SOLUTIONS TO CONCEPTS

CHAPTER -1

1. a)Linear momentum mv = [MLT‘1]

b) Frequency : %= MCLOT™)

-2
c) Pressure : Force = [ML-ZI— I [ML_1T"2]
Area [L4]
2. a)Angular speed » = 6/t = [M°L°T™]
0y 0-2
b) Angular acceleration o = %z MLT =[M°L°T ]

T
c) Torque © = F r = [MLT ] [L] = [ML*T ]
d) Moment of inertia = Mr* = [M] [L?] = [ML*T?]

-2
3. a) Electric field E = F/q = M';T =[MLT3I7"]
-2
b) Magnetic field B = F_ Lﬂ =[MT 2]
Qv [ITILT

Bx2ma MT 2 "x[L]

c) Magnetic permeability o = I 0 =[MLT272]
4. a) Electric dipole moment P = gl = [IT] x [L] = [LTI]
b) Magnetic dipole moment M = IA = [I] [L?] [L°I]
5. E =hv where E = energy and v = frequency.
2+-2
h=E_MUT7] T1 ][MLZT’1]
v [T]
212
6. a) Specific heat capacity = C = Q _MUTT] L2T2K™]
mAT M]IK]
Li-Ly _ [L]

== K]
LoAT ~ LIR]

1217 3

c) Gas constant =R = ﬂ = M

nT [(mol)][K]
7. Taking force, length and time as fundamental quantity
i -2
a) Density = m_ (force/acceleration) _ [F/LT™] _ F _FLT2
\% Volume IL2] 472

b) Pressure = F/A = F/L? = [FL™]

¢) Momentum = mv (Force / acceleration) x Velocity = [F / L'I—2] x [LT‘1] =[FT]
2 Force

acceleration

F 192 F 21-2
= X[LT ] = X[LT ]Z[FL]

{LTZ} [LTZJ

b) Coefficient of linear expansion = o =

=[ML2T 2K (mol)™"]

d) Energy = %mv x (velocity )

metre

86‘02

9. The average speed of a snail is 0.02 mile/hr
0.02x1.6x1000

Converting to S.1. units, 3800 m/sec [1 mile = 1.6 km = 1600 m] = 0.0089 ms™’

The average speed of leopard = 70 miles/hr

70x1.6x1000 _
3600

8. g=10 = 36 x 10° cm/min®

In Sl units = 70 miles/hour = 31 m/s

11
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Chapter-I

10. Height h = 75 cm, Density of mercury = 13600 kg/m>, g = 9.8 ms™ then
Pressure = hfg = 10 x 10* N/m? (approximately)
In C.G.S. Units, P = 10 x 10° dyne/cm?
11. In S.1. unit 100 watt = 100 Joule/sec
In C.G.S. Unit = 10° erg/sec
12. 1 micro century = 10* x 100 years = 107 x 365 x 24 x 60 min
So, 100 min = 10° / 52560 = 1.9 microcentury
13. Surface tension of water = 72 dyne/cm
In S.1. Unit, 72 dyne/cm = 0.072 N/m
14. K = kI? 0 where k = Kinetic energy of rotating body and k = dimensionless constant
Dimensions of left side are,
K = [ML*T
Dimensions of right side are,
2= [ML2]a, (Db = [T—1]b
According to principle of homogeneity of dimension,
[ML?T ] = [ML2T A [T
Equating the dimension of both sides,
2=2aand-2=-b=a=1andb=2
15. Let energy E o« M°C® where M = Mass, C = speed of light
= E = KM°C" (K = proportionality constant)
Dimension of left side
E = [ML?T
Dimension of right side
M = [MF, [C]° = [LTT°
~[ML2T 3 = [MPILT P
=a=1,b=2
So, the relation is E = KMC?
16. Dimensional formulae of R = [ML2T'3I"2]
Dimensional formulae of V = [ML?T%™"]
Dimensional formulae of | = [I]
SMLATY = (MLPT )
=V=IR
17. Frequency f = KL?F°M° M = Mass/unit length, L = length, F = tension (force)
Dimension of f = [T]
Dimension of right side,
L® =[L%, F° = [MLT >, M® = [ML']°
[T = KL [MLT P [MLT']®
M0L0-|—1 = KMb+c La+b—c -|—2b
Equating the dimensions of both sides,

~b+c=0 ..(1)
—-c+a+b=0 ...(2)
—-2b=-1 ...(3)

Solving the equations we get,
a=-1,b=1/2andc=-1/2

~. So, frequency f = KL'F""M™"? = EFWM‘”2 =5 = F
L L M
1.2
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Chapter-I

2SCos0
prg
LHS =[L]

18. a) h=

MLT 2

Surface tension =S = F/| = =[MT?]

Density = p = M/V = [MLTY

Radius =r=[L], g =[LT?]

2Scos6 S[I\QT’ ] _MPLTO] =
prg  [MLPTOILILT ]

LHS = RHS

So, the relation is correct

RHS =

L]

b) v= P where v = velocity
p

LHS = Dimension of v =[LT™]
Dimension of p = F/A = [ML™'T 3]
Dimension of p = m/V = [ML™]

ML'T?]
M%)
So, the relation is correct.
c) V= (npr't) / (8nl)
LHS = Dimension of VV = [L?]
Dimension of p = [ML™'T?], r* = [L*], t = [T]
Coefficient of viscosity = [ML™'T™]
RHS = mprit _ [MLTT2)IL(T]
8nl ML'T[L)

So, the relation is correct.

RHS = =[L2T2)"2 = LT

1
d) v= o (mgl/1)
LHS = dimension of v = [T_1]

[MILT][L]

RHS = /1) = =T
(mgl/1) ML (m1]

LHS = RHS
So, the relation is correct.

=[L%

19. Dimension of the left side =

.[\/ x_j\/ L2

Dimension of the right side = sm (j L"1

So, the dimension of Id—x # 1sin‘(i)
X

So, the equation is dimensionally incorrect.

1.3
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Chapter-I

20. Important Dimensions and Units :

Physical quantity | Dimension Sl unit
Force (F) MLT™] newton
Work (W) MLET™] joule
Power (P) MLT™] watt
Gravitational constant (G) MLT] N-mz/kg2
Angular velocity (o) [T] radian/s
Angular momentum (L) MLET] kg—m2/s
Moment of inertia (1) ML) kg-m?
Torque () MLT™) N-m
Young’s modulus (Y) MLTT) N/m?
Surface Tension (S) MT] N/m
Coefficient of viscosity (1) MLT] N-s/m?
Pressure (p) [M1L_1T_2] N/m? (Pascal)
Intensity of wave (I) M1 watt/m?
Specific heat capacity (c) [T JIkg-K
Stefan’s constant (o) MK watt/m?-k*
Thermal conductivity (k) MLT K watt/m-K
Current density (j) L] ampere/m2
Electrical conductivity (o) [FToM L] Q'm™
Electric dipole moment (p) LT C-m
Electric field (E) ML) V/m
Electrical potential (V) MLT] volt
Electric flux (V) ML) volt/m
Capacitance (C) [FTML] farad (F)
Permittivity (¢) [FTML7] C2/N-m?
Permeability (p) ML) Newton/A?
Magnetic dipole moment (M) '] N-m/T
Magnetic flux () ML) Weber (Wb)
Magnetic field (B) M) tesla
Inductance (L) MLT) henry
Resistance (R) M7 ] ohm (Q)

* k Kk K
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SOLUTIONS TO CONCEPTS
CHAPTER -2

1. As shown in the figure,
The angle between A and B = 110° — 20° = 90° Bx YV 48

R
|A| =3and |B|=4m \Aﬂg
________ 20_ _x

Resultant R = VA2 +B2 + 2ABcos0 =5 m

Let B be the angle between R and A

b= tan-! 45sin90°
3+4co0s90°

.. Resultant vector makes angle (63° + 20°) = 73° with x-axis.

J =tan™' (4/3) = 53°

2. Angle between A and B is 6 = 60° — 30° =30°
|A|and|B]| =10 unit
R=102+102+2.10.10.cos30° =193 . L300
B be the angle between R and A E

_ 10sin30° B 1 _
=tan (—j:tan ! =tan™" (0.26795) = 15°
p 10 +10co0s30° 2+43 ( )

.. Resultant makes 15° + 30° = 45° angle with x-axis.

3. xcomponent of A =100 cos 45° = 100/+/2 unit
x component of B = 100 cos 135° = 100/~2
x component of C =100 cos 315° = 100/+2

Resultant x component = 100/+/2 = 100/+/2 + 100/+/2 = 100/+/2
y component of A = 100 sin 45° = 100/~/2 unit

y component of B = 100 sin 135° = 100/+/2

y component of C =100 sin 315° =—100/+/2

Resultant y component = 100/+/2 + 100/4/2 = 100/+/2 = 100/+/2

Resultant = 100

y component _
X component -
= a=tan"' (1) = 45°
The resultant is 100 unit at 45° with x-axis.

Tan o = 1

4. a=4i+3],b=3i+4]j
a)|al=v4?+3% =5
b) |bl=v9+16 =5
) |a+b|H7i+7] =72
d) a-b=(-3+4)i+(-4+3)j=i—]

|a-b =y +(-1? =+2.

21
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Chapter-2

5. x component of OA = 2c0830° = V3 v, A
x component of BC = 1.5 cos 120° = —0.75 iR e
x component of DE =1 cos 270° = 0 Oi QOOFmB
y component of ﬁ =2sin 30° =1 ' E

y component of Eé =1.5sin120°=1.3

y component of DE =1 sin 270° = —1

R, = x component of resultant = V3-0.75+0=0.98m
R, = resultant y component=1+13-1=13m

So, R =Resultant=1.6 m

If it makes and angle a with positive x-axis

_ ycomponent _
- X component -

Tan a 1.32

= o =tan" 1.32

6. |a|=3m|b|=4

a) IfR=1unit= 32 +42123.4.c0s0 =1

0 = 180°

b) V3% +42+2.3.4.c0s0 =5
0 = 90°

) V32+442123.4.c080 =7
0=0°

Angle between them is 0°.

7. AD=2i+05]+4K = 6{+0.5] c__4m D
0.5k
AD = VAE? +DE? =6.02 KM e 105 km
Tan 0 = DE / AE = 1/12 A b B E
0=tan"' (1/12) ) 6m >

The displacement of the car is 6.02 km along the distance tan™ (1/12) with positive x-axis.

8. In AABC, tand = x/2 and in ADCE, tan6 = (2 — x)/4 tan 6 = (x/2) = (2 — x)/4 = 4x
=4 - 2x = 4x
=6x=4=x=2/3ft

a) In AABC, AC = YAB? +BC? = %Jﬁ ft

b) In ACDE, DE = 1 — (2/3) = 4/3 ft AR\ |FBC=21
AF =2 ft

CD =4 ft. So, CE = YCD? +DE? = %Jﬁﬁ 2-x\ DE=2x

¢) In AAGE, AE = VAG? + GE? = 24/2 ft.

9. Here the displacement vector r = 7i+ 4] +3k

a) magnitude of displacement = /74 ft 1
b) the components of the displacement vector are 7 ft, 4 ft and 3 ft. Y

2.2
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Chapter-2

10. a is a vector of magnitude 4.5 unit due north.
a) 3la|=3x4.5=135
3a is along north having magnitude 13.5 units.
b) —4|a|=-4 x 1.5 =-6 unit
—4 a is a vector of magnitude 6 unit due south.
11. |a|=2m,|b|=3m
angle between them 6 = 60°
a)a-b=|a|-|b|cos60° =2 x3x1/2=3m’
b) |axbl|=|a|-|b|sin60° =2 x 3 x /3/2 = 343 m?.
12. We know that according to polygon law of vector addition, the resultant A,
of these six vectors is zero.
Here A=B =C =D = E = F (magnitude)

So, Rx = A cosb + A cos n/3 + A cos 2n/3 + A cos 3n/3 + A cos 4n/4 + A, As
Acos5n/5=0

[As resultant is zero. X component of resultant R, = 0] - A 60° = /3
= cos 0 + cos n/3 + cos 2n/3 + cos 3n/3 + cos 4n/3 + cos 51/3 =0 A A

Note : Similarly it can be proved that,
sin 0 + sin /3 + sin 27/3 + sin 37/3 + sin 4%/3 + sin 57/3 =0
13. a=2i+3]+4k; b=3i +4j+5k

3.b=abcosd = 0=cos 22
ab
- cos™! 2x3+3x4+4x5 —0031( 38 j
V22 +32 44232 4+ 42 4 52 1450

14. A-(AxB)=0 (claim)
As, AxB = ABsin6n
AB sin 6 n is a vector which is perpendicular to the plane containing A and B, this implies that it is
also perpendicular to A . As dot product of two perpendicular vector is zero.
Thus A-(AxB)=0.
15. A=2i+3j+4k, B=4i+3j+2k

W —
=~

AxB = 4l = i(6-12)—j(4-16)+k(6—12) = —6i +12] — 6k .

3 2

AN =

16. Giventhat A, B and C are mutually perpendicular
A x B is a vector which direction is perpendicular to the plane containing A
and B.
Also C is perpendicular to A and B
.. Angle between C and A x B is 0° or 180° (fig.1)
So, C x (A xB)=0
The converse is not true.
For example, if two of the vector are parallel, (fig.2), then also
Cx(AxB)=0
So, they need not be mutually perpendicular.

23
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Chapter-2

17. The particle moves on the straight line PP’ at speed v.
From the figure,
OP x v = (OP)vsin0i = v(OP) sin 8 i = v(OQ)f
It can be seen from the figure, OQ = OP sin 6 = OP’ sin ©’
So, whatever may be the position of the particle, the magnitude and
direction of OP xV remain constant.

. OPxV is independent of the position P.
18. Give F=qE+q(VxB)=0
= E =—(VxB)
So, the direction of v xB should be opposite to the direction of E. Hence,
v should be in the positive yz-plane.

Again, E=vBsind=v-=

Bsin6
For v to be minimum, 6 = 90° and so v,,» = F/B

So, the particle must be projected at a minimum speed of E/B along +ve z-axis (6 = 90°) as shown in the
figure, so that the force is zero.

19. For example, as shown in the figure,
A1B B along west
BLC A along south 8 IC

C along north ) lA B

AB=0 .. AB=B-C
B-C=0 ButB=C

20. The graph y = 2x* should be drawn by the student on a graph paper for exact
results.

To find slope at any point, draw a tangent at the point and extend the line to meet
x-axis. Then find tan 6 as shown in the figure.

It can be checked that,

Slope =tan 6 = dy = i(2x2) =4x
dx dx
Where x = the x-coordinate of the point where the slope is to be measured.
21. y =sinx y 4
So, y + Ay = sin (x + Ax)
Ay = sin (X + AX) — sin X my=sinx -
= (Li)—sinﬁ =0.0157. U
3 100 3 v
22. Given that, i = ije "/R¢
-. Rate of change of current = di_ iioe’”RC =ip e
dt dt dt RC
When a)t=0,ﬂ:;I
dt RC
bywhent=RC, -
dt RCe
_ di =iy
c)whent=10RC, —=
dt Rce™
24

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter-2

23.

24,

25.

26.

27.

28.

Equation i = iye "/R¢

ib=2A,R=6x10"°0Q,C=0.0500x 10°F=5x10"F
-0.3 -0.3

a) i= 2Xe[6x03x5x1077] — zxe(ﬁj ==amp.

e

b) di_ T gURe whent=03sec= I o2 03/03) ﬂAmp/sec
dt RC dt 0.30
_ i — 0a(-0.3/03) _ 5.8
c) Att=0.31sec,i= 2e =—Amp.
3e
y= 3 +6X+7

.. Area bounded by the curve, x axis with coordinates with x = 5 and x = 10 is
given by,

y 10 3710 5710
Area = Idy = J‘(3x2 +6x+7)dx = 3X—} +5X—} +7x]5) = 1135 sq.units.

5 5 3 5 3 5

y b
Area = Idy = Isin xdx = —[cosx]; =2
0 0

The given function is y = ™

Whenx=0,y=e?=1

x increases, y value deceases and only at x = o0, y = 0.

So, the required area can be found out by integrating the function from 0 to .

So, Area = j e ¥dx =—[e*]F =1.
0

mass

y=3x2+6x+7

= =a+bx
P length Y4
a) S.I. unit of ‘a’ = kg/m and SI unit of ‘b’ = kg/m® (from principle of
homogeneity of dimensions) o

b) Let us consider a small element of length ‘dx’ at a distance x from the
origin as shown in the figure.
. dm = mass of the element = p dx = (a + bx) dx
I bx? | b2
So, mass of the rod =m = Idm:I(a+bxﬁx = {ax+—} =aL+—
5 2 1y 2

‘i—f = (10 N) + (2 N/S)t

momentum is zeroatt=0
.. momentum at t = 10 sec will be
dp =[(10 N) + 2Ns t]dt

10 10 10
tz}

p
[dp = [10dt+ [ (2tat) = 10t]y +2--| =200kg ms.
0 0 0

2.5
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Chapter-2

290.

30.

31.

32.

33.

34.

35.

The change in a function of y and the independent variable x are related as g_y =x2.
X

=dy= X2 dx

Taking integration of both sides,

.[dy:_[xzdx =>y= %3+C

3
..y as a function of x is represented by y = X? +C.

The number significant digits

a) 1001 No.of significant digits = 4
b) 100.1 No.of significant digits = 4
c) 100.10 No.of significant digits = 5
d) 0.001001 No.of significant digits = 4

The metre scale is graduated at every millimeter.
1m =100 mm

The minimum no.of significant digit may be 1 (e.g. for measurements like 5 mm, 7 mm etc) and the
maximum no.of significant digits may be 4 (e.g.1000 mm)

So, the no.of significant digits may be 1, 2, 3 or 4.
a) In the value 3472, after the digit 4, 7 is present. Its value is greater than 5.
So, the next two digits are neglected and the value of 4 is increased by 1.
.. value becomes 3500
b) value = 84
c) 2.6
d) value is 28.
Given that, for the cylinder
Length =1=4.54 cm, radius =r =1.75 cm G
Volume = nr?l = 1 x (4.54) x (1.75)?
Since, the minimum no.of significant digits on a particular term is 3, the result should have
3 significant digits and others rounded off.
So, volume V = 1l = (3.14) x (1.75) x (1.75) x (4.54) = 43.6577 cm®
Since, it is to be rounded off to 3 significant digits, V = 43.7 cm?.
We know that,

Average thickness = 217+ 2';7 +2.18 _ 2.1733 mm

Rounding off to 3 significant digits, average thickness = 2.17 mm.

As shown in the figure,

Actual effective length = (90.0 + 2.13) cm

But, in the measurement 90.0 cm, the no. of significant digits is only 2.

So, the addition must be done by considering only 2 significant digits of each
measurement.

So, effective length =90.0 + 2.1 =92.1 cm.

* sk ok ok

2.6
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SOLUTIONS TO CONCEPTS

CHAPTER - 3
1. a) Distance travelled=50+40+20=110m b d0m
C

b) AF=AB—BF=AB—DC=50-20=30M \ o

His displacement is AD w E 50m

AD = YAF? —DF? =+/30° + 402 = 50m

S
A

In AAED tan 0 = DE/AE = 30/40 = 3/4

1 A — Initial point
= 0 =tan (3/4) (starting point)
His displacement from his house to the field is 50 m,
tan™* (3/4) north to east.

2. O — Starting point origin. ‘[_

. . B +— A
i) Distance travelled =20+ 20+20=60m — =
ii) Displacement is only OB = 20 m in the negative direction.

Displacement — Distance between final and initial position.
3. a) Vae of plane (Distance/Time) = 260/0.5 = 520 km/hr.
b) Vave of bus =320/8 = 40 km/hr.
c) plane goes in straight path
velocity = V,,, = 260/0.5 = 520 km/hr.
d) Straight path distance between plane to Ranchi is equal to the displacement of bus.
.. Velocity = V,,, = 260/8 = 32.5 km/hr.
4. a) Total distance covered 12416 — 12352 = 64 km in 2 hours.
Speed =64/2 =32 km/h
b) As he returns to his house, the displacement is zero.
Velocity = (displacement/time) = 0 (zero).
5. Initial velocity u =0 (... starts from rest)
Final velocity v = 18 km/hr =5 sec
(i.e. max velocity)
Time interval t = 2 sec.
y-u_s._ 2.5 m/s’.
2
6. Inthe interval 8 sec the velocity changes from 0 to 20 m/s.

.. Acceleration = aye =

20[--------
change in velocityj 10

time

Initial velocity
u=0

Average acceleration = 20/8 = 2.5 m/s> [

48
Distance travelled S = ut + 1/2 at? Time in sec

= 0+1/2(2.5)8%°=80m.
7. In1"10sec Si=ut+1/2 at? => 0+ (1/2 x5 x 102) =250 ft.
At10secv=u+at=0+5x 10 =50 ft/sec. A

.. From 10 to 20 sec (At = 20 — 10 = 10 sec) it moves with uniform
velocity 50 ft/sec,

3.1

0 10 20
t (sec)
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Chapter-3

Distance S, =50 x 10 = 500 ft
Between 20 sec to 30 sec acceleration is constant i.e. =5 ft/sz. At 20 sec velocity is 50 ft/sec.
t=30-20=10s
S; =ut+1/2 at?

=50 x 10 + (1/2)(-5)(10)* = 250 m
Total distance travelled is 30 sec =S; + S, + S3 =250 + 500 + 250 = 1000 ft.

8. a) Initial velocity u=2 m/s.
final velocity v=8 m/s

t
time = 10 sec, 8
.. _V-u_ 8-2_ 2 2
acceleration = =—==0.6m/s
ta 10 2
b) v —u’=2aS -
2.2 2 52 5 0
— Distance S= =4 = 872" _ 59,
2a 2x0.6
c) Displacement is same as distance travelled.
Displacement = 50 m.
9. a) Displacement in 0 to 10 sec is 1000 m.
time =10 sec. 100
Vave = 5/t =100/10 = 10 m/s. 50
b) At 2 sec it is moving with uniform velocity 50/2.5 = 20 m/s.
at 2 sec. Vinst = 20 m/s. 025 5 75 10 5 "

At 5 sec it is at rest. (slope of the graph at t = 2 sec)

Vinst = zero.
At 8 sec it is moving with uniform velocity 20 m/s
Vinst =20 m/s
At 12 sec velocity is negative as it move towards initial position. Vinst = — 20 m/s.
10. Distance in first 40 sec is, A OAB + ABCD 5m/s

:%x5x20+%x5x20=100m.

o T > t (sec)
Average velocity is 0 as the displacement is zero. 20\/‘“’

11. Consider the point B, att = 12 sec
Att=0;s=20m
andt=12secs=20m
So for time interval 0 to 12 sec

Change in displacement is zero.

. . . 10 12 20
So, average velocity = displacement/ time =0

.. The time is 12 sec.

12. At position B instantaneous velocity has direction along BC. For Va

average velocity between A and B. 4 B
Vave = displacement / time = (AB/t) t =time 5 - ¢
2 PR
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We can see that AB is along BC i.e. they are in same direction.
The point is B (5m, 3m).
13. u=4m/s,a=1.2m/s’, t =5 sec

Distance = s = ut+%at2

= 4(5) +1/2 (1.2)5° =35 m.
14. Initial velocity u =43.2 km/hr =12 m/s

u=12m/s,v=0

a =-6 m/s” (deceleration)
2 2

DistanceS= Y~ =12 m
2(-6)

3.3
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15. Initial velocityu=0
Acceleration a = 2 m/s’. Let final velocity be v (before applying breaks)
t=30sec
v=u+at=0+2x%x30=60m/s

a) S, = ut+%at2: 900 m

when breaks are applied u’ = 60 m/s

v' =0, t =60 sec (1 min)

Declaration a’ = (v — u)/t = = (0 — 60)/60 = -1 m/s’.
Vr2 _ur2

S;= =1800 m
2

’

Total S=S;+S,=1800 + 900 = 2700 m = 2.7 km.

b) The maximum speed attained by train v =60 m/s
c) Half the maximum speed = 60/2=30 m/s
2 _u2 302 _02
2a 2x2

When it accelerates the distance travelled is 900 m. Then again declarates and attain 30

m/s.

. u=60m/s,v=30m/s,a=-1m/s>

Distance = vP-u® _ 30°-60° _ 1350 m

2a 2(-1)

Position is 900 + 1350 = 2250 = 2.25 km from starting point.

16. u=16 m/s (initial), v=0, s = 0.4 m.
2

2
VoY - 320 m/s%

Distance S = ¥ =225 m from starting point

Deceleration a =

-320

17. u=350m/s,s=5cm=0.05m,v=0
vZ-u® _ 0-(350)*
2s 2x0.05

Deceleration is 12.2 x 10° m/s’.

18. u=0,v=18 km/hr=5m/s, t =5 sec
v-u_5-0

t 5

Time=t= =0.05 sec.

Deceleration=a = =—-12.2 x 10° m/s%.

a= =1m/s’.

s= ut+%at2 =12.5m

a) Average velocity Vae = (12.5)/5=2.5 m/s.
b) Distance travelled is 12.5 m.
19. In reaction time the body moves with the speed 54 km/hr = 15 m/sec (constant speed)
Distance travelled in this time is S; =15x 0.2 =3 m.
When brakes are applied,
u=15m/s,v=0, a=-6 m/s’ (deceleration)

3.4
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vZ-u? 0-15?
2a  2(-6)
Total distance s=s;+s, =3+ 18.75=21.75=22 m.

SZ = = 1875 m

3.5
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20.

Driver X Driver Y
Reaction time 0.25 Reaction time 0.35

A (deceleration on hard | Speed = 54 km/h Speed =72 km/h

braking = 6 m/s’) Braking distance a= 19 m Braking distance c =33 m
Total stopping distance b = | Total stopping distance d = 39
22 m m.

B (deceleration on hard | Speed = 54 km/h Speed = 72 km/h

braking = 7.5 m/s?) Braking distance e = 15 m Braking distance g =27 m
Total stopping distance f = 18 | Total stopping distance h = 33
m m.

a= U1 1o
2(-6)

So,b=0.2x15+19=33m

Similarly other can be calculated.

Braking distance : Distance travelled when brakes are applied.

Total stopping distance = Braking distance + distance travelled in reaction time.
21. Vp=90 km/h =25 m/s.

Vc=72km/h =20 m/s. Police 5 PP
In 10 sec culprit reaches at point B from A. Al P
Distance converted by culprit S = vt =20 x 10 = 200 m. clmpm 1
At time t = 10 sec the police jeep is 200 m behind the

culprit.

Time =s/v=200/5 = 40 s. (Relative velocity is considered).

In 40 s the police jeep will move from A to a distance S, where

S=vt=25x40=1000 m =1.0 km away.

.. The jeep will catch up with the bike, 1 km far from the turning.
22. v1 =60 km/hr=16.6 m/s.

v, =42 km/h =11.6 m/s.

Relative velocity between the cars = (16.6 — 11.6) =5 m/s. — —
Distance to be travelled by first caris 5+t =10 m. y | V> | | Vi | —
1—> < >
Time =t =s/v = 0/5 = 2 sec to cross the 2" car. 5m “ Vi
— m |

5m —m
After crossing

In 2 sec the 1% car moved = 16.6 x 2 =33.2 m
H also covered its own length 5 m.

Before crossing

.. Total road distance used for the overtake =33.2 +5=38 m.
23. u=50m/s, g =—10 m/s* when moving upward, v = 0 (at highest point).
a) S= Ve v’ = 0-50° _ 125 m
2a  2(-10)
maximum height reached =125 m
b) t=(v—u)/a=(0-50)/-10=5 sec

¢) s'=125/2=62.5m, u=50m/s, a=-10m/s?,

3.6

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter-3

v2—u’®=2as

= v = (U2 + 2as) = /50% + 2(~10)(62.5) =35 m/s.
24. Initially the ball is going upward

u=-7m/s,s=60m, a=g=10 m/s*

5= ut+%at2 — 60 =7t + 1/2 102

= 5t*-7t-60=0

‘e 7+,/49-4.5(-60) _ 7+35.34
2x5 10

7+35.34

taking positive sign t = =4.2sec(.. t#-ve)

Therefore, the ball will take 4.2 sec to reach the ground.
25. u=28m/s,v=0,a=-g=-9.8m/s’
2 2 2 2
a)s= YU 0 -2 _4om
2a 2(9.8)
b) timet= Y=Y _-0-28 _5 g5
a -9.8
t'=285-1=1.85
v =u+at'=28-(9.8) (1.85) =9.87 m/s.

.. The velocity is 9.87 m/s.

c) No it will not change. As after one second velocity becomes zero for any initial velocity and
deceleration is g = 9.8 m/s* remains same. Fro initial velocity more than 28 m/s max height
increases.

26. Foreveryball,bu=0,a=g=9.8 m/s’
. 4™ ball move for 2 sec, 5™ ball 1 sec and 3™ ball 3 sec when 6" ball is being dropped.
For 3™ ball t = 3 sec

Sy = ut+%at2 = 0+1/2(9.8)3% = 4.9 m below the top.

For 4" ball, t = 2 sec
S,=0+1/2gt’=1/2(9.8)2* = 19.6 m below the top (u = 0)
For 5% ball, t =1 sec
S;=ut+1/2 at’=0+1/2 (9.8)t* = 4.98 m below the top.
27. At point B (i.e. over 1.8 m from ground) the kid should be catched.

For kid initial velocityu=0 b e
Acceleration = 9.8 m/s’ 10m

Distance S=11.8-1.8=10m 18 i

S= ut+%at2 —10=0+1/2 (9.8)t ! % 1-3mI %
= t°=2.04=t=1.42. ) 7m i

In this time the man has to reach at the bottom of the building.
Velocity s/t =7/1.42 =4.9 m/s.
28. Let the true of fall be ‘t’ initial velocityu =0

3.7
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Acceleration a = 9.8 m/s’
Distance S=12/1m LA
. S= ut+1at2
2 1.66 m/s ﬂ
—12.1=0+1/2(9.8) x t —

= %: 2.46 =t = 1.57 sec e

For cadet velocity = 6 km/hr = 1.66 m/sec

Distance =vt=1.57 x 1.66 = 2.6 m.

The cadet, 2.6 m away from tree will receive the berry on his uniform.
29. For last 6 m distance travelleds=6m,u="?

t=0.2sec,a=g=9.8m/s’

S= ut+%at2:> 6= u(0.2) + 4.9 x 0.04

=>u= 58/02 =29 m/s. 6m1 t=0.2 sec
For distance x, u=0,v=29m/s, a=g=9.8 m/s
2 2 2 2
s= VU _29-0" _4505m
2a 2x9.8
Total distance = 42.05 + 6 = 48.05 =48 m.

30. Consider the motion of ball form A to B.

B — just above the sand (just to penetrate)
u=0,a=9.8m/s’,s=5m

S= ut+1at2
2

= 5=0+1/2(9.8)t?
=1t°=5/4.9=1.02=t=1.01. 10cm
.. velocity atB,v=u+at=9.8x1.01 (u=0)=9.89 m/s.
From motion of ball in sand
uy=9.89m/s,vi=0,a=?,s=10cm=0.1 m.
g Vi-ul _0-(989° _ 45 m/s>
2s 2x0.1
The retardation in sand is 490 m/sz.

31. For elevator and coinu =0

As the elevator descends downward with acceleration a’ (say)
The coin has to move more distance than 1.8 m to strike the floor. Time taken t = 1 sec.

al % 1 IGft=1.8m
[l
Total distance covered by coin is givenby=1.8+1/2a=1/2g -
= 1.8+a/2=9.8/2=49
= a=6.2m/s’=6.2 x 3.28 = 20.34 ft/s*.
32. ltis a case of projectile fired horizontally from a height.
3.8

S.= ut+%a’t2 -0+1/2g(1)?=1/2¢g

Se = ut+%at2= u+1/2a(1)’=1/2a
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h=100m, g =9.8 m/s*
a) Time taken to reach the ground t = \/(2h/g)

= 1/2”00 =4.51 sec. <> 20m/s
9.8 AN

100m ~

b) Horizontal range x=ut=20x4.5=90 m.
c) Horizontal velocity remains constant through out the A
motion . PE'V
- V:
AtA,V=20m/s v,

AVy=u+at=0+9.8x4.5=44.1m/s.
Resultant velocity V, = /(44.1)? + 202 =48.42 m/s.

V.
TanB: _yzﬂ
V, 20

= B =tan " (2.205) = 60°.
The ball strikes the ground with a velocity 48.42 m/s at an angle 66° with horizontal.

=2.205

33. u=40m/s, a=g=9.8 m/s’, 0 = 60° Angle of projection.
u?sin?® _ 407(sin60°)?
29 2x10
b) Horizontal range X = (u” sin 20) / g = (40° sin 2(60°)) / 10 = 8043 m.

=60 m

a) Maximum height h =

3.9
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34. g=9.8m/s’, 32.2 ft/s*; 40 yd = 120 ft
horizontal range x = 120 ft, u = 64 ft/s, 6 = 45° Cﬂlo ft
We know that horizontal range X = u cos 0t D —
120 120 ft
t= =% = 2.65 sec.

ucos0 - 64 cos 45°

. 1 1

=usinO(t)—1/2 gt’ = 64— ——(32.2)(2.65)?
y (t)-1/2¢g J2(2.65) 2( )(2.65)
= 7.08 ft which is less than the height of goal post.

In time 2.65, the ball travels horizontal distance 120 ft (40 yd) and vertical height 7.08 ft which
is less than 10 ft. The ball will reach the goal post.

35. The goli move like a projectile.
Here h=0.196 m
Horizontal distance X =2 m
Acceleration g = 9.8 m/s’. u
Time to reach the ground i.e. 0.196m

t= 2h = 1/—2X0'196 =0.2 sec
g 9.8 < >

Horizontal velocity with which it is projected be u.

C.oX=ut
:>u=§=i=10m/s.
t 0.2

36. Horizontal range X=11.7 + 5 = 16.7 ft covered by te bike.
g =9.8 m/s? = 32.2 ft/s%.
gx®sec?0
2u?

To find, minimum speed for just crossing, the ditch

y=xtan 0 -

y=0(.. Aison the x axis)

2 2 2 2
0 gx“seco gx gx
—xtan@= 9 5€C Y  2_ = =
2u? 2xtan®  2sinOcos® sin20
=us= (82.2)(16.7) (because sin 30° = 1/2)

1/2
= u=32.79 ft/s = 32 ft/s.
37. tan 0=171/228 = 0 = tan * (171/228)
The motion of projectile (i.e. the packed) is from A. Taken reference axis at A.
.. 0 =-37°as uis below x-axis.
u=15ft/s, g = 32.2 ft/s>, y = —171 ft
x2gsec? 0
y=xtan0- QZT

x2g(1.568) 171ft
2(225)

= 0.1125x* + 0.7536 x—171=0

x = 35.78 ft (can be calculated)

- =171 =-x(0.7536) —

3.10
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Horizontal range covered by the packet is 35.78 ft.
So, the packet will fall 228 — 35.78 = 192 ft short of his friend.

3.11
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38. Hereu=15m/s, 0 =60°, g =9.8 m/s’

u?sin20 _ (15) sin(2x 60°)
9.8

In first case the wall is 5 m away from projection point, so it is in the horizontal range of

projectile. So the ball will hit the wall. In second case (22 m away) wall is not within the
horizontal range. So the ball would not hit the wall.

=19.88 m

Horizontal range X =

2usin®

g A A B
change in displacement H/2 yH H/2| \

time
From the figure, it can be said AB is horizontal. So there is no effect of vertical component of
the velocity during this displacement.

39. Total of flight T =

Average velocity =

So because the body moves at a constant speed of ‘u cos 0’ in horizontal direction.
The average velocity during this displacement will be u cos 0 in the horizontal
direction. ,

.

40. During the motion of bomb its horizontal velocity u remains constant and is same
,:’ 0
as that of aeroplane at every point of its path. Suppose the bomb explode i.e. —»u

reach the ground in time t. Distance travelled in horizontal direction by bomb =
ut = the distance travelled by aeroplane. So bomb explode vertically below the \
aeroplane.

Suppose the aeroplane move making angle 6 with horizontal. For both bomb and
aeroplane, horizontal distance is u cos 0 t. t is time for bomb to reach the ground.

So in this case also, the bomb will explode vertically below aeroplane.

41. Let the velocity of car be u when the ball is thrown. Initial velocity of car is = Horizontal
velocity of ball.

Distance travelled by ball B S, = ut (in horizontal direction)
And by car S =ut +1/2 at’> where t — time of flight of ball in air. Iim/s'
.. Car has travelled extra distance S — S, = 1/2 at’.
Ball can be considered as a projectile having 6 = 90°.
g 9.8
5 Se=Sp=1/2at’=2m
.. The ball will drop 2m behind the boy.
42. At minimum velocity it will move just touching point E reaching the ground.
Ais origin of reference coordinate.

If uis the minimum speed.

A
X:40’Y:—20’G:O° 20cm
c
x2sec? 0 2 30m  20cm
S Y=xtan0-g——— (because g = 10 m/s® = 1000 E
2u 20cm M
cm/s?)

1000 x 402 x1

=-20=xtan 06— 5
2u

3.12
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= u=200cm/s=2m/s.
.. The minimum horizontal velocity is 2 m/s.
43. a) As seen from the truck the ball moves vertically upward comes back. Time taken = time
taken by truck to cover 58.8 m.
-~ time= 2 _588 _ 4 sec. (V =14.7 m/s of truck)
v 147

u=?,v=0,g=-9.8m/s’ (going upward), t = 4/2 = 2 sec.
v=u+at=>0=u-9.8x2=u=19.6 m/s. (vertical upward velocity).

b) From road it seems to be projectile motion. ‘N
Total time of flight = 4 sec

In this time horizontal range covered 58.8 m = x
S X=ucosOt
=ucos0=14.7 (1)
Taking vertical component of velocity into consideration.
y= %= 19.6 m [from (a)]
L y=usinOt—1/2gt?
= 19.6=usin 0 (2) —1/2(9.8)2> = 2usin B =19.6 x 2
= usin0=19.6 (i)

usin® _tang = 196-1333
ucoso 14.7
— 0 =tan " (1.333) =53°
Again u cos 0 =14.7
us= a7 24.42 m/s.
ucos53°
The speed of ball is 42.42 m/s at an angle 53° with horizontal as seen from the road.

