n - ‘E=_°-6252:'“ =26pA.  dns

Illustration 10

In the circuit shown in figure. Zener diode is properly biased. Find power dissipated
in diode.

IR, = 4000

12VT

Solution :
By Kirchhoff’s law in loop ABCDEFA
12-400i-8 = 0

B—= C

or L= 20 =10 mA L 400(2

I . g 12VT Dl g
. _ ¥ _ -1

Ao 27 % 7600 %fsv

y 160093
= 5mA,
i, = i-ip=10-5=5mA.
Power dissipated = ¥, =8 x 3 =40 mW. Ans.
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In a P-N junction with open ends

(a) there is no systematic motion of charge carriers

(b) holes and conductor electrons systematically go from the P-side and from the
n-side to the p-side respectively,

(c) there is no net charge transfer between the two sides.

(d) there is a constant electric field near the junction.

In the given figure, which of the diodes are in forward biased?
+5V +10V

R
x +3V -10V
R
(1) 2 (3)
v %R Jr i R
-3V
@ 5) 10V
(8 1,23 (b) 2,4,5 (¢) 1,34 (d) 2,3,4
Potential barrier developed in a junction diode opposes
(a) minority carriers in both regions only
(b) majority carriers
(c) electrons in N-region
(d) holes in P-region
In the figure, an AC of rms voltage 200 V is applied to oy
the circuit containing diode and the capacitor and it is J_
being rectified. The potential across the capacitor C in / C
volt will be #: Vimg= 200V
Numericﬂnle&er
(a) S00V (b) 283V (c) 200V (dy 141V

On increasing the temperature of a semiconductor material

(a) density of charge carriers as well as their mobility both increases
(b) density of charge carriers increases, but their mobility decreases

(c) densily of charge-carriers decreases, but their mobilily increases

(d) none of these

A zener diode of breakdown voltage, V=10V 400 €2
is used in the given circuit. The current through

: ; R Vis g5
the load resistor (R,) is Numaricflnteaﬂf Ll

@ 10pA (b) 5pA | oy
(© 10mA @ 5mA

Lh b AL A e

ARAAAR
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Semiconductor Electronics: Materials, Devices and Simple Circuits

7.

10.

11.

In a photo-diode the current increases if it is exposed to light of wavelength 621 nm
or lesser. The band gap of the material of photo diode is: Numeric/int eger

(a) 07eV (b) 1.2eV (c) 2eV (d) 23eV

In a transistor used in common-emitter mode, current amplification factor (§) is 100
and base current s 50 pA. The emitter current is:
urrent () i 2 e ' Numencﬂntaaer

(a) 2mA (b) 205 mA (c) S05mA (d) TmA
In a common-base transistor circuit, emitter current is 1 mA and base current is 40

pA. The value of current amplification factor(c) is: W
Numeric/integer

(a) 095 (b) 0.96 (c) 0.98 (d) 099

In a common base configuration of transistor shown in N\

figure, =098, iy =0.02 mA, R; = 5kQ. Output voltage i

across load is: — 5 3R,

@ 32V (b) 49V umeric/integer | | 3

() 52V @ 62V i i

There is a electric circuit as shown in the figure. Find potential difference between

points a and b. [JEE Main 2020

10kQ

(a OV ®) 15V © 10V ) sV

Solutions

P omoN e

(¢, d) Due to the accumulation of holes and electrons on both sides of the junction.
(b) In 2,4 and 5 P-crystals are move positive than N-crystals.

(b)

(b) V=2V =2%x200 =283 V.
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ke
-

(c) Eg

8. (0 |3=§z- = i, =Bi,=100x 50 106=5mA.