44. 0 =53° socos 53°=3/5

35m/s
Sec’ 0 = 25/9 and tan 0 = 4/3 -
Suppose the ball lands on nth bench 777777 T mmmTTees

So,y=(n—-1)1 ..(1) [ballstarting point 1 m above ground]

2 2
Againy=xtan6—%ezCe [x=110+n—-1=110+Yy]
u
_ 10(110 + y)?(25/9)
=y =(110 +y)(4/3) -
y = (110 +y)(4/3) o
440 4 250(110 +vy)?
= — 4y ———
3 3 18 x 352
From the equation, y can be calculated.
S.y=5

=>n-1=5=n=6.
The ball will drop in sixth bench.

45. When the apple just touches the end B of the boat.
x=5m,u=10m/s,g=10m/s%, 0="?

3.13
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_ u?sin20
g
2 .
:5=% — 5=105in 20
= sin 20 = 1/2 = sin 30° or sin 150° 5m im
=60=15%0r75°
Similarly forend C, x =6 m
Then 20, = sin”* (gx/u?) = sin"* (0.6) = 182° or 71°.
So, for a successful shot, 6 may very from 15° to 18° or 71° to 75°.

46. a) Here the boat moves with the resultant velocity R. But the
vertical component 10 m/s takes him to the opposite shore. :

Tan0=2/10=1/5 4o0m 2m/s/’
Velocity = 10 m/s 10m/s
distance = 400 m A
Time = 400/10 = 40 sec.

b) The boat will reach at point C.
In AABC, tan 6 = BC_BC _1

AB 400 5
= BC=400/5=80m.
47. a) The vertical component 3 sin 6 takes him to N

opposite side. —» 5km/h
5km/h 3sin0  3km/h W £

Distance = 0.5 km, velocity = 3 sin © km/h
_ Distance _ 0.5

Velocity 3sin6

=10/sin® min.
b) Here vertical component of velocity i.e. 3 km/hr takes him to opposite side.

Time = —Dlstanlce _05_ 0.16 hr
Velocity 3 5km/h 5km/h

. 0.16 hr =60 x 0.16 = 9.6 = 10 minute. 3km/h
48. Velocity of man V,,= 3 km/hr

BD horizontal distance for resultant velocity R.

Time

X-component of resultant Ry=5 + 3 cos 6
t=0.5/3sin0
which is same for horizontal component of velocity.

H=BD = (5 + 3 cos 0) (0.5 / 3 sin 0) = 23608 f ,
6sin6 500m 5km/h,’

For H to be min (dH/d0) =0 35in6W
0

i[5+3cosej:0
dol\ 6sin6

— —18 (sin?0 + cos’* 0) —30 cos H =0

= -30cos0=18=cos0=-18/30=-3/5

3.14
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Sin 0 = V1-cos?0 =4/5

_5+3cos6 5+3(-3/5)_ 2
H= : = = Zkm.
6sin6 6x(4/5) 3

49. In resultant direction R the plane reach the point B.
Velocity of wind V,, =20 m/s

=2

Velocity of aeroplane V, =150 m/s

In AACD according to sine formula Lk b
S
C 20 190 inAa=20gingee =20 1T
sinA  sin30° 150 150 2 15

= A=sin"'(1/15)
a) The direction is sin"* (1/15) east of the line AB.
b) sin”* (1/15) = 3°48'

= 30° + 3°48' = 33°48’ 150
R= J1 502 + 202 + 2(150)20 cos 33°48' = 167 m/s.
Time = £ 2300000 _ 5994 sec = 49 = 50 min.

v 167

50. Velocity of sound v, Velocity of air u, Distance between A and B be x.
In the first case, resultant velocity of sound =v+u
= (v+u)ty=x
=v+u=x/t ..(1)
In the second case, resultant velocity of sound =v—u

L Voy— B.
Sv—u)t=x [ _ |
=v-u=x/t ..(2) - -
I X |
From (1) and (2) 2v= X+ X [ 1+ 1 A
t1 t2 t‘l t2

x(1 1

—->V=— —4+—

2\t 1
From(Ju=Z2-v=2X_| X X=X 11
t, t, 2 2t,) 2\t b

. Velocity of air V=2 1.1

And velocity of wind u = x1_1
51. Velocity of sound v, velocity of air u
Velocity of sound be in direction AC so it can reach B with resultant velocity AD.
Angle between v and uis 0 > /2.
Resultant AD =+/(v2 - u?)

Here time taken by light to reach B is neglected. So time lag between seeing and hearing =
time to here the drum sound. .-

3-15 A X D B
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_ Displacement _~ x
velocity W2 — 2
X X .
= = [from question no. 50]
JV+u)(v—u)  (x/ty)(x/ty)

52. The particles meet at the centroid O of the triangle. At any instant the particles will form an
equilateral AABC with the same centroid.

Consider the motion of particle A. At any instant its velocity makes angle 30°. This component
is the rate of decrease of the distance AO. A

2
e 2 a a
Initially AO = = a2 -| = | ==
YEETS [2) 7
Therefore, the time taken for AO to become zero.
a/\/§ 2a 2a

~ Vcos30° JBvx3 v

k ok ok ok

3.16
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SOLUTIONS TO CONCEPTS
CHAPTER -4

1. m=1gm=1/1000 kg
- Gmm,
=

6.67x107"1%x(1/1000)x(1/1000)

r2

22 6.67x107""x10° 1077 _
- 7 1017 T
6.64x10 10

F=667x10""N=>F

. 6.67x207""=

= r=+1 =1 metre.
So, the separation between the particles is 1 m.
2. A man is standing on the surface of earth
The force actingonthe man=mg ......... (i)
Assuming that, m = mass of the man = 50 kg
And g = acceleration due to gravity on the surface of earth = 10 m/s’
W =mg = 50x 10= 500 N = force acting on the man
So, the man is also attracting the earth with a force of 500 N
3. The force of attraction between the two charges

S W2 _g,q00 L
47e o r r
The force of attraction is equal to the weight
9
Mg = 9><r10
P 9x10° 9x10° oking 410 e
T mx10 m [Taking g=10 m/s’]
o [9x10° _3x10%
m Jm
For example, Assuming m= 64 kg,
3x10* 3, 4
r= =—10" =3750m
J64 8

4. mass =50kg
r=20cm=0.2m
11
Fs=G mym, _ 6.67x107"'x2500
r2 0.04

2

Coulomb’s force Fc= 1 G% _gyq0° 0.04

4ng, r?
_ 6.7x107""x2500 _9x10° xg?
0.04 0.04
-1 -9
g2z B.7x1071x2500_6.7x10°
0.04 9x10°

=18.07 x 107"
q=v18.07x10"® =43 x 10°C.

Since, Fg = F;

mi=1gm mz=1gm

41

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter-4

10.

The limb exerts a normal force 48 N and frictional force of 20 N. Resultant magnitude of
the force,

R = /(48)?+(20)?

= /2304 +400

= V2704 Teon
=52N

The body builder exerts a force = 150 N.

Compression x=20cm=0.2m

.. Total force exerted by the man = f = kx F 7VVVY ¢

= kx =150
:k:ﬂ:@:?soN/m
0.2 2

Suppose the height is h.
At earth station F = GMm/R?
M = mass of earth
m = mass of satellite
R = Radius of earth
GMm _ GMm
(R+h)?>  2R?
= 2R?=(R+h’=R*-h’-2Rh=0
=h*+2Rh-R*=0

(—2Ri,/4R2+4R2j _ _2R:2/R
2 2

=Rt 2R =R(2-1)

= 6400 x (0.414)

=2649.6 = 2650 km
Two charged particle placed at a sehortion 2m. exert a force of 20m.

H=

F, =20 N. rp=20cm
F, =7 rp,=25cm
Since, F = —1 _q1c212 , F oc 12
me, I r
2 2 2
i=r2—2:>F2=F1x Tl =20 x (ﬁj —20x 16 -8 _ogN=13N.
For r 25 25 5
m,,m
The force between the earth and the moon, F= G m2 c

r

F o 6:67x107"1x7.36x10%x6x10% _ 6.67x7.36x10%

(3.8x10°f (3.8 x10"
=20.3%x10"=2.03 x 10°N=2x10"N
Charge on proton = 1.6 x 107"

1 GG _ 9x10° (1.6 x107%®

4ne,  r? r2

.. Felectrical -

mass of proton = 1.732 x 1077 kg

4.2
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Chapter-4

mm, _ 6.67 x10 " x(1.732)x 10>

Fgravity = G I'2 r2
9x10° x(1.6)* x1078 ,
-29
F, 2 __9x(1.6x10 — 1.24 % 10%°

Fy 6.67x10""'x(1.732)x10%* ~ 6.67 (1.732)% 10
2
.

11. The average separation between proton and electron of Hydrogen atom is r= 5.3 10" m.

ag; _ 9x10°x(1.0x10"®
r’ (5.3x10°""

b) When the average distance between proton and electron becomes 4 times that of its ground state

1 qp _ 9><109><(1 6x107"°f _ 9x(1.6) 107
dre. (AR 2 22 7%
e, (4r) 16x(5.3)° x10 16x(5.3)
=0.0512x 107 =5.1 x 10° N.
12. The geostationary orbit of earth is at a distance of about 36000km.
We know that, g’ = GM / (R+h)?
At h = 36000 km. g’ = GM / (36000+6400)>
g 6400x6400 256

So== = =0.0227
g 42400x42400 106x106

=g’ =0.0227 x 9.8 = 0.223

[ taking g = 9.8 m/s® at the surface of the earth]

A 120 kg equipment placed in a geostationary satellite will have weight
Mg  =0.233 x 120 =26.79 =27 N

a) Coulomb’s force = F = 9 x 10° x =82x10°N.

Coulomb’s force F =

k %k ok ok

4.3
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SOLUTIONS TO CONCEPTS
CHAPTER -5

m = 2kg

S=10m

Let, acceleration = a, Initial velocity u = 0.

S=ut+1/2 at’

=10=%a(2) = 10=2a = a=5m/s?

Force: F =ma =2 x5 = 10N (Ans)

u =40 km/hr = M =11.11 m/s.
3600

m=2000kg;v=0;s=4m

2 2 2 2
vi-u® _ 0 (11'11) - 12343 = —15.42 m/s? (deceleration)

acceleration ‘a’ =

2s 2x4 8
So, braking force = F = ma = 2000 x 15.42 = 30840 = 3.08 10*N (Ans)
Initial velocity u = 0 (negligible)

v=5x10° m/s.
s=1cm=1x10"m.

v2-u? _ (5x10°F -0 _ 25x10"

acceleration a = = . T 12.5 x 10" ms™>
2s 2x1x10~ 2x10~
F=ma=9.1x10""x125x10"=113.75x 107" =11 x 107"°N.
A AT1
v0.3g 1 0.2g
fig 2 bt
fig 3
g = 10m/s? T-03g=0=>T=0.3g=0.3x10=3N

T,—(029+T)=0=T,=02g+T=02%x10+3=5N
. Tension in the two strings are 5N & 3N respectively.

R R
S_’ {k A
B T« A > F ma< B > T
Fig 1
mg mg
Fig 2 Fig 3
T+ma-F=0 T-ma=0=T=ma............ (i)
=>F=T+ma=F=T+T from (i)
=>2T=F=T=F/2
-2 v(m/s)
m =50g=5x%x 10" kg
As shown in the figure, 15 A B
Slope of OA = Tane 22 = 15 _ 5 /g2 10 P
oD 3 5 : |
So, at t = 2sec acceleration is 5m/s? ! ! 189°—9
Force =ma =5 x 1072 x 5 = 0.25N along the motion 2 D E c
5.1
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Chapter-5

Att=4sec slope of AB = 0, acceleration =0 [ tan 0° = 0]
..Force =0
At t = 6 sec, acceleration = slope of BC.
In ABEC =tan 6 = % = 1—5 =5
EC 3

Slope of BC = tan (180° - 68)=—tan 8 = -5 m/s’ (deceleration)
Force=ma=5x10°5=0.25N. Opposite to the motion.

7. Let, F — contact force between mp & mg.
And, f — force exerted by experimenter.

R R’
S—>» y 4
f my | my
I 21 N I e e
Fig 1
v VL
mag mgg
Fig 2 Fig 3
F+mapa—f=0 mga —f =0
=>F=f-mpa.......... (i) =F=mga........ (ii)

From eqn (i) and eqn (ii)
>f-mpa=mga=f=mgat+tmpa=Ff=a(ma+mp).

=f= F (mg + mp) = F[1+ﬁj [because a = F/mg]
Mg Mg

.. The force exerted by the experimenter is F(1+m—AJ
Mg

8. r=1mm=10"
‘m =4mg =4 x 10"%g

s=10"m.
v=0
u =30 m/s.
2 2
So,a= viout_ Z30x30 —4.5 x 10° m/s® (decelerating)

25 2x107°

Taking magnitude only deceleration is 4.5 x 10° m/s?
So, force F=4x 10°x45x 10°=1.8N
9. x=20cm=0.2m, k=15 N/m, m = 0.3kg.

F _—kx _ -15(0.2)

. 3
Accelerationa= — = -
m

X 0.3 0.3
So, the acceleration is 10 m/s? opposite to the direction of motion
10. Let, the block m towards left through displacement x.
F1 = k4 x (compressed)
F, = ko x (expanded)
They are in same direction.
Resultant F=F;+ F; > F=kyx + ko x = F = x(kq + ky)
F_ x(ky+ky)
— =

= —10m/s? (deceleration)

So, a = acceleration = opposite to the displacement.

11. m = 5Kkg of block A. [B]
ma=10N 1ON__;—O.zm->
= a10/5 =2 m/s’.

As there is no friction between A & B, when the block A moves, Block B remains at rest in its position.

5.2
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Chapter-5

Initial velocity of A=u = 0. R s

Distance to cover so that B separate out s = 0.2 m.

Acceleration a = 2 m/s® ma <— > 10N
ss=ut+ Yat®

—0.2=0+ (%) x2 x 2 = 2= 0.2 = t = 0.44 sec = t= 0.45 sec. M

12. a) at any depth let the ropes make angle 6 with the vertical
From the free body diagram
FcosB+Fcos8-mg=0

=2FcosO=mg=F= _mg_
2cosH
As the man moves up. 6 increases i.e. cos 0 decreases. Thus F ntg
increases. Fig-2
b) When the man is at depth h
cos 0 = __h 2

(d/2)? +h? '
h
Force = % :%\/d2 +4h? N

—+h?
4

13. From the free body diagram |‘| 0.5x2
ZR+05%x2-w=0
=>R=w-05x2 l2m/szA
=0.5(10-2) =4N.
So, the force exerted by the block A on the block B, is 4N. | B |

W=mg=0.5x10

3 N Y
3+«

14. a) The tension in the string is found out for the different conditions from the free body diagram as

shown below. T
T-(W+0.06x12)=0
=T= 0.05x9.8+0.05%x1.2 (])
=055N TZmIs2 w
' ' 0.05x1.2
Fig-1 Fig-2 0.05x1.2
b) .. T+0.05x1.2-0.05%x9.8=0 T
= T= 0.05x9.8-0.05x12 0 t-a
- 1.2m/s?
=0.43N. J1:2mis <
T Fig-3 Fig-4
c) When the elevator makes uniform motion _a=0
— Unif
T-W=0 & [P
=T= W=0.05x98 W
=0.49 N Fig-5 Fig-6 T
d) T+0.05x12-W=0 o [’ .
=T= W-0.05%x12 . Fig-7 0.05%x1.2
=043 N. Fig-8
€) T—(W+0.05x12)=0 O Jhramst s
=T= W+0.05x%x1.2 l_a 0.05%1.2
=0.55N Fig-9 Fig-10
5.3
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f) When the elevator goes down with uniform velocity acceleration = 0
T-W=0
=T= W=0.05%x9.8
=0.49 N.
15. When the elevator is accelerating upwards, maximum weight will be recorded.
R-W+ma)=0
= R =W + ma =m(g + a) max.wt.
When decelerating upwards, maximum weight will be recorded.

R+ma-W=0
=>R=W-ma=m(g-a)
So,m(g+a)=72x9.9 ..(1)
m(g—a)=60x%x9.9 ...(2)
Now, mg+ma=72x9.9 = mg-ma=60x9.9
= 2mg = 1306.8

m = 1306.8 _ 66 Kg

2x9.9

So, the true weight of the man is 66 kg.
Again, to find the acceleration, mg + ma =72 x 9.9

_ 72x9.9-66x9.9 9.9

=a =0.9m/s?.
66 1

16. Let the acceleration of the 3 kg mass relative to the elevator is ‘a’ in the downward direction.

As, shown in the free body diagram
T-15g-15(@/10)-15a=0 from figure (1)
and, T—3g-3(g/10) +3a=0 from figure (2)
=T=15g+1.5(g/10) + 1.5a ()]
And T = 3g + 3(g/10) — 3a ... (i)
Equation (i) x 2 = 3g + 3(g/10) + 3a = 2T
Equation (ii)) x 1 = 3g + 3(g/10)-3a=T
Subtracting the above two equations we get, T = 6a
Subtracting T = 6a in equation (ii)
6a = 3g + 3(g/10) — 3a.
339 =a= (9-8)33 =32.34
10 10
=a=359 .. T=6a=6x3.59=21.55
T'=2T=2x21.55=43.1N cutis T, shown in spring.
wt  43.1
g 98
17. Given, m = 2 kg, k =100 N/m
From the free body diagram, kl —2g = 0 = kl = 2g
_29_2x98_196_;.00 oo,
k 100 100
Suppose further elongation when 1 kg block is added be x,
Then k(1 + x) = 3g
= kx=3g—-2g=g=9.8N

=>X= £=0.098=0.1 m
100

=9a=

Mass =

=4.39=4.4kg

=1

Chapter-5
T
é) Uniform
velocity
w
Fig-11 Fig-12
- |
ta
% m
E r
w
ma R
ta
l—a
w
ma
T T
1.5g 3g
1.5(g/10) 3(g/10)
1.5a 3a
Fig-1 Fig-2
LA K
ng

5.4
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Chapter-5

18. a=2m/s’
kI-(2g+2a)=0
=kl =2g + 2a
=2x98+2x2=196+4

_ 236

=1 0 =0.236 m=0.24m

When 1 kg body is added total mass (2 + 1)kg = 3kg.

elongation be |4

kli=3g+3a=3x98+6

=l = 334 _ 0.0334 =0.36
100

Further elongation =1, —1=0.36 - 0.12 m.

19. Let, the air resistance force is F and Buoyant force is B.

Given that

F, oc v, where v — velocity

= F, = kv, where k — proportionality constant.
When the balloon is moving downward,

B + kv=mg ()
M= B + kv
g

For the balloon to rise with a constant velocity v, (upward)

let the mass be m
Here, B—(mg + kv) =0 ... (i)
= B=mg + kv
B —kw
g

= m=

So, amount of mass that should be removed = M —m.
_B+kv B-kv B+kv-B+kv 2kv _ 2(Mg-B)

g 9 9 g
20. When the box is accelerating upward,
U-mg—-m(g/6)=0

G

= U=mg+mg/6 =m{g +(g/6)} =7 mg/7 ...(i)

= m =6U/7g.

When it is accelerating downward, let the required mass be M.

U-Mg+Mg/6=0

_ 6Mg-Mg _ 5Mg - 6u

= U M =

6 6 5g
Mass to be added=M—-m = @—@ :@[1
59 79 g

@[gj_gg
g \ 35 35\ g

=mel from (i)
350 6 g
=2/5m.

.. The mass to be added is 2m/5.

_lj
5 7

ki

{L

ta [ | T

o
vy 2a

ki

T2m/s2

Iz

akVv 4B

AB TV

=2{M - (B/g)}

I
ymg 'kV
Fig-1 Fig-2

gl6T

Ymg
v mg/6
Fig-1

g/6T

mg/6
Fig-2
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Chapter-5

21. Giventhat, F =ixA and mg act on the particle.

EW
For the particle to move undeflected with constant velocity, net force should be zero. i
. — — X
s (UuxA)+mg =0 2.7
(ﬁxA)z—m_’g mg

Because, (GxA) is perpendicular to the plane containing u and A, i should be in the xz-plane.
Again, u A'sin 8 =mg

- Mg

" Asing
u will be minimum, whensin® =1 =6 =90°

2o Unin = % along Z-axis.

22. AT AT
Vm1g szg
v msa mpa
m4 = 0.3 kg, m, = 0.6 kg
T-(mg+mqa)=0 ..(i) = T=mg+ma
T+mea—-myg=0 ..(i) =>T=myg-moa

From equation (i) and equation (ii)
m4g + mia + mya — myg = 0, from (i)
= a(mq + my) = g(mz —my)
—a= f(wj - 9.8[Mj = 3.266 ms 2.
m; +m, 0.6+0.3
a) t=2 sec acceleration = 3.266 ms™
Initial velocity u=0
So, distance travelled by the body is, F
S=ut+1/2at? = 0+ %(3.266) 2° =6.5m
b) From (i) T=m4(g+a)=0.3(9.8+3.26)=3.9N
c) The force exerted by the clamp on the pully is given by T T
F-2T=0
F=2T=2%x39=78N.
23. a=3.26m/s’
T=39N
After 2 sec mass m, the velocity
V=u+at=0+3.26 x 2 =6.52 m/s upward.
At this time m, is moving 6.52 m/s downward.
At time 2 sec, m, stops for a moment. But m; is moving upward with velocity 6.52 m/s.

It will continue to move till final velocity (at highest point) because zero.
Here,v=0 ;u=6.52

A=-g=-98 m/s® [moving up ward m;]

V=u+at=0=6.52 +(-9.8)t

=t=6.52/9.8 = 0.66 =2/3 sec.

During this period 2/3 sec, m, mass also starts moving downward. So the string becomes tight again
after a time of 2/3 sec.

5.6
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Chapter-5

24. Mass per unit length 3/30 kg/cm = 0.10 kg/cm. 10m 20m
Mass of 10 cm part =mq =1 kg 20N«—[mi[ m; |—32N
Mass of 20 cm part = m,= 2 kg. R R
Let, F = contact force between them. )y —a N
From the free body diagram liZ:ON oF Eif +32N
F-20-10=0 ()
And, 32-F-2a=0 ...(ii) 1"9 2'5

From eqa (i) and (i) 3a—12=0=a=12/3 =4 m/s’
Contactforce F =20+ 1a=20+1%x4=24N.

25.
BN R:
» 02 1a
19
Fig-1 Fig-3
Sin 64 =4/5 gsin6,—(@a+T)=0 T-gsin6,—a=0
sin 6, = 3/5 =gsingb;=a+T ...(i) =T=gsinb,+a (i)
=T+a-gsind; =0
From eqn (i) and (ii), gsin6,+a+a—-gsin6,=0
—=2a=gsin®;—gsinB,=g [i—§j=g/5
5 5
—a=91_9
2 10
26. f( —a ::;nza
g . o
Fig-1 mig mog
Fig-2 Fig-3
From the above Free body diagram From the above Free body diagram
Ma+F-T=0=>T=ma+F..(i) mya + T —m,g =0 ....(ii)

= mpa + mya + F —myg = 0 (from (i))
= a(m; + my) + myg/2 — myg = 0 {because f = ng/2}
= a(mq + my) — myg =0

= a(my+my)=myg/l2 =>a= M9
2(my =my)
. . m,g .
Acceleration of mass my is towards right.
2(my =mjy)
27. aT WT
ﬁ;m1a
rng
Y mig Fy
vF '.' m2a
Fig-1 Fig-2 Fig-3
From the above free body diagram From the free body diagram
T+ma-mmg+F)=0 T—(myg + F + mya)=0

5.7
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Chapter-5

=>T=mg+F-ma=T=5g+1-5a...(i)
=>T=myg+F+mya=T=2g+1+2a...(ii)
From the eqn (i) and eqn (ii)

5g+1-5a=2g+1+2a=3g—-7a=0=7a=3g 5a
=a= % = &7'4 =4.2 m/s’ [ g= 9.8m/s?]
a) acceleration of block is 4.2 m/s® 159
b) After the string breaks m; move downward with force F acting down ward. VF=1N
msa=F +myg=(1+5g)=>5(g+0.2) Force = 1N, acceleration = 1/5= 0.2m/s.
So, acceleration = Force _ 5(g+02) _ (g +0.2) m/s®
mass 5
28 AT AT/2 “3(31"'32)
AT2
my la my
Y |g ,29 my
v lay v 2(a—az) v3g
Fig-2 Fig-3 Fig-4

Fig-1

Let the block m+1+ moves upward with acceleration a, and the two blocks m, an m3; have relative
acceleration a, due to the difference of weight between them. So, the actual acceleration at the blocks
m4, My and ms will be ay.

(a1 —az) and (a; + a,) as shown

T=1g—-1a,=0 ...(i) from fig (2)

T/2-2g—-2(a;—ay)=0 ..(ii) from fig (3)

T/2-3g—-3(a;+a,)=0 ..(iii) from fig (4)

From eqn (i) and eqn (ii), eliminating T we get, 1g + 1a, = 4g + 4(a; + a,) = 5a,— 4a; = 39 (iv)

From eqn (ii) and eqn (iii), we get 2g + 2(a; — a,) = 3g — 3(a; — az) = 5a; + a; = (v)

S 29 10g _ 199
Solvin and a= —=2anda,=g-5a,=g-—= = =
ving (iv) (v) a4 29 2=9 1= 9 29 29
So,a;—a,. 29_199 __179
29 29 29
2g 19g 21g . 199 179 219
a; + a, - =2, 9 _239 So, acceleration of my, my, my ae —=(u —~= (doan) —= (down
' T 59729 T o9 1w Mz My 88 —g7(up) —g (doan) g (down)

respectively.
Again, for my, u =0, s= 20cm=0.2m and a, = %g [g= 10m/sz]
1 19

~S=ut+%at’= 0.2=—=x—gt> =t=0.25sec.
2 29
29 AT AT/2 AT/2
m Y2 Y 3
v Wg g {'32
Flg-2 v 281 . 1
Fig-3 Fig-4
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Chapter-5

m4 should be at rest.

T-mg=0 T/2-2g-2a;=0 T/2-3g-3a,=0

= T=mg...(i) =T —-4g—-4a;=0 ...(ii) = T =6g — 6a, ...(iii)
From eqn (ii) & (iii) we get

3T -12g =129 - 2T = T = 249g/5= 408g.

Putting yhe value of T eqgn (i) we get, m = 4.8kg.

30 “18 R
QP—W ] it 4
[ ]
T« — 1
Fig-1 B B °
v
w’]g 19
Fig-2 Fig-3
T+1a=1g...(i) T-1a=0=T =1a (ii)
From eqn (i) and (ii), we get
latla=1g=2a=g=a= % = % = 5m/s?
From (ii) T = 1a = 5N.
31. R AT
I -« » 2T
2m(a/2)
I
Fig-2 Fig-3
Ma-2T=0 T+Ma-Mg=0
=>Ma=2T = T =Ma/2. = Ma/2 + ma = Mg. (because T = Ma/2)
=3Ma=2Mg=a=29/3
a) acceleration of mass M is 2g/3.
b)TensionT: m = M = @ = m
2 2 3 3
c) Let, R' = resultant of tensions = force exerted by the clamp on the pulley
R'= VT2 4+ T2 = 2T T .
45°
Mg _ v2Mg ‘Q’ 45°
S R=2T=yJ2—=="F=
V2T =42 3 3 R R ¢
T T T
Again, Tanb = ?= 1= 0=45°
So, itis @at an angle of 45° with horizontal.
32.
T 42T
2ma
x2mg
mg 2ma
Fig-2 Fig-3
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Chapter-5

2Ma +Mgsin6-T=0 2T +2Ma-2Mg =0

= T=2Ma + Mg sin 0 ...(i) = 2(2Ma + Mg sin 0) + 2Ma — 2Mg = 0 [From (i)]

= 4Ma + 2Mgsin6 + 2 Ma — 2Mg =0
= 6Ma + 2Mg sin30° - 2Mg =0
= 6Ma = Mg —a =g/6.

Acceleration of mass M is 2a = s x g/6 = g/3 up the plane.

B va
AAT
ma
8
y Mg erg mg
FBD-1 FBD-2 FBD-3

As the block ‘m’ does not slinover M’, ct will have same acceleration as that of M’
From the freebody diagrams.

T+Ma-Mg=0 ...(i) (From FBD — 1)
T-Ma-Rsing=0 ...(ii) (From FBD -2)
Rsin6-ma=0 ...(iif) (From FBD -3)
R cos 6 —mg =0 ...(iv) (From FBD -4)
Eliminating T, R and a from the above equation, we get M = Mtg m1
coto —
34. a)5a+T-5g=0=T=5g->5a ...(i) (From FBD-1) 5
Again (1/2) —4g—8a=0=T=8g—-16a ..(ii) (from FBD-2) “T fa
From equn (i) and (ii), we get 72
5g-5a=8g+16a—=21a=-3g=>a=-1/7g la TZa
So, acceleration of 5 kg mass is g/7 upward and that of 4 kg mass
is 2a = 2g/7 (downward). v 59 v 4g
b) AT FBD-1 FBD-2
R
43 »T/2
x59 {
5a 29
FBD-3 FBD-4

4a-1/2=0=8a-T=0=T=8a ... (ii) [From FBD -4]

Again, T+5a-5g=0=8a+5a-5g=0

= 13a-5g = 0 = a = 5g/13 downward. (from FBD -3)
Acceleration of mass (A) kg is 2a = 10/13 (g) & 5kg (B) is 5g/13.

c) AT AT
T2T/2
B
C T 19 Y 29
1a 4a ]V
FBD-5 FBD-6
T+1a-1g=0=>T=1g-1a ...() [From FBD - 5]

Again, % —29-4a=0=>T-4g-8a=0...(ii) [From FBD -6]

= 1g—1a—4g—-8a =0 [From (i)]

FBD-3
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Chapter-5

= a =—(g/3) downward.
Acceleration of mass 1kg(b) is g/3 (up)
Acceleration of mass 2kg(A) is 2g/3 (downward).

35. my=100g = 0.1kg
m, = 500g = 0.5kg
m; = 50g = 0.05kg.
T+05a-0.5g=0 (i)
T;-0.5a-0.05g=a ..(ii) m3
T4+0.1a—-T+0.05g=0 ...(iii)
From equn (ii) Ty = 0.05g + 0.05a ...(iv) AT AT T
From equn (i) T = 0.5g — 0.5a (V) / R
Equn (i) becomes T; + 0.1a — T + 0.05g = 0 I t. 7
= 0.05g + 0.05a + 0.1a — 0.5g + 0.5a + 0.05g = 0 [From (iv) T
and (v)] 0.5a }
= 0.65a=04g=>a= 04 _ ﬂg = ig downward FBD-1 FBD-2

0.65 65 13

Acceleration of 500gm block is 8g/13g downward.

36. m =15 kg of monkey. a=1m/s’
From the free body diagram
S~ T-[15g+15(1)]=0=>T=15(10+1)=>T=15%x11=>T=165N. Ta
The monkey should apply 165N force to the rope. 15g
Initial velocity u = 0 ; acceleration a = 1m/s? ; s=5m. 15a
L s=ut+%at’
5=0+(1/2)1 =t=5x2 =t= 10 sec.
Time required is V10 sec.

37. Suppose the monkey accelerates upward with acceleration ’a’ & the block, accelerate downward with
acceleration a4. Let Force exerted by monkey is equal to ‘T’

From the free body diagram of monkey T

S~ T-mg—-ma=0 (i)

= T =mg + ma. T @
Again, from the FBD of the block, mg mg

ma maq
T=ma;-—mg=0.

= mg+ ma+ma;—mg=0[From ()] > ma=-ma; = a = a;.
Acceleration ‘—a’ downward i.e. ‘a’ upward.
.. The block & the monkey move in the same direction with equal acceleration.

If initially they are rest (no force is exertied by monkey) no motion of monkey of block occurs as they
have same weight (same mass). Their separation will not change as time passes.

38. Suppose A move upward with acceleration a, such that in the tail of A maximum tension 30N produced.

AT 4T:=30N
A aT aT
B Y 59 A 29
T,=30N J
V{ 5a v 2a
Fig-2 Fig-3
T-59-30-5a=0 (i) 30—2g-2a=0 ...(ii)
= T=50+30+(5x5)=105N (max) =30-20-2a=0=a=5m/s’
So, A can apply a maximum force of 105 N in the rope to carry the monkey B with it.
5.11
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Chapter-5

For minimum force there is no acceleration of monkey ‘A’and B. > a =0

Now equation (ii)is T'1 —2g = 0= T'1= 20 N (wt. of monkey B)

Equation (i)is T—-5g—-20=0[As T’y =20 N]

=T=5g+20=50+20=70N.

.. The monkey A should apply force between 70 N and 105 N to carry the monkey B with it.
39. (i) Given, Mass of man = 60 kg.

Let R’ = apparent weight of man in this case. T TT
Now, R+ T — 60g = 0 [From FBD of man]

=T=60g-R’ (i) R
T-R' -30g=0 ..(ii) [ From FBD of box] 609 ¢|
= 60g - R'— R’ - 30g = 0 [ From (i)] R 309

= R’ = 15g The weight shown by the machine is 15kg.
(i) To get his correct weight suppose the applied force is ‘T’ and so, acclerates upward with ‘a’.
In this case, given that correct weight = R = 60g, where g = acc” due to gravity

RT T4 T'T
! ph |
60g i 309

60a 30a
From the FBD of the man From the FBD of the box
T'+R-60g-60a=0 T'-R-30g-30a=0
—=T'-60a=0[..R =60g] =T'-60g-30g-30a=0
=T'=60a () = T' - 30a = 90g = 900

= T'=30a-900 ...(ii)

From eqn (i) and eqn (ii) we get T'=2T"-1800 = T' = 1800N.
.. So, he should exert 1800 N force on the rope to get correct reading.

40. The driving force on the block which n the body to move sown the plane is F = mg sin 6,
So, acceleration = g sin 6 TV
Initial velocity of block u = 0. A

s=¢(,a=gsin6
Now, S =ut + %2 at®

=1=0+%(gsin0)t* =g°= 2.f =>t= 2_€
gsin® gsino
Time taken is 2_ !
gsino

41. Suppose pendulum makes 6 angle with the vertical. Let, m = mass of the pendulum.
From the free body diagram

a—» T 0
E «——
mg
TcosO—-mg=0 ma—T sin 6 =0
= T cos 6 =mg = ma=Tsin6
mg . ma .
= (i >t= — (i
cos o @) sin® (W
5.12
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Chapter-5

mg :ﬂ:tan(a: a =0=tan™"

From (i) & (ii) ! a
cosO sin0 g g

The angle is Tan™'(a/g) with vertical.
(ii) m —> mass of block. mgv g
Suppose the angle of incline is ‘0’
From the diagram

sin6 _a

macos0—-mgsin6=0=macos®=mgsind => ——=
cosO g

= tan 6 = a/g = 6 = tan”"'(a/g).

42. Because, the elevator is moving downward with an acceleration 12 m/s? (>g), the bodygets separated.
So, body moves with acceleration g = 10 m/s? [freely falling body] and the elevator move with
acceleration 12 m/s?

Now, the block has acceleration =g =10 m/s?
u=0 12 m’szl 10 m/sleZI
t=0.2 sec []

So, the distance travelled by the block is given by.
L s=ut+%at’

=0+ (%) 10(0.2)>=5x 0.04 = 0.2 m = 20 cm.
The displacement of body is 20 cm during first 0.2 sec.

%k %k sk ok
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SOLUTIONS TO CONCEPTS

CHAPTER 6

1. Let m = mass of the block R
From the freebody diagram, 1
R-mg=0=R=mg ..(1) Celocity a—>
Againma—p R =0=ma=pR=pmg (from (1)) I&I ma <+ > iR
Sa=ug=>4=pg=>n=4/g=4/10=04
The co-efficient of kinetic friction between the block and the plane is 0.4 mg

2. Due to friction the body will decelerate
Let the deceleration be ‘@’ Ra—>
R-mg=0=R=mg (1) velocity a— I
ma—puR=0= ma=pR=pmg (from (1))
—a=pg=0.1x10=1m/s> ' ma+ >R
Initial velocity u = 10 m/s
Final velocity v =0 m/s y
a=-1m/s’ (deceleration) mo
g= Vi-u?_0-10° 100 _ .o

2a 2(-1) 2
It will travel 50m before coming to rest.
3. Body is kept on the horizontal table.

If no force is applied, no frictional force will be there g T
f — frictional force o i )
F — Applied force
From grap it can be seen that when applied force is zero, R
F —»

frictional force is zero. o
4. From the free body diagram,
R-mgcos6=0=R=mgcos6 ..(1)
For the block
Uu=0, s =8m, t = 2sec. 30°
ss=ut+%att =>8=0+%a2’= a=4m/s’
Again, uR+ma-mgsin6=0

—umgcos®+ma—-mgsin6=0 [from (1)] R
= m(ugcosO+a—-gsind)=0 g
= ux 10 x cos 30°=gsin 30°—a
= ux10x ,/(3/3) =10 x (1/2) — 4 ma’~  Mio

'

= (5/43)u=1=pn=1/(5/+/3) =0.11 g
.. Co-efficient of kinetic friction between the two is 0.11. A/4N
5.  From the free body diagram 4kg
4—-4a-uR+4gsin30°=0 (1) 30°
R—-4gcos 30°=0 .(2)
= R =4g cos 30° R
uR_ &

Putting the values of R is & in equn. (1)
4—-4a—-0.11x4gcos 30°+4gsin30°=0

:>4—4a—0.11><4><10x(\/§/2)+4x10><(1/2)=0 ma,// S
—4-4a-381+20=0=a~5m/s> SN
For the block u =0, t = 2sec, a =5m/s? mg

Distance s =ut+ % at? = s=0+ (1/2) 5 = 22 = 10m
The block will move 10m.
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Chapter 6

6. To make the block move up the incline, the force should be equal and opposite to

the net force acting down the incline = u R + 2 g sin 30°

=0.2 x (9.8)\/§+ 219.8 % (1/2) [from (1)]

=3.39+9.8=13N

With this minimum force the body move up the incline with a constant velocity as net

force on it is zero.

b) Net force acting down the incline is given by, (body movmg down)

F=2gsin 30° - uR

=2x9.8x(1/2)-3.39=6.41N

Due to F = 6.41N the body will move down the incline with acceleration.

No external force is required.

.. Force required is zero. \
7. From the f2ree body diagram (body r’:gvmg s5)

g = 10m/s”, m = 2kg, 0 =30°, np=0.2

R-mgcos6-Fsin6=0

=R=mgcos6+Fsin6 ..(1)

Andmgsin6+puR—-Fcos =0

= mgsin0+umgcos6+Fsinb)—Fcos6=0

=mgsind+umgcosO+puFsin0—-Fcos6=0
(mgsin® —umgcos0)

(usin®—cos )

L F o 2x10x(1/2)+0.2x2x10x(+/3/2) _ 13464 _ o Lo o

0.2x(1/2)-(\/3/2) 0.76

EO"\
mg
8. m — mass of child R R
R —-mg cos 45° =0 5
= R =mg cos 45° = mg /v (1)
Net force acting on the boy due to which it slides down is mg sin 45° - uR e
=mg sin 45° - u mg cos 45° mg N

=F=

=mx10(1/+/2)=0.6 x m x 10 x (1/+/2)
=m[(5/V2)-0.6x (5/42)]

=m(2+2)

acceleration = Force _ 2\/_ = 24/2 m/s?
mass m

9. Suppose, the body is accelerating down with acceleration ‘a’.
From the free body diagram
R-mgcos06=0
= R=mgcos 6 (1)
ma+mgsind—pR=0
=a= mg(smer;ucose) =g (sin 6 — u cos 0)
For the first half mt. u=0, s=0.5m, t=0.5sec.
So,v=u+at=0+(0.54=2m/s
S=ut+%at? =05=0+%a (0/5°=a=4m/s* ..(2)
For the next half metre
u =2m/s, a= 4m/sz, s=0.5.
=05=2t+(12)4t? =2t +2t-05=0

6.2
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Chapter 6

=>4P+4t-1=0

- —-4+416+16 - 1.656
N 2x4 8
Time taken to cover next half meter is 0.21sec.

=0.207sec

10. f— applied force
F;,— contact force

- R
F — frictional force : N
R — normal reaction

F —>f
p=tan A =F/R S

When F = pR, F is the limiting friction (max friction). When applied force increase, force of friction
increase upto limiting friction (uR)
Before reaching limiting friction

Limiting
F< HR Friction
Stand = Esﬁ :tanksu:kstan"1 n
R R
11. From the free body diagram
- A B

T+05a-05g=0 (1) W m 3
puR+1a+ T -T=0 (2) 1=0.2 1=0.2 la
pR+1a-T4=0

0.5kg 0.5g
pR+1a =T, ...(3) T 0.5
From(2)& (3)=>uR+a=T-T,4
AT=-Ty=Ty R N
=T=2T, ]

u

Equation (2) becomes pR + a + T4 — 2T; = 0 ILR«LE"— R > T
= HR +a-— T1 =0 !
=>T,=puR+a=02g+a ..(4) A¥1g 19
Equation (1) becomes 2T, + 0/5a - 0.5g =0
=T = w = 0.25g — 0.25a ...(5)
From (4) & (5) 0.2g + a =0.25g — 0.25a

= a

= 0'0: x 10 =0.04 1 10 = 0.4m/s’

a) Accln of 1kg blocks each is 0.4m/s?

b) Tension T =0.2g +a + 0.4 = 2.4N

c)T=059-05a=05%x10-0.5%x04=4.8N a&f m/s?
12. From the free body diagram

WwR+1-16=0 X gk
= ui(29) +(-15)=0 2kg 30°
= =15/20 = 0.75 T T
poR1+4%x05+16-4gsin30°=0
R
—1, (203 )+ 2+16 —20=0 ‘ H
= —2_ = ' =0057~006 285 »16N 405
2043 17.32 UR;
16N=T

..Co-efficient of friction puq4 = 0.75 & pu, = 0.06 v

49
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Chapter 6

13.

14.

15.

AT B * LT1
A T
T1 ].LR
< > —>
1159 159 5a|°9
15a VL r=5g ‘L
From the free body diagram
T+15a-15g=0 T— (T4 +5a+ puR)=0 Ti—5g—-5a=0
=>T=15g-15a ...(I) =>T-(5g+5a+5a+uR)=0 —=T4=5g + 5a ...(iii)

= T=5g+10a + puR ...(ii)
From (i) & (ii) 15g — 15a = 5g + 10a + 0.2 (5g)
= 25a =90 = a = 3.6m/s
Equation (i) = T=5%x10+10%x 3.6 +0.2x 5% 10
= 96N in the left string
Equation (iii) Ty =5g + 5a =5 x 10 + 5 x 3.6 =68N in the right string.

s=5m, p=4/3, g = 10m/s?
u = 36km/h = 10m/s, v=0,

2 2 402
a= Y oU 02107 s

2s 2x5
From the freebody diagrams,
R—mgcos€)=0;g=10m/s2
= R=mgcos0....(I) ; u = 4/3.
Again,ma+mgsin®-pR=0
= ma+mgsind—pumgcos6=0
—=a+gsind-mgcos6=0
=10+10sin6-(4/3)x10cos6=0
=30+ 30 sin 6 —40cos 6 =0
=3+3sinB-4cos8=0
—=4cos0-3sinb=3

= 441-sin?0 =3 +3sin O

=16 (1—sin“0) =9 + 9sin0 + 18 sin O

—18+182-4(25)(-7) _ —18+32 _14
2x25 50 50

= 0=sin"' (0.28) = 16°

Maximum incline is 6 = 16°

sin 6 = = 0.28 [Taking +ve sign only]

to reach in minimum time, he has to move with maximum possible acceleration.

Let, the maximum acceleration is ‘a’
~ma—-pR=0=>ma=pmg
=a=pg=0.9x10=9m/s’

a) Initial velocityu=0,t="7?
a=9m/s’, s=50m

s=ut+%atf =50=0+(12) 9t =>t= |—

100 _ 10
= —SecC
3

b) After overing 50m, velocity of the athelete is
V=u+at=0+9x(10/3) = 30m/s
He has to stop in minimum time. So deceleration ia —a = —9m/s? (max)

6 — the max.
angle

velocity
A/a/
0
uR

ma

mg

—»a
ma pR

mg

at—

mg
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Chapter 6

R=ma
ma = pR(max frictional force)
= a =g = 9m/s?(Deceleration)
u'= 30m/s, vi=0
a —-a -a 3
16. Hardest brake means maximum force of friction is developed between car’s type & road.
Max frictional force = uR
From the free body diagram
R -mgcos 6 =0
=>R=mgcos6 ..(i)
and uR+ma—-mgsin)=0 ...(ii)
= umgcos®+ma—-mgsin6=0
—>ugcosO+a—-10x(1/2)=0 ma
—a=5-{1-(2/3)} x 10 (+/3/2) = 2.5 m/s? mg
When, hardest brake is applied the car move with acceleration 2.5m/s?
S=12.8m, u=6m/s
S0, velocity at the end of incline

V = Ju? +2as = /62 +2(2.5)(12.8) = +/36+64 = 10m/s = 36km/h

Hence how hard the driver applies the brakes, that car reaches the bottom with least velocity 36km/h.
17. Let, , a maximum acceleration produced in car.

.. ma = puR [For more acceleration, the tyres will slip] sR a,
—Sma=pmg=a=pug=1x10=10m/s’
For crossing the bridge in minimum time, it has to travel with maximum uR
acceleration —q-—- >
u=0, s =500m, a = 10m/s?
s=ut+%at’

= 500=0+(1/2) 10 * = t = 10 sec. :

If acceleration is less than 10m/s?, time will be more than 10sec. So one can't drive through the bridge
in less than 10sec.

18. From the free body diagram

Il/m

pR

mg

a
R=4gcos30°=4x10 x+/3/2 =203 ..(i) ;k/

9
ue R+4a—-P-4gsin 30° =0 = 0.3 (40) cos 30° +4a— P —40sin20° =0 ...(ii) 4kg
P+2a+u Ry—2gsin30°=0 ... (iii) o

Ry=2gcos30°=2x10x +/3/2 =10+/3 ..(iv)
Equn. (i) 6+/3 +4a—P-20=0

R 2a /
Equn (iv) P +2a+2+3 —10=0 wa & P w Ry
From Equn (ii) & (iv) 643 +6a—30+2+3 =0
= 6a=30-8+3 =30-13.85=16.15

—a= % =2.69 = 2.7m/s? 49

b) can be solved. In this case, the 4 kg block will travel with more acceleration because, coefficient of
friction is less than that of 2kg. So, they will move separately. Drawing the free body diagram of 2kg
mass only, it can be found that, a = 2.4m/s>.
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Chapter 6

19. From the free body diagram

a uR R4 '\cia R
0N N R
~ a SV
AGAN
T T

R=M; gcos 6 .(i) " Mag
R=M,gcos0  ..(i) P
T+Migsind—-mya—puR;y=0 ... (iii)

T-My—-Mya+puR,=0 ..(iv)
Equn (ii)=> T+ Mygsin6—-M;a—puMigcos=0
Equn (iv) > T-Mygsin6+M,a+pMygcos0=0 ..(v)
Equn (iv) & (v) = g sin 6 (M + My) —a(M; + M) —ug cos 6 (My + M) =0
= a(My+M;y)=gsind (My+My)—pgcos 6 (My+My)
= a =g(sin 6 — u cos 0)
.. The blocks (system has acceleration g(sin 6 — p cos 6)
The force exerted by the rod on one of the blocks is tension.
Tension T = - Mg sin 6 + Mya + p M4g sin 6
= T =- Mg sin 6 + M(g sin 6 —p g cos 8) + u Mg cos 6
=T=0

20. Let ‘p’ be the force applied to at an angle 6
From the free body diagram

R+Psind-mg=0 . b
= R=-Psin6+mg (i)
uR —p cos 0 ..(ii) HR | ___
Equn. (i) is u(mg —P sin®) —Pcos06=0 | |
:>umg=upsin9—Pcosezp=,“¢ v

psin® +cos6 mg

Applied force P should be minimum, when p sin 6 + cos 6 is maximum.
Again, p sin 0 + cos 0 is maximum when its derivative is zero.
-.d/dé (nsin® +cos0) =0
—>upcosb-sing=0=> 6=tan"1u
So. P = pmg _ umg/cos6 _ wmgsec ) _ kmgsecH

’ usin®+cos®  usind cosd  1+utan®  1+tan’e

cos6 cosH

_ kmg _ wmg - _xmg

sect \/(1 +tan?0 \/1+ p?

_hm9_ at an angle 0 = tan - L.
V1+ u?

21. Let, the max force exerted by the man is T.
From the free body diagram

R
R+T-Mg=0 ; Ry
SR=Mg-T  ..() -
.
Ry—R—mg =0 A
;

Minimum force is

=R =R+mg ..(i)
AndT-uR;=0

Ymg
A

D

6.6
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Chapter 6

=>T-p(R+mg)=0 [From equn. (ii)]
=>T-uR-umg=0
=>T-uMg+T)—pumg=0 [from (i)]
=T(1+n)=uMg+pmg
_ 7= wM+m)g
T+
Maximum force exerted by man is uM=mjg
T+
22. R R
28 2kg| =02 y 2, 4 2
4kg 0.2R4 12N 4a . R
| — <_2‘a > 2a K
v ‘749
29 V2
R1 - 29 =0
:>R1=2X1O=20 4a1—uR1=0
2a+02R;-12=0 =4a,;=pu Ry =0.2(20)
= 2a+0.2(20) =12 =4a,=4
=2a=12-4=8 = a; = 1m/s’
= a=4m/s’
2kg block has acceleration 4m/s® & that of 4 kg is 1m/s’
R1 a R1
A — ﬂs
12N R, 4a
—> | 4kg ‘28 :M 1 - P uR;
| —
'LZ v49
g v2g
(i)Ry=2g =20 4a+02%x2x10-12=0
Ma-pRy=0 =4a+4=12
=2a=0.2(20)=4 —=4a=8
= a=2m/s’ =a=2m/s’
23. 10N

29 \ 39

m=0.2 A[2kg—>10N 15N
u =03 B| 3kg | uR=4N | v »10N -— — >
=05 o[ 7ig ] —
—— —
s

lR2=5g

a) When the 10N force applied on 2kg block, it experiences maximum frictional force
uR4 = p x 2kg = (0.2) x 20 = 4N from the 3kg block.

So, the 2kg block experiences a net force of 10 — 4 = 6N

So, a; = 6/2 =3 m/s’

But for the 3kg block, (fig-3) the frictional force from 2kg block (4N) becomes the driving force and the
maximum frictional force between 3kg and 7 kg block is

].,L2R2 = (03) X 5kg = 15N
So, the 3kg block cannot move relative to the 7kg block. The 3kg block and 7kg block both will have
same acceleration (a, = a3) which will be due to the 4N force because there is no friction from the floor.

~ay=az;=4/10 = 0.4m/s?

6.7
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Chapter 6

24.

4N ng
4 3g
A[2 kg 10N
B [ 3kg 3kg N
C 7 kg
15N _
R=5g

b) When the 10N force is applied to the 3kg block, it can experience maximum frictional force of 15 + 4
= 19N from the 2kg block & 7kg block.

So, it can not move with respect to them.

As the floor is frictionless, all the three bodies will move together

- ay=ap=az=10/12 = (5/6)m/s’

c) Similarly, it can be proved that when the 10N force is applied to the 7kg block, all the three blocks will
move together.

Againa;=a;=az= (5/6)m/s2

Both upper block & lower block will have acceleration 2m/s? R
Ri
HR; T
F < T >—> HRs ) -
I
n;g R
Ri=mg ..() T-uRy=0
F-uR{—=T=0=F—-—umg-T=0 ..(ii) = T=umg
S~ F=umg+pumg=2pumg [putting T = n mg]
R a
\ e
a R 1
— A
‘;‘ma T >
2 TR, M R ’
M
I
1
b)2F—-T—-umg—-ma=0 ...(i) T-Ma-pumg=0 [. Ry =mg]

=T=Ma+pmg
Putting value of T in (i)
2f—Ma—umg—pumg—ma=0
= 2(2umg)-2umg=a(M+m) [Putting F =2 pumg]

=4umg-2umg=a(M+m) :>a=2“mg
M-+m
Both blocks move with this acceleration ‘a’ in opposite direction.
25. 51 Rz
4k
i :
_F T R ‘HR1 HR1 T
< >— a ‘4 < >
| M
mg Mg T=mR;,
¢ v Ry =m (mg-ma)
ma 1 ma
R1 + ma—-mg =0
= Ry=m(g-a)=mg-—ma ...(i)
T-uRi=0=T=m(mg—-—ma) ..(ii)
Again, F—T-puR;=0
6.8
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Chapter 6

= F —{u(mg —-ma)} —u(mg —-ma) =0
=>F-umg+puma—umg+uma=0
=F=2umg-2uma=F =2um(g-a)
b) Acceleration of the block be a,

g —

R pma
l ! R, &
@ 2F T :HRJ may mas Ry T R
ymg
Y m
L YR,
ma
Ri=mg-ma . (i) T-uRy—Ma;=0
2F—T—HR1—ma1=0 :>T=HR1+M31
=2F-t—-umg+pa—-ma; =0 ..(ii) =T =p(mg - ma) + Ma,

=>T=pumg—puma+Ma,
Subtracting values of F & T, we get
2(2um(g — a)) — 2(umg — pma + Ma) —umg + pma —pa; =0

=>4umg—-4pma—-2umg+2uma=ma;+Ma, :>a1=M
M+m
Both blocks move with this acceleration but in opposite directions.
26. Ri+QE-mg=0
Rs=mg-QE (i)
F-T-uRy=0
=>F-T uimg-QE)=0
=F-T-umg+puQE=0 ...(2) F=QE
T- o8 Ri=0 AR R,
=T=pRy =p(mg-QE)=umg-pQE I 1
Now equation (ii)isF—-mg+ uQE-pmg+p QE=0 L T R . 1
=>F-2umg+2uQE=0 il mﬁ . 1mg
= F=2umg-2u QE v ae R,
= F=2p(mg — QE) R
Maximum horizontal force that can be applied is 2u(mg — QE). 1
27. Because the block slips on the table, maximum frictional force acts on it. ug 3
From the free body diagram |
R=mg m
S~ F-uR=0=F=pR=pumg
But the table is at rest. So, frictional force at the legs of the table is not u Ry. Let be mg{ _”B
f, so form the free body diagram. R
fo-nR=0= f,=puR=pmg. -
Total frictional force on table by floor is u mg. P
28. Let the acceleration of block M is ‘a’ towa;ds right. So, the block ‘m’ must go down with an acceleration ‘2a’.
AT Ro4
H1R1T R, «Mma Ma ﬁ&
«— — T
¥ mg HR2 ¥ Mg
(FBD-1) (FBD-2)

As the block ‘m’ is in contact with the block ‘M, it will also have acceleration ‘a’ towards right. So, it will
experience two inertia forces as shown in the free body diagram-1.

From free body diagram -1

6.9
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Chapter 6

Ri—ma=0=R;=ma (i)
Again,2ma+T—-mg+ wR;=0
=T=mg-(2-p)ma ...(ii)

From free body diagram-2
T+H1R1 +mg—R2=0

= R,=T+ pyma+ Mg [Putting the value of R4 from (i)]
= (mg - 2ma — py ma) + uy ma + Mg [Putting the value of T from (ii)]
~Ry=Mg+ mg-2ma ...(iii)

Again, form the free body diagram -2
T+T-R-Ma—,R,=0
=2T-MA-mA -, (Mg +mg-2ma)=0 [Putting the values of Ry and R, from (i) and (iii)]
= 2T =(M + m) + uy(Mg + mg — 2ma) . (iv)
From equation (ii) and (iv)
2T=2mg-2(2 + wy)mg = (M + m)a + (Mg + mg — 2ma)
=2mg-puwp(M+m)g=a(M+m-2um+4m + 2um)
[2m — 1, (M+m)]g

M+m[5 +2(pq —pp)]
29. Net force = *(202 + (15)2 — (0.5) x 40 =25 —-20 = 5N

- tan 0 = 20/15 = 4/3 = p = tan™'(4/3) = 53°

So, the block will move at an angle 53 ° with an 15N force
30. a)Mass of man=50kg. g =10 m/s’

Frictional force developed between hands, legs & back side with the wall the wt of
man. So he remains in equilibrium. R

Q)
He gives equal force on both the walls so gets equal reaction R from both the walls. If Ia

=a=

he applies unequal forces R should be different he can’t rest between the walls.
Frictional force 2uR balance his wt.

From the free body diagram

40x10

pR+puR=40g =2 uR=40x10 :>R=2 = 250N

x0.8
b) The normal force is 250 N.

31. Leta; and a, be the accelerations of ma and M respectively. velocity

—— "7 5 a

Here, a; > a, so that m moves on M baz
Suppose, after time ‘' m separate from M.
In this time, m covers vt + %2 a1t2 and Sy=vt+%a, t t
For ‘m’ to m to ‘m’ separate from M. vt + V2 a, = vt + Y% a, P+ (1)
Again from free body diagram R
Ma; + w2 R =0 toa,
— may = — (W2) mg = — (W2)m x 10 = a;= ~5p. May g ol
Again, uM+mg
Ma; + p (M + m)g — (n/2)mg = 0 | )
= 2Ma, + 2u (M + m)g—pumg =0 (M+m)g mo
= 2Ma,=pmg-2uMg -2 umg

—pmg — 2uMg
2M

Putting values of a; & a, in equation (1) we can find that

T= { 4ml ]
(M+m)ug

= day

Foohohohn
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SOLUTIONS TO CONCEPTS circular motion;;
CHAPTER 7

1. Distance between Earth & Moon
r=3.85x10° km = 3.85 x 10°m
T =27.3 days = 24 x 3600 x (27.3) sec = 2.36 x 10° sec

2nr _ 2x3.14x3.85x108

vV — = =1025.42m/sec
T 2.36x10°8
2 2

a= Y = % = 0.00273m/sec? = 2.73 x 10°m/sec?
r 3.85x10

2. Diameter of earth = 12800km
Radius R = 6400km = 64 x 10° m

2nR _ 2x3.14x64x10°

V = m/sec = 465.185
T 24 x 3600
2 2
a= V_ = m = O_O338m/sec2
R 64x10

3. V=2t r=1cm

2 2
Vo2 4cm/sec?
r 1
b) Tangential acceleration at t = 1sec.
a= av i(2t) = 2cm/sec’
dt dt

¢) Magnitude of acceleration att = 1sec

a= 42122 = /20 cmisec?
4. Given that m = 150kg,
v= 36km/hr = 10m/sec, r=30m

2 2
Horizontal force needed is mv_ - 150x(10) - 150x100 500N
r 30 30
5. in the diagram
R cos 6 = mg .(i)
2
Rsing= — (i) R
Dividing equation (i) with equation (ii) ) mv¥R
2 2
Tan 6 = ﬂ = V_
rmg rg mg
v = 36km/hr = 10m/sec, r=30m
2
Tano=Y" = 190 __ 43
rg 30x10

= 0 =tan""(1/3)
6. Radius of Park =r=10m

speed of vehicle = 18km/hr = 5 m/sec
2
Angle of banking tan6 = A
rg

v2 25
=6=tan"" g = tan™ 700 = tan ~'(1/4)

7.1
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Chapter 7

10.

11.

12.

The road is horizontal (no banking)

2 Tr
mL = HN
R mv’/R
and N = mg -,
2
So mTv =umg v = 5m/sec, R =10m
A mg

25 25
25 =25 _025
70 M7 00

Angle of banking = 6 = 30°
Radius = r = 50m

v2 v2
tan0= — = tan30°= —
rg

1 v? ) 5010

- -9
= —== — DV = =
NER NEREE]

500
=vVv= _[— =17m/sec.
V3

Electron revolves around the proton in a circle having proton at the centre.
Centripetal force is provided by coulomb attraction.

r=53-t10"'m m = mass of electron = 9.1 x 10_3kg.

charge of electron = 1.6 x 10™"°c.

mv2 _ q® o ka?® _ 9x10°x1.6x1.6x10® _ 23.04
r r2 rm  53x10 "x9.1x1073" 4823
=2 =0477x10%=4.7x 10"

= v=+4.7x10" =22 x 10°m/sec

At the highest point of a vertical circle
2

_ m

R g
= V= Rg=v=,Rg
A celling fan has a diameter = 120cm.
-.Radius = r = 60cm = 0/6m
Mass of particle on the outer end of a blade is 1g.
n = 1500 rev/min = 25 rev/sec
w=2nn=2nx25=157.14
Force of the particle on the blade = Mro® = (0.001) x 0.6 x (157.14) = 14.8N
The fan runs at a full speed in circular path. This exerts the force on the particle (inertia). The particle
also exerts a force of 14.8N on the blade along its surface.

x10"

A mosquito is sitting on an L.P. record disc & rotating on a turn table at 33% rom.

1 100
= 33— =
n 3 m 360 rps
100 _ 10n

= — rad/sec
180 9

r=10cm=0.1m, g= 10m/sec?

2
2 0.1><(10th
", \9 )

2
mg = mr =
umg > mro” = p . 10

7.2
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13.

14.

15.

16.

17.

A pendulum is suspended from the ceiling of a car taking a turn

r=10m, v =36km/hr =10 m/sec, g= 10m/sec? |
O emvR
2 I
From the figure  Tsin®= % (i) !
T cos 8 = mg (i) mg

; 2 2 2
_, Sind =m—V:>tan9=V—39=tan‘1[V—J ,
cos6 rmg rg rg

100
=tan™' 10x10 = tan”'(1) = 0 = 45°

At the lowest pt.
2
T=mg+ m;/
Here m = 100g = 1/10 kg, =

r=1m, v =14 m/sec

2 2
T=mg+ ™" = 1 98x04)" _g98+0196=1176=12N
r 10 10 mv Ir

Bob has a velocity 1.4m/sec, when the string makes an angle of 0.2 radian.

m = 100g = 0.1kg, r=1m, v =1.4m/sec.
From the diagram,
2
T-mgcos 6 = m%
mg sin 6

2 mg cos 0

mv
=T= + mg cos 0
R 9 N\

2
~T= 70-“(11'4) +(0.1)x9. 8{1-%}

- (.2 : _ 4 0
= T=0.196 + 9.8 x 1—7 (.. cos 0= 1—7forsmalle)

= T=0.196 + (0.98) x (0.98) =0.196 + 0.964 = 1.156N ~ 1.16 N

At the extreme position, velocity of the pendulum is zero.

So there is no centrifugal force.

So T =mg cos 6,

a) Net force on the spring balance. mg sin 6

mg cos
R=mg- mo’r
So, fraction less than the true weight (3mg) is

_ mg-(mg-mo’r) _ o’ =[ 2n )2x6400><103 - 35 x 107
mg g 24 x 3600 10 ' - v
b) When the balance reading is half the true weight, me?R

mg — (Mg - mw?r) - 12

0r=gR=ow= \/E = ,/L,s rad/sec
2r 2x6400x10

.. Duration of the day is

2x6400x10° 64><106 _ 2mx8000 _
2, | S sec = o hr=2hr
9.8 7 x3600

7.3
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Chapter 7

18. Given, v = 36km/hr = 10m/s, r=20m, n=0.4
The road is banked with an angle,

v 1
0=tan”" g =tan‘1( 100 ]=tan"1(§) ortan6=0.5

mv,° Ir
20x10

3]
When the car travels at max. speed so that it slips upward, pR, 8\ R
acts downward as shown in Fig.1 HRy g Mg
2
So, Ry—mg cos 0 — ™1 Sing=0 (i) uR;
r
2] R,
o M9

2

And uR; +mgsin0— ™1 cos9=0 (i) mv,” /r
r

Solving the equation we get,

V= |rgBno-p Jzoxmxﬂ = 4.082 m/s = 14.7 km/hr
1+utano 1.2

So, the possible speeds are between 14.7 km/hr and 54km/hr.
19. R =radius of the bridge

L = total length of the over bridge mv’/R
a) At the highest pt.
mv2 2
mg = R =V =Rg=vVv=,Rg
1
b) Given,v= —4R . 2a=L/R
) 72 VRg

mv?2 mv¥/R
suppose it loses contact at B. So, at B, mg cos 6 = T

= v?=Rg cos 0

Rv Rg
V2 =Rgcos@:>7 =Rgcos 6 = cos 6 =1/2=6=60°=n/3

So, it will lose contact at distance ? from highest point

c) Let the uniform speed on the bridge be v.

%R
The chances of losing contact is maximum at the end of the bridge for which o = % . m
mv? L
So, —— =mgcos a = Vv = _|gRcos| — (
R 2R
20. Since the motion is nonuniform, the acceleration has both radial & tangential 20= L/IR

component
v’ i
ar - —_—
r
dv 2
== =3 wmg mv‘/R .
a dt mv’/R

m dv/d

2
2

Resultant magnitude = [V—J +a?
r

2

2 232 4
Now uN =m [V—J +a’ = umg=m [V—J +a’ =>u292= (V—z}raz
r r r

3
z

— vt = (1Pg% - a%) P = v = [(uPg? — a%) 1"

7.4
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Chapter 7

21. a) When the ruler makes uniform circular motion in the horizontal

mg
plane, (fig—a)
1 mg = mo,’L b pmg "_l_“ podl
o= /u_g [ ]
L |: L :T R
(Fig—a)

b) When the ruler makes uniformly accelerated circular motion,(fig—b)

1/4 N 2
2.2 2 pmg mez L
pmg = \/(moazzL)2 +(mLa)? = ' + ol = uLg =>m = KHTQJ —(xz} >
v (Fig-b)
mLa
(When viewed from top)
22. Radius of the curves = 100m
Weight = 100kg
Velocity = 18km/hr = 5m/sec
2
a) atBmg— " =N = N=(100 x 10)=199%25 _ 1500 _ 25 = 975N
R 100 oS
2 C // \\\
Atd,N=mg+ ™ =1000 + 25 =1025 N R E
N S
b) AtB & D the cycle has no tendency to slide. So at B & D, frictional force is zero. v
IR
At'C’,mg sin®=F = F = 1000 x —— = 707N "
V2
mv? mv? N
c) (i)Before ‘C’mgcos6—N = R = N=mgcos 6 — R =707 — 25 =683N T
2 mv2

(ii)N—mgcose=%:>N= +mg cos 6 = 25 + 707 = 732N

d) To find out the minimum desired coeff. of friction, we have to consider a point just before C. (where
N is minimum)
Now, u N =mgsin 6 = u x 682 = 707
So, u=1.037
23. d=3m=R=15m F mmzr‘
R = distance from the centre to one of the kids I S
N =20 rev per min = 20/60 = 1/3 rev per sec
o =2xnr=2n/3 15kg 15kg
m = 15kg

2 mg
(21" _ 5 x (0.5) x 472 = 1072

. Frictional force F = mro® = 15 x (1.5) x

. Frictional force on one of the kids is 10n?

24. If the bowl rotates at maximum angular speed, the block tends to slip upwards. So, the frictional force
acts downward.
Here,r=R sin 6

From FBD -1
Ry —mg cos 6 — ma,* (R sin 6) sin 6 = 0 ..(i) [because r = R sin 6]
and puR; mg sin 6 — moq’ (Rsin®)cos6=0 (i)
Substituting the value of R; from Eq (i) in Eqi), it can be found out that
i 1/2 s
g(sin® + pcos0) 7
Rsin6(cos6 —psinb)
Again, for minimum speed, the frictional force Mo+ r
uR, acts upward. From FBD-2, it can be proved puR; a
that, R4
(FBD - 1)
7.5
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Chapter 7

25.

26.

27.

28.

o = g(sin®—pcos ) 12
2 Rsin6(cos6 + psin0)

.. the range of speed is between w1 and o,
Particle is projected with speed ‘U’ at an angle 0. At the highest pt. the vertical component of velocity is
i

So, at that point, velocity = u cos 6 mv2/r
0 usin®

centripetal force = m u® cos® T U’ cos 0
At highest pt. mg

mv? u? cos? 0
mg=s — =>r= —— 0

r 9
Let ‘u’ the velocity at the pt where it makes an angle 6/2 with horizontal. The
horizontal component remains unchanged
mv?/
S0,vcos0/2=wCcos 0 =v= ucos9 ()] o/
0
COS(zj mgcos6/2

, 0 mg
From figure , , 11 CoS0
mg cos (6/2) = mv_ = v

r gcos(6/2)

putting the value of ‘v’ from equn(i)

r= u®cos? 0
gcos3(0/2)
A block of mass ‘m’ moves on a horizontal circle against the wall of a cylindrical room of radius ‘R’

Friction coefficient between wall & the block is p.
2
a) Normal reaction by the wall on the block is = m%

2
b) .. Frictional force by wall = v
l,tl'nV2 HVZ m
c) =ma = a =——— (Deceleration)
R R —-——
2
d) Now, v _ vd—v =_W 3ds=_5d_"
dt ds R [TRY
=>s= _Ru InV+c )
mv‘/R
Ats=0,v=yvg < /
Therefore, c = —In V, umvR
I
S0, s = —Elni = V= geR
n Vo Vo

For, one rotation s = 2nR, so v = voe_z"“

The cabin rotates with angular velocity o & radius R

.. The particle experiences a force mRo’.

The component of mRo’ along the groove provides the required force to the particle to move along AB.

. MR®? cos 6 = ma = a = Rw? cos 0 =
length of groove = L A {e
L=ut+%at?!=>L=%Re’cos0t® e L=
2L 2L mVZ/R
=>tP= ———— ==t= 1 — R
Rw* cos6 Rw* cos6
7.6
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Chapter 7

29. v = Velocity of car = 36km/hr = 10 m/s
r = Radius of circular path = 50m
m = mass of small body = 100g = 0.1kg.
p = Friction coefficient between plate & body = 0.58
a) The normal contact force exerted by the plate on the block

N=——=———=02N
r 50
b) The plate is turned so the angle between the normal to the plate & the radius of the road slowly
increases
mv?

N = —— cos 0  .(i)

2
uN=""gino i
r

Putting value of N from (i)
2 2
n % cos 0 = % sin@ = p=tan 6 = 0 =tan ' p =tan '(0.58) = 30°

30. Let the bigger mass accelerates towards right with ‘a’. v\
From the free body diagrams,

T-ma-meo’R=0 ..(i) ——— Cfcz,’“

T +2ma-2mo’R=0 ...(ii) R —
Eq (i) - Eq (ii) = 3ma = mo’R
mo’R ma T
=as= — <« F—meR
Substituting the value of a in Equation (i), we get T = 4/3 mo°R. 2ma <T_|:}_> ome’R
kosk ok ok
7.7
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SOLUTIONS TO CONCEPTS
CHAPTER -8

1. M=m¢+ mp=90kg v166 /s Va3 s
u= 6 km/h=1.666 m/sec [s0ks | [s0kg |
v =12 km/h =3.333 m/sec | I
Increase in K.E. = % Mv? — % Mu?
=7 90 x (3.333)° — % x 90 x (1.66)° = 494.5 — 124.6 = 374.8 ~ 375
2. mp=2kg.
u=10 m/sec
a =3 m/aec? 2] @ =3m/s
t=5sec I
v=u+at=10+315=25m/sec.
SFKE=%mvi=1%x2x625=625). :
3. F=100N 1oon |- .

S=4m,0=0° [

®=FS =100x4=400) \
4. m=5kg

mg
0 =30° .
)
F=mg %

So, work done by the force of gravity
®w=mgh=5x9.8x5=245)
5. F=2.50N,S=2.5m, m=15g=0.015kg.

SO,W:FXSZa:£:£:@m/SZ | | IV_)
m  0.015 3 A B
=F x S cos 0° (acting along the same line)
=2.5x%x25=6.25)
Let the velocity of the body at b = U. Applying work-energy principle % mv? -0 = 6.25
=V= 6.25x2 _ 28.86 m/sec.
0.015

So, time taken to travel from A to B.
vV-—u 28.86x3

= T s
.. Average power = ¥= %= 36.1
6. Given
f, = 2i + 3]
Q:ﬁ+ﬁ
So, displacement vector is given by,
T=h-f, =7 =(3i+2))-(2i+3j)=i-]
8.1

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 8

So, work done = Fxs=5x1+5(-1)=0 R

7. mp=2kg, s =40m, a=0.5m/sec’ t
So, force applied by the man on the box 2] —F
F=mya=2x(0.5)=1N ml
®=FS=1x40=40] *

8. Given that F=a + bx
Where a and b are constants.
So, work done by this force during this force during the displacement x =0 and x =d is given
by

d d 2
W = J;)F dx:L(a+bx)dx= ax + (bx*/2) = [a+ % bd] d

9. my=250g=.250kg
0=37°,S=1m.
Frictional force f = pR
mgsinB=pR .. (1)

mg cos 6 .(2)
so, work done against PR = RS cos 0° =mgsin 6S=0.250x9.8 x0.60x1=1.5)

_ F .
10. a= M) (given) .
a) from fig (1) ém i

ma = Y Ry and Ry = mg ?
j— :E = L
PR, T 2Mrmyg ma >
. . F mxF v
b) Frictional force acting on the smaller block f=pR= —————xmg = me
2(M+m)g 2(M+m) o
c) Work done w = fs s=d iRy < 1
_ mF _ mFd ma < > f
W= xd=
2(M+m) 2(M+m) HRy 1
11. Weight=2000N, S =20m, n=0.2 me
a)R+Psin6-2000=0 ..(1) R .
Pcos6-0.2R=0 .(2) e
From (1) and (2) P cosd — 0.2 (2000 — P sin6)=0 0.2 g
400 v
p= — "™~ .(3) 2000 N

cos0+0.2sin®
8000cos® _ 8000 _ 40000
cos0+0.2sin0 1+0.2sin6  5-+tan6
b) For minimum magnitude of force from equn(1)
d/d6 (cos 6 + 0.2 sin0) =0 = tan 6 = 0.2
putting the value in equn (3)
_ 40000 _ 40000
" 5+tan® (5.2)

12. w=100N, 6=37°, s=2m

So, work done by the person, W = PS cos0 =

=7690

8.2
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Chapter 8

Force F=mgsin 37°=100x 0.60 =60 N

So, work done, when the force is parallel to incline.
w=Fscos®=60x2xcos0=120)

In AABC AB=2m

CB=37°

so,h=C=1m

..work done when the force in horizontal direction
W=mgh=100x1.2=120 R
13. m =500 kg, s=25m, u=72km/h=20 m/s, v=0

/ at— R e >
v=20 m/s —> -
2 _ 40

2

(a)= YU 2= 40 gm/sec? m=500 kg veo
2S 50 J |<ﬂ.| L y
mg

Frictional force f = ma =500 x 8 = 4000 N
14. m =500 kg, u=0, v=72km/h=20m/s R
—> a
_v2-u? 400 _ 2 25m

a—z—s—ﬁ—Sm/sec [s00ke ]« | mas >

force needed to accelerate the car F = ma =500 x 8 = 4000 N v

mg

3

15. Given, v = av/x (uniformly accelerated motion)
displacements=d-0=d
putting x =0, vi=0
putting x =d, Vo= a/d

forcef=ma= m—az
2
ma?d
2

16. a) m = 2kg, 0=37°, F=20N
From the free body diagram 20N
F = (2g sin 0) + ma = a = (20 — 20 sinB)/s = 4m/sec’
S=ut+%at (u=0,t=1s,a=1.66)
=2m ma 2gsin®
So, work, donew =Fs=20x2=40) ma
b) If W =40

2
work donew =FS cos 0 = %xd=

20N

2g cosO

h=2sin37°=12m
So, work done W =—-mgh=-20x1.2=-24
c)v=u+at =4 x10=40 m/sec
So,KE. =%mv’=%x2x16=16

17. m=2kg, 6=37° F=20N, a =10 m/sec’
a) t=1sec ;

B
So, s= ut + % at’ = 5m R\/></

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 8

Work done by the applied force w = FS cos 0°=20x5=100

b) BC (h) =55sin 37°=3m

So, work done by the weight W=mgh=2x10x3=60

c) So, frictional force f = mg sin6

work done by the frictional forces w = fs cos0° = (mg sinB) s=20x0.60 x5 =60
18. Given, m =250 g =0.250kg,

u =40 cm/sec = 0.4m/sec

n=0.1, v=0

Here, u R = ma {where, a = deceleration}

a= MR _ pmg _ pug=0.1x9.8=0.98 m/sec’
m m
2 2
s=Y Y -0.082m=8.2cm
2a

Again, work done against friction is given by
—w=pRScos0
=0.1x2.5x0.082x1(6=0°)=0.02)
=>W=-0.02)
19. h=50m, m=1.8x10kg/hr, P =100 watt,
P.E.=mgh =1.8x10° x 9.8 x 50 = 882 x 10° J/hr
Because, half the potential energy is converted into electricity,
Electrical energy % P.E. = 441 x 10° J/hr

441x10°
3600

) . 441x10° _
.. number of 100 W lamps, that can be lit ————=122.5%122
3600x100

So, power in watt (J/sec) is given by =

20. m=6kg, h=2m

P.E. at a height 2m’ =mgh =6 x(9.8) x2=117.6J

P.E. at floor =0

LossinP.E.=117.6-0=117.6J~118)
21. h=40m, u=50m/sec

Let the speed be ‘v’ when it strikes the ground.