Now i, = i+, =50 pA+5mA=5.05mA.
9. (b) i =i —i=1mA-40pA=0.001-0.0004 =0.00096
i 0.00096
N - k. = 0.96.
ow o i 0.001
I. .
10. (b = X i
™ . T i+l
_ i
098 = L
i. +0.02
i. = 0983mA
Now Vo = iR, =098x1073x5x10°
= 49V
11. (c) Diode is in forward bias, so it will behave as simple wire so,
———— A ———————
a e b

(|1 ) = 10k

30
ab 5+10

x3 =10V Ans,

T
Il

So,
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TOPIC: Communication System-Modulation, Modulation [ndex, LOS
Distance and Logic Gates.

‘f Review of Formulae

1.

Low frequencies cannot be transmitted to long distances. Therefore, they
are superimposed on a high frequency carrier signal by a process known as
modulation.

In modulation, some characteristic of the carrier signal like amplitude,
frequency or phase varies in accordance with the modulating or message
signal. Correspondingly, they are called Amplitude Modulated (AM),
Frequency Modulated (FM) or Phase Modulated (PM) waves.

For transmission over long distances, signals are radiated into space using
devices called antennas. The radiated signals propagate as clectromagnetic
waves and the mode of propagation is influenced by the presence of the
earth and its atmosphere. Near the surface of the earth, electromagnetic
waves propagate as surface waves. Surface waves propagation is useful up
to a few MHz frequencies.

Long distance communication beiween two points on the earth is achieved
through reflection of clectromagnetic waves by 1onosphere. Such waves are
called sky waves. Sky wave propagation takes place up to frequency of
about 30 MHz. Above this frequency, electromagnetic waves essentially
propagate as space waves. Space waves are used for line-of-sight (LOS)
communication and satellitc communication.

If an antenna radiates electromagnetic waves from a height 4, then the

range d.is given by 2Rk where R is the radius of the carth. Line-of-sight

distance, d,, = y2Rhy +J2Rhy .

Amplitude modulated signal contains frequencies (o, — ®,,), ©, and (o, +
®,,).

Amplitude modulated waves can be produced by application of the message

signal and the carrier wave to a non-linear device, followed by a band pass
filter.

Amplitude modulation index, p = %; psl.
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® I',£§! Tips and Tricks for Shortcut Solutions

Building blocks

The NAND gate is known as universal building block; with the help of it, we can
get basic gates. The other universal building block is NOR gate.

NOT from NAND gate

When both the inputs 4 and B of the NAND 4 -
gate are joined together then it works as the '_I: Y=4

NOT gate. Thus we have;

Ad=14
Truth table
Input Output
A=B Y
0 1
1 0
AND from NAND gate
When two NAND gates are connected in series, the output is equivalent to AND
gate. That is;

NAND + NAND = (AND + NOT) + (AND + NOT) = AND

=

Truth table
A4 | B |4B (2-8)=v
0 0 1 0
0 1 1 0
l 0 ] 0 — NOT
| | 0 |

OR from NAND gate

When the outputs of two NOT gates (which are obtained from NAND gates) is

given to the input of the another NAND gate, the resultant gate works as the OR
gatc.
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Logic Gates and Communication Systems

D

Ao—]

D: 4
Bo— }g

Truth table
A B A B (4B)=Y
0 0 1 1 0
0 1 1 0 1
] 0 0 1 1 SR
] ] 0 0 1
Illustration 1

To get an output 1 from the circuit shown in the figure, the input must be
() A=0,B=1,C=0 A

= et i i B
fi =LB=0C= D
(d A=1,B=1C=0 Ce —)_'
@ Short-cut solution :

(A+B)-C.Ford=1,B=0and C=1 will give I. Ans. (c)
Illustration 2

Which logic gate is represented by the following combination of logic gates
A O—DO—
)
B.—Do—
(a) OR () NAND (c) AND (d) NOR

c@ Short-cut solution :

A|B| A B | Y=4A+B | ¥

0]0 1 1 1 0

0]1 1 0 1 0

1]0 0 1 1 0

11| 0o [0 0 1
This table is of AND gate. Ans. (c) A
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The following configuration of gate is equivalent to

3 OR
@
L ) -
’ -4
B G, Al[))_}:
NAND G,
G,

(m) NAND (6) XOR (c) OR (d) None of these
c@ Short-cut solution :

Ans. (b)
Illustration 4

An audio signal of amplitude 0.1 V is used in amplitude modulation of a carrier
wave of amplitude 0.2 V. Calculate the modulation index.