Applying law of conservation of energy

mgh + % mu® = % mv?

— 10 x 40 + (1/2) x 2500 = % v* = v* = 3300 = v = 57.4 m/sec ~58 m/sec
22. t=1min57.56 sec=11.56sec, p=400W, $s=200m

= % Work w = pt = 460 x 117.56 J

460x117.56

Again, W=FS= —————=270.3N~=270N
200
23. S=100 m, t=10.54 sec, m=50kg
The motion can be assumed to be uniform because the time taken for acceleration is

minimum.

8.4
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Chapter 8

a) Speed v=S5/t=9.487 ¢/s

So, K.E. =% mv® = 2250 J

b) Weight =mg =490 J

givenR=mg/10=49

so, work done against resistance Wg =—RS =—49 x 100 =—-4900 J

c) To maintain her uniform speed, she has to exert 4900 j of energy to over come friction

p= ¥= 4900/ 10.54 = 465 W

24. h=10m
flow rate = (m/t) = 30 kg/min = 0.5 kg/sec

power P = ngh =(0.5)x9.8 x10=49 W

So, horse power (h.p) P/746 = 49/746 = 6.6 x 10 *hp

25. m =200g = 0.2kg, h=150cm=1.5m, v=3m/sec, t=1sec
Total work done = % mv?+ mgh = (1/2) x (0.2) x9 + (0.2) x (9.8) x (1.5) = 3.84 J
h.p. used = >4 - 514 x 107
746
26. m =200 kg, s=12m, t=1min =60 sec

So, work W = F cos 6 = mgs cos0° [0 = 0°, for minimum work]
=2000 x 10 x 12 = 240000 J

Se—1 >

So, power p = ¥= 240000 _ 4000 watt
h.p= % =5.3 hp.

27. The specification given by the company are
Uu=o0, m = 95 kg, Pn=3.5hp

Vm = 60 km/h = 50/3 m/sec t,, =5 sec
So, the maximum acceleration that can be produced is given by,
_ (50/3)-0 _ 10
5 3
So, the driving force is given by
F=ma=95x 10 @N
3 3

So, the velocity that can be attained by maximum h.p. white supplying ? will be

_ 3.5x746x5
T 950
Because, the scooter can reach a maximum of 8.s m/sec while producing a force of 950/3 N,
the specifications given are some what over claimed.

v = =V = 8.2 m/sec.

mlkel

28. Givenm=30kg, v=40cm/sec=0.4m/sec s=2m F
From the free body diagram, the force given by the chain is, |
F = (ma—mg) = m(a—g) [where a = acceleration of the block] |

a= M = w = 0_04 m/sec2 v mg

8.5
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Chapter 8

So, work done W = Fs cos 0 = m(a —g) s cos 6
— W =30(0.04-9.8) x2 =W =-585.5 = W = —586 J.
So, W=-586
29. Given, T=19N
From the freebody diagrams,

T-2mg+2ma=0 (i)
.
T-mg—-ma=0 ...(ii) TT T
From, Equation (i) & (i) T=4ma=a= L: A= 16 _4 m/s’. | |
4m 4dm m l l
Now, S=ut+% at’ e "
TZma T ma

=S= lxix1 =S= 2 m [ because u=0]
2 m m

Netmass=2m—-m=m
Decrease in P.E. = mgh =P.E.=m x g x 2 = P.E.=9.8x2=P.E.=19.6J
m
30. Given, my =3 kg, m; = 2kg, t = during 4" second
From the freebody diagram
T-3g+3a=0 ..
T-2g-2a=0 ..(ii)

Equation (i) & (ii), we get3g—3a=2g+2a=a= % m/sec?

Distance travelled in 4™ sec is given by

9

a (5} 79 _ 7x9.8
Sath= —(2n-1) = == (2x4-1)= = =

an= (201 = 225(2x4-0)= 2=

Net mass ‘m’=m;—-m,=3-2=1kg

m

So, decrease in P.E. =mgh =1x9.8 x % x9.8=67.2=67)

31. my =4kg, m; = 1kg, V,=0.3m/sec V1 =2 x(0.3) =0.6 m/sec
(v1 = 2x2 m this system)
h = 1m = height descent by 1kg block
s =2 x 1=2m distance travelled by 4kg block

u=0
Applying change in K.E. = work done (for the system)
[(1/2)mavs’ + (1/2) Myvin’] =0 = (—uR)S + myg [R=4g =40N]

= % x4x(0.36) x % x1x(0.09)=—ux40x2+1x40x1
= 0.72 +0.045 = — 80u + 10

== %=0.12

32. Given, m =100g = 0.1kg, v=5m/sec, r=10cm
Work done by the block = total energy at A — total energy at B
(1/2 mv? + mgh) -0
S W=¥%mv?+mgh-0=%x(0.1) x 25 + (0.1) x 10 x (0.2) [h = 2r = 0.2m]

8.6
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Chapter 8

=>W=125-02=>W=145)
So, the work done by the tube on the body is

W;=-1.45
33. m = 1400kg, v = 54km/h = 15m/sec, h=10m B
Work done = (total K.E.) — total P.E. 15m/s h

| 10m

=0+ % mv’ —mgh = % x 1400 x (15)* — 1400 x 9.8 x 10 = 157500 — 137200 = 203004
So, work done against friction, W, = 20300 J
34. m =200g = 0.2kg,s = 10m, h=3.2m, g = 10 m/sec?

a) Work done W =mgh=0.2x10x3.2=6.4) O
b) Work done to slide the block up the incline 3.2m

w=(mgsin9)=(0.2)><10><::—'(?X10:6.4J

c) Let, the velocity be v when falls on the ground vertically, R

%mv'—0=6.4l =v=8m/s

d) Let V be the velocity when reaches the ground by liding

%mV’—0=6.4)=V=8m/sec me
35. £=10m, h=8m, mg = 200N

£=200x > = 60N
10

a) Work done by the ladder on the boy is zero when the boy is going up 8m
because the work is done by the boy himself.
b) Work done against frictional force, W = uRS = f € = (—60) x 10 =— 600 J

c) Work done by the forces inside the boy is
W, = (mg sin) x 10 = 200 x % x 10 = 1600 J

36. H=1m, h=0.5m
Applying law of conservation of Energy for point A & B
mgH =% mv’ + mgh =g =(1/2) vV’ +0.5g = v’ 2(g—0.59) =g = v = ./g =3.1m/s

A

After point B the body exhibits projectile motion for which

0=0°, v=-05 -
So,-0.5 = (usinf) t - (1/2) gt* = 0.5=4.9t* = t = 0.31 sec. R hd.5m
So,x=(4cosB)t =3.1x3.1=1m. —
So, the particle will hit the ground at a horizontal distance in from B.

37. mg=10N, n=0.2, H=1m, u=v=0
change in P.E. = work done.
Increase in K.E. A
=>w=mgh=10x1=10) im

Again, on the horizontal surface the fictional force
F=pR=pmg=0.2x10=2N
So, the K.E. is used to overcome friction

W _10J _

5= 2 = Hogy
F 2N

8.7
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Chapter 8

38. Let ‘dx’ be the length of an element at a distance x from the table
mass of ‘dx’ length = (m/€) dx
Work done to put dx part back on the table
W = (m/2) dx g(x)
So, total work done to put /3 part back on the table

1/3 2 3
W= I(m/f)gx dx =>w=(m/8)g l:—} =
0 2 0

39. Let, x length of chain is on the table at a particular instant.

So, work done by frictional force on a small element ‘dx’
dWs = uRx = u(%dx}gx [where dx = %dx]
Total work don by friction,

0
_ M
Ws = J.ufgx dx
2L/3

270 2
W= Mgl X = “M A 2uMg L/9
L7 2 oL/3 L| 18

40. Given,m=1kg, H=1m, h=0.8m

Here, work done by friction = change in P.E. [as the body comes to rest]

= W= mgh —mgH
=mg (h—H)
=1x10(0.8—1)=-2J
41. m=5kg, x=10cm=0.1m, v = 2m/sec,
h=? G = 10m/sec?

s0,k=""9- 50 _500N/m
X 0.1

Total energy just after the blow E = % mv? + % kx* ..(i)
Total energy a a height h = % k (h —x)* + mgh (i)
% mvi+ % kx? =% k (h—x)* + mgh
On, solving we can get,
H=0.2m=20cm
42. m=250g=0.250 kg,
k=100 N/m, m=10cm =0.1m
g = 10 m/sec?
Applying law of conservation of energy

2 2
%kxzzmghjhzlki :M:O_Zm:ZOcm
2\ mg 2x0.25x10

43. m=2kg, s;=4.8m, Xx=20cm =0.2m, S, =1m,

sin 37°=0.60 = 3/5, 0=37°, cos37°=.79=0.8=4/5

g = 10m/sec?

Applying work — Energy principle for downward motion of the body

21/3
—

i

.

21/3
X

dx «——»

8.8
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Chapter 8

44,

45.

46.

47.

48.

0-0=mgsin37°x5—puR x5 —% kx*

= 20 % (0.60) x 1 — 1 x 20 x (0.80) x 1 + % k (0.2)*= 0

= 60 —80u-0.02k =0 = 80u + 0.02k = 60 (i)
Similarly, for the upward motion of the body the equation is
0-0=(-mgsin37°)x1—puRx1+%k(0.2)°

= —20x (0.60) x 1 — 1 x20 x (0.80) x 1 + % k (0.2)*= 0

= -12-16u+0.02K=0 (i)
Adding equation (i) & equation (ii), we get 96 p =48
=>u=0.5

Now putting the value of p in equation (i) K = 1000N/m
Let the velocity of the body at A be v

So, the velocity of the body at Bis v/2 PRI
.y y . / W'T' <L|T|
Energy at point A = Energy at point B

So, % mva® = % mvg” + % kx**

= % kx> =% mva’ - % mve? = kx? = m (va’ Tved) = kP = m(v2 —%] =k= 3;':;2
Mass of the body = m
Let the elongation be x
So, %2 kx? = mgx
=>x=2mg/k
The body is displaced x towards right
Let the velocity of the body be v at its mean position
Applying law of conservation of energy
Xz(k1 +ky)
rmi=hkl + Bkl = mi =X (k+ k) =>vi= T " - “

—> V=X @
U m

Let the compression be x

According to law of conservation of energy g o ]

Bmvi=%kx’ = x> =mv?/ k= x = v,[(m/k)

b) No. It will be in the opposite direction and magnitude will be less due to loss in spring.
m = 100g = 0.1kg, Xx=5cm =0.05m, k = 100N/m

when the body leaves the spring, let the velocity be v

Bmvi=% kx> = v = xvk/m =0.05 x LL? =1.58m/sec [ 5
For the projectile motion, 6 =0°,Y =-2

Now, y = (u sin 0)t — % gt’

—-2=(-1/2) x 9.8 x t* = t = 0.63 sec.
So,x=(ucos0)t=1.58x0.63=1m

\
,
8.9 A
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Chapter 8

49. Let the velocity of the body at A is ‘V’ for minimum velocity given at A velocity of the body at
point B is zero.

Applying law of conservation of energy at A & B
“mvi=mg(28) =>v= \/@ = 2\/&
50. m=320g =0.32kg
k =40N/m
h=40cm =0.4m
g =10 m/s?
From the free body diagram,

kx cos 6 = mg
(when the block breaks off R = 0)

=> cos 0 = mg/kx kx cos0

o, 04 _ 32 . 16x=32x+128=x=0.1m s>
0.4+x 40xx

SO, s=AB = /(h+x)2 —h? =,/(0.52 —(0.4)2 =0.3m mg

Let the velocity of the body at B be v

Charge in K.E. = work done (for the system)

(1/2 mv? + % mv®) =-1/2 kx* + mgs

= (0.32) x v = —(1/2) x 40 x (0.1)> + 0.32 x 10 x (0.3) = v = 1.5 m/s.
51. 6=37°;|=h =natural length

Let the velocity when the spring is vertical be ‘V'.

Cos 37°=BC/AC=0.8=4/5

Ac = (h + x) = 5h/4 (because BC = h)

So, x = (5h/4)—h =h/4

Applying work energy principle % kx* = % mv?

=V =X4/(k/m)= %\/%

52. The minimum velocity required to cross the height point c = c
J2d [ ]
Let the rod released from a height h. Iil_‘_f-\ ,
Total energy at A = total energy at B ] h B
mgh = 1/2 mv?; mgh = 1/2 m (2gl) y M

[Because v = required velocity at B such that the block
makes a complete circle. [Refer Q — 49]

So, h=1.
53. a) Let the velocity at B be v,
1/2 mvi? = 1/2 mv,? + mgl
= 1/2 m (10 gl) = 1/2 mv,* + mgl
v22 =8gl

So, the tension in the string at horizontal position

8.10 mg
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Chapter 8

T= m_v2 _mégl_ 8 mg
R |
b) Let the velocity at C be V3
1/2 mvi® = 1/2 mv3? + mg (2)
= 1/2 m (log l) = 1/2 mvs* + 2mgl
= v3> = 6 mgl
So, the tension in the string is given by
Te= m:lz -mg= 6 Q:Im mg=5mg
c) Let the velocity at point D be v,
Again, 1/2 mv;® = 1/2 mva® + mgh
1/2 x m x (10 gl) = 1.2 mv,> + mgl (1 + cos 60°)
—vl=7gl
So, the tension in the string is
To = (mv%/1) — mg cos 60°

=m(7 gl)/I-1-0.5mg =7 mg—-0.5 mg=6.5 mg.

54. From the figure, cos 0 = AC/AB

= AC=AB cos 6 = (0.5) x(0.8) =0.4.

So,CD=(0.5)-(0.4)=(0.1) m

Energy at D = energy at B

1/2 mv? = mg (CD)

v'=2x10x(0.1) =2

So, the tension is given by,

2
=" mg=(0.1) [imo]: 1.4 N.
r 0.5

55. Given, N=mg

As shown in the figure, mv? /R = mg 2 P
k
= v’ =gR (1)
Total energy at point A = energy at P *
1/2 kx* = MZZ“QR [because v* = gR] N <Ep_> mv’/R
= x> =3mgR/k = x = ,/(3mgR)/k .
56. V= ,/3¢gl PP

1/2 mv? —1/2 mu® = —mgh / 7)‘\

v2 = u®-2g(l + IcosH) \ J

= v’ = 3gl - 2gl (1 + cos 0) (1) R U
Again,

mv?/l = mg cos 0 mv/R
v2 =g cos O /T/
T=0

From equation (1) and (2), we get

3gl —2gl—2gl cos 6 =gl cos 6

8.11
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Chapter 8

3cos0=1=cos06=1/3
0 =cos " (1/3)
So, angle rotated before the string becomes slack
=180° — cos ' (1/3) = cos * (-1/3)
57. 1=1.5m; u= /57 m/sec.
a) mgcosO=mv’/|
v2=Igcos 6 (1)
change in K.E. = work done
1/2 mv? —1/2 mu? = mgh
— Vv’ —57=-2x1.5g(1+cos 0)..(2)
= v* =57 —3g(1 + cos 0)
Putting the value of v from equation (1)
15cos0=57-3g(1+cos0) = 15cos0=57-30-30cos 0O
= 45 cos 0 =27 = cos 0 = 3/5.
= 0=cos ' (3/5)=53°
b) v= \/m from equation (2)
= 9 =3 m/sec.

c) As the string becomes slack at point B, the particle will start making projectile motion.

2 o2
H=OE+DC=1.5cose+us'ne
29

9x(0.8)°
=(1.5)x(3/5)+ ——-=1.2m.
(L5)x (3/5) + = =-=12m

58.
va/(L/Z)

Fig-3

a) When the bob has an initial height less than the peg and then released from rest (figure 1),
let body travels from A to B.

Since, Total energy at A = Total energy at B
. (K.E)a = (PE)a = (KE)g + (PE)s
= (PE)a=(PE)g [because, (KE)a = (KE)g = 0]
So, the maximum height reached by the bob is equal to initial height.

b) When the pendulum is released with 6 = 90° and x = L/2, (figure 2) the path of the particle
is shown in the figure 2.

At point C, the string will become slack and so the particle will start making projectile
motion. (Refer Q.No. 56)

(1/2)mv2—0=mg (L/2) (1 - cos a)

8.12
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Chapter 8

because, distance between A nd C in the vertical direction is L/2 (1 — cos o)
=vl=gl(l-cos0)  .(1)
Again, form the freebody diagram (fig — 3)

sz

UL LI b Tc=0
e mg cos o. {because T, = 0}
So, V¢’ = %cosa .(2)

From Eqn.(1) and equn (2),

gl(l—-cosa)= % cos a

=1-cosa=1/2cosa

=3/2cosa=1=cosa=2/3 .(3)

To find highest position C, before the string becomes slack
L 2

BF=£+£COS@=£+—X——L1+1
2 2 2 2 3 2 3

So, BF = (5L/6)

c) If the particle has to complete a vertical circle, at the point C.
mv 2

(L-x)

=vi=g(L-x) ..(1)

Again, applying energy principle between A and C,

1/2 mv2—0 = mg (OC)

=1/2 v’ =mg[L-2(L-x)] =mg (2x - L)

= vl =2g(2x—L) .(2)

From equn. (1) and equn (2)

:mg

mv?/(L-x)
g(L—x)=2g(2x—1L)
=>L-x=4x-2L &
= 5x=3L
2 X=3-06 me
L 5
So, the rates (x/L) should be 0.6
59. Let the velocity be v when the body leaves the surface. A
From the freebody diagram, B
mv? .
—— =mg cos 0 [Because normal reaction]
v2=Rg cos 0 (1)
Again, form work-energy principle,
Change in K.E. = work done e /R
= 1/2 mv*=0 = mg(R - R cos0) e singd

— V2 = ZgR (1 — COSs 9) (2) mg cos0
From (1) and (2)
Rg cos 6 = 2gR (1 — cos 0)

8.13
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Chapter 8

3gRcos0=2gR

Cos0=2/3

0 = cos }(2/3)
60. a) When the particle is released from rest (fig—1), the centrifugal force is zero.

N force is zero = mg cos 0

=mg cos 30° = @

b) When the particle leaves contact with the surface (fig-2), N = 0.

2
So, % mg cos 0

—v’=Rgcosh ..(1)
Again, % mv® = mgR (cos 30° — cos 6)

— v’ = 2Rg {@—cose] .(2)

Fig-2
From equn. (1) and equn. (2) ®

Rg cos O = +/3 Rg— 2Rg cos O
=3cos0=+3

1 1 (1
=cos0=— =0=cos | —
V3 [ﬁJ

So, the distance travelled by the particle before leaving contact,
£ =R(0 - /6) [because 30° = /6]
putting the value of 0, we get € = 0.43R
61. a) Radius =R
horizontal speed = v
From the free body diagram, (fig—1) i -
N = Normal force = mg - m?vz

Fig-1 Fig-2
b) When the particle is given maximum velocity so that the centrifugal force Balances the
weight, the particle does not slip on the sphere.

2
—m; =mg =>Vv=,gR

c) If the body is given velocity v,

Vi=,gR/2
vi’-gR/4
Let the velocity be v, when it leaves contact with the surface, (fig—2)

2
So, % =mgcos 0

—v,’=RgcosH ..(1)

Again, 1/2 mv,>—1/2 mv;® = mgR (1 — cos 0)
= vo2 = vi? + 2gR (1 — cos ) .(2)

From equn. (1) and equn (2)

8.14
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Chapter 8

Rg cos 0 = (Rg/4) + 2gR (1 — cos 0)
=cos0=(1/4)+2-2cos 0
=3cos0=9/4
=cos0=3/4
— 0 =cos " (3/4)
62. a) Net force on the particle between A & B, F = mg sin 6
work done to reach B, W=FS=mgsin0 £
Again, work done to reach Bto C=mgh=mgR (1 —cos 0)

So, Total workdone = mg[€sin 6 + R(1 — cos 0)]
Now, change in K.E. = work done

= 1/2 mvo>=mg [&sin 0+ R (1 —cos 0)

= Vo= 4/2g(R(1—cos @) + £sin @)

b) When the block is projected at a speed 2v,,.

Let the velocity at C will be V..

Applying energy principle,

1/2 mv? - 1/2 m (2v,)? = —mg [8sin 0 + R(1 — cos 0)]
= v’ = 4v,— 2g [8sin O + R(1 — cos0)]

4.2g [8sin 6 + R(1 — cos 0)] — 2g [@sin O + R(1 — cos 0)
= 6g [@sin 6 + R(1 —cos 0)]

So, force acting on the body,

2
\%
=N-= c

=6mg [(£/R) sin 6 + 1 — cos 0]

c) Let the block loose contact after making an angle 6

mv?2

= mg cos § = v’ =Rg cos 0 ..(1)

Again, 1/2 mv® = mg (R — R cos 0) = v* = 2gR (1 — cos 6) (2)een (?)
From (1) and (2) cos 0 = 2/3 = 6 = cos * (2/3)

63. Let us consider a small element which makes angle ‘d®’ at the centre.
.. dm=(m/€)Rd O
a) Gravitational potential energy of ‘dm’ with respect to centre of the sphere
=(dm)g R cos O
= (mg/€) Rcos 6 dO

1213

So, Total G.P.E. = I
0

2
mg[R cos0do [ o = (8/R)](angle subtended by the chain at the

= %29[5”1 0] (8/R) = mTRQsin (¢/R)

b) When the chain is released from rest and slides down through an angle 0, the K.E. of the
chain is given
K.E. = Change in potential energy.

8.15
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gR

2
mR ; cos0d.......... ?

= /29 sin(8/R) -mj

- @29[ sin (&/R) + sin © - sin {0 +(&/R)}]

¢) Since, K.E. = 1/2 mv® = mljzg [ sin (8/R) +sin 6 - sin {6 +(8/R)}]

Taking derivative of both sides with respect to ‘t’

2
(1/2) x 2v x av_Ry [cos O x do
dt L dt

—cos (6 +&/R) %]

. p d0, dv _R%g  do _
JR5) = X g [cos 0—cos (0+(&/R))]

When the chain starts sliding down, 6 = 0.
dv _ R
So, i 79 [1-cos (£/R)]
64. Let the sphere move towards left with an acceleration ‘a
Let m = mass of the particle
The particle ‘m’ will also experience the inertia due to acceleration ‘a’ as it is on the sphere. It
will also experience the tangential inertia force (m (dv/dt)) and centrifugal force (mv?/R).

m‘;_‘t’= ma cos 0 + mg sin 6 = mv Z_\t/ = ma cos 0 (R%} + mg sin @ mdv

do
R—
( dtj "
Because, v = R@
dt

mv/R

ma

mg

=vdv=aRcos0dO+gRsin6db

Integrating both sides we get,

V2

- = aRsin® —gRcosO+C

Given that,at6=0,v=0, So, C=gR
2
So,v? =aRsinO-gRcosO+gR

~V'=2R(a sinf+g-gcosB) = v=[2R (a sin9+g—gc059)]1/2

k %k 3k k Xk
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SOLUTIONS TO CONCEPTS

CHAPTER 9
1. my=1kg, my= 2kg, m; = 3kg,
X1 = 0, Xo = 1, X3=1/2 Y
y1 =0, Y, =0, y3=\/§/2 1 -
The position of centre of mass is A 1272

CM = (m1x1 T MoXp +M3Xg Myyq +Myys + mayaj

my+my+ms;  my+m,+m, 1m m
_ ((1x0)+(2x N+ (3x1/2) (1x0)+(2x0)+ (3x(+/3/2)) (1.1)
17243 ’ 1+2+3 (0. 0% — X

= (lﬂ] from the point B.
12° 12

2. Let 6 be the origin of the system

In the above figure

m;=1gm, X, =—(0.96x10"%sin52° y;=0

m,=1gm, X, =-(0.96x10""%sin 52° y,=0

X3=0 ya= (0.96 x 107'%) cos 52°
The position of centre of mass
M¢Xq +MyXy +M3gXg MY+ Moy, + M3y,
( my+m,+my;  my+m,+mg J

_ [=(0.96x107"%)xsin52 +(0.96x10'%)sin52+16x0 0+0+16y,
1+1+16 ’ 18

0, (8/9)0.96x107"° cos52°) | L/10
3. Let‘O’ (0,0) be the origin of the system.
Each brick is mass ‘M’ & length ‘L.
Each brick is displaced w.r.t. one in contact by ‘L/10’
.. The X coordinate of the centre of mass

L L L L 2L L 3L L 3L L L L L
m—|+m —+—|+m 4+ [+m —+— [+m| —+-———— |+m| —+— [+m| =
(2} (2 10} (2 10} (2 10) (2 10 10) (2 10) (2)

m
L L L L L L 3L L L L L L
et — -+ —F—+—

-2 2 10 2 5 2 10 2 5 2 10 2

Xcm =

7

7L 5L 2L
2 710" 5 _35L+5L+4L _ 44L_ 11
7 ~ 10x7 70 35

4. Let the centre of the bigger disc be the origin.
2R = Radius of bigger disc
R = Radius of smaller disc

m;=7R?x T x p
m, = n(2R)’ 1 T x p %
where T = Thickness of the two discs

p = Density of the two discs
.. The position of the centre of mass

9.1
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Chapter 9

MX4 +MyXy; Myy+Myy,
m;+m,  my+m,

X1 = R Y1 = 0

Xo = 0 Yo = 0

mR?TpR +0 0 _ [ =R?TpR ol [5 o)
mR?*Tp + n(2R)?Tp My +m, 57R?*Tp 5’

At R/5 from the centre of bigger disc towards the centre of smaller disc.
5. Let ‘0’ be the origin of the system.

R = radius of the smaller disc

2R = radius of the bigger disc

The smaller disc is cut out from the bigger disc

As from the figure

my = nR*Tp x; =R y1=0

m, = ©(2R)*Tp X, =0 Y>=0

- R2TpR +0 0+0

~7R?Tp + n(2R)*TpR "My +m,

P2
L [ZERETER o) (_5, 0)
3nR“Tp 3
C.M. is at R/3 from the centre of bigger disc away from centre of the hole.

6. Let m be the mass per unit area.
.. Mass of the square plate = M, = d’m

2
Mass of the circular disc = M, = %m M, d M,

Let the centre of the circular disc be the origin of the system. d/2 | di2 _(d.0)

.. Position of centre of mass 0 (0, 0) dr2 (1, y1)
(X2, ¥2) "Y1

The position of C.M. = (

=[d2md+rc(d2/4)m><0 0+o]= d*m 0=(4d )
d’m+n(d?/4)m My +M, dzm[”ﬂ n+d’

The new centre of mass is (4—d4j right of the centre of circular disc.
T+

7. m; = 1kg. V,=-15c0s37 i —1.55sin37)=—1.2i —-0.9]
m, = 1.2kg. V, =0.4]

ms = 1.5kg V, =—08i +0.6]

m, = 0.5k vV, =30
¢ g 4 1kg 0.4m/s s

ms = 1kg Vs =16i-1.2] 377
G = MqV4 +MyVy +M3Vg +MyV, + MgV 37°

So,
¢ My +My + Mg +My +Mg 1.5m/s 1.2kg 1.5kg

1(-1.2i —0.9j)+1.2(0.4j) +1.5(-0.8i + 0.6]) + 0.5(3i) + 1(1.6i —1.2])
5.2
~1.2i-0.9j+4.8]-1.2i +.90j+1.51 +1.61 —1.2]
5.2
0.7i 0.72] 05kg 3m/s
52 52

2m/s

9.2
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Chapter 9

8. Two masses my & m; are placed on the X-axis
m4 = 10 kg, m, = 20kg.
The first mass is displaced by a distance of 2 cm
My +moX, _ 10x 2+ 20x,
M my+m, 30
20 + 20x,

- X

=0= =20+20x,=0

= 20=-20x, = X, = —1.
. The 2™ mass should be displaced by a distance 1cm towards left so as to kept the position of centre
of mass unchanged.
9. Two masses my & m; are kept in a vertical line
m, = 10kg, m, = 30kg
The first block is raised through a height of 7 cm.
The centre of mass is raised by 1 cm.
L g2 Mysi+Mayp _ 10x 7+ 30y,

m; +m, 40
:1=% — 70 +30y, = 40 = 30y, = — 30 = y, = —1.

The 30 kg body should be displaced 1cm downward inorder to raise the centre of mass through 1 cm.

10. As the hall is gravity free, after the ice melts, it would tend to acquire a
spherical shape. But, there is no external force acting on the system. So, the L
centre of mass of the system would not move. y '

11. The centre of mass of the blate will be on the symmetrical axis.

R,y (4R, (7R ) 4R,
_ 2 3n 2 3n
=Y =
omn TER22 _ TER12
2
_ (2/3R,° _QI3R,"
1/ 2(R,2 —R?)
(R, +RZ+RR,)
R{+R,
12. m,; = 60kg, m, = 40kg , m; = 50kg,

Let A be the origin of the system.
Initially Mr. Verma & Mr. Mathur are at extreme position of the boat.

*. The centre of mass will be at a distance
60><0+40><2+50><4 @—187mfromA i i

150 150
60kg 40kg  20kg

2
4 (R —Ry)R,* +R? +RRy)
3n Ry —R(R; +Ry)

Si above the centre.

Y

When they come to the mid point of the boat the CM lies at 2m from ‘A’.
*. The shiftin CM =2 — 1.87 = 0.13m towards right. P >

But as there is no external force in longitudinal direction their CM would not shift.

So, the boat moves 0.13m or 13 cm towards right.

13. Let the bob fall at A,. The mass of bob = m.
The mass of cart = M. M
Initially their centre of mass will be at l m
mxL+Mx0 _ ( m )L
M+m M+m

Distance from P ] .
When, the bob falls in the slot the CM is at a distance ‘O’ from P. P

9.3
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Chapter 9

ShiftinCM =0 — mlL = - mL towards left
M+m M+m

- _mb towards right.
M+m

But there is no external force in horizontal direction.

So the cart displaces a distance towards right.

14. |Initially the monkey & balloon are at rest.
So the CMis at ‘P’
When the monkey descends through a distance ‘L’
The CM will shift

m><L+M><0= mL
M+m M+m

from P

—r—

to =

So, the balloon descends through a distance

15. Let the mass of the to particles be m; & m, respectively
m, = 1kg, m, = 4kg
..According to question
Ya m1V12 =% m2V22

2
My Yo Vo _ M _ V4 _ My
2
my v, V4 my Vo my
Now, M1 _Mi [mp _ymi V1
mavy My my  Jm, J4
m,v
- 111 =12
mayVy

16. As uranium 238 nucleus emits a a-particle with a speed of 1.4 x 10'm/sec. Let v, be the speed of the
residual nucleus thorium 234.

S MqVy = MoVs
—4x14x10" =234 x v,
7
Sy, XA e 10° misec.
234

17. mqVvq4 = MyVo
=50x1.8=6x 10" x v,
_ 50x1.8
6x10%
so, the earth will recoil at a speed of 1.5 x 10%°m/sec.
18. Mass of proton = 1.67 x 107’
Let 'V, be the velocity of proton < : >
Given momentum of electron = 1.4 x 10’26kg m/sec
Given momentum of antineutrino = 6.4 x 10" kg m/sec
a) The electron & the antineutrino are ejected in the same direction. As the total momentum is
conserved the proton should be ejected in the opposite direction.
167 x 107 xV,=14x10°+6.4x 107 =204 x 107
=V, =(20.4/1.67) = 12.2 m/sec in the opposite direction.
b) The electron & antineutrino are ejected L' to each other.
Total momentum of electron and antineutrino,

Vs =1.5x 102 m/sec

=(14)% +(6.4)> x1072 kg m/s = 15.4 x 107" kg m/s a

Since, 1.67 x 107"V, = 15.4 x 107 kg m/s

SoV,=9.2mls D
9.4
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Chapter 9

19. Mass of man = M, Initial velocity = 0
Mass of bad = m
Let the throws the bag towards left with a velocity v towards left. So,
there is no external force in the horizontal direction.
The momentum will be conserved. Let he goes right with a velocity

'y

h

—>
=My sy o MY
M m
Let the total time he will take to reach ground = \/2H/g =t; Hard ground pound

Let the total time he will take to reach the heighth =t, = \/2(H-h)/g

Then the time of his flying =t - t, = \/2H/g - \/2(H -h)/g = ,/2/9(\/ﬁ -+vH —h)
Within this time he reaches the ground in the pond covering a horizontal distance x

=Xx =Vxt=V=x/t

As there is no external force in horizontal direction, the x-coordinate of CM will remain at that position.

_ Mx(x) +mxx,
M+m

=0 -—Mx
m

.. The bag will reach the bottom at a distance (M/m) x towards left of the line it falls.

20. Mass = 50g = 0.05kg

Vv =2 cos 45° i — 2 sin 45° ]

Vi =—2cos 45° | —2sin 45°]

a) change in momentum =mv —mv,

=0.05 (2 cos 45°i —2sin45° j)—0.05 (— 2 cos 45° i —2sin45°])
=0.1cos 45°7 — 0.1 sin 45"] +0.1 cos 45° i + 0.1 sin 45°]

= 0.2 cos 45° i

*. magnitude = (%T =02
N V2 V2
c) The change in magnitude of the momentum of the ball

| - [p|=2x05-2x05=0.

=0.14 kg m/s

21, Pyidence = (/1) cos 6 i — (h/A) sin 6 ]
- . n 0

Prefiected = — (N/A) cos © i —(h/1) sin 6 j X1PR— h/\ cos 6 \ Pi1—h/A cos 6 X

The change in momentum will be only in the x-axis direction. i.e. \\\

|AP|= (/1) cos 6 — (/1) cos ) = (2h/2.) cos 6 Pr—h/A SN

Pi—h/x sin 6 = Pg

22. As the block is exploded only due to its internal energy. So net

external force during this process is 0. So the centre mass will not change. Y

Let the body while exploded was at the origin of the co-ordinate system.

If the two bodies of equal mass is moving at a speed of 10m/s in + x & +y axis

direction respectively, —

V102 +102 +210.1060s90° = 1042 m/s 45° w.r.t. + x axis

If the centre mass is at rest, then the third mass which have equal mass with other

two, will move in the opposite direction (i.e. 135° w.r.t. + x- axis) of the resultant at the same velocity.
23. Since the spaceship is removed from any material object & totally isolated from surrounding, the

missions by astronauts couldn’t slip away from the spaceship. So the total mass of the spaceship

remain unchanged and also its velocity.

9.5

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 9

24,

25.

26.

27.

28.

d=1cm, v=20m/s, u=0, p=900 kg/m3 = O.S)gm/cm3

volume = (4/3)rr® = (4/3)  (0.5)° = 0.5238cm®

. mass =vp =0.5238 x 0.9 = 0.4714258gm

. mass of 2000 hailstone = 2000 x 0.4714 = 947.857

. Rate of change in momentum per unit area = 947.857 x 2000 = 19N/m®
.. Total force exerted = 19 x 100 = 1900 N.

A ball of mass m is dropped onto a floor from a certain height let ‘h’.

.'.v1=\/29—h, vy =0, v2=—\/297h &v, =0
.. Rate of change of velocity :-

_ mx2,/2gh

=

.'.v=\/29—h,s=h, v=0

= v=u+at

=42g0h =gt=>t= %

.. Total time 2, /Z_th

_ mx242gh _
o [
g

A railroad car of mass M is at rest on frictionless rails when a man of mass m starts moving on the car

towards the engine. The car recoils with a speed v backward on the rails.
Let the mass is moving with a velocity x w.r.t. the engine.

.. The velocity of the mass w.r.t earth is (x — v) towards right

Vem = 0 (Initially at rest)

S 0==Mv+m(x—-v)

:>Mv=m(x—v):mx=Mv+mv:x=[Mﬂnjv =>X= (1+M]v
m m

A gun is mounted on a railroad car. The mass of the car, the gun, the shells and the operator is 50m

where m is the mass of one shell. The muzzle velocity of the shells is 200m/s.

Initial, Vem = 0.
L 0=49mxV+mx200=V= %m/s

. @ m/s towards left.
49

When another shell is fired, then the velocity of the car, with respect to the platform is,

=V = % m/s towards left.

When another shell is fired, then the velocity of the car, with respect to the platform is,

=V = @ m/s towards left
48

.. Velocity of the car w.r.t the earth is [% + %} m/s towards left.

Two persons each of mass m are standing at the two extremes of a railroad car of mass m resting on a

smooth track.
Case — |

Let the velocity of the railroad car w.r.t the earth is V after the jump of the left man.

=—mu+(M+m)V
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29.

30.

31.

32.

33.

34.

=>Vs= towards right
M+m
Case -
When the man on the right jumps, the velocity of it w.r.t the car is u. x N
Ulst, 1 U2nd
S 0=mu-Mv o0
y=mu v e,

M
(V' is the change is velocity of the platform when platform itself is taken as reference assuming the car
to be at rest)
.. So, net velocity towards left (i.e. the velocity of the car w.r.t. the earth)

mv - mv mMu + m2v — Mmu _ m2v
"M M+m MM +m) " M(M+m)
A small block of mass m which is started with a velocity V on the horizontal part of the bigger block of
mass M placed on a horizontal floor.
Since the small body of mass m is started with a velocity V in the horizontal direction, so the total initial
momentum at the initial position in the horizontal direction will remain same as the total final momentum

at the point A on the bigger block in the horizontal direction.
From L.C.K. m: A o
mv [m]
mv+MxO=(m+M)v>v = ——— '
M+m
Mass of the boggli = 200kg, Vg = 10 km/hour.