@ Short-cut solution :

A, 01

_Im 2 05

B= 4. 02 Ans.
Illustration 5

A transmitting antenna at the top of a tower has a height 32 m and the height of
the receiving antenna is 50 m. What is the maximum distance between them for
satisfactory communication in LOS mode ? Given radius of earth 6.4 x 106 m.

@ Short-cut solution :

d, = \2Rhy +2Rhg
2 JZXMK105X32+J2X64><105><50
= 455x10°m=455km Ans.

‘,@ Concept Booster Exercise

1.  Given below are four logic gate symbol (figure). Those for OR, NOR and NAND
are respectively

W P> o
@ A4 @ e %

() 1,4,3 ®) 4,1,2 © 1,3,4 @ 4,2,1
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A truth table is given below. Which of the following has this type of truth table

A 0 1 0 1
B 0 ¢ 1 1
y 1 0 0 0

(a) XOR gate (b) NOR gate (c) AND gate (d) OR gate
Which of the following gates will have an output of 1

® g D ® S >
© P @ )=

The given figure shows the wave forms for two inputs Aand B and that for the cutput
Y of a logic circuit. The logic circuit is

(B)._ii 12_13 1_‘
o S]]

0 AV T, T, T, t
(a) anAND gate (b) an OR gate
(c).. a NAND gate (d) an NOT gate
The circuit is equivalent to
NOR NAND NOT

— P

(a) NOR gate (b) OR gate (c) ANDgate (d) NAND gate

A carrier wave of peak voltage 12 V is used to transmit a message signal. The modu-
lation index is 75%. The peak value of voltage of modulation index is:

Numaricﬂntagér
() 3V ) 6V (© 9V (d 12V
For an amplitude modulated wave, the maximum amplitude is found to be 10 V while
the minimum is found to be 2V. The modulation index is: Numencﬂntesgr

(@) 173 (b) 273 (©) 372 (d) 1/4
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For sky wave propagation, the radio waves must have a frequency range in between:

(a) 1MHzto2 MHz (b) 5 MHzto 25 MHz
(c) 35 MHzto 40 MHz (d) 45 MHz to 50 MHz
Find the power loss in each diode (in mW), if potential drop i
across the zener diode is 8V. Numaricllnta’abr 200€ 2000
[JEE Main 2020]
12V
!}V

A signal of 5 kHz frequency is amplitude modulated on a carrier wave of frequency
2 MHz. The frequencies of the resultant signal is/are :

(a) 2005 kHz, 2000 kHz and 1995 kHz (b) 2000 kHz and 1995 kHz
(c) 2 MHzonly (d) 2005 kHz and 1995 kHz

Q@ Solutions

1.

(c) 2. (b) 3. ©
(a) The truth table of the wave forms arc.as follows :
A B Y
0 0 0
0 1 0
1 0 0
| | 1
0 0
The truth table is corresponding to AND gate. Ans.
(a) NOR-+ (NAND =NOT)+NOT
' NOR. Ans.
(c) Ay =0.75
A,
A,=0754,=0.75-12=9V. Ans.

) M= A _M-M; _10-2_2
My+M, 10+2 3

1 2
(b) Sky wave propagation is suitable for frequency range 5 MHz to 25 MHz. Ans.

Ans.

. (2-8) 4 -2
@0 1= Goo+200 "~ 200
Power loss in each diode = (4)(10"2) W =40 mW Ans.,

(a) Amplitude modulated wave consists of three frequencies are
W, to,,o0 o0, -0,
i.e., 2005 KHz, 2000 KHz, 1995 KHz Ans.
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