.. Mass of the boy = 2.5kg & Vo, = 4km/hour.

If we take the boy & boggle as a system then total momentum before the process of sitting will remain
constant after the process of sitting.

5o My Vi = Mgy Vioy = (Mp + Mpgy) V

=200 x 10 + 25 x 4 = (200 +25) x v

Mass of the ball = my = 0.5kg, velocity of the ball = 5m/s

Mass of the another ball m, = 1kg

Let it’'s velocity = v’ m/s

Using law of conservation of momentum,

05x5+1xv=0=>Vv=-25

.. Velocity of second ball is 2.5 m/s opposite to the direction of motion of 1% pall.
Mass of the man = m; = 60kg

Speed of the man = v, = 10m/s

Mass of the skater = m, = 40kg

let its velocity = v’

.. 60x10+0=100 % v' = v =6m/s

loss in K.E.= (1/2)60 x(10)*— (1/2)x 100 x 36 = 1200 J

Using law of conservation of momentum.

m4uq + moUy = m1V(t) + myV’

Where V' = speed of 2" particle during collision.

= m4yuq + Mpu; = MUy + my + (t/At)(V1 - U1) + myv’

myu, My t

= vV, —Uq )V
m2 mzAt('] 1)
, my t
SV =Uu,———(vy—U
2 i)

Mass of the bullet = m and speed = v
Mass of the ball =M
m’ = frictional mass from the ball.
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Using law of conservation of momentum,
mv+0=(m+m)v+(M-m)v,
where Vv’ = final velocity of the bullet + frictional mass
mv —(M+m")V,
m+m’
35. Mass of 1% ball = m and speed = v
Mass of 2" ball = m
Let final velocities of 1% and 2™ ball are v4 and v, respectively
Using law of conservation of momentum,
m(vy + vp) = mv.

=V =

S>vVitVv =V (1)
Also
Vi—Vy=ev ...(2)

Given that final K.E. = % Initial K.E.
31/zmv12+1/zmv22=%><1/zmv2
= v+ v= YV

(Vo + Vo + (Vg - v, f _3.2

—V
2 4
2),2
3£1+—eL:—v2:>1+e2=§3e2=1:>e=i
2 4 2 2 V2

36. Mass of block = 2kg and speed = 2m/s
Mass of 2" block = 2kg.
Let final velocity of 2™ block = v
using law of conservation of momentum.
2x2=(2+2)v=>v=1m/s
. Loss in K.E. in inelastic collision
=(1/2)x2x (2°v—(112) 2+ 2) x(1)*=4-2=2
b) Actual loss = w =1J
(1/2) x 2 x 22 — (1/2) 2 x vi2 + (1/2) x 2x v,° = 1
=4—(vii+v)=1

(1+e?)x4
2

= 4- =1

=2(1+e’)=3=1+¢&’ =

N | w
U
)

1]

N| =

-

37. FinalK.EE.=0.2J
Initial K.E. = %2 mV,*+ 0 = % x 0.1 u* = 0.05 u®
mvy=mvy’ =mu
Where v; and v, are final velocities of 15 and 2™ block respectively.

=SVi+Vv=uU (1 100 g u 1009 4, =0
(V1= Vo) + £ (81— Up) = 0 = fa = vo— v 2) [ —
u, =0, U= u.

Adding Eq.(1) and Eq.(2)
2vo = (1+u = vy = (U/2)(1 + 1)

Cv—u Y,
2 2
u
Vq = 5(1 —Z)

Given (1/2)mv,? +(1/2)mv,® = 0.2
= V12 + V22 =4
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2 2 2
u 2 U 2 u 2 2 8
==—01-0)"+—1+0)" =4 = —(1+/¢%) =4 =>u' s ——

4 (=1 4 (+£) 2 ( ) 1402
For maximum value of u, denominator should be minimum,
=1{=0.

SuP=8=u=2/2 mis
For minimum value of u, denominator should be maximum,
=1i=1
wW=4=u=2mls
38. Two friends A & B (each 40kg) are sitting on a frictionless platform some distance d apart A rolls a ball
of mass 4kg on the platform towards B, which B catches. Then B rolls the ball towards A and A catches
it. The ball keeps on moving back & forth between A and B. The ball has a fixed velocity 5m/s.

a) Case — | :— Total momentum of the man A & the ball will remain constant f—d —»]

. 0=4x5-40x%xv = v = 0.5 m/s towards left sm/s

b) Case — Il :— When B catches the ball, the momentum between the B & the _o'

ball will remain constant. 6 - 6
=4 x5=44v = v = (20/44) m/s

Case — Il := When B throws the ball, then applying L.C.L.M (Cof(; 1) e fvev
=44 x (20/44)=-4x5+40 x v = v = 1m/s (towards right) -
Case — IV := When a Catches the ball, the applying L.C.L.M.

= —4 x5+ (-0.5)x 40 = — 44v = V= % m/s towards left.

c) Case — V :—= When A throws the ball, then applying L.C.L.M.

=44 x (10/11)=4x5-40%xV = V =60/40 = 3/2 m/s towards left.

Case — VI :—= When B receives the ball, then applying L.C.L.M

=40x1+4x5=44x%xy = v = 60/44 m/s towards right.

Case — VIl := When B throws the ball, then applying L.C.L.M.

=44 x (66/44)=-4x5+40xV =V =80/40 = 2 m/s towards right.

Case — VIl := When A catches the ball, then applying L.C.L.M

=>-4x5-40x(3/2)=—-44v = v =(80/44) = (20/11) m/s towards left.

Similarly after 5 round trips

The velocity of A will be (50/11) & velocity of B will be 5 m/s.

d) Since after 6 round trip, the velocity of A is 60/11 i.e.

> 5m/s. So, it can’t catch the ball. So it can only roll the ball six.
e) Let the ball & the body A at the initial position be at origin.

40x0+4x0+40xd _ 10 A B
S X = = —d fe—d
c 40+ 40+ 4 11 —
39. u= ,/2gh = velocity on the ground when ball approaches the ground.
= U= 4/2x9.8x2
v = velocity of ball when it separates from the ground.
V+/u=0

V2x9.8x15 _ [3_+3

=>/MU=-V == —=

V2x9.8x2 4 2
EV _E?
40. K.E. ofNucIeus=(1/2)mv2=(1/2)m(—j = .
mc 2mc

linear momentum = E/c

Energy limited by Gamma photon = E.
\Y —
E2 -
Decrease in internal energy = E + 5

2mc
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41. Mass of each block Ma and Mg = 2kg.
Initial velocity of the 1 block, (V) = 1m/s
Va=1m/s, Vg = 0m/s
Spring constant of the spring = 100 N/m.
The block A strikes the spring with a velocity 1m/s/
After the collision, it's velocity decreases continuously and at a instant the whole system (Block A + the
compound spring + Block B) move together with a common velocity.
Let that velocity be V.
Using conservation of energy, (1/2) MaVa> + (1/2)MgVg” = (1/2)Mav? + (1/2)MgV® + (1/2)kx°.
(1/2) x 2(1)% + 0 = (1/2) x 2x vV + (1/2) x 2 x v + (1/2) x* x 100
(Where x = max. compression of spring)
=1=2V" +50x° ...(1)
As there is no external force in the horizontal direction, the momentum should be conserved.
= MAVA + MBVB = (MA+ MB)V
=2x1=4xvy
=V=(1/2)m/s. ...(2)

Putting in eq.(1) 22'2'5 s
1=2x(1/4) + 50x+2+ —YWWVW
= (1/2) = 50x* A B
= x*=1/100m?
= x=(1/10)m = 0.1m = 10cm.
42. Mass of bullet m = 0.02kg.
Initial velocity of bullet V4 = 500m/s 500 m/s
Mass of block, M = 10kg. :>—"

Initial velocity of block u, = 0. | |

Final velocity of bullet = 100 m/s = v.
Let the final velocity of block when the bullet emerges out, if block = v'.
mvs + Mu, = mv + MV’
= 0.02 x 500 = 0.02 x 100 + 10 x Vv’
= Vv =0.8m/s
After moving a distance 0.2 m it stops.
= change in K.E. = Work done
= 0—(1/2) x 10 (0.8)° = —p x 10 x 10 x 0.2 = p =0.16
43. The projected velocity = u.
The angle of projection = 6.
When the projectile hits the ground for the 1% time, the velocity would be the same i.e. u.
Here the component of velocity parallel to ground, u cos 6 should remain constant. But the vertical
component of the projectile undergoes a change after the collision.

usin® . u |
—=>e= —— =>Vv=eusinb.
v nd L . u + usin @
Now for the 2™ projectile motion, I'
0
_ : P 2 a2
U = velocity of projection = \/ (ucos0)” +(eusino) e
. ucos 0
L _ in _
and Angle of projection = o = tan™' eusing) _ tan™'(e tan 0)
acoso

ortana=etan6 ...(2)

gx2sec? a 3)
—2u2

Here,y =0, tan o = e tan 0, sec?a=1+e’tan’0
And u? = u?cos? 0 + e sin 0

Putting the above values in the equation (3),

Because, y = x tan o —
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gx?(1+e?tan?0)
2u?(cos? 0 + e? sin? 0)
«= 2eu? tan H(cos? 0 + e2 sin? 0)
g(1+e? tan? 0)

xetano =

9 g
= So, from the starting point O, it will fall at a distance

(1+e)

«= 2eu®tan®—cos? 0 _ eu’sin20

_ u? sin 20 + eu? sin20 : u? sin 20
g g 9
44. Angle inclination of the plane = 6
M the body falls through a height of h,

The striking velocity of the projectile with the indined plane v = \/29—h
Now, the projectile makes on angle (90° — 20)

Velocity of projection = u = JZg;—h

Let AB=L.

So,x=1{cos6,y=-1{sin0
From equation of trajectory,

gx?sec? a

y=xtan o —
2u?

2 .2 2,000 _
_2sin0=12cos 0. tan (90° — 20) — 9X " COS” 9sec”(90" — 20)

2x2gh
2 2 2
= —fsin®=£cos6.cot20- g(” cos” Hcosec”20
4gh
2 2
So, £ cos” Hcos ec” 20 =sin 6 + cos 0 cot 20
4h
)
=>1= %(sine+cosecot26)= %ngze[sine+cosexﬂj
cos“ 6cosec“20 cos“ 6 sin20
.2 2 . .
_ 4hx 4 sin“ 6cos” 0 S|nex5|n2§+003600326 =16 h sin? 0 .Cose = 8h sin 0
cos?0 sin 20 2sin0cos O

45. h=5m, 0=45°, e =(3/4)
Here the velocity with which it would strike = v = ,/2gx 5 = 10m/sec

After collision, let it make an angle p with horizontal. The horizontal component of velocity 10 cos 45°
will remain unchanged and the velocity in the perpendicular direction to the plane after wllisine.

=V, =e x 10 sin 45°

= (3/4) x 10 x —— = (3.75)/2 misec

V2

V, =10 cos 45° = 5+/2 misec
So,u= \/V,>+V,* = /50+28.125 = 78.125 =8.83 m/sec

52
= Angle of projection a=90— (6 + ) =90 — (45° + 37°) = 8°
Let the distance where it falls = L
=>x=Lcos0,y=-Lsin6
Angle of projection (a) = -8°

Angle of reflection from the wall B = tan™ [3'75\5] =tan™ [%j =37°
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gx2 sec? o
2u?

gx (cos’0sec? 8°

U2

2 [e] o
= —sin 45° = cos 45° —tan 8° — 10cos” 45 23808 )
(8.83)

Using equation of trajectory, y = x tan a. —

= —fsin®6=£cos 0O xtan 8° —

Solving the above equation we get,
£=18.5m.
46. Mass of block
Block of the particle = m = 120gm = 0.12kg.
In the equilibrium condition, the spring is stretched by a distance x = 1.00 cm = 0.01m.
=02xg=K.x.
= 2=Kx0.01 = K=200 N/m.
The velocity with which the particle m will strike M is given by u

[ J
= \2x10x0.45 = /9 =3 m/sec. X
So, after the collision, the velocity of the particle and the block is I:t'l
V= 012x3 _ gm/sec.
0.32 8
Let the spring be stretched through an extra deflection of 5.
0—(1/2) x 0.32 x (81/64) =0.32 x 10 x 5 — ( 1/2 x 200 x (5 + 0.1)2 —(1/2) x 200 x (0.01)2
Solving the above equation we get
8 =10.045=4.5cm
47. Mass of bullet = 25g = 0.025kg.
Mass of pendulum = 5kg.
The vertical displacement h =10cm = 0.1m
Let it strike the pendulum with a velocity u.
Let the final velocity be v.
= mu=(M+ m)v.
m 0.025 u
u= XU = —
(M+m) 5.025 201

Using conservation of energy.

=>V=

2

u
(201)°

0-(1/2)(M+m).V2P=—(M+m)gxh= =2x10x0.1=2
= u =201x /2 =280 m/sec.

48. Mass of bullet = M = 20gm = 0.02kg.
Mass of wooden block M = 500gm = 0.5kg
Velocity of the bullet with which it strikes u = 300 m/sec.
Let the bullet emerges out with velocity V and the velocity of block = V'
As per law of conservation of momentum.
mu = Mv'+ mv (1)
Again applying work — energy principle for the block after the collision,
0 — (1/2) M x V? = — Mgh (where h = 0.2m)
=V'?=2gh
V'= \J2gh = Y20x0.2 = 2m/sec
Substituting the value of V' in the equation (1), we get\
0.02x300=05%x2+02xv

=V= ﬂ = 250m/sec.
0.02
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49. Mass of the two blocks are m; , m..
Initially the spring is stretched by xo
Spring constant K.
For the blocks to come to rest again,
Let the distance travelled by m; & m,
Be x4 and x, towards right and left respectively.
As o external forc acts in horizontal direction,
miXq = MoXo (1)
Again, the energy would be conserved in the spring.
= (1/2) k x x* = (1/2) k (X1 + X2 — Xo)?
= Xo = X1+ Xo—Xg
= Xq + X = 2Xg ...(2)

- 2m,
= X1 = 2Xg — Xg similarly x4 = | ——=— [x,

= m1(2X0 - X2) = MoXo = 2m1X0 — M4Xo = MyXo

50. a) .. Velocity of centre of mass =

my, xVy +myx0 _

<—x1—>| |X<-| |<—X2—>
’m_1|—v\vavv\AM—| ma |

b) The spring will attain maximum elongation when both velocity of two blocks will attain the velocity of

centre of mass.
d) x— maximum elongation of spring.

Change of kinetic energy = Potential stored in spring.

= (1/2) my Vo> — (1/2) (m; + my) (( M2Vo
1

al1-M2 | _( mym,
=m, v, m, +m, )= kX =Sx=|—12

my +m,

2
—] = (1/2) kx®
+My

K Vo
W’TZ’—»

51. If both the blocks are pulled by some force, they suddenly move with some acceleration and
instantaneously stop at same position where the elongation of spring is maximum.

.. Let x4, xo — extension by block my and m,
Total work done = Fx; + Fx; ..(1)

.. Increase the potential energy of spring = (1/2) K (x4+ x2)2

Equating (1) and (2)

F(xe + %2) = (112) K (x0#+ X2 = (x¢+ %) = %

..(2)

Since the net external force on the two blocks is zero thus same force act on opposite direction.

S MyXy = MoXy ...(3)
And (x4+ X3) = %
S X = ﬂx‘]
my
Substituting M 1+xq= E
m, K
( m1J 2F _2F m,
=X 1+—|=— =X = —=——2
m,) K K my+m,
Similarly xp = 2 M1
K m;+m,

F K F
_m—ww—sz'_.
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52.

53.

54.

. F,—F
Acceleration of mass my = ——2-
my +m,
. . . F2 - F1
Similarly Acceleration of mass my, = ————

Due to F; and F, block of mass m; and m, will
inertia force.
.. Netforceonmy=F;—-m, a

—F—m,x 1P _ mFrmoFy —miFy +Fomy  moFy +mif,
m; +m, my +m, mq +m;

Similarly Net forceon my, =F,—m, a

= Fy—my x Fo -F _ mFp +moF, —moFy +Fmy, _ myF, +myF,
my +m, my +my My + My

experience different acceleration and experience an

K

Fi F2
o—,m_1'—/v\/\/\/\/\/\/\/\/\—| mz |_>

.. If my displaces by a distance x4 and x, by m, the maximum extension of the spring is x; + m,.
.. Work done by the blocks = energy stored in the spring.,

- m,F, + mF, N
my +m,

myF; + myF, _
— £ XX, =
m, +m,

X1+

o Xgt Xp = 2 myFy +miF,

K my+m,
Mass of the man (M,,) is 50 kg.
Mass of the pillow (M,) is 5 kg.

(1/2) K (x1+ X2)°

When the pillow is pushed by the man, the pillow will go down while the man goes up. It becomes the

external force on the system which is zero.
= acceleration of centre of mass is zero

= velocity of centre of mass is constant
..As the initial velocity of the system is zero.
oMy x Vi =M, x V, ..(1)

Given the velocity of pillow is 80 ft/s.

Which is relative velocity of pillow w.r.t. man.

Voim = Vo =V =Vo= (Vi) =V, + V= Vp = V= Vi

Putting in equation (1)
M % Vi = My (Vg /m = Vi)

=50 x Vi =5 % (8= V)

= 10xVy=8-Vn=>Vn= % =0.727m/s

.. Absolute velocity of pillow = 8 — 0.727 = 7.2 ft/sec.

.. Time taken to reach the floor = —
v
As the mass of wall >>> then pillow

The velocity of block before the collision = velocity after the collision.

= Times of ascent = 1.11 sec.
.. Total time taken = 1.11 + 1.11 = 2.22 sec.
Let the velocity of A = u;.

S = i =1.1 sec.
7.2

Let the final velocity when reaching at B becomes collision = v;.

=~ (1/2) mv4® = (1/2)mus® = mgh

= v; = 4/2gh—u,?

=vi-u’=2gh

(1)

Lpillow

e =
l— =

When the block B reached at the upper man’s head, the velocity of B is just zero.

For B, block
- (1/2) x 2m x 0% = (1/2) x 2m x v* = mgh

= v = ,/2gh
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Chapter 9

.. Before collision velocity of us = v;, ug = 0.

After collision velocity of va = v (say) Vg = \/2g—h

Since it is an elastic collision the momentum and K.E. should be coserved.
amxvyi+2mx0=mxv+2m x \/297h

=>vi—-v=2,2gh
Also, (1/2) x m x v;* + (1/2) | 2m x 0% = (1/2) x m x v* + (1/2) x2m x (ngh)2

SviZ-v?=2x J2gh x 2gh  ..(2)

Dividing (1) by (2)

(v +V)(v4—V) _ 2x+2gh x2gh )
v, +v) 2><\/29—h = vy +v=,2gh ...(3)

Adding (1) and (3)

2vy=3 42gh = v = (gj J/2gh
Butv, = y2gh+u? = [%) vJ2gh

= 2gh+u’= %ngh

= u=25 ,/2gh
So the block will travel with a velocity greater than 2.5 ,/2gh so awake the man by B.

55. Mass of block = 490 gm.
Mass of bullet = 10 gm.
Since the bullet embedded inside the block, it is an plastic collision.
Initial velocity of bullet v, = 50 V7 mis.
Velocity of the block is v, = 0.
Let Final velocity of both = v.

2 10%x 107 x50 x /7 +107°x 1901 0 = (490 + 10) x 107 x V,

= Vi = ﬁ m/s.
When the block losses the contact at ‘D’ the component mg will act on it.
m(VB)2 - . 2 _ .
——=--=mgsin® = (Vg) =grsind (1)
r
Puttin work energy principle MVa’/r

(1/2) m x (Vg)? = (1/2) x m x (Vo) = —mg (0.2 + 0.2 sin 6)
= (1/2) x gr sin 6 — (1/2) x (\/7)2 =-mg (0.2 + 0.2 sin )
=3.5-(1/2)x9.8%x 0.2 xsin®=9.8x0.2(1+sin 0)

= 3.5-0.98 sin 0 = 1.96 + 1.96 sin 0

=sin0=(1/2) =06 =30°

.. Angle of projection = 90° - 30° = 60°.

.. time of reaching the ground = f@
g

=0.247 sec.

_ \/2 x (0.2 + 0.2 x sin30°)
9.8
.. Distance travelled in horizontal direction.

s=VcosOxt=,/grsinxt = /9.8x2x(1/2)x0.247 =0.196m
.. Total distance = (0.2 — 0.2 cos 30°) + 0.196 = 0.22m.
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56. Let the velocity of m reaching at lower end = V4
From work energy principle.
S (1/2)xmx V2= (1/2) x m x 0° =mg ¢
= vy =4/290 .
Similarly velocity of heavy block will be v, =,/2gh .
2. vq =V, = u(say)
Let the final velocity of m and 2m v4 and v, respectively.
According to law of conservation of momentum.
m x X4 +2m % Vo = mvy + 2mv,
S mxu—2mu =mvy +2mv,

=>vit+t2v,=—u  ...(1)
Again, Vi —Vo =— (V1 — V2) m? Qm
SVv—V=—[u—(-v)]=-2V ...(2) \ /
Subtracting. \\\ ///
3V2=U:>V2=E=ﬂ 4;01’

3 3
Substituting in (2)
Vi—V=-2u=Vvy=—-2u+V,=-2u+ % =—gu=—§x,/29€ =— “5291{

b) Putting the work energy principle
(1/2) x 2m x 0% = (1/2) x 2m x (v,)* =—=2m x g x h
[ h —> height gone by heavy ball]
:(1/2)@=[><h :h=£

9 9
Similarly, (1/2) x m x 0 = (1/2) xm x v =m x g x h,
[ height reached by small ball]

= (1/2) x S(Zag!j 25¢

=gxh2 :>h2=T

Someh, is more than 2{, the velocity at height point will not be zero. And the ‘m’ will rise by a distance 2{.
57. Let us consider a small element at a distance ‘x’ from the floor of length ‘dy’ .

So,dm = de
L

So, the velocity with which the element will strike the floor is, v = /2gx I M
L

.. So, the momentum transferred to the floor is,

M = (dm)v = M x dx x ,/2gx [because the element comes to rest] l
L (Initial position)
So, the force exerted on the floor change in momentum is given by,
dM_ M dx
= —— = —x——X4/20X
dt L dt

Because, v = c:j—)t( = 4/2gx (for the chain element)

Fi= ¥x,/2gXX,/2gx = ¥ngx = %

Again, the force exerted due to X’ length of the chain on the floor due to its own weight is given by,

M Mgx
W= —(x =
= (x)xg= = § | N
So, the total forced exerted is given by, _T_
2Mgx Mgx _ 3Mgx X
F=F+W-= + = i
L L L

9.16

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 9

58. V1=10m/s V2=0
V4, v2 — velocity of ACB after collision.
a) If the edlision is perfectly elastic.
mV; + mV, = mvy + mvs, m 10 m/s
=10+0=vq4+ Vv,
Svi+v =10 ..(1) [A ] B
Again, vi —Vv,=— (U1 —Vvp) == (10-0) =-10 .(2) u=0.1
Subtracting (2) from (1)
2v, =20 = v, =10 m/s.
The deacceleration of B = ug
Putting work energy principle

L (12)xmx 02 =(1/2) xmx v,  =—mxaxh

100
—(1/2)x10°=-pgxh h= ——  =50m
==-072) g =N 50110

b) If the collision perfectly in elastic.
MmXxXu;+mxu;=(m+m)xv

=>mx10+mx0=2mx v :>v=%=5m/s.

The two blocks will move together sticking to each other.
.. Putting work energy principle.
(1/2) x 2m x 0= (1/2) x 2m x vV’ =2m x pg x s
52
= ———=58
0.1x10x2
59. Let velocity of 2kg block on reaching the 4kg block before collision =uj.
Given, V, = 0 (velocity of 4kg block).

=s=125m.

.. From work energy principle, 1mis
(12)ymxul—(1/2)mx1°=—mxugxs Ea—
2 _ 2 _ 2kg 4kg
YUy 1:-2)(5 3_16=u1—1 002
4 ¢ +— 16cm —> u=0.2

=64 x107%=u," -1 = U, = 6m/s

Since it is a perfectly elastic collision.

Let V4, V, — velocity of 2kg & 4kg block after collision.
m1V1 + m2V2 =mqVvq + MyVvy

=2x06+4%x0=2vi+4v, =>Vvi+2v,=0.6 (1)
Again, V4 —=V,=—(uy—uy) =— (0.6 —0)=-0.6 ...(2)
Subtracting (2) from (1)

3v,=1.2 = vy, =0.4 m/s.

Svi=—06+04=-02m/s
. Putting work energy principle for 1% 2kg block when come to rest.
(112)x2x 0% = (1/2) x 2 x (0.2)>=—-2x02x 10 x s
= (1/2)x2x02%x02=2%x02%x10xs = Sy =1cm.
Putting work energy principle for 4kg block.
(1/2) x 4 x 0= (1/2) x 4 x (0.4 =—4x02x 10 x s
=2x04%x04=4%x02%x10x%s =S,=4cm.
Distance between 2kg & 4kg block =S;+S,=1+4=5cm.
60. The block ‘m’ will slide down the inclined plane of mass M with acceleration a; g sin a (relative) to the
inclined plane.
The horizontal component of a; will be, a, = g sin a cos a, for which the block M will accelerate towards
left. Let, the acceleration be a,.
According to the concept of centre of mass, (in the horizontal direction external force is zero).
ma, = (M +m) a,
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—a,= ma, _ mgsinacosa ()
M+m M+m
So, the absolute (Resultant) acceleration of ‘m’ on the block ‘M’ along the direction of the incline will be,

a=gsina-aycos a

o mgsinacos?o _ . mcos? o T
=gsina—- ——— """ % =gsing |1-——
M-+m M-+m
h
I I:M+m—mcosza} ""2{7
=gsinag |——————> =
M-+m
2
SO,a=gsina[w} 2
M+m

Let, the time taken by the block ‘m’ to reach the bottom end be ‘t'.
Now, S = ut + (1/2) at®
— =(1/2) at? >t= 2
sina asina
So, the velocity of the bigger block after time ‘t’ will be.

=

: 2 20 o2 2
V, = u+at= mg sino.cos a ?h _ |2m“g hsm2 QFOS o)
M+m asina (M+m)“asina
Now, subtracting the value of a from equation (2) we get,
2.2 i 2 2 172
Vy = 2m<“g“hsin“ a cos o (M+m)
(M+m)?sina gsina(M+msin? a)
112
_ 2m2g®hcos? a
orVy = —
(M+m)(M+msin© a)

61.

The mass ‘m’ is given a velocity ‘v’ over the larger mass M.
a) When the smaller block is travelling on the vertical part, let the velocity of the bigger block be v,
towards left.
From law of conservation of momentum, (in the horizontal direction)
mv =(M+m)v,

mv

M+m

b) When the smaller block breaks off, let its resultant velocity is vs.
From law of conservation of energy,
(1/2) mv? = (1/2) Mv4? + (1/2) mv,” + mgh

=V =

S v =V %vf— 2gh ..(1)

2 M m
= v,2" v {1——><

2
m (M+m)2}—29h

P 2 1/2
= Vo = (rnLrnzrn)vz _29h
(M+m)
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62.

e) Now, the vertical component of the velocity v, of mass ‘m’ is given by,
2 2 2
Vy = V2 —Vq

2 2 2,2
_ MM +Mm+2m )V2_2gh_ m“v .
(M+m) (M+m)
) _ v
[ v M+v]
2 2 2
Dvyz _ M +Mm+m2—m V2_2gh
(M+m)
2
2 Mv
v, = ———-2gh ...(2
=Vy (M+m) g (2)

To find the maximum height (from the ground), let us assume the body rises to a height ‘h’, over and
above ‘h’.
2
2 _ _ Yy
Now, (1/2)mv,” = mghy = hy = —=— ...(3)

2g
v,? mv?

So, Total height=h+h;=h+ 2 =h+ ———h
29 (M+m)2g

[from equation (2) and (3)]
mv?2
(M+m)2g
d) Because, the smaller mass has also got a horizontal component of velocity ‘v;’ at the time it breaks
off from ‘M’ (which has a velocity v,), the block ‘m’ will again land on the block ‘M’ (bigger one).
Let us find out the time of flight of block ‘m’ after it breaks off.
During the upward motion (BC),

0 =v,—gt
y T 2 1/2
= YL=_ v -2gh ...(4) [from equation (2)]
g g (M+m)

So, the time for which the smaller block was in its flight is given by,
2 1/2
T=ot = 2| Mv” —2(M+m)gh
g (M+m)
So, the distance travelled by the bigger block during this time is,
mv_ 2 [MvZ —2(M+m)gh]"’?
M +m g (M + m)1/2
_ 2mv[Mv® - 2(M+m)gh]'""?
gM+m)3'2
Givenh<<<R.
Grnass = 6 1 10%* kg.
M, = 3 x 10** kg.
Let V. — Velocity of earth
V, — velocity of the block.

The two blocks are attracted by gravitational force of attraction. The gravitation potential energy stored
will be the K.E. of two blocks.

pm| 1T

R+(h/2) R+h

Again as the an internal force acts.
My Ve

S=V1T=

orS

} = (1/2) Mg x Ve + (1/2) mp x 2

MeVe = meb = Ve = (2)

e
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: @

m=3x 10*

Putting in equation (1)
1

Gmexmb 2 -
2R+h R+h

x Ve + (1/2) My x V,,2
e m=6x 10

= (1/2) x my x V'’ (%HJ

e

24
m|2R+20-2R-h = (1/2) x V.2 % 304 - | OMxh = (1/2) x Vy” x(3/2)
(2R +h)(R+h) 6x10% 2R? + 3Rh +h?

As h < < <R, if can be neglected

GMxh 2 2gh
= (1/2) x V.2 x(3/2 v=,/—
= —R? (1/2) x Vp" %(3/2) =Vy 3

63. Since it is not an head on collision, the two bodies move in different dimensions. Let V,, V, — velocities
of the bodies vector collision. Since, the collision is elastic. Applying law of conservation of momentum
on X-direction.
mu; + mxo = mv; cos o + mv; cos f
=vycosa+vycosb=u; ...(1)

2. 2
= (1/2) x Mg x %

Squaring equation(1)

us® = v42 cos? o + v,° cos 2 B + 2 v4v, cOS a Cos B
Equating (1) & (3)

Va2 + vl = v?cos® o+ Vp2 cos 2 B+ 2 V4V, COS a COS B
= v1zsin2 o+ v22 sin? B =2 v, cos o cos B

Putting law of conservation of momentum in y direction. —
0 = mv, sin oo — mv, sin B
= i sin o = v, sin B .(2) i VA S X
Again amu+0="%mv®+ % mx vy T
:>U12 = V12 + V22 (3) E
1
:

. V4Sina
=2vsin2a =2 x vy x — X COS 0. COS JB
= sin a sin B = cos a cos B = cosacosB—sinasinpB=0
= cos (o + ) =0 = cos 90° = (a+p)=90°

64.

. r
\\\ Vv sin o 0
IO S ap
/r27p2

Let the mass of both the particle and the spherical body be ‘m’. The particle velocity ‘v’ has two
components, v cos a normal to the sphere and v sin a tangential to the sphere.

After the collision, they will exchange their velocities. So, the spherical body will have a velocity v cos a
and the particle will not have any component of velocity in this direction.

[The collision will due to the component v cos o in the normal direction. But, the tangential velocity, of
the particle v sin a will be unaffected]

So, velocity of the sphere = v cos o = %wlrz - p2 [from (fig-2)]

And velocity of the particle = v sin o = ve
r

* ok ok ok K
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SOLUTIONS TO CONCEPTS
CHAPTER -10

1. ®=0;p=100rev/s;®»=2n;p =200 rrad/s
= o= = ot
= o=at
= o = (200 n)/4 = 50  rad /s or 25 rev/s®
5 0= ot + 1/2 o’ = 8 x 50 1 = 400 7 rad
. o =50 n rad/s® or 25 rev/s®
6 =400 & rad.
2. 0=100m;t=5sec
0 =1/2 ot = 1007 = 1/2 o 25
= a=8nx5=40rnrad/s = 20 rev/s
. o= 8nrad/s® = 4 rev/s®
o = 40r rad/s? = 20 rev/s.
3. Area under the curve will decide the total angle rotated

. maximum angular velocity = 4 x 10 = 40 rad/s 100k - -
Therefore, area under the curve = 1/2 x 10 x 40+ 40 x 10 + 1/2 x 40 x 10 N\
=800 rad 10 1 20

.. Total angle rotated = 800 rad.
4. o =1rad/s?, o =5 radls; o = 15 rad/s
LW =wo + at
=t=(0—- o)/a=(15-5)/1=10 sec
Also, 0 = gt + 1/2 of’
=5x10+1/2 %1 x 100 =100 rad.
5. 0=5rev,a=2rev/s’, wp=0;m="?
o’ =(2a0)
= o= +2x2x5= 25 revis.
or0=10nrad, o =4n rad/sz, 0=0,0=7
o= \/g =2x4xx10%
= 4n/5 rad/s = 24/5 revis.
6. Adiscofradius=10cm=0.1m
Angular velocity = 20 rad/s
.. Linear velocity on the rim = or =20 x 0.1 =2 m/s
.. Linear velocity at the middle of radius = wr/2 = 20 x (0.1)/2 =1 m/s.
7. t=1sec,r=1cm=0.01m
o = 4 rd/s’
Therefore ® = at =4 rad/s
Therefore radial acceleration,
A, = o’r = 0.16 m/s* = 16 cm/s
Therefore tangential acceleration, a, = ar = 0.04 m/s? = 4 cm/s®.
8. The Block is moving the rim of the pulley G
The pulley is moving at a = 10 rad/s
Therefore the radius of the pulley = 20 cm
Therefore linear velocity on the rim = tangential velocity = ro m
=20 % 20 =200 cm/s =2 m/s.
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Chapter-10

9. Therefore, the L distance from the axis (AD) = \/5/2 x10 = 5\/5 cm. A
Therefore moment of inertia about the axis BC will be
I =mr? =200 K (5v/3)% =200 x 25 x 3
= 15000 gm — cm? = 1.5 x 10 kg — m?.
b) The axis of rotation let pass through A and L to the plane of triangle

i U p YV I
Therefore the torque will be produced by mass B and C B C
Therefore net moment of inertia = | = mr® + mr?
=2 x 200 x10? = 40000 gm-cm? = 4 x1072 kg-m?.
10. Masses of 1 gm, 2 gm ...... 100 gm are kept at the marks 1 cm, 2 cm, ...... 1000 cm on he x axis
respectively. A perpendicular axis is passed at the 50" particle.
Therefore on the L.H.S. side of the axis there will be 49 particles and on
the R.H.S. side there are 50 particles. @%
Consider the two particles at the position 49 cm and 51 cm.
Moment inertial due to these two particle will be =
49 x 1% + 51 + 1% = 100 gm-cm” 110 20 30 40 30 60 70 80 90 100
Similarly if we consider 48" and 52" term we will get 100 x2% gm-cm?
Therefore we will get 49 such set and one lone particle at 100 cm. OO | O O
N A\ A A
Therefore total moment of inertia = 48 49 51 52

100 {12 + 2% + 3% + ... + 49% + 100(50)>.
=100 x (50 x 51 x 101)/6 = 4292500 gm-cm?
= 0.429 kg-m? = 0.43 kg-m”.
11. The two bodies of mass m and radius r are moving along the common tangent.
Therefore moment of inertia of the first body about XY tangent.
= mr® + 2/5 mr
— Moment of inertia of the second body XY tangent = mr? + 2/5 mr’ = 7/5 mr° 1 2
Therefore, net moment of inertia = 7/5 mr? + 7/5 mr? = 14/5 mr? units.

12. Length of the rod = 1 m, mass of the rod = 0.5 kg !
Let at a distance d from the center the rod is moving " P
Applying parallel axis theorem : M. d T
The moment of inertial about that point I - - 1
= (mL?/12) + md®*=0.10 « ™ >

= (0.5 x 1%)/12 + 0.5 x d* = 0.10
= d*=0.2-0.082=0.118
= d = 0.342 m from the centre.
13. Moment of inertia at the centre and perpendicular to the plane of the ring.
So, about a point on the rim of the ring and the axis L to the plane of the ring, the

moment of inertia A

=mR? + mR? = 2mR? (parallel axis theorem)
= mK? = 2mR? (K = radius of the gyration)

= K= 2R? =2 R.

14. The moment of inertia about the center and L to the plane of the disc of
radius r and mass m is = mr®.
According to the question the radius of gyration of the disc about a point = C_r\\
radius of the disc. S P4
Therefore mk® = % mr® + md®
(K = radius of gyration about acceleration point, d = distance of that point 172 m 1/2 mr+md?
from the centre)
=>K=rR2+d
>rP=rR+d (. K=r)
SrR=d=d=r/y2.

mP12  (miPA2)+md?
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15.

16.

17.

18.

19.

20.

Let a small cross sectional area is at a distance x from xx axis.
Therefore mass of that small section = m/a” x ax dx N y BX
Therefore moment of inertia about xx axis
al2
=y =2 J(m/az)x(adx)x x2 = (2x(m/a)(x? /3)]3'2 x x
0
2
=ma“ /12
xD y Cy

Therefore |y = I + lyy

= 2 x *ma?/12)= ma%/6
Since the two diagonals are L to each other
Therefore |, = lex + 1y
= ma?/6 = 2 x lex (because lee = lyy) = e = ma*/12
The surface density of a circular disc of radius a depends upon the distance from the centre as
P(r)=A+Br
Therefore the mass of the ring of radius r will be

0=(A+Br)x 2zrdrxr

The(refore r)noment of inertia about the centre will be @de
a a a

= I(A +Br)2nr x dr = jznAr3dr + Janr“dr

0 0 0

= 2nA (r*/4) + 2n B(r°/5) |3 = 2na® [(A/4) + (Ba/5)].

At the highest point total force acting on the particle id its weight acting downward.
Range of the particle = u” sin 2/ g

Therefore force is at a L distance, = (total range)/2 = (v2 sin 20)/2g

(From the initial point)
Therefore T = F x r ( 6 = angle of projection) _

=mg x V° sin 20/2g (v = initial velocity) (v’sin20) /26
= mv® sin 26 / 2 = mv® sin 6 cos 6.

A simple of pendulum of length | is suspended from a rigid support. A bob of weight W is hanging on the
other point. P

N

When the bob is at an angle 6 with the vertical, then total torque acting on the point of | 5
suspension=i=F xr ,/
=>Wrsin6=WIsin06 A

o

At the lowest point of suspension the torque will be zero as the force acting on the body
passes through the point of suspension.

A force of 6 N acting at an angle of 30° is just able to loosen the wrench at a distance 8 cm from it.
Therefore total torque acting at A about the point 0

=6 sin 30° x (8/100)

Therefore total torque required at B about the point 0

=F x 16/100 = F x 16/100 = 6 sin 30° x 8/100

=F=(8x3)/16=15N.

Torque about a point = Total force x perpendicular distance from the point to that force.

Let anticlockwise torque = + ve

And clockwise acting torque = —ve

Force acting at the pointBis 15 N

Therefore torque at O due to this force

=15x 6 x 107 x sin 37°

=15 x 6 x 107 x 3/5 = 0.54 N-m (anticlock wise)

Force acting at the point C is 10 N

Therefore, torque at O due to this force

=10 x 4 x 1072 = 0.4 N-m (clockwise)

Force acting at the point Ais 20 N

Therefore, Torque at O due to this force = 20 x 4 x 107 x sin30°
=20 x 4 x 107 x 1/2 = 0.4 N-m (anticlockwise)

Therefore resultant torque acting at ‘O’ = 0.54 — 0.4 + 0.4 = 0.54 N-m.
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21. The force mg acting on the body has two components mg sin 6 and mg cos 0
and the body will exert a normal reaction. Let R =
Since R and mg cos 0 pass through the centre of the cube, there will be no torque
due to R and mg cos 6. The only torque will be produced by mg sin 6.

- i=F xr(r=al/2) (a=ages of the cube)
= i=mgsin 0 x a/2

=1/2 mg a sin 0.
22. Arod of mass m and length L, lying horizontally, is free to rotate about a vertical axis passing through its
centre.
A force F is acting perpendicular to the rod at a distance L/4 from the centre.
Therefore torque about the centre due to this force A’ At =sec
= F xr=FL/A4. N
This torque will produce a angular acceleration a. < .
Therefore 1, = I, % a Al 1B
=i =(mL%/12) x a (I, of a rod = mL?/ 12) IW
= Fil4=(mL?/12) x o = o = 3F/ml F .

Therefore 0 = 1/2 at’ (initially at rest)
= 0 =1/2 x (3F / mI)t® = (3F/2ml)t*.
23. A square plate of mass 120 gm and edge 5 cm rotates about one of the edge.
Let take a small area of the square of width dx and length a which is at a distance x from the axis of
rotation.
Therefore mass of that small area
m/a® x a dx (m = mass of the square ; a = side of the plate) E—

X

dx

| = j(m/a2)x ax2dx = (m/a)(x® /3)]2
0

= ma’/3
Therefore torque produced = | x o = (ma%/3) x a
={(120 x 107 x 5% x 107)/3} 0.2
=0.2x107%=2x 10" N-m.
24. Moment of inertial of a square plate about its diagonal is ma®/12 (m = mass of the square plate)
a = edges of the square
Therefore torque produced = (ma2/12) X o X' X
={(120 x 102 x 52 x 107%)/12 x 0.2
=0.5x 107° N-m.
25. A flywheel of moment of inertia 5 kg m is rotated at a speed of 60 rad/s. The flywheel comes to rest due
to the friction at the axle after 5 minutes.
Therefore, the angular deceleration produced due to frictional force = ® = g + at
= mp = —at (o =0+
= o = —(60/5 x 60) = —1/5 rad/s’.
a) Therefore total workdone in stopping the wheel by frictional force @
W = 1/2 in° = 1/2 x 5 x (60 x 60) = 9000 Joule = 9 KJ.
b) Therefore torque produced by the frictional force (R) is
Ir=1xa=5x(-1/5) = IN — m opposite to the rotation of wheel.
c) Angular velocity after 4 minutes
= o =0y +at =60 —240/5 =12 rad/s
Therefore angular momentum about the centre =1 x ® =5 x 12 =60 kg-mz/s.
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26.

27.

28.

29.

30.

31.

32.

The earth’s angular speed decreases by 0.0016 rad/day in 100 years.
Therefore the torque produced by the ocean water in decreasing earth’s angular velocity
T=la
= 2/5 mr® x (o — @)/t
=2/6 x 6 x 10°* x 64 x 10'° x [0.0016 /(26400° x 100 x 365)] (1 year = 365 days= 365 x 56400 sec)
=5.678 x 10° N-m.
A wheel rotating at a speed of 600 rpm.
®o = 600 rpm = 10 revolutions per second.
T =10 sec. (In 10 sec. it comes to rest)
w=0
Therefore wg = —at
= a=-10/10 = -1 rev/s’
>o=mnytat=10-1x5=5rev/s.
Therefore angular deacceleration = 1 rev/s® and angular velocity of after 5 sec is 5 rev/s.
® = 100 rev/min = 5/8 rev/s = 10n/3 rad/s
0=10rev=20=nrad,r=0.2m
After 10 revolutions the wheel will come to rest by a tangential force
Therefore the angular deacceleration produced by the force = a. = »?/26
Therefore the torque by which the wheel will come to an rest = I, x a
=SFxr=lgmxa—Fx0.2=1/2mr % [(10n/3)°/ (2 x 20m)]
=F=1/2x10x0.2x 100 n°/ (9 x 2 x 20x)
=5n/18=15.7/18 =0.87 N.
A cylinder is moving with an angular velocity 50 rev/s brought in contact with another identical cylinder
in rest. The first and second cylinder has common acceleration and deacceleration as 1 rad/s’
respectively.
Let after t sec their angular velocity will be same ‘w’.
For the first cylinder o = 50 — at
=t=(0—-50)-1
And for the 2™ cylinder o = ast
=t= ol
So, ® = (o — 50)/-1
= 2m =50 = o =25rev/s.
=t =25/1 sec = 25 sec.
Initial angular velocity = 20 rad/s
Therefore o = 2 rad/s®
=t = w/aq =20/2 =10 sec
Therefore 10 sec it will come to rest.
Since the same torque is continues to act on the body it will produce same angular acceleration and
since the initial kinetic energy = the kinetic energy at a instant.
So initial angular velocity = angular velocity at that instant
Therefore time require to come to that angular velocity,
t= (1)2/0(2 =20/2 =10 sec
therefore time required = t; + t, = 20 sec.
Inet = lnet X
= Firy—Forp = (M2 +mur2)x 0 —2x 10 x 0.5
=5x10x0.5=(5x (1/2)° + 2 x (1/2)°) x o
=15=7/4 o
= a = 60/7 = 8.57 rad/s”.
In this problem the rod has a mass 1 kg
a) Tnet = lnet X @
=5%x10%x105-2x10x0.5
= (5% (1/2)° + 2 x (1/2)° + 1/12) x a

10.5

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter-10

=15=(1.75+0.084) o

= o = 1500/(175 + 8.4) = 1500/183.4 = 8.1 rad/s? (g = 10)

=8.01 rad/s® (if g = 9.8)

b) T{—myg=mya

=Ty =msa+mqg=2(a+g)

=2(ar+9)=2(8x0.5+9.8)

= 27.6 N on the first body.

In the second body

=>myg—Tr=mea= T, =myg—ma

=T,=5(g—a)=5(9.8-8x0.5)=29N.
33. According to the question

mg mz2g

Mg—-T,=Ma ..(1)
T,=ma ...(2)
(Ti—=Ty) =1 al’ ...(3) [because a =ra]...[T.r =l(a/r)]

If we add the equation 1 and 2 we will get
Mg+ (T,-Ty)=Ma+ma ...(4)
= Mg - la/® = Ma + ma
= (M +m +/r)a = Mg
= a=Mg/(M+m+ I/r2)

34. 1=0.20 kg-m? (Bigger pulley)
r=10cm = 0.1 m, smaller pulley is light
mass of the block, m = 2 kg
therefore mg— T =ma

(1)

=T=la/ (2 10kg
= mg = (m + l/r)a=>(2 x 9.8) / [2 + (0.2/0.01)]=a T
=19.6 /22 = 0.89 m/s? mg

Therefore, acceleration of the block = 0.89 m/s?.
35. m=2kg,i;=0.10 kg-m? r;=5cm =0.05 m
i, =0.20 kg-m*, r,=10cm =0.1m

Therefore mg—-Ty=ma ...(1)
(T4 =To)r1 = lha ...(2)
T2|'2 = |2(X (3)

Substituting the value of T, in the equation (2), we get
= (t1 - |2 (x/r1)r2 = |1(X

= (T1=lyalr?) = lalr,?

= Ty = [(/r?) + 1o/r,0)]a

Substituting the value of T4 in the equation (1), we get
= mg — [(I4/r{%) + I/r;)]a = ma

mg
2 2 =a
[/ )+ /r3)]+m
~a-=- 2x9.8 = 0.316 m/s’
(0.1/0.0025) +(0.2/0.01) + 2

= T, = Lair,? = 22020310 555N

0.01 T —

36. According to the question T, T
Mg —T; = Ma (1) 0y N
(T-T)R =1a/R = (T, - Ty) = la/R? ..(2) YT T,
(T, - T3)R = la/R? ..(3) l I T,
= T3—-mg=ma ...(4) -4 iBRA
By adding equation (2) and (3) we will get, M mg
= (T1=T3) =2 la/lR? ...(5)
mg

By adding equation (1) and (4) we will get
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—mg+ Mg+ (T;—T¢)=Ma +ma ...(6)
Substituting the value for T3 — T4 we will get
= Mg - mg = Ma + ma + 2la/R?
(M-m)G
(M+m+21/R?)
37. Ais light pulley and B is the descending pulley having | = 0.20 kg —m®and r= 0.2 m
Mass of the block = 1 kg
According to the equation
T1 =mya (1) 2,
(T2 = To)r = lot .(2) ["——"0 =
mg-myal2=T;+T,  ..(3) | @
T,-Ty= la/2R? = 5a/2 and T4 = a (because a = a/2R) al2
=>T,=72a
=>myg=myal2+7/2a+a
=2l/Pg=2lIra/l2+9/2 a (112 mr® = 1)
=98=5a+45a
=a=98/9.5=103ms’

—a=

38. mygsin®—-T;=mya ..(1)
(T4 =Ty) = la/? ..(2)
T, — m,g sin 6 = mya ...(3)

Adding the equations (1) and (3) we will get
m4g sin 6 + (T, — T¢) —myg sin 6 = (my + my)a
= (Mmy—my)g sind = (my + my + 1/r2)a
—a= MoM)OSING g o482 0.05 ms?.
(my+my +1/19)
39. my=4kg, my,=2kg
Frictional co-efficient between 2 kg block and surface = 0.5
R=10cm=0.1m
| =0.5 kg —m?
m4g sin®—-Ty=m4a (1)
T, — (m2g sin 6 + p myg cos B) = mya ...(2)
(T1=Tp) = lair®
Adding equation (1) and (2) we will get
mg sin 6 — (m,g sin 6 + umy,g cos 6) + (T, — T¢) = mya + mya
=4x98x (1/42) —{(2x 9.8 x (1//2)+0.5x2x 9.8 x (1/42)} = (4 + 2 + 0.5/0.01)a
= 27.80 - (13.90 + 6.95) =65 a = a = 0.125 ms™.
40. According to the question
m;=200g,1=1m,m,=20g | POODrOOOO0DEN000NIE 90|
Therefore, (T4 % ry) = (T2 xrp) —(m4f xrzg) =0

=Ty x07-T,x03-2x02xg=0 L SRR R
=7T,-3T,=3.92 ...(1) I D E— > 200kg
Ti+T,=02%x98+0.02x9.8=2156 ...(2) 7ofm 20g

From the equation (1) and (2) we will get 200g

10T,=10.3

=T,=1.038 N=1.04 N
Therefore T, =2.156 —1.038 =1.118 = 1.12 N.

41. R1=uR,, R;=16g+60g=745N =
R x 10 cos 37° = 16g % 5 sin 37° + 60 g x 8 x sin 37° 37
= 8R;=48g +288 g 60g
— R, =336g/8 = 412 N = f Re| /160
Therefore u = Ry / R, =412/745 = 0.553. 5
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42. ©=0.54,R,=16g+mg; R;=puR,

= Ry x 10 cos 37° =16g x 5sin 37° + mg x 8 x sin 37° =
= 8R; =48g + 24/5 mg 437
_ 48g+24/5mg 60g
TR T e0ss e
3169+mg:M:16+m:M T>
5x8x0.54 40x0.54
= m = 44 kg.
43. m =60 kg, ladder length = 6.5 m, height of the wall =6 m
Therefore torque due to the weight of the body
a) 1=600%x6.5/2sin0=i R
= 1=600%6.5/2 x 4[1-(6/6.5)] Ry 6.5m// 0
= 1t=735 N-m. 600
b) R, =mg=60x% 9.8 —=
R;=puR, = 6.5 R cos 6 = 60g sin 6 x 6.5/2 p
= R;=60gtan 6 =60 g x (2.5/12)[because tan 6 = 2.5/6]
= R;=(25/2)g=122.5N.
44. According to the question
8g=F1+F2;Ny=N; Fi)
Since, R; = R, R*‘l A
Therefore Fy = F, N
:>2F1=892>F1=40 ) R
Let us take torque about the point B, we will get Ny x 4 =8 g x 0.75. B A 2189
=>N;=(80x3)/(4x4)=15N N
Therefore y(F2 +N? =R, =v40? +152 =42.72 =43 N.
45. Rod has a length =L
It makes an angle 6 with the floor
The vertical wall has a height = h
R, =mg —R; cos 0 ..(1) R, Ricoso
R; sin 6 = uR, ..(2) _ <
R, cos 0 x (h/tan 0) + R, sin 6 x h =mg x 1/2 cos 0 Risind
= Ry (cosze/sin 0)h + Rysin®h=mg x 1/2 cos 6 R, h
~ R, = mgxL/2cos® mg
{(cos? 8/sinB)h + sin Oh} o
-,
_ mgL/2cos?0sin®
= Rycos 0= > -
{(cos” 6/sinB)h + sin6h}

mg L/2 cos6.sin6
{(cos? 8/sinB)h + sinOh))mg —mg 1/2 cos? 0
L/2 cosH.sinbx2sin6
2(cos? 6h + sin? 6h) — L cos2 0sin 0
= LcosOsin? @
2h—Lcos?0sin6
46. A uniform rod of mass 300 grams and length 50 cm rotates with an uniform angular velocity = 2 rad/s
about an axis perpendicular to the rod through an end.
a) L=lo
| at the end = mL?%/3 = (0.3 x 0.5%)/3 = 0.025 kg-m?
=0.025 x 2 =0.05 kg — m*/s
b) Speed of the centre of the rod
V =or=w x (50/2) =50 cm/s = 0.5 m/s.
c) lIts kinetic energy = 1/2 lo® = (1/2) x 0.025 x 2 = 0.05 Joule.

= u=R1Sin9/R2=

= pu=
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47. 1=0.10N-m;a=10cm=0.1m; m=2Kkg
Therefore (ma2/’|2) x o0 =0.10 N-m
= a =60rad/s
Therefore o = wg + at «
= o =60 x5 =300 rad/s
Therefore angular momentum = lo = (0.10 / 60) x 300 = 0.50 kg-m?/s
And 0 kinetic energy = 1/2 lo® = 1/2 x (0.10 / 60) x 300% = 75 Joules.
48. Angular momentum of the earth about its axis is
=2/5mr® x (2n/ 85400)  (because, | = 2/5 mr?)
Angular momentum of the earth about sun’s axis
= mR? x (2r / 86400 x 365) (because, | = mR?)

2/5mr? x (2r/86400)
mR? x 27/(86400 x 365)

|1=0.10N-m

Therefore, ratio of the angular momentum =

= (2r° x 365) / 5R?
= (2.990 x 10/ (1.125 x 10"") = 2.65 x 107"
49. Angular momentum due to the mass m; at the centre of system is = my r'2, mar

«— mqr
2 2.2 mMi+Myle——»
m, m,mar Mty
=m1 o= 7O (1)
M1 + M3 (my+mjy)

Similarly the angular momentum due to the mass m; at the centre of system is m; M
r1120) my
2 2
=mz( me ] o=, (2
mm; (my +my)

m1m§r2m n m2m12r2m

Therefore net angular momentum = > 5
(my+my)" (Mg +my)

2
mm,(m; +m, ) m,;m
-, Mimg(m, 22) = 12 2h=prle (proved)
(my +my) (my+my)

50. t=la

= Fxr=(mrf+mrd)a = 5x0.25=2mr x o ,\
_ 1.25
= o= =20
2x0.5%x0.025x0.25 0.5kg 0.5kg

oo =10 rad/s, t=0.10 sec, ® = wy + at
= o=10+010%230=10 + 2 =12 rad/s.
51. A wheel has
| =0.500 Kg-m?, r=0.2 m, o = 20 rad/s !

Stationary particle = 0.2 kg
Therefore l1w1 = l,m, (since external torque = 0) e

= 0.5%x 10 =(0.5+ 0.2 x 0.2%)w, .

= 10/0.508 = 0, = 19.69 = 19.7 rad/s '
52. 1y =6 kg-m?, o, =2 rad/s , I, = 5 kg-m*

Since external torque = 0

Therefore l1wq = oy

= wp,=(6x2)/5=24radls
53. ®1=120 rpm =120 % (27 / 60) =4n rad /s.

l4 =6kg—m2, I2=2kgm2

Since two balls are inside the system

Therefore, total external torque = 0

Therefore, l1mq = o,

=6 x4n=2wm,

= =12 nrad/s = 6 rev/s = 360 rev/minute.
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54. I,=2x 107 kg-m2 il =3 % 107 kg—m2 ;o1 =2rad/s
From the earth reference the umbrella has a angular velocity (o4 — m,) o1
And the angular velocity of the man will be o,
Therefore l1(w1 — ®2) = oo
= 2x10°(2-w)=3%x10" x o, S— 01—, from earth
= 5m; =4 = w, = 0.8 rad/s. Earth reference
55. Wheel (1) has
l1=0.10 kg-mz, o4 = 160 rev/min

Wheel (2) has @
F >

I, =?; wo, =300 rev/imin
Given that after they are coupled, ® = 200 rev/min
Therefore if we take the two wheels to bean isolated system
Total external torque = 0
Therefore, l1o4 + 110, = (I1 + 1)
= 0.10 x 160 + I, x 300 = (0.10 + I) x 200
= 5l,=1-0.8 = |, =0.04 kg-m*.

56. A kid of mass M stands at the edge of a platform of radius R which has a moment of inertia I. A ball of m
thrown to him and horizontal velocity of the ball v when he catches it.
Therefore if we take the total bodies as a system
Therefore mvR = {l + (M + m)R%o
(The moment of inertia of the kid and ball about the axis = (M + m)R?)

- mR
1+ (M+m)R?

57. Initial angular momentum = Final angular momentum
(the total external torque = 0)
Initial angular momentum = mvR (m = mass of the ball, v = velocity of the ball, R = radius of platform)
Therefore angular momentum = o + MR%w
Therefore mVR = lo + MR? ©

mVR

(1+MR?)

58. From a inertial frame of reference when we see the (man wheel) system, we can find that the wheel
moving at a speed of ® and the man with (o + V/R) after the man has started walking.
(o’ = angular velocity after walking, ® = angular velocity of the wheel before walking.

Since X1 =0
Extended torque = 0 VIR of man w.r.t.
Therefore (1 + MR?)o = lo’ + mR? (o’ + V/R) the platform
= (I+mR%o + lo’ + MR%0’ + mVR @
, mVR
> 0=0- ——.
(1+ mR*)

59. A uniform rod of mass m length £ is struck at an end by a force F. L to the rod for a short time t
a) Speed of the centre of mass
mv=Ft=>v= Ft
m
b) The angular speed of the rod about the centre of mass
fo—-rxp
= (M /12) x o = (1/2) x mv
S>m /12 % o =(1/2) o’
= o =6Ft/m¢
c) KE. = (1/2) mv® + (1/2) {0’
(172) x m(Ft/my* (1/2) {w’
(1/2) x m x (Fim?) + (1/2) x (mf?/12) (36 x( F**/m?¢))
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=F2¢/2m+ 32 (FP®)/m=2F*#/m
d) Angular momentum about the centre of mass :-
L=mvr=mxFt/mx(1/2) =F{t /2

60. Let the mass of the particle = m & the mass of the rod = M
Let the particle strikes the rod with a velocity V. C u
If we take the two body to be a system, v Im
Therefore the net external torque & net external force = 0
Therefore Applying laws of conservation of linear momentum
MV’ =mV (V' = velocity of the rod after striking)
=V /V=m/M
Again applying laws of conservation of angular momentum
_ MVR

{o

mVR _ MR? =« MRz
= x— =>t=

2 12 2t mi2xV
Therefore distance travelled :-
MRth _.m M Rrn _R=n
2, 2 R o RE
mi12x

Vit= v =
M m 12 12

61. a) If we take the two bodies as a system therefore total external force = 0
Applying L.C.L.M :-

mV=(M+m)Vv v

L mv
=V= ptetsipluteiviptutisiptutrinlet

M+m | ;
b) Let the velocity of the particle w.r.t. the centre of mass = V' v "‘m v
M ,

,_ mx0+Mv , Mv

SV =E——— v =
M+m M+m

c) If the body moves towards the rod with a velocity of v, i.e. the rod is moving with a velocity — v
towards the particle.
Therefore the velocity of the rod w.r.t. the centre of mass =V~
MxO=mxv -mv
M+m ~ M+m
d) The distance of the centre of mass from the particle
_ Mx1/2+mx0O  MxI|/2
© M+m)  (M+m)
Therefore angular momentum of the particle before the collision
=lo=Mrcmo
=m{m 1/2) / (M + m)¥* x V/ (1/2)
= (mM3vl) / 2(M + m)
Distance of the centre of mass from the centre of mass of the rod =
R! _ Mx0+mx(l/2) _ (ml/2)
em (M+m) (M+m)
Therefore angular momentum of the rod about the centre of mass
= MV RY,
=M x {(-mv)/ (M + m)} {(ml/2) / (M + m)}
- ‘ ~Mm?3lv ‘_ Mm?lv
12M+m)?|  2(M+m)>
e) Moment of inertia of the system = M.I. due to rod + M.I. due to particle

=V =

(If we consider the magnitude only)
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62.

63.

M2 M(mI/2)®> m(Mi/s)?
— +

12 M+m)y®  (M+m)?
MI2(M + 4m)

12M+m)

f) Velocity of the centre of mass V,, =

Mx0+mV _

(M+m)

(Velocity of centre of mass of the system before the collision = Velocity of centre of mass of the

system after the collision)
(Because External force = 0)

Angular velocity of the system about the centre of mass,

Pcm = lcm ©

= MVy x Ty + My, xry =0

myv ml Mv

M x X +mx

Mi

_ MP(M+4m) y

M+m) 2(M+m) (M+m)
Mm?vl+ mM?vl  MI*(M + 4m) o

2M+m)>  12(M+m)
_ Mm/M+m) _ MI%(M + m) y
2(M +m)? 12(M +m)
6mv
> ——=0
(M+4m)l
Since external torque = 0
Therefore l10q =15 2

mi2 mi> mlP
=—+—=—

4 4 2
w; =0
2mi> mi>  3ml?
L="——t—=
4 4 4

Lo
Therefore o, = — = >~ 2 = —_

2(M+m)

Two balls A & B, each of mass m are joined rigidly to the ends of a light of rod of length L. The system
moves in a velocity vg in a direction L to the rod. A particle P of mass m kept at rest on the surface

sticks to the ball A as the ball collides with it.

a) The light rod will exert a force on the ball B only along its length. So collision will not affect its

velocity.
B has a velocity = vq

If we consider the three bodies to be a system

Applying L.C.L.M.
Therefore mvg =2mv’' = v’ = \%0

Therefore A has velocity = V?O

b) if we consider the three bodies to be a system

Therefore, net external force = 0

mxvg, + Zm(voj
2

_ mvg+mv,

Therefore V¢, =
m +2m

Vo

Vo

= 2% (along the initial velocity as before collision)
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10.12


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter-10

c) The velocity of (A + P) w.r.t. the centre of mass = 2V _

— =" &
3 2 6
. 2vy _ Vg
The velocity of B w.r.t. the centre of mass v, 3 ° 3

[Only magnitude has been taken]
Distance of the (A + P) from centre of mass =1/3 & for B it is 2 1/3.
Therefore Py = lem X ®

2 2
:>2m><v—°><1+m><v—°><£=2m1 +mg X M
6 3 3 3

emvyl  6ml _Vy
=—XxX0 >0= —
18 9 21
64. The system is kept rest in the horizontal position and a particle P falls from a height h and collides with
B and sticks to it.

Therefore, the velocity of the particle ‘p’ before collision = ,/2gh

If we consider the two bodies P and B to be a system. Net external torque and force = 0

Therefore, m,/2gh =2mxv p'ol
X
= V' = ,/(2gh)/2 /‘ v
Therefore angular momentum of the rod just after the collision A / E';i
= 2m (V' xr)=2mx ./(2gh)/2 x1/2 = ml/(2gh)/2 y
L mly/2gh 2,/gh  ./8gh
o= —= = =
I 2mi2/4+2mi?/4) 3l 3l

b) When the mass 2m will at the top most position and the mass m at the lowest point, they will
automatically rotate. In this position the total gain in potential energy = 2 mg x (I/2) — mg (I/2) =
mg(l/2)

Therefore = mg /2 = 112 lo?
= mg I/2 = (1/2 x 3ml®) / 4 x (8gh / 9gI%)

= h =3l/2.
65. According to the question om
04g-Ty=04a ...(1)
T,-02g=02a ...(2)
(Ty=To)r=lalr ...(3)
From equation 1, 2 and 3
m
= (0.4-0.2)g _g/5

(04+02+1.6/0.4)

Therefore (b) V = v/2ah = /(2 xgl® x0.5)
= (g/5) =+/(9.8/5) = 1.4 m/s.

a) Total kinetic energy of the system
=12 mVZ+1/2 mpV2 + 1/2 18°
= (1/2%x 0.4 x 1.4%) + (1/2 x 0.2 x 1.4%) + (1/2 x (1.6/4) x 1.4%) = 0.98 Joule.
66. 1=0.2kg-m? r=0.2m, K= 50 N/m,
m=1kg,g=10msz,h=0.1 m
Therefore applying laws of conservation of energy
mgh = 1/2 mv? + 1/2 kx*
=1=12x1xV*+1/2x0.2xV?/0.04 +(1/2) x 50 x 0.01 (x = h)
=1=05V+25Vv'+1/4
= 3v’ = 3/4
=>v=12=05m/s

10.13
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67. Letthe mass of the rod = m

Therefore applying laws of conservation of energy
1/2 1% = mg 112 ml \mg
= 1/2xM /3 x »®=mg 1/2
= o’ =3g/l
mg

= o= 43g/l =5.42 rad/s.
68. 1/210°—0=0.1x10 x 1

= 0= 420

o le1m
For collision 0.1kg
0.1 x 12 x 20 + 0 = [(0.24/3)x1% + (0.1)% 1o’ 1m

= o' = /20 /[10.(0.18)]

=0-1/2 0% =-myg | (1= cos 0)—myg /2 (1 - cos 6)
=0.1x10(1-cos 8)=0.24 x 10 x 0.5 (1 — cos 0)

= 1/2 x0.18 x (20/3.24) = 2.2(1 — cos 0)

= (1 —cos 0) = 1/(2.2 x 1.8)

= 1—cos 6 =0.252

= cos 8=1-0.252 =0.748

= o =cos™ (0.748) = 41°.

69. Let | = length of the rod, and m = mass of the rod.
Applying energy principle
(1/2) lo’—0 = mg (1/2) (cos 37° — cos 60°)

1 m? 5, 1(4 1
= —x o =mgx—|—-—-—|t
2" 3 2\5 2

S oo?= 9 =o.9[g
101 |

Again [%}a =mg [%j sin 37° = mgl x %

~a=09 [%j = angular acceleration.
So, to find out the force on the particle at the tip of the rod
F; = centrifugal force = (dm) o” | = 0.9 (dm) g

F, = tangential force = (dm) a1 = 0.9 (dm) g

So, total force F = ,/iFiz +F,2 ) =0.942 (dm)g

70. A cylinder rolls in a horizontal plane having centre velocity 25 m/s. A

At its age the velocity is due to its rotation as well as due to its leniar motion & this two
velocities are same and acts in the same direction (v = r ®) Q)%:
Therefore Net velocity at A = 25 m/s + 25 m/s = 50 m/s

71. A sphere having mass m rolls on a plane surface. Let its radius R. Its centre moves

with a velocity v v
Therefore Kinetic energy = (1/2) lo® + (1/2) mv?

=l><3mR2><ﬁ+lmv2=£mv2+lmv2 =249 = Ty mg
2 5 R2 2 10 2 10 10
72. Let the radius of the disc = R P
Therefore according to the question & figure
Mg—-T=ma ..(1)
& the torque about the centre
=TxR=Ixaqa
= TR = (1/2) mR? xa/R mg

10.14
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= T=(1/2) ma
Putting this value in the equation (1) we get
= mg - (1/2) ma = ma
= mg =3/2ma—=a=2g/3
73. A small spherical ball is released from a point at a height on a rough track & the sphere does not slip.
Therefore potential energy it has gained w.r.t the surface will be converted to angular kinetic energy
about the centre & linear kinetic energy.
Therefore mgh = (1/2) lo® + (1/2) mv® J m
h

= mgh = %x% mR? o’ + lmv2

2

V2 + —v

[$ ] =N
N[ =

=gh=

>, 10 /10
vi= —gh=v=_,—gh
= 7g:> 7g

74. Adiscis set rolling with a velocity V from right to left. Let it has attained a height h.
Therefore (1/2) mV? + (1/2) lo® = mgh

m
= (1/2) mV? + (1/2) x (1/2) mR? ®* =mgh A
= (1/2) V* + 1/4 V* = gh = (3/4) V> = gh
2
= h= EXV_
4 g

75. A sphere is rolling in inclined plane with inclination 0
Therefore according to the principle
Mgl sin 6 = (1/2) lo® + (1/2) mV? ®

= mgl sin 6 = 1/5 mv® + (1/2) mv?
Gl sin 6 = 7/10 o2 LS \@
[0 |
v=_[—glsin0
= 7g

76. A hollow sphere is released from a top of an inclined plane of inclination 0.
To prevent sliding, the body will make only perfect rolling. In this condition,

mg sin 6 —f=ma ..(1)
& torque about the centre
fxR=2mR? x &
3 R
2
=f==—ma ..(2
3 (2)

Putting this value in equation (1) we get

. 2 3 .
:>mgsm6—§ma=ma:>a=§gsm6

. 3 . 2 .
:>mgsm6—f=g mgsm9:>f=§mgsm9

2 . 2
:pmgcose=gmgsme:>u=gtane
1 _2 2

b)gtane(mgcose)R— ng o
N OL_ixgsme

" 10 R

. g. ._4 .
a,=gsind— =sin6= —sin0O
=g 5 5

10.15
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th = é: 2 = ol
a. (4gsin9j 2gsin6
5

Again, o = at

K.E. = (1/2) mV® + (1/2) lo® = (1/2) m(2as) +(1/2) | (o® )
. 2 oin2
1m><4gsm9x2xI+ 1Xngzxig sin ex 5!

2 5 273 100 R 2gsin@

4mglsin©6 N 3mglsin6 _
5 40

mv

77. Total normal force = mg +
=mg (R=r)=(1/2) lo® + (1/2) mv?
=mg((R-r)= 1><gmv2 +lmv2
2 5 2

mg+mv?/(R-r)

7 5 2_ 10
= —mv =mg(R-r)=>vi=—gR-r
o™ gR-nN=v 2 g(R-71)

mg + m[170jg(R -r)
R-r

_ [mJ_ 17
=mg+mg | —|= —-mg

Therefore total normal force = mg + 2 >

78. At the top most point
mv?
R-r

Let the sphere is thrown with a velocity v’
Therefore applying laws of conservation of energy
= (12) mV® + (1/2) lo* = mg 2 (R = 1) + (1/2) mV* + (1/2) lo®

7 2 7 2
=>—Vv? =g2(R-r)+— Vv
g2(R-r) 10

=mg:v2=g(R—r)

20
2= Z 9R-N+gR-7)

=V = 2—779(R—r)

79. a) Total kinetic energy y = (1/2) mv’ + (1/2) lw?
Therefore according to the question
mg H = (1/2) mV® + (1/2) le®> + mg R (1 + cos 6)
=mgH-mgR(1+cos0)=(1/2) mV® +(1/2) o’ O
= (1/2) mv® + (1/2) 1o =mg (H- R - R sin 0) H A\ R sind
b) to find the acceleration components w
= (1/2) mv® + (1/2) lo® = mg (H — R = R sin 0)
= 7/10 mv®*=mg (H - R = R sin 6)
v _ 10 [(H

— = —¢g|| = |-1-sin6 | > radical acceleration
R 7 R

=V = gg(H—R)—Rsine

:>2vd—V =—Echos€)@

dt 7 dt

dv 5 . .
= o =— 7 g cos 6 — tangential acceleration

10.16
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80.

81.

82.

83.

c) Normal force at 6 = 0
2
N mv® _ 70 10 <10 0.6-0.1 - 5N
R 1000 7 0.1
Frictional force :-

7 100

Let the cue strikes at a height ‘h’ above the centre, for pure rolling, V; = Ro
Applying law of conservation of angular momentum at a point A,

mvch — 20 =0 X
3 R y

h= R

3
A uniform wheel of radius R is set into rotation about its axis (case-l) at an angular speed
This rotating wheel is now placed on a rough horizontal. Because of its friction at contact, the wheel
accelerates forward and its rotation decelerates. As the rotation decelerates the frictional force will act
backward.

If we consider the net moment at A then it is zero.

Therefore the net angular momentum before pure rolling & after pure rolling remains
constant W

f=mg-ma=m(g—a)=m (10— §x10)=o.o7 (70‘50j = 1 x20=02N

Before rolling the wheel was only rotating around its axis. ©
Therefore Angular momentum = £ o = (1/2) MR* o ...(1) (1% case)
After pure rolling the velocity of the wheel let v

Therefore angular momentum = £, ® + m(V x R)

= (1/2) mR? (V/R) + mVR = 3/2 mVR ...(2)

Because, Eq(1) and (2) are equal

Therefore, 3/2 mVR = % mR? o 2"d case)
=>V=0oR/3

The shell will move with a velocity nearly equal to v due to this motion a frictional force well act in the
background direction, for which after some time the shell attains a pure rolling. If we

consider moment about A, then it will be zero. Therefore, Net angular momentum v

about A before pure rolling = net angular momentum after pure rolling. ; >
Now, angular momentum before pure rolling about A = M (V x R) and angular

momentum after pure rolling :- (15‘ case)
(213) MR? x (Vo /R) + M Vo R

(Vo = velocity after pure rolling)

= MVR = 2/3 MV(R + MV(R

= (5/3) Vo=V

=V,=3V/5 Znu case)
Taking moment about the centre of hollow sphere we will get

FXR=§MRZOL

F
_ 3F
o= >
2MR

Again, 2r = (1/2) at® (From 0 = ot + (1/2) of’)

>@

2 87tMR
=>t= "=
3F
F
= a,= —
m
=X=(12)at =(1/2) = ?

10.17
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84. If we take moment about the centre, then
FxR=faxfxR F

= F=2/5 mRa + umg ..(1)
Again, F = ma; — un mg ...(2) @
~a,= F+umg :
m
Putting the value a. in eq(1) we get

szmx(mjwmg
5 m
= 2/5(F+umg)+umg

S F=2F12,05x10+2x05x10
5 5 7

3F _4 10
= —=—-+—=2
5 77
F=222_10 _333y
3 3

85. a) if we take moment at A then external torque will be zero
Therefore, the initial angular momentum = the angular momentum after rotation stops (i.e. only leniar
velocity exits)
MV xR-f®=MVy xR
= MVR - 2/5 x MR*V /R = MV, R
= Vo =3V/5
b) Again, after some time pure rolling starts
therefore = M x v, x R = (2/5) MR? x (V'/R) + MV'R
= m x (3V/5) x R =(2/5) MV'R + MV'R
= V' =3V/7

86. When the solid sphere collides with the wall, it rebounds with velocity ‘v’ towards left but it continues to
rotate in the clockwise direction.
So, the angular momentum = mvR — (2/5) mR? x v/R
After rebounding, when pure rolling starts let the velocity be v’
and the corresponding angular velocity is v/ / R
Therefore angular momentum = mv'R + (2/5) mR? (V'/R)
So, mvR — (2/5) mR?, VIR = mvR + (2/5) mR*(v'/R)
mvR x (3/5) = mvR x (7/5)
v/ = 3v/7
So, the sphere will move with velocity 3v/7.

* sk ok ok
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SOLUTIONS TO CONCEPTS
CHAPTER 11

Gravitational force of attraction,
GMm

r2

_ 6.67x10""x10x10
(0.1

F=

=6.67x 107 N

To calculate the gravitational force on ‘m’ at unline due to other mouse.

— _ Gxmx4m _ 8Gm?

F = =
op (alr?)? a®
- Gxmx2m - 6Gm?
o (ar?y a?
Fo = Gxmx2m _ 4Gm?
o8 (a/r2)2 a®
S Gxmxm - 2Gm?
oA (alr?)? a’
. 22 2)2 2
Resultant For = \/64((5”; ] +36[G”2‘ J =10 S
a a a

. 2)2 2\? 2
Resultant Fop = \/64(&2 J +4(G”21 J PN
a a a
The net resultant force will be,

Gm? 2 Gm? 2 Gm?
F= 100[ d J +20[ : J —2[ d szo\/g
a a

a

- \/[G;‘z ]2(120—40\6) = \/(Ga—r;‘zf(120—89-6)

2 2
Sm” 204 = 44287
a a

a) if ‘m’ is placed at mid point of a side

4Gm?

then a = >— in OA direction
a

. 2
Fog = 4Gr2n in OB direction
a

Since equal & opposite cancel each other

. 2 2
o= CM = 48M" 4 ¢ direction

[P r2hf 3

Net gravitational force on m =

4Gm?

a2

b) If placed at O (centroid)
Gm® _ 3Gm’

the FOA = (a/r3) a2

A E B
m C 2m
q
m
4m 3m
D F C
v
A m
m
(0]
B C
m m
A m
(0]
B C
m m
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Chapter 11

—  3Gm?
FOB = 2
a
_ 36m?2 )’ 36m2) 1 _ 3Gm?
Resultant F= 2[ > J—Z( 5 ]x—= 3
a a 2 a

. 2
Since Foe = 3Gm equal & opposite to F, cancel

AL
a
Net gravitational force = 0
. em? . Gm . -
4 Fog = ™ cos60i - S sin6oj
4a 4a M
Fon = 2™ 05601 - S™sin60j GAV

—4a 4a “

B 2 L 2 2
- 2G;n sin60j = 2G;n [ r3Gr;1
4a 4a= 2 4a
5. Force on M at C due to gravitational attraction.
F—’= sz ~
e~ orz ) A B
— _ -GM?:
Fep = i
CD 4R2 < R
— _ —GM? - GM? .- D~_~¢C
Fcp = ———cos45j+ sin45
CA RZ ] IR? J
So, resultant force on C,
~Fc = Fea * Fgg *+ Fep
——GM2 2+i f+—GM2 2+i]
4R? V2 ) 4R? V2
- _ GMm?
..Fc— W(Z'\/E+1)
. . = mv?
For moving along the circle, F = ——
GM? MV 2 GM( 2v2 +1
or 242 +1)= —— orV= |[—
O )= M oy W22
6. _GM _ 6.67x107""x7.4x10% _  49.358x10"
~ (R+hp (1740 +1000)% x10° 2740 x 2740 x108
11
= M =65.8 x 107 = 0.65 m/s’
0.75x10
7. The linear momentum of 2 bodies is 0 initially. Since gravitational force is internal, final momentum is
also zero.
So (10 kg)vq = (20 kg) v,
OrV1=V2 (1)

Since P.E. is conserved

-1
Initial P.E. = ‘6'67“01 x10x20 _ 433410y

When separation is 0.5 m,
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Chapter 11

-13.34x107°
(1/2)
=-13.34 x 1077 =-26.68 x107° + 5 v, + 10 v,°
= -13.34 x 107 = -26.68 x107° + 30 v,°
= V22 = M =4.44 x 10_10

30
=v,=2.1% 107 m/s.
So, vi =4.2 x 10 m/s.
8. Inthe semicircle, we can consider, a small element of d, then R d6 = (M/L) R d6 = dM.

—13.34x10°+0= +(1/2) x 10 vi? + (1/2) x 20 vo°  ...(2)

_ GMRd6m
F= 200
LR?
dFs = 2 dF since = 2MM g g o,
"# 2GM 2GMm
~F= 'f M sin0do = [~ cos 652
LR
=_p GMm (1) = 2GMm _ 2GMm _ 27GMm
- LR LR LxL/A L2
9. A small section of rod is considered at ‘x’ distance mass of the element = (M/L). dx = dm
_ G(dm)x1 _
dE; = o) dE,
Resultant dE = 2 dE; sin 0 ‘7 9
_py Odm) d _  2xGMxddx dEzI dE;
2 2
l0* +x°) Va2 +x2) L(d2+x2X\/id2+x2 0 d
Totall_/gzravitational field M l 0 a
E- I 2Gmd dx I |
0 L(d2 +x2)3/2 — O<—>X | dx|

Integrating the above equation it can be found that,

E- 2GM
dVL? + 4d?
10. The gravitational force on ‘m’ due to the shell of M, is 0.

M is at a distance m

mp
Then the gravitational force due to M is given by Q

GMm _  4GMym
(Ri+Rz2  (R{+R,)
11. Man of earth M = (4/3) nR%p

Man of the imaginary sphere, having
Radius = x, M’ = (4/3)nx3p

M’ x3
or — = —
M RS
.. Gravitational force on F = GMZm
m

_ GMx®m _ GMmx
orF = T = 3
R°x R
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Chapter 11

12. Let d be the distance from centre of earth to man ‘m’ then

2
D= x2+(RT] = (1/2) Vax? +R? A

M be the mass of the earth, M’ the mass of the sphere of radius d/2. '
Then M = (4/3) =R%p
M’ = (4/3)nd> ©

M _ d?
or — = —
M R®
.. Gravitational force is m,
F- Gmm _ Gd°Mm _ GMmd

d? R3d? R®
So, Normal force exerted by the wall = F cos®.
_ GMmd R _ GMm
= X— =
R® 2d 2R?
13. a) m' is placed at a distance x from ‘O’.
If r<x, 2r, Let's consider a thin shell of man

(therefore | think normal force does not depend on x)

. m 4 5 mxd
- 2X3™ T 73
(4/3)rc 3 r
3
_ mx
Thus Idm = r_3 D
o
3,,.3
Then gravitational force F = Gm;im = Gmler = GTX
X X r
b) 2r < x < 2R, then F is due to only the sphere.

Gmm’

" xrp

c) if x > 2R, then Gravitational force is due to both sphere & shell, then due to shell,

(«-RF
due to the sphere = GLmz
(x—r)
So, Resultant force = Gmm'  GMm

(x=rf  (x-RP
14. At P4, Gravitational field due to sphere M = ﬂ = GM

(3a+af  16a?
At P,, Gravitational field is due to sphere & shell, 49

__GM _, oM ﬂ(iij[ﬂjG_M & ;
(a+4a+a)® (4a+a)® a® (36 25 900 ) a? P, a

15. We know in the thin spherical shell of uniform density has gravitational field at its internal point is zero.

At A and B point, field is equal and opposite and cancel each other so Net field is

Hence, Ep = Eg

P =
16. Let 0.1 kg man is x m from 2kg mass and (2 — x) m from 4 kg mass. v

. 2x04 _ 4x0.1

x2 (2-x)?
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or 2 =R 0.4

x2 (2-x)?
ori2= 2 2or(2—x)2=2x2

X (2-x)
or2—x=+2xor X(ra+1)=2
orx= _2 . 0.83 m from 2kg mass.

2.414 m
17. |Initially, the ride of Ais a
To increase it to 2a, a a
_Gm? Gm? _ 3Gm?
work done = + =
a 2a m a m 100g

18. Work done against gravitational force to take away the particle from sphere,
_ Gx10x0.1 _ 6.67x107""x1
0.1x0.1 1x107"

19. E =(5N/kg) i + (12 N/kg) ]
a) F=Em
=2kg [(5N/kg) i + (12 N/kg) j1=(10N) i + (12N) j

H= J100+576 =26 N

=6.67x107°Y

10kg

)
<l
1]
mi
-

At (12m, 0), V =— (60 J/kg)i ]\7] =60J

AL(0,5m), V = - (60 Jkg) V| =-60J
B (125) ) .1 1125)
C)AV = JE mdr = [[(10N)i+(24N)j]r}0,6)
(0,0
=—(120Ji +120J i)=240J
- ~ 10,5m)
d)Av=- [r(10N| + 24Nj)}12m_0)
=-120 | +120 i =0
20. a)V = (20 N/kg) (x +)
GM _ MLT?  MLPT2M! _ MLT
R M L M
orML2T2=ML*T?
~ LHS=RH.S
b) Eyyy = — 20(N/kg) i — 20(N/kg) j

xy) =
c) F=Em
= 0.5kg [~ (20 N/kg) i — (20 N/kg)j =— 10N i - 10N j
- |F|=+100+100 =102 N

21. E =2i +3]
The field is represented as
tan 6, = 3/2
Again the line 3y + 2x = 5 can be represented as o/ 92
tan 6, =—2/3
m; my = -1
Since, the direction of field and the displacement are perpendicular, is done by the particle on the line.

3j
6,
52 % 2]
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Chapter 11

22.

23.

24,

25.

26.

27.

28.

Let the height be h
(172 G';/I GM >
R (R+h)
Or2R*= (R + h)?
Ory2R=R+h
Orh=(r,—1)R
Let g’ be the acceleration due to gravity on mount everest.

2
g=gd R

9.8[1-_178%6 | _ 98 (1-0.00276) = 9.773 m/s?
6400000

Let g’ be the acceleration due to gravity in mine.

Theng'=g [1 —Ej

R

=9.8 [1—&3] = 9.8 x 0.9999 = 9.799 m/s”
6400 x10

Let g’ be the acceleration due to gravity at equation & that of pole = g

g=g- o’R

=9.81— (7.3 x 107°)% x 6400 x 10°

=9.81-0.034

= 9.776 m/s’

mg’ =1 kg x 9.776 m/s’

=9.776 N or 0.997 kg

The body will weigh 0.997 kg at equator.

At equator, g’ =g - o’R ..(1)

Let at ‘h’ height above the south pole, the acceleration due to gravity is same.

Then, here g'=g (1—%} ...(2)
2 2h

L g-o°R= 1-—

ITeTTe ( R)

2

or1-2°% R - 1—&
g R
22 -5 3

orh=2 R™ (7'3X10 )ZX(6400X10 )2 = 11125 N = 10Km (approximately)
2g 2x9.81

The apparent ‘g’ at equator becomes zero.
ie.g=g-0’R=0

org—mZR
orw—\/7 / 9.8 = = V1.5x107° =1.2x 107 rad/s.
6400 x 10
T= 2 o 231 45 10®sec. = 1.41 hour
®  1.2x10"

a) Speed of the ship due to rotation of earth v = ®R
b)To=mgr=mg—mm2R

S To—mg = mo’ R

c) If the ship shifts at speed ‘v’

T=mg- mo,® R
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Chapter 11

29.

30.

31.

32.

- (toenF

RZ

_ (vz +@?R? —2mRv]
= TO_ m

R

L T=To+20vm
According to Kepler’s laws of planetary motion,

T? o R®
2 3
Tm — Rms
2 3
Te Res

Rus | _ [1.88)2
Re. 1
R

. 2ms = (1.88)2/3 =152
Res
3

T=2xn r_

GM

5
667)(10_ xM
5
or2.73x2.73 = 2><3.14><(3.8141><10 f
6.67x10"""xM

2x(3.14)%* x(3.84)* x10™°
3.335x1071(27.3)?

. mass of earth is found to be 6.02 x 10* kg.

r3

orM= =6.02 x 10 kg

T=2n ,/—
GM
3 3
= 27540 = 2 x 3.14 [ 0-2x10°x10
6.67x107"'xM
6
or (27540)? = (6.28)? 9'4”011
6.67x107""' xM
2 3 18
orm= (828 x(O4)xT0 " _ g5 4028y g.

6.67x107"1 x (27540)?

2
a)V = [GM _ /
r+h +h
9.8x 6400><1O3)2
10° x (6.4 +2)

b) K.E. = (1/2) mv?
= (1/2) 1000 x (47.6 x 10°) = 2.38 x 10" J

=6.9 x 10° m/s = 6.9 km/s

C) PE. = GNI—m
—(R+h)
—11 24 3 13
_ 6.67x10""x6x10 210 4010 oy
(6400 +2000)x 10 8400
3
a7 = 2Mrh) 2X3'14X8402X10 =76.6 x 10° sec = 2.1 hour
Vv 6.9x10

11.7
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Chapter 11

33. Angular speed f earth & the satellite will be same

2n _ 2n
Te TS
3
or—— = ! or 1213600 = 3.14 | (RN
24 x 3600 (R+h)? gR
2n >
gR
o (R+h)® _ (12x3600)° or (6400 +h)° x10° _ (12x3600)
gR? (3.14)? 9.8 x(6400)% x10° (3.14)?
3 9
or (6400-+h) ><91O - 432 x 10°
6272x10

or (6400 + h)® = 6272 x 432 x 10*

or 6400 + h = (6272 x 432 x 104"

or h = (6272 x 432 x 10*)"® — 6400

=42300 cm.

b) Time taken from north pole to equator = (1/2) t

= (112) x 6.28 (43200 + 6400)° _314 (497)® x108
' 10x(6400)2x10% (64)? x10"

=3.14 497 <497 <497 6 hour.
64 x64x10°
34. For geo stationary satellite,
r=42x10"km
h=3.6 x 10* km
Givenmg=10N

=0.23N

10 (6400x10°F _ 4096
(6400x10° +3600x103f | 17980

35. T=2n

: : __ 4n% R,
~. Acceleration due to gravity of the planetis = —-—=-
T° R, A

36. The colattitude is given by ¢. f Colatitude
Z0OAB =90° — Z/ABO
Again ZOBC = ¢ = ZOAB

6400 _ 8

42000 53

B \
~¢=sin (5—'2} =sin"' 0.15, UC

cosing =

3
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Chapter 11

37.

38.

39.

The particle attain maximum height = 6400 km.
On earth’s surface, its P.E. & K.E.

—GMm
R

E. = (1/2) mv? + [ (1)

In space, its P.E. & K.E.
E, = [_ GMmj
R+h
GMm
=( j ...(2) (~h=R)

Equating (1)
GMm 1, GMm

R 2 2R

Or (1/2) mv® = GMm LN
2R R

Oorvi= "=
R

6.67x10""" x6x10%
6400x10°
_40.02x10™

T 6.4x10°
=6.2x 10" =0.62 x 10°

Orv = +0.62x10% =0.79 x 10* m/s = 7.9 km/s.

Initial velocity of the particle = 15km/s
Let its speed be ‘v’ at interstellar space.

~(1/2) m[(15 x 10%2 —v?] = GMm

= (1/2) m[(15 x 102 —v]| = GMm{—%}

R
= (1/2) m[(225 x 10%) =] = G'\f'Tm
. 205 x 10° _ 2 = 2X8.67x10711x6x10%
6400x10°
— 2= 225 x 10° = 30:02 448
32

= v*=225x10°-1.2 x 10% = 10° (1.05)
Orv=1.01x 10* m/s or

=10 km/s
The man of the sphere = 6 x 10* kg.
Escape velocity = 3 x 10° m/s

V.= [2GM
R
orr= 2N

2
c

_ 2x6.67x10""x6x10** _ 80.02
(3x108f 9

L N N N

x 107 =8.89% 10> m ~ 9 mm.

11.9
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SOLUTIONS TO CONCEPTS

CHAPTER 12
1.  Given, r=10cm.
Att=0,x=5cm.
T =6 sec.
SO,W= E = E: Esec_1
T 6 3
At,t=0,x=5cm.
So,5=10sin (w x 0+ ¢) =10 sin ¢ [y =rsin wi]

Sin¢=1/2:¢=%

.. Equation of displacement x = (10cm) sin [g)

(i) At t = 4 second

x =10 sin {Ex4+ﬁ} =10 sin {
3 6

=10sin [ %) =10sin [n+Z| =-10sin [ =] =-10
2 2 2

2
Acceleration a = — w’x = —(%j x (-10) = 10.9 ~ 0.11 cm/sec.

8n+n}

2. Given that, at a particular instant,
X =2cm=0.02m
V =1 m/sec
A =10 msec™
We know that a = @?x

Sa= |2 = 119 = /500 =105
x V0.2
2

2n _ 2x3.14
10\/5 10x2.236

Again, amplitude r is given by v = m(\/rz —xz)

= v = o}(rF = %%
1 =500 (r* — 0.0004)
= r=0.0489 ~ 0.049 m
S r=4.9cm.
3. r=10cm
Because, K.E. = P.E.
So (1/2) m o? (- y?) = (1/2) m o’y

5"

= 0.28 seconds.

T:_Tt
(O]

10

- y2 = y2 = 2y2 =r= y= —= 5\/5 cm form the mean position.

N

4.  Vmax= 10 cm/sec.

=ro=10
2 _ 100
0 = —— ...(1
> (1)
Amax = o’r = 50 cm/sec
2= 20 -0 ..(2)
y r

121
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Chapter 12

100 50
L T — =r=2cm.
r r

0= ,/@ = 5 sec?
r

Again, to find out the positions where the speed is 8m/sec,
2_ 2,2
Vi = 0? (P - y?)
=64=25(4-Y
=4-y'= g—g = y*=1.44 = y= J1.44 = y=+1.2 cm from mean position.

5. x=(2.0cm)sin [(1003_1) t + (n/6)]

m = 10g.
a) Amplitude = 2cm.
o =100 sec”'
T= 2n _ sec = 0.063 sec.
100 50
2
We know that T = 2z \/E NS R L RN e
k k T2
=10° dyne/cm = 100 N/m. [because o = % =100 sec‘1]
b)Att=0

X = 2cm sin (gj =2 x (1/2) = 1 cm. from the mean position.

We know that x = A sin (ot + ¢)
v =Acos (ot + ¢)
V3

=2 100 cos (0 + /6) = 200 x -~ =100 V3 sec = 1.73m/s

c)a=—w’x=100%x1=100 m/s®
6. x=5sin (20t + n/3)

a) Max. displacement from the mean position = Amplitude of the particle.
At the extreme position, the velocity becomes ‘0’.
- x =5 = Amplitude.
. 5="5sin (20t + n/3)
sin (20t + ©/3) = 1 = sin (w/2)
= 20t + /3 = 1/2
=t =n/120 sec., So at /120 sec it first comes to rest.

b) a = 0’x = ©” [5 sin (20t + n/3)]
Fora =0, 5 sin (20t + ©/3) = 0 = sin (20t + n/3) = sin (n)
=20t=n-n/3 =2n/3
=t =n/30 sec.

c)v=A o cos (ot +1/3) = 20 x 5 cos (20t + n/3)
when, v is maximum i.e. cos (20t + n/3) = -1 =cos =«
= 20t=n—n/3 =2n/3
= t = /30 sec.

7. a)x=2.0cos (50nt + tan™ 0.75) = 2.0 cos (50xt + 0.643)

V= z—): =-100 sin (50xt + 0.643)
= sin (50xt + 0.643) =0
As the particle comes to rest for the 1% time
= 50nt+0.643 ==
=t=1.6x 107 sec.

12.2
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Chapter 12

b) Acceleration a = c:j—\t/ =—100xn x 50 n cos (50xnt + 0.643)

For maximum acceleration cos (50nt + 0.643) = — 1 cos © (max) (so a is max)
=t=1.6x 107 sec.
c) When the particle comes to rest for second time,
50nt + 0.643 = 2
=t=36x10"s.

8. yi= % , = r (for the two given position)

Now, y1 =r sin ot,
t

:L=rsinmt:sinmt=1:>oat=£:E><t=£:>t:_
2 ! TT T T T e T 12
Again, y, = r sin ot,
3r=rsin(ot2:sinmt2=1:>cot2=7c/2:>[%}tz=gztz=%
Sot,_t=t ot ot
4 12 6
9. k=0.1N/m

T= 27c\/E = 2 sec [Time period of pendulum of a clock = 2 sec]

k 01
— -

~m= 2 49 =0.01kg ~ 10 gm.

10. Time period of simple pendulum = 27:\/I
g

Time period of spring is 27:\/%

T, = Ts[Frequency is same]

1 \/F 1 m
= = =4— = —=—

g k g k

mg F _ . — wainht = F =
=>1= K- X. (Because, restoring force = weight = F =mg)
= 1 =x(proved)
11. x=r=0.1m

T=0.314 sec
m = 0.5 kg.
Total force exerted on the block = weight of the block + spring force.

T=2n % :o.314=2n,/% — k = 200 N/m

.. Force exerted by the spring on the block is

F =kx=201.1 x 0.1 = 20N

.. Maximum force = F + weight =20 + 5 = 25N
12. m = 2kg.

T =4 sec.

T=2n m:4=27t\/z:>2=7t\/z
k K K

12.3
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Chapter 12

2 2
4= (2] k=2 k=" 5N/m
k 4 2
But, we know that F = mg = kx
:)Xzﬂz 2x10 =4
k 5

..Potential Energy = (1/2) k X2 = (1/2) x 5x16=5x 8 =40J
13. x=25cm =0.25m
E=5J
f=5
So, T = 1/5sec.
Now P.E. = (1/2) kx®
=(1/2) kx®* =5 = (1/2) k (0.25)° =5 = k = 160 N/m.
Again, T=2r ™ = 1 Zon | ™ m=016kg.
k 5 160
14. a) From the free body diagram,
.'.R+mo)2x—mg=0 (1) 4
Resultant force mo?x = mg — R RT

2 mkx
= moX=m = X=
M+m M+m

[® = yk/(M+m) for spring mass system] i
m

b) R=mg—mw2x=mg-m X =mg-— mkx g
M+m M+m

For R to be smallest, mo?x should be max. i.e. x is maximum.
The particle should be at the high point.
c) We have R =mg — mo?x
The tow blocks may oscillates together in such a way that R is greater than 0. At limiting condition, R
=0, mg = mo’X
mg _ mg(M+m)

ma? mk

X =

So, the maximum amplitude is = M
15. a) At the equilibrium condition,

kx = (m4 + my) g sin 6
(m; +m;)gsin®

k

= X=

(mq +my)g

b) x4 = %(m1 + m,) g sin 6 (Given)

when the system is released, it will start to make SHM
k

my +m, —

When the blocks lose contact, P =0

k
So m, g sin 0 =myx,®? = myX P
29 2 X2 ® 2 2(m1+m2] / \R

(my+m, )gsinek mzg

where o =

= X2 =

So the blocks will lose contact with each other when the springs attain its natural length.

124
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Chapter 12

16.

17.

c) Letthe common speed attained by both the blocks be v.
112 (Mg + my) V2 = 0 = 1/2 k(X1 + X2)° = (M4 + mMy) g sin 6 (X + Xy)
[ x + x4 = total compression]
= (1/2) (m4 + m2) = [(1/2) k (3/k) (m4 + my) g sin 6 —(m + my) g sin 0] (X + X4)
= (1/2) (m4 + my) vi= =(1/2) (m4 + my) g sin 6 x (3/k) (m4 + my) g sin 6

_ 3 .
=>v= [————gsino.
k(m;+m,)

Given, k = 100 N/m, M=1kgand F=10N
a) In the equilibrium position, M

compression 8 = F/k =10/100 =0.1 m =10 cm K
b) The blow imparts a speed of 2m/s to the block towards left. w/vw—‘:—

~PE. +KE. = 1/2ks + 12 MV F

‘(1/2)><100><(O1) +(1/2) x1x4=05+2=25J

c) Time period = 2n \/: = 1/10 = —sec

d) Let the amplitude be ‘X’ which means the distance between the mean position and the extreme

position.

So, in the extreme position, compression of the spring is (x + J).

Since, in SHM, the total energy remains constant.

(1/2) k (x + 8)* = (1/2) k&° + (1/2) mV® + Fx = 2.5 + 10x

[because (1/2) k&% + (1/2) mv® = 2.5]
So, 50(x + 0.1)> = 2.5 + 10x
~ 50 x*+ 0.5+ 10x = 2.5 + 10x
250%% =2 = X 2.2 . i:x= £m=200m.
50 100 10

e) Potential Energy at the left extreme is given by,

P.E. = (1/2) k (x +8)* = (1/2) x 100 (0.1 +0.2)> =50 x 0.09 = 4.5J
f) Potential Energy at the right extreme is given by,

P.E.=(1/2) k (x +é‘>)2 — F(2x) [2x = distance between two extremes]

=4.5-10(0.4)=0.5J
The different values in (b) (e) and (f) do not violate law of conservation of energy as the work is done by
the external force 10N.

a) Equivalent spring constant k = k; + k; (parallel)

T=2n \/: =
k1+k2

b) Let us, displace the block m towards left through displacement ‘X’
Resultant force F = F; + F, = (k; + ky)x

(kq +Kky)x
m

parallel

Acceleration (F/m) =

i X
Time period T = 2n dlsplacem.ent =on |— X  —on m K, |X ok
Acceleration m(k, +k5) ky+k, AAAA

m f

i . - - 1
The equivalent spring constant k = ky + ky
c) In series conn equivalent spring constant be k.
so, L=y Moketks |\ ki
k ki ky Kiks Ki+k,
k
= \/M = m(ks +ky) y A m
k k2 ¥ - - " i _;
12.5
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Chapter 12

18. a)We have F =kx = x =

19.

20.

21.

F
Kk

Acceleration = E

m
Time period T = 2n ‘/—dlsplacem.ent = 2n,/—F/k =2n \/E
Acceleration F/m k

Amplitude = max displacement = F/k

b) The energy stored in the spring when the block passes through the equilibrium position
(1/2) kx® = (1/2) k (F/K)? = (1/2) k (F?/K?) = (1/2) (F?/k)

c) At the mean position, P.E. is 0. K.E. is (1/2) kx? = (1/2) (F2/x)

Suppose the particle is pushed slightly against the spring ‘C’ through displacement X’.

Total resultant force on the particle is kx due to spring C and % due to spring A and B.

ke o (kx ) -
.. Total Resultant force = kx + [—Xj +[—Xj = kx + kx = 2kx.

V2 V2 B SN0
Acceleration = 2% X 45° y

m
Time period T = 2xn \/dlsplacem.ent =2n I X_ _op /M
Acceleration \/& 2k
m

[Cause:- When the body pushed against ‘C’ the spring C, tries to pull the block towards
XL. At that moment the spring A and B tries to pull the block with force k—xand

V2
kx

72 respectively towards xy and xz respectively. So the total force on the block is due to the spring force

‘C’ as well as the component of two spring force A and B.]
In this case, if the particle ‘m’ is pushed against 'C’ a by distance ‘X'.
Total resultant force acting on man ‘m’ is given by,

B
Fopxs (X2 3K 1
2 2
kx ° (kx)? kx ) kx kx "
[Because netforce A&B= .|| —| +|—| +2 — | — |cos120° = — C Tr120° 1, A
2 2 2 \ 2 2 X
F _ 3kx kx
Las —= — J2
m 2m
a _ 3k _ 2 _ |3k kx 120°
> —=—=0" Do=,)—
X m 2m
kx
. Time period T = 2 2n 2m 12
® 3k
K, and K3 are in series.
Let equivalent spring constant be K, ks
2 2 % %% % %
Lo T KKy o KoK o ks M —>
Ky Ky Ks KoKy K, +Kj A AAAN AN F

Now K, and K; are in parallel.

KoK, t k= Koks +kiky +Kiks

So equivalent spring constant k = k; + ks =
a pring T K, Ky +K;

nT=2n \/E=2n Mk, +ks)

12.6

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 12

b) frequency = o 1 Jkoks tkiks +kiks
c) Amplitude x = F. Flkp +ks)
K Kikp +Kokg +KiKs

22. ky, ko, ks are in series,
1 1 1 1 _ kikoks

- = —4+—+— =k=
k ki ky ks kiko +koks +kiks
Time period T = 2n \/E =2n m(kky +Koks +kiks) _ 21 |m i+i+i
kikoks ki ky ks
Now, Force = weight = mg.
- Atkq spring, x4 = mg
K
Similarly x, = ™9 and X3 =g
ko Ks
2 2.2 2.2
“PE = (112) ks x2= i MO = 1y mM7g”_ m'g
2 k4 2 k12 2k,
2.2 2 2
Similarly PE, = 09 and PE;= 1.9
2k, 2Ky
23. When only ‘m’ is hanging, let the extension in the spring be ‘¥’
So T4 = kf =mg.
When a force F is applied, let the further extension be ‘X’

S Ta = k(x +)
.~.Driving force = T, =T = k(x + £) — kf = kx

..Acceleration = Q

m
_ displacement _ \/7 _ \/E
T=2n |—/———— =21 |— =27 ,|—
\' Acceleration kx k
m
24. Let us solve the problem by ‘energy method'.
Initial extension of the sprig in the mean position,
5= M9
k
During oscillation, at any position ‘X’ below the equilibrium position, let the velocity of ‘m’ be v and
angular velocity of the pulley be ‘w’. If r is the radius of the pulley, then v = ro.
At any instant, Total Energy = constant (for SHM)
5 (112) mv® + (1/2) T o® + (1/2) K[(x +8)? - °] — mgx = Cosntant
= (1/2) mv® + (1/2) 1 ©° + (1/2) kx® — kx5 - mgx = Cosntant
= (1/2) mV® + (1/2) 1 (V’/r*) + (1/2) kx* = Constant (8 = mg/k)
Taking derivative of both sides eith respect to ‘t,

——V— =0
dt r? dt dt
:>am+L = kx ( x=d—xanda d—X)
r2 dt dt
m+I
2
= 2. kI =o’=T=2n r
X
m+—
r2
12.7
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Chapter 12

25. The centre of mass of the system should not change during the motion. So, if the block ‘m’ on the left
moves towards right a distance ‘X', the block on the right moves towards left a distance x’. So, total
compression of the spring is 2x.

1
2
Taking derivative of both sides with respect to ‘1. K

mx2vd—v+2kx2xd_x= W_NWV\_F'
dt dt i g

By energy method, %k (2x)2 +— mv’ + % mv’ = C = mv? + 2kx’ = C.

I Te—x —
~ma+2kx=0 [because v = dx/dt and a = dv/df] X
a _ 2k _ 2= _ 2k
> —=—-— =0 = . |—
X m m

= Time period T = 2x 1/2
2k

26. Here we have to consider oscillation of centre of mass
Driving force F = mg sin 6

Acceleration = a = F. g sin 6.
m
For small angle 6, sin 6 = 0.

La=g6= g(%j [where g and L are constant]

Soa X,
So the motion is simple Harmonic

Time period T = 2x \/—D'Sp'acem_e”t =on | X =2 |-

Acceleration (ng g

L

27. Amplitude = 0.1m
Total mass = 3 + 1 = 4kg (when both the blocks are moving together)

S T=2n \/M=2n Ji = Esec.
k 100 5 3kg

.. Frequency = zi Hz.
T

100N/m

Again at the mean position, let 1kg block has velocity v. S A

KE. = (1/2) mv? = (1/2) mx? where x— Amplitude = 0.1m.
5 (172) x(1 x v?) = (1/2) x 100 (0.1)
= v ="1m/sec (1)

After the 3kg block is gently placed on the 1kg, then let, 1kg +3kg = 4kg block and the spring be one
system. For this mass spring system, there is so external force. (when oscillation takes place). The
momentum should be conserved. Let, 4kg block has velocity v'.

.. Initial momentum = Final momentum

SIxv=4xv = Vv =1/4m/s (As v = 1m/s from equation (1))

Now the two blocks have velocity 1/4 m/s at its mean poison.

KEmass = (1/2) m'v’ = (1/2) 4 x (1/4)* = (1/2) x (1/4).

When the blocks are going to the extreme position, there will be only potential energy.

- PE=(1/2) k&® = (1/2) x (1/4) where 6 — new amplitude.

1/4=1008% =5 = wfi = 0.05m = 5cm.
400

So Amplitude = 5cm.

28. When the block A moves with velocity V'’ and collides with the block B, it transfers all energy to the
block B. (Because it is a elastic collision). The block A will move a distance ‘X’ against the spring, again
the block B will return to the original point and completes half of the oscillation.

12.8
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m
2m,[—
. . . k _ |m
So, the time period of B is = N
\
The block B collides with the block A and comes to rest at that point. A AB B
The block A again moves a further distance ‘L’ to return to its original
position. m m
.. Time taken by the block to move fromM — N and N -»> M l I
L L L M moTX R
is —+— =2/ — < L >
vV VvV \Y,
. . - L L m
.. So time period of the periodic motion is 2 v +7n "
29. Let the time taken to travel AB and BC be t; and t, respectively
Fro part AB, a; =g sin45°. s, = L =2m
sin45°
Let, v = velocity at B A
V2 - U2 =2a; s, c
= V% =2 x g sin 45° x 01 _,
sin45° 10cm
=vVv= \/5 m/s 45° 60°
B
t1= u = @_ g = i =(0.2 sec
ay 9 10
V2
Again for part BC, a, = —g sin 60°, u =\/§, v=0
= 00V2 22 2x(1414) ool
J3 \/§g (1.732)x10
— g [
2
So, time period = 2 (t; + ;) = 2(0.2 + 0.155) = 0.71sec
30. Let the amplitude of oscillation of ‘m’ and ‘M’ be x4 and x, respectively.
a) From law of conservation of momentum,
mx4 = Mxy ...(1) [because only internal forces are present]
Again, (1/2) kx> = (1/2) Kk (X1 + X,)°
o X = Xq X0 (2)
[Block and mass oscillates in opposite direction. But x — stretched part] 41,

From equation (1) and (2) I—NVK\AW |_|
r

X0=X1+mX1=[M+ij1 | |

M M O M O
Mx,
"M+m
S0, Xp = Xg— X1 = Xg | 1- M | MXo respectively.
M+m M+m

b) At any position, let the velocities be v, and v, respectively.
Here, v4 = velocity of ‘m’ with respect to M.
By energy method
Total Energy = Constant
(1/2) MV? + (1/2) m(v1 =v,)? + (1/2) k(x4 +X2)? = Constant ...(i)
[v4 — v, = Absolute velocity of mass ‘m’ as seen from the road.]
Again, from law of conservation of momentum,

12.9
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Chapter 12

M
MXy = MXq =>X1 = — X (1)
m

M
mvy, = m(V1 —Vz) = (V1 —Vz) = E Vo (2)

Putting the above values in equation (1), we get

2 2
l Mv22 + 1 m M— v22 + l kx22 1+ M = constant
2 2 m? 2 m

2
M (1 +M) Vo + k [1 +M) x22 = Constant.
m m

= mv22 + k(1 +Mj x22 = constant
m

Taking derivative of both sides,
dﬁ+k—(M+m) 2%:0
dt dt

M+msz = 0 [because, v, =dst2]

M x 2v, — eXy

:>ma2+k[
a _ k(M+m)=w2
Xo Mm

k(M+m)
Mm

=

L=

Mm
k(M+m)
31. Let X’ be the displacement of the plank towards left. Now the centre of gravity is also displaced through ‘X’
In displaced position
R1 + R2 = mg.
Taking moment about G, we get
R1(#/2 — x) = Ry(#/2 + x) = (mg — Ry)(#/2 + x) ...(1)\
So, Ry (/12 — x) = (mg — Ry)(¥/2 + x)

So, Time period, T = 2xn

l )4 l
Ry =——Ryx=mg = —Rix+mgx—-R; —
= 12 1 92 1 g 12

Ry = +Ry = = +
= Ry 5 12 mg (x 2)
Lt 2X+ 0
:>R1 —+—|=mg
2 2 2
:>R12=w
2
=Ry = w(z)
2/
Now F4 = uRq = M
2/
Similarly F, =uR, = 2MI(/=2X)
2/
Since, Fy > F,. = F; —F, =ma = 2},1;’]9)(
33 - 219 =0’ 0= 2ng
X Y4 )

.. Time period = 27 L
\/ 2rg

12.10
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32.

33.

34.

35.

36.

T = 2sec.
T=2xn \/Z
g
m2=2n | = L= p=1em (nn?=10)
10 10 2
From the equation,

0 = sin [z sec” {]
o = sec ' (comparing with the equation of SHM)

:E=n:>T=2sec.

WeknowthatT=2n\/Z :>2=2\/Z 1= |t
9 g 9

.. Length of the pendulum is 1m.
The pendulum of the clock has time period 2.04sec.

Now, No. or oscillation in 1 day = w =43200

=1

But, in each oscillation it is slower by (2.04 — 2.00) = 0.04sec.

So, in one day it is slower by,
=43200 x (0.04) = 12 sec = 28.8 min
So, the clock runs 28.8 minutes slower in one day.

For the pendulum, L /92
T, 91

Given that, T4 = 2sec, g, = 9.8m/s?

__ 24x3600 _ _. 3600
2 (24 x 3600 — 24j 3599
2

2 2
NOW, g_ = [LJ
91 T

2
3599 2
=(9.8) | =——— | =9.795m/
g: = (08) [ So0 | = 0.705mis

L =5m.
a)T = Zn\/g =2n+0.5 =27r(0.7)

". In 27(0.7)sec, the body completes 1 oscillation,

In 1 second, the body will complete

T

1 10 0.70 .
= = times

27t(0 7) 14rn b
b) When it is taken to the moon

T=2n é where g'— Acceleration in the moon.
=2n S

1.67

1 1.67 1 .
f===—/—=—(0.577 times.

T ZTc\/ 5 = 5, 057N)= 223

) oscillation

1m.

12.11
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37. The tension in the pendulum is maximum at the mean position and minimum on the extreme position.
Here (1/2) mv® — 0 = mg {(1 — cos 60)
v = 2g8(1 - cosb)
Now, Tnax = mg + 2 mg (1 — cos 6) [T=mg +(mv2/£)]
Again, T, = mg cos6.
According to question, Tmax= 2T min
= mg + 2mg — 2mg cos6= 2mg cos6
= 3mg = 4mg cosb
= cos 0 = 3/4
= 0=cos™ (3/4)
38. Given that, R = radius.
Let N = normal reaction.
Driving force F = mg sin®.

Acceleration =a =g sin 6 R

As, sin 0 is very small, sin6 — 0

..Acceleration a = go N/ (o
Let ‘X’ be the displacement from the mean position of the body, \
L 0=xR

=a=g0 =g(x/R) = (a/x) = (g/R)
So the body makes S.H.M.

CT=2n \/Dlsplacem.ent =on X _ —op R
Acceleration gx/R g

39. Let the angular velocity of the system about the point os suspension at any time be ‘@’
So,v.=(R-no
Again v, = ro4 [where, o, = rotational velocity of the sphere]

0 = VTc= [Rt—rjm (1)

mg cos 0 mg sin 6 mg

mg

By Energy method, Total energy in SHM is constant.
So, mg(R — r)(1 — cos) + (1/2) mvZ+(1/2) los® = constant ,
R-r
- mg(R—r) (1= cosb) +(1/2) m(R —r)* o +(1/2) m*| ) o’ = constant

= g(R-r)1-cosb) +(R- r)2 o’ [%+%} = constant

. — .do 7 2, do B
Taking d tive, g(R - 0= R-1)2
aking derivative, g( r) sin pm 10( r) 2o pm

7
in6=2x —(R-
= gsin x 10( ro R-1)

=gsind = % (R-n)a (R-r)cos 6

o= 5gsin® _ 596

7R-r) 7(R-r)
IR

0 7(R-r)

So the motion is S.H.M. Again ® = ® 59 _ 1=, |[{R=D)
7(R-r) 59

40. Length of the pendulum = 40cm = 0.4m.
Let acceleration due to gravity be g at the depth of 1600km.

mg

= constant

~gd=g(1-d/R) =98 [1-1890) _g g (1-1 =08 x 3 =7.35mss?
6400 4 4
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Chapter 12

. Time period T' = 2% %

9

= ZnJ% =21 4/0.054 =21 x0.23 =2 x3.14 x 0.23 = 1.465 ~ 1.47sec.

41. Let M be the total mass of the earth.
At any position x,

4 P A
M, px[gjnxﬁ T H JoR
IV S = 53 m
M px[4jan3 R R 'Jf
IR
So force on the particle is given by, : / R
U \L
~Fx= G'V'zm = G'\"3mx (1) i
X R | M
So, acceleration of the mass ‘M’ at that position is given by, QT
a=OM, 3 _ 2 OM_g g M
X R2 X R3 R . - R2

So, T=2n /E = Time period of oscillation.
g
a) Now, using velocity — displacement equation.

V =0 (A2 —=R?) [Where, A = amplitude]
Givenwhen,y=R,v= JgR,® = \/g

= \/g_R = \/g ,/(A2 —R2) [because o = \/g]

S>R2=A’-R’= A= 2R

[Now, the phase of the particle at the point P is greater than n/2 but less than = and at Q is greater
than = but less than 37/2. Let the times taken by the particle to reach the positions P and Q be t; & t,
respectively, then using displacement time equation]

y = rsin ot
We have, R = \/5 R sin ot, = oty = 3n/4
&-R = /2 Rsin ot, = ot, = 5n/4
So, o—t) =2 > th—t = =

20 2.J(R/g)

T

m sec

b) When the body is dropped from a height R, then applying conservation of energy, change in P.E. =

Time taken by the particle to travel from Pto Qis t, —t; =

gain in K.E.

GMm GMm 1 5

- - = _—_m = R
= = R 5 \% =V=.g

Since, the velocity is same at P, as in part (a) the body will take same time to travel PQ.

c) When the body is projected vertically upward from P with a velocitng_R, its velocity will be Zero at
the highest point.
The velocity of the body, when reaches P, again will be v =\/giR, hence, the body will take same

time _r to travel PQ.

2JR/g)
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Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 12

42. M =4/3 1R%.
M' = 4/3 nx°p

M = [Qﬂijﬁ

a) F = Gravitational force exerted by the earth on the particle of mass ‘X’ is,

_ GM'm _ GMm x,° _ GMm _ _ GMm R?
R e e e L
X4 R®  x, R R 4
b)F, = F cos g = SMmxy X _ GMmx
R X4 R3
F.=Fsing= GMmx; R _ GMm

R® 2x; 2R?

c)Fy= (;'YITT [since Normal force exerted by the wall N = F,]

d) Resultant force = GMan
R
e) Acceleration = Driving force _ GI\/?IJmX _ Gl\gx
mass R3m R

So,aax (The body makes SHM)

3
L 2=wi= /GM S T=2n
X GM

m(g+ao)sin 6 ma.

L
43. Here driving force F=m(g+ap)sin6 (1) A
. F . (g+ag)x
Accelerationa= — =(g +ag) sinf = ———
m (9 +ao) 7 B mg
(Because when 0 is small sin 6 — 06 = x/f)
L a= (9+ag)x _
L
.. acceleration is proportional to displacement.
So, the motion is SHM.
Now 2 = (9+30)
4
L T=2n ‘
g+ap
b) When the elevator is going downwards with acceleration ag
Driving force = F = m (g — ap) sin 6.
Acceleration = (g — ap) sin 6 = w = 0° X L
l A lao
2n 4 Y
= — =2n O
[0 g—3ay B mg

¢) When moving with uniform velocity ag = 0.

For, the simple pendulum, driving force = %

=a-= g_:>5={
)4 a

/d|splaceme nt o’
acceleration g

mg

0

mag

m(g+ao)sin 6

12.14
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44. Let the elevator be moving upward accelerating ‘ao’
Here driving force F = m(g + ao) sin 6
Acceleration = (g + a,) sin 6
=(g +ag)o (sin® — 6)
= (g+ag)x = o2

g+ag
Given that, T = n/3 sec, £ = 1ft and g = 32 ft/sec?
T 1

— =2n
3 32+ag

L
9 32+a

=32+a=36 = a=36-32 =4 ftlsec’
45. When the car moving with uniform velocity

T=275\/Z:>4=2n\/Z (1)
g g

When the car makes accelerated motion, let the acceleration be ag
4

g2 + aOZ

~399=2n |
g” +ag

/
I__4 _ (92+302)1 ‘
T 3.99 \/5
Solving for ‘ag’ we can get ap = g/10 ms
46. From the freebody diagram,

T=_[(mg)? +[mr—‘2’2]

4 a\1/2
\ . 2 Vv
=m ,|g° +— =ma, where a = acceleration = | g% + -
r2 r2 T

The time period of small accellations is given by,
T=2n \/Z =
9

47. a)f=3cm =0.03m.

T=2n \/7 1/00 = 0.34 second.

b) When the lady sets on the Merry-go-round the ear rings also experience
centrepetal acceleration

T=2n

Now

-2

Resultant Acceleration A = /g% +a® = /100 +64 = 12.8 m/s’

Time period T = 2 \/z = 27:1/0 03 = 0.30 second.
A 12.8

mg

L
A Tao
o |
O mg l
B mg
map
{
mg mv?/r
mg
| |
mv?/r
var
A
g
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48. a) M.l. about the pt A =1=lc g + Mh?

(ML T 2 1 1+1.08 2.08 ® [T20em

12 2" 12 +m(0.3) =M(—+0.09 =M | ——- =|V|('— A
12 12 12 30em

B
S T=2n . 2n W/ﬂ (' = dis. between C.G. and pt. of suspension)
mg/’ mx9.8x0.3
~ 1.52 sec.
b) Moment of in isertia about A A

| = lcg+ mr* =mr? + mr® = 2 mr®

2
.. Time period = 27 S 2n 2mr” 2n 2
\/ mg/ mgr g
a+a? 2ma?
c) lzz (corner) = m 3 = 3

In the AABC, £ + {* = a°

V

~E=

oE

2

2 2
S T=2r ! =2n 2ma =2n 2a =2n @
\ mg/ \I 3mg/ 3gav2 | 3g

d)h=r/2, £=r/2=Dist. Between C.G and suspension point.

2 2 2 4
2 2
- T=2r L =21 m:zn L:zn i
mg/ 4mg/ [ r j 29
49 -
2
49. Let A — suspension of point.
B — Centre of Gravity.
v=12, h =142
Moment of inertia about A is

m¢?2 N m¢? _ m¢?2
12

4 3
,7 2
=T=2n ! =2n 2m¢ =2n 20
\/ [!j 3mgl 3g
mg| —
2
Let, the time period ‘T’ is equal to the time period of simple pendulum of length ‘x’.
S T=2n \/%.So 2 _x =X= 2

"33 g 3

.. Length of the simple pendulum = %

2 2
M.I. about A, 1 = Ig g+ Mh? = £+n[LJ = mr? [l+lj - %mrz

| =lcg + mh?=

50. Suppose that the point is X’ distance from C.G.
Let m = mass of the disc., Radius =r
Here I = x
M.I. about A = I g + mx® = mr¥/2+mx’ = m(r’/2 + X°)
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2

For T is minimum dL =0
dx

d »_ d(4n’r? 4n?2x2
- T = - 4
2gx 2gx

" dx dx

51. According to Energy equation,

mgf (1 — cos 0) + (1/2) lo?® = const. A
mg(0.2) (1 — cosB) + (1/2) lo® = C. )
Again, | = 2/3 m(0.2)* + m(0.2)? A
= m[%+0.04} 1.8cm
0.1208 Q 2om ()
= m[ : }m. Where | - Moment of Inertia about the pt of suspension A
-/

From equation
Differenting and putting the value of  and 1 is

d 10.1208 _ ,] d
— | mg(0.2)(1-cos 0) + = ——— =—(C
dt[mg( )(1-cos )+2 3 mm} 5 ©

=0

= mg (0.2) sin6 @+ 1(0.1208 m2md—m
da 2 3 dt

— 2N = 0.1208

o [because, g = 10m/s?]

For simple pendulum T = 2x % = 0.86sec.

% more = % =0.3.
. Itis about 0.3% larger than the calculated value.

52. (For a compound pendulum)

A
a)T=2n | =20 [ L "
mg/ mgr 7
The MI of the circular wire about the point of suspension is given by @
- 1=mr? + mr® = 2 mr? is Moment of inertia about A. B

12.17
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2
. 2=2n m:zn %

=2 = 8 —05n=50cm. (Ans)
g = 2n
b) (1/2) > — 0 = mgr (1 — cosh)
= (1/2) 2mr® — ©° = mgr (1 - cos 2°)
= 0’=g/r (1 - cos 2°)
= o = 0.11 rad/sec [putting the values of g and r]
=vVv=0X%2r=11cm/sec.
c) Acceleration at the end position will be centripetal.
=a, = o’ (2r) = (0.11)* x 100 = 1.2 cm/s?
The direction of ‘a,’ is towards the point of suspension.
d) At the extreme position the centrepetal acceleration will be zero. But, the particle will still have
acceleration due to the SHM.
Because, T = 2 sec.

Angular frequency o = ZT (n=3.14)

So, angular acceleration at the extreme position,

3
o= 0’0 = n° x 2n _ 2n [1°= —rad|ous]
180 180 180

3
So, tangential acceleration = o (2r) = 12;50

x 100 = 34 cm/s?.

53. M.l of the centre of the disc. = mr%/2

T= 27:\/7 ‘,mr [whereK Torsional constant]

T2 = 47 ﬂ = 272 K N\
2K
2 2
2P mP=KT? =K-= 2mr2n O
T
2_2
.. Torsional constant K = 2mr2n
T
54. The M.I of the two ball system
| =2m (L/2)* = m L%?2 —
At any position 6 during the oscillation, [fig-2]

Torque = kb
So, work done during the displacement 0 to 6y,
9 O———=0

W = J.k9d6= K 06%/2

By work energy method,
(1/2) lo®— 0 = Work done = k 8,%/2
o2 = 0" _ KOp®
2 mL?
Now, from the freebody diagram of the rod,

T, = y(mw?L)? +(mg)?

2 ) 20 4
= \/[m k902 xL] +m?g®> = k70 +m?g?
mL’

12.18
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Chapter 12

55. The particle is subjected to two SHMs of same time period in the same direction/
Given, ry = 3cm, r = 4cm and ¢ = phase difference.

Resultant amplitude = R = \/r12 + r22 +2ryr, cos ¢
a) When ¢ = 0°,
R= (32 +4%+2x3x4c0s0° =7 cm
b) When ¢ = 60°
R= (32 +42 +2x3x4c0s60° = 6.1 cm
c) When ¢ =90°
R= (32 +42 +2x3x4c0s90° =5 cm

56. Three SHMs of equal amplitudes ‘A’ and equal time periods in the same dirction combine.
The vectors representing the three SHMs are shown it the figure.
Using vector method,

Resultant amplitude = Vector sum of the three vectors
=A+Acos60°+Acso60°=A+A2+A2=2A
So the amplitude of the resultant motion is 2A.

57. x1=2sin 100 =t
X2 = w sin (120t + n/3)
So, resultant displacement is given by,
X = X1 + X2 = 2 [sin (100xt) + sin (120xnt + 7/3)]
a) Att=0.0125s,
x =2 [sin (1007 x 0.0125) + sin (120% x0.0125 + 7/3)]
= 2 [sin 57t/4 + sin (31/2 + 7/3)]
=2[(-0.707) + (-0.5)] = — 2.41cm.
b) Att=0.025s.
x =2 [sin (1007 x 0.025) + sin (120% x0.025 + n/3)]
= 2 [sin 51/2 + sin (3n + 7/3)]
=2[1+(-0.8666)] = 0.27 cm.
58. The particle is subjected to two simple harmonic motions represented by,
X = Xg Sin wt
S =g sin wt
and, angle between two motions = 6 = 45°
..Resultant motion will be given by,

R = /(x? + 52 + 2xsC0S 45°)

= \/{xo2 sin? wt + 5,2 sin® Wt + 2X,S, sin? wix(1/~/2)}
= [xo2 +soz= \/E xoso]”2 sin wt

.. Resultant amplitude = [xo2 +302= 2 xoso]”2

L X X X X J

12.19
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SOLUTIONS TO CONCEPTS
CHAPTER 13

1. p=hpg
It is necessary to specify that the tap is closed. Otherwise pressure will gradually decrease, as h
decrease, because, of the tap is open, the pressure at the tap is atmospheric.

2. a) Pressure at the bottom of the tube should be same when considered for both limbs. Pa
From the figure are shown, l
pg+Pngh2xg=Pa+pngh1xg T
= Pg = Pa * Prg X g(h1 — hy) == Pa
b) Pressure of mercury at the bottom of u tube Gas ;a l
P =patpughixg !

3. From the figure shown
Pa + hpg = pa + mg/A

= hpg = mg/A A =900 cm’
= h= ﬂ
Ap

4. a) Force exerted at the bottom.
= Force due to cylindrical water colum + atm. Force
=Axhxp,xg+p,*xA
=A(h pw g + pa)
b) To find out the resultant force exerted by the sides of the glass, from the freebody, diagram of water
inside the glass
PaxA+mg=Axhxp,xg+Fs+p,xA
=>mg=Axhxp,xg+Fs
This force is provided by the sides of the glass.
5. If the glass will be covered by a jar and the air is pumped out, the atmospheric pressure has no effect.
So,
a) Force exerted on the bottom.
=(hpwg) xA
b) mg=hxp,xgxAxF
c) It glass of different shape is used provided the volume, height and area remain same, no change in
answer will occur.
6. Standard atmospheric pressure is always pressure exerted by 76 cm Hg column
= (76 x 13.6 x g) Dyne/cm®.
If water is used in the barometer.
Let h — height of water column.
s hxp,xg
F=PxA=(hp,xg)A
The force does not depend on the orientation of the rock as long as the surface area remains same.
F=Ahpg.
The force exerted by water on the strip of width 8x as shown,
dF=pxA
= (xpg) x A
c) Inside the liquid force act in every direction due to adhesion.
di=Fxr
d) The total force by the water on that side is given by

oo
O Q0O T QO
_= = = -

)
F= j 20000 x8x = F = 20,000 [x2/2]}
0

e) The torque by the water on that side will be,

131
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Chapter-13

10.

11.

12.

13.

14.

15.
16.

17.
18.

1
i= jzoooo x8x (1= x) = 20,000 [x2/2-x3/3]}
0

Here, mp=ma, +m, =36 g (1)
Let V be the volume of the ornament in cm®
So,Vxpyxg=2xg

= (Vau+ Vo) XpuXg=2xg

= (£+£Jpwxg =2xg

Pau au

= [Mau  Mau | 429
193 89

=89 mp, +19.3my, =2 x19.3 x 8.9 =343.54 ...(2)
From equation (1) and (2), 8.9 mp, + 19.3 m, = 343.54
N 8.9(mp, +mg,)=8.9%x36

mg, =2.225¢g
So, the amount of copper in the ornament is 2.2 g.

[MA“ + VCJPW xg =2 x g (where V, = volume of cavity)

PAu
mg = U + R (where U = Upward thrust)
=>mg-U=R

= R=mg -v py, g (because, U = vp,g)
m

=mg-—- —XpyX*g
p

a) Let V; - volume of boat inside water = volume of water displace in m?®.
Since, weight of the boat is balanced by the buoyant force.
= mg=V;xp,xg
b) Let, v' = volume of boat filled with water before water starts coming in from the sides.
mg+v' pyxg=Vxp,xg.
Let x - minimum edge of the ice block in cm.
So, mg + Wi, = U. (where U = Upward thrust)
:>O_5xg+x3xPicexg=x3waxg
Vice = Vk + Vw
Vice X pice X g = Vi X px X g+ Vy X py X g
= (Vi + Vi) X pice = Vik X px + Vy, X py
= V—W =1.
Vi
Vig =V puwg
(mw + mpb)g = (Vw + Vpb) p xg
m

m
= (my, + Mpy,) = “w  pb p
Pw  Ppb

Mg =w = (my + Mp,)g =Vy X p x g

Given, x =12 cm

Length of the edge of the block png = 13.6 gm/cc
Given that, initially 1/5 of block is inside mercuty.
Let p, — density of block in gm/cc.

2 (0% % pp x g = (X)° X (xI5) X prg x g

=12°x p, =122 x 12/5x 13.6

13.6
= pp= = gm/cc

13.2
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Chapter-13

After water poured, let x = height of water column.
Vp = Vi + Vyy = 12°
Where V4 and V,, are volume of block inside mercury and water respectively
S (Vo X pp X g) = (Vg * prg * 9) + (Vuw X pw % 9)
= (VHg + Vw)pb = VHg x PHg + Vw X Pw-
13.6

= (Vg + Vi) ¥ = Vg x 13.6 +V,, x 1

13.6

= (12)° x = (12 = x) x (12)° x 13.6 + (x) x (12)* x 1

=x=104cm
19. Here, Mg = Upward thrust
= Vpg = (V/2) (pw) * g (where p,, = density of water)

:inrs—inr3 —1 i7rr‘°’><
32 31P 232 Pw

= (° —r’)xp =%r23 x1 = 865 kg/m®.

20. W1 + W2 =U.
=>mg+V xpgxg=V xp, x g (where ps = density of sphere in gm/cc)
=1-ps=0.19
= ps=1-(0.19) = 0.8 gm/cc
So, specific gravity of the material is 0.8.
21. Wi=mg—Vpg xg= [m_pmpairJg

m
Wy =mg -V, par g = (m __pairJg

w

22. Driving force U = Vpug

—a=mn?(X)xpyg = T=2n /dlsplacem.ent
Acceleration

23. a) F+ U =mg (where F = kx)
= kx+ Vp,g=mg
b) F=kX+ Vp, xg
= ma=kX+rcr2><(X)XpWXQ=(k+nr2><pw><g)X
(k+1tr2><pw><g)><
m

= T=2n +
K+arexp, xg

24. a) mg=kX + Vp,g

= o’ x(X)= (X)

b) a=kx/m
w?x = kx/m
T=2nvm/k

25. Let x — edge of ice block
When it just leaves contact with the bottom of the glass.
h — height of water melted from ice
Ww=u
= szpicexg=xthxpwxg
Again, volume of water formed, from melting of ice is given by,
#-x=nxr*xh-xh ( because amount of water = (rrr2 - x2)h)
=4 -x>=1x3*xh-x*h
Putting h =0.9 x = x = 2.26 cm.

13.3
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Chapter-13

26. If p, —» atm. Pressure
A — area of cross section
h — increase in hright
PA+AxLxpxag=pa"+hpgxA
= hg=agl = aol/g
27. Volume of water, discharged from Alkananda + vol are of water discharged from Bhagirathi = Volume of
water flow in Ganga.
28. a) ap x VA = Q/.\
b) anxVa=apxVp
c) 1/2 pva®+ pa=1/2 pvg’ + pg
= (pa—Pe) = 1/2 p (v&* = VA)
29. From Bernoulli's equation, 1/2 pva? + pgha + pa
= 1/2 pvg® + pghs + pe.
= Pa—Pg = (1/2) p (vg* = Va°) + pg (hg — hp)
30. 1/2 pvg’ + pghg + pg = 1/2 pva’ + pgha + pa
31. 1/2 pva’ + pgha + pa =1/2 pvg’ + pghg + ps
= Pg—Pa=1/2 p(va’ = V&°) + pg (ha — hg)
32. vpap =Vgxag
= 1/2 pva’ + pgha + pa = 1/2 pvg” + pghs + pg
= 1/2 pva® + pa = 1/2 pvg° + ps
= Pa—Pg=1/2 p(vs® - vg?)
Rate of flow = v, x ap
33. Vaap=vgag= ~A_2%8
B a,
5va = 2vg = vg = (5/2)va
1/2 pva” + pgha + pa = 1/2 pvg” + pghs + pg
= Pa—Pg=1/2p (vs° — vg°) (because Pa — Pg = hpng)
34. Pa+ (1/2)pva’ = Pg + (1/2) pva” = pa— Pe = (1/2)pVs” {va = 0}
= pgh = (1/2) pve’ {pa = Pam + pgh}

= Vg = 4/2gh

dh \/297 —dh= ax,129h x dt

= AXx —=ax
dt A

d) gh = 3Xveghxdt \MST:%E[\/E_E]

A
35. v=2g(H-h)

t=2h/g

x=vxt=,2gH-h)x2h/g = 44/(Hh—h?)

So, = [d—(th(Hh—hz):O =0=H-2h = h=H/2.

W)
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FL AL F
= —_— : —_— —
AAL L YA
2. p=stress =mg/A
e = strain = p/Y
Compression AL = el
L
AY
4. Lsteel = Lcu and Asteel = Acu
Stress of cu _ Fy, Ag
Stressof st Ag, Fy

Alst  Fylg

A

SOLUTIONS TO CONCEPTS
CHAPTER 14

= Fc_u:’]
Fst

Y,

—— ( Lcu = Ist ; Acu = Ast)

b) Strain = =
Alcu Ay Yy

s (T~
UL gAY,

S
L o AV

strain steel wire

Fedl

cu'cu

Yeu

Strain om copper wire - AY F

6. Stress in lower rod = L =

1

Stress in upper rod = T2

u

For same stress, the max load that can be put is 14 kg. If the load is increased the lower wire will break

The maximum load that can be put is 2 kg. Upper wire will break first if load is increased.

first.
T _M8+09 _ g, 408
A, A,
T, _ myg+mg+og
AU AU
7. y=tLb
A AL
8 _FL F YA AL
A AL L
9. myg-T=ma (1)

and T—-F=ma

m,g-F

..(2)

—a-=

FAY,

(A =Ag) ="

Y,

st
myg + og
A1
Mg +mg+wg
Ay

=w =14 kg

= w=.18 kg

= w=14kg

=8x10°= wy=2kg
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Chapter-14

10.

11.

12.

m,g

From equation (1) and (2), we get ——=———
2(my+my)

Again, T=F + mya

_or_Mg, Mg M3g -+ 2mymy,g
! 2(my+m,) 2(my+my)
Now Y = i:A_L:L
A AL L AY

_ AL _(m3+2mimy)g _ myg(m, +2m;)
L 2(my+my)AY  2AY(m,+m,)

At equilibrium = T =mg

mzg

When it moves to an angle 6, and released, the tension the T’ at lowest point is

2
mv

=>T=mg+ —
"

mv?

The change in tension is due to centrifugal force AT = —— ..

r
= Again, by work energy principle,

= %mv2 — 0 =mgr(1 - cosb)

= v* = 2gr (1 - cosf)
m[2gr(1-cos0)]
r

So, AT = =2mg(1-cos0)

=F=AT

YA AL

=F= =2mg — 2mg cos 6 = 2mg cos 6 = 2mg —

YA AL

=cos0=1-
L(2mg)

From figure cos 6 =

-1/2
X X X2
=
X2 +1? ' |

=x/I .. (1)
Increase in length AL = (AC + CB) — AB
Here, AC = (I + x%)"2

So, AL = 2(* + x%)"? - 100 (2
F I
Y= —— ...(3
A Al )
From equation (1), (2) and (3) and the freebody diagram,
2| cosb = mg.
Y = i = A_L = L
AAL L Ay
_ AD/D AD AL
- — = —
AL/L D L
Again, % = &
A r
= A= &

(1)

(2)

YA AL
L

14.2
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Chapter-14

0
pogh 1 2 pogh

(Vo —Va)/ Vo Vo B
:Ez(w@j (2)
Vo B
Putting value of (2) in equation (1), we get

P __ 1 o1
po 1-pogh/B P (1=pgh/B) "

F

15. n=—

1= a0
Lateral displacement = 16.

16. F=TI

vol.strain =

2Tug

4T, 2T,
17. a) P= b)F>=T c)P:T

18. a) F=P,A
b) Pressure = Py + (2T/r)
F=PA=(Py+ (2T/NA

c) P=2Tir
F=PA= EA
r
19. a) h, = 2Tcos6 b) hg = 2Tcos6 ¢) he = 2Tcos6
A —P9 'sP9 fcp9
2T,,C0s6
20. hyg=—"o— 19
rpHgg
h, = 21,086, where, the symbols have their usual meanings.
.9
h

Ny _ To  PHg COSO,
Phg Thg Po COSOyg
_ 2Tcosb6

reg
22. P= 2T

r

P=Fir
23. A=nr
24, iTER?’ =£nr3 x8

3 3

=r=R/2=2

Increase in surface energy = TA’ — TA

21. h

14.3
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Chapter-14

25.

26.

27.
28.
29.

30.

31.

32.

h = 2T cos6 b= 2T cos6

rpg rpg

h'rpg
=cos = ———
2T
So, 0 =cos™" (1/2) = 60°.
a) h= 2T cos6
rpg
b) Tx2nrcos @ =nr‘hxpxg
.. cos 0= m
2T

T(2)=[1 x (107 x h]pg

Surface area = 4nr’
The length of small element=rd 6
dF=Txrdo
considering symmetric elements,
dF, = 2T rd6 . sind [dF, = 0]
/2
so, F = 2TrJ sin6d6 = 2Tr{cos 0%/ =T x 2r
0
Tension = 2T =T x2r=T,=Tr
a) Viscous force = 6nnrv

b) Hydrostatic force = B = (%)nrscg

c) 6mnrv+ (%} aricg =mg

m
_2r%(p-0)g _ 2.2 [<4/3)m3 ng
9 n 9 n

To find the terminal velocity of rain drops, the forces acting on the drop are,
i) The weight (4/3)x r* pg downward.
ii) Force of buoyancy (4/3)r r og upward.
iii) Force of viscosity 6 n n r v upward.

Because, o of air is very small, the force of buoyancy may be neglected.
Thus,

Vv

2
6rnrv= (i)nrng or v=2Cp9
3 9
pD n
AAAA

14.4
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SOLUTIONS TO CONCEPTS
CHAPTER 15

1. v=40cm/sec
As velocity of a wave is constant location of maximum after 5 sec
=40 x 5 = 200 cm along negative x-axis.

2. Giveny= Ag l0x/ay (T
a) [A] = [M°L'TY), [T] = [M°L°T"]
[a] = M°L'T’]
b) Wave speed, v = A/T = a/T [Wave length A = a]
c) Ify =f(t— x/v) > wave is traveling in positive direction
and if y = f( t + x/v) > wave is traveling in negative direction
—(1/T)[L+tr

So,y = Ae /U = Ag " laiT

_ Aef(wT)Bn]z

ie.y=flt+(x/v)}
d) Wave speed, v =alT
. Max. of pulse att =T is (a/T) x T = a (negative x-axis)
Max. of pulse at t = 2T = (a/T) x 2T = 2a (along negative x-axis)
So, the wave travels in negative x-direction.

3. At t=1sec, s;=vt=10x1=10cm
t =2 sec, s, =vt=10x2=20cm
t =3 sec, s3=vt=10x3=30cm

4. The pulse is given by, y = [(a°) / {(x — vt)* + a*}]
a=5mm=0.5cm,v=20cm/s
Att=0s,y=a’/(x* +a’)
The graph between y and x can be plotted by taking different values of x.
(left as exercise for the student)
similarly, att=1s, y= a’/ {(x— v)2 + a2}
andatt=2s, y=a’/{(x—2v)®+a?%
5. Atx=0,f(t) =a sin (I/T)
Wave speed = v
= A = wavelength = vT (T = Time period)
So, general equation of wave
Y =Asin [(VT) — (x/vT)] [because y = f((t/T) — (x/A))
6. Att=0, g(x)=Asin (x/a)
a) [ML'TY = [L]
a=[ML"T =[]
b) Wave speed =v
.. Time period, T = a/v (a = wave length = 1)
.. General equation of wave
y =Asin{(x/a)—t/(alv)}
=Asin {(x—vt)/ a}
7. Att=t, g(x, tp) = A sin (x/a) (1)
For a wave traveling in the positive x-direction, the general equation is given by

x t
= fl ———
Y (a TJ
Putting t = -ty and comparing with equation (1), we get

= g(x, 0) = A sin {(x/a) + (t,/T)}
= g(x, t) = A sin {(x/a) + (to/T) — (V/T)}

15.1

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 15

As T = alv (a = wave length, v = speed of the wave)

=>y= Asin[§+t—°—#J
a (alv) (alv)

_ Asin(x +V(tg —t))
a
x—v(t—to)}
a
8. The equation of the wave is given by
y= (0.1 mm) sin [(31.4 m)x +(314 s)t]  y=rsin {(2nx/ L)} + ot)
a) Negative x-direction
b) k=31.4m™
=>20A=314=21=21/31.4=0.2mt=20 cm
Again, ® = 314 s
= 2nf=314 = =314/ 2n = 314 / (2 x (3/14)} = 50 sec”™’
.. wave speed, v = Af = 20 x 50 = 1000 cm/s
c) Max. displacement = 0.10 mm
Max. velocity = aw = 0.1 x 107" x 314 = 3.14 cm/sec.
9. Wave speed, v=20m/s
A =0.20 cm
A=2cm
a) Equation of wave along the x-axis
y = A sin (kx — wt)
. k=2n/A=2n/2=ncm’
T = Mv = 2/2000 = 1/1000 sec = 10~ sec
= 0=21/T=21x10"sec”’
So, the wave equation is,
5 y=(0.2 cm)sin[(r cm™)x — (21 x 10° sec )]
b) Atx=2cm,andt=0,
y =(0.2 cm) sin (n/2) =0
~ v=rocos nx =0.2 x 2000 & x cos 2n =400 n
=400 x (3.14) = 1256 cm/s
=400 m cm/s =4n m/s
10. Y = (1 mm)sin = {L— : }
2cm 0.01sec
a) T=2x0.01=0.02sec=20ms
A=2x2=4cm
b) v =dy/dt = d/dt [sin 2n (x/4 — t/0.02)] = —cos2x {x/4) — (1/0.02)} x 1/(0.02)
= v =-50 cos 2= {(x/4) — (t/0.02)}
atx=1andt=0.01sec, v=-50cos 2" [(1/4) - (1/2)] =0
c) i) atx=3cm,t=0.01sec
=-50cos2n (3/4-7%)=0
i) atx=5cm, t=0.01sec, v =0 (putting the values)
iii) atx=7cm, t=0.01sec,v=0
atx=1cmandt=0.011sec

=-50 cos 2n {(1/4) — (0.011/0.02)} = -50 cos (37/5) = —9.7 cm/sec
(similarly the other two can be calculated)

11. Time period, T =4 x 5 ms = 20 x 10°=2x107%s
A=2x2cm=4cm
frequency, f=1/T=1/(2x 10?) =50 s = 50 Hz
Wave speed = Af =4 x 50 m/s = 2000 m/s = 2 m/s

=>y= Asin[

15.2
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12. Given that, v =200 m/s
a) Amplitude, A=1mm
b) Wave length, A =4 cm
c) wave number, n = 27n/A = (2 x 3.14)/4 = 1.57 cm™ (wave number = k)
d) frequency, f=1/T = (26/1)/20 = 20/4 =5 Hz
(where time period T = A/v)
13. Wave speed = v = 10 m/sec
Time period =T=20ms =20 x 10° =2 x 10 sec
a) wave length, . =vT=10x2x 102 =0.2m =20 cm
b) wave length, L =20 cm
. phase diff" = (2n/A) x = (2 / 20) x 10 = n rad
y1 =asin (ot—kx) = 1.5=asin (ot-kx)
So, the displacement of the particle at a distance x = 10 cm.
2nx  27nx10
T
y> =asin (ot — kx + 1) = —a sin(ot — kx) = -1.5 mm
", displacement = —1.5 mm
14. mass =5g, length | =64 cm
.. mass per unit length = m = 5/64 g/cm
.. Tension, T =8N =8 x 10° dyne

V= J(T/m) =+/(8x10° x64)/5 = 3200 cm/s = 32 m/s

e

a) Velocity of the wave, v = /(T/m) = /(16 x10°)/0.4 = 2000 cm/sec
. Time taken to reach to the other end = 20/2000 = 0.01 sec
Time taken to see the pulse again in the original position = 0.01 x 2 = 0.02 sec
b) Att=0.01s, there will be a ‘though’ at the right end as it is reflected.
16. The crest reflects as a crest here, as the wire is traveling from denser to rarer medium.
= phase change =0
a) To again original shape distance travelled by the wave S = 20 + 20 = 40 cm. I
Wave speed, v =20 m/s = time = s/v = 40/20 = 2 sec <+—20 cm—
b) The wave regains its shape, after traveling a periodic distance = 2x30 = 60 cm

.. Time period = 60/20 = 3 sec.
c) Frequency, n = (1/3 sec™) P
n=(1/21){/(T/m) m = mass per unit length = 0.5 g/cm 30 cm —*]

= 1/3 = 1/(2 x 30) [(T/0.5)

= T =400 x 0.5 =200 dyne =2 x 107% Newton.
17. Let v, = velocity in the 1*' string

=7 ]is given by

=>vy=4/(T/my)

Because m; = mass per unit length = (psa4l4 / |1) = p1a; where a; = Area of cross section
=>vi=(T/pay) ...(1)

Let v, = velocity in the second string

= vy = (T/m?)

= vy = (T/pra,) ...(2)

Given that, v4 = 2v,

= \/(T/P1a1) = 2\/(T/p2a2) = (T/aip1) = 4(T/azp,)

=pilp2=14=py:p=1:4 (because a; = ay)
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18.

19.

20.

21.

22.

23.

m = mass per unit length = 1.2 x 107 kg/mt
= (0.02m) sin [(1.0 m™")x + (30 st

Here, k =1 m = 2n/n

®=30s"=2xf

.. velocity of the wave in the stretched string

v =AM = w/k =30/1 =30 m/s

=v=T/m = 30(T/1.2)x10*N)

=T=10.8x10°N = T=1.08 x 10” Newton.

Amplitude, A=1cm, Tension T=90 N

Frequency, f = 200/2 = 100 Hz

Mass per unit length, m = 0.1 kg/mt

= JT/m =30m/s
A =V/f=30/100=0.3m=30cm
b) The wave equation y = (1 cm) cos 2= (1/0.01 s) — (x/30 cm)
[because at x = 0, displacement is maximum]
c) y=1cos 2n(x/30 — t/0.01)
= v =dy/dt = (1/0.01)2x sin 2= {(x/30) — (¥/0.01)}
a = dv/dt = — {4n? / (0.01)% cos 2 {(x/30) — (t/0.01)}
When, x=50cm,t=10ms =10 x 103s
= (2n /0.01) sin 27 {(5/3) — (0.01/0.01)}
= (p/0.01) sin (2r x 2/ 3) = (1/0.01) sin (4n/3) = —200 = sin (n/3) = —200 nx (~/3/2)
=544 cm/s =5.4 m/s
Similarly
a={4n”/(0.01)% cos 2r {(5/3) — 1}
= 47° x 10* x % = 2 x 10° cm/s® = 2 km/s®
I=40cm, mass=10g
.. mass per unit length, m = 10 / 40 = 1/4 (g/cm)
spring constant K= 160 N/m
deflection=x=1cm=0.01m
= T=kx=160x0.01=1.6 N =16 x 10* dyne

Againv = [(T/m) = (16 x10* /(1/4) =8 x 10 cm/s = 800 cm/s

.. Time taken by the pulse to reach the spring
t =40/800 = 1/20 = 0/05 sec.
m; =m, = 3.2 kg

mass per unit length of AB = 10 g/mt = 0.01 kg.mt A "
mass per unit length of CD = 8 g/mt = 0.008 kg/mt c
for the string CD, T=3.2x g m;

=v=(T/m) = J(3.2x10)/0.008 = /(32x10%)/8 = 2x10+10 =20 x 3.14 =63 m/s

for the string AB, T=2x3.2g=64xg=64N

=v=/(T/m) = ,/(64/0.01) = /6400 =80 m/s

Total length of string 2 + 0.25 = 2.25 mt
45%x107

Mass per unitlengthm= ===~ =2 x 107 kg/m
P g 225 1P

T=2g=20N

Wave speed, v = /(T/m) = @/(2><10’3):\/F= 10° m/s = 100 m/s
Time taken to reach the pully, t = (s/v) = 2/100 = 0.02 sec.

m=19.2 x 10~ kg/m

from the freebody diagram,

T-4g9-4a=0 4 kg
=>T=4(a+g)=48N 4g
wave speed, v = /(T/m) =50 m/s

4a
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24. Let M = mass of the heavy ball
(m = mass per unit length)
Wave speed, v; = /(T/m) = /(Mg/m) (because T = Mg)
=60 = ,/(Mg/m) = Mg/ m=60> ...(1)
From the freebody diagram (2),
vy = /(T"/m)
[(Ma)” +(Mg)*]"*
m1/2

[(Ma)® + (Mg)°T"* |
172 |_a
|

v, = (because T’ = 4/(Ma)® +(Mg)?* )

=62=

m

2 2 Ma
- (Ma)m+(Mg) - 622 @

Eq(1) + Eq(2) = (Mg/m) x [m //(Ma)? + (Mg)? ] = 3600 / 3844 (Mﬁ?on)
=g/ @ +g?) =0.936 = g°/ (a’ + g°) = 0.876
= (a® + 100) 0.876 = 100
= a’x0.876 =100 - 87.6 = 12.4
=a’°=12.4/0.876 = 14.15 = a = 3.76 m/s’
~. Acce" of the car = 3.7 m/s?

25. m = mass per unit length of the string
R = Radius of the loop
o = angular velocity, V = linear velocity of the string
Consider one half of the string as shown in figure. I
The half loop experiences cetrifugal force at every point, away from :
centre, which is balanced by tension 2T. l c
Consider an element of angular part do at angle 6. Consider another T T
element symmetric to this centrifugal force experienced by the element
= (MRd6)w°R.
(...Length of element = Rd0, mass = mRdo)
Resolving into rectangular components net force on the two symmetric elements,

DF = 2mR? d0w? sin 0 [horizontal components cancels each other]
nl2
So, total F = j 2mR%0? sin0do = 2mR%w? [- cosf] = 2mR%w’
0

I (mRdOWR
0

Again, 2T = 2mR%»’ =T =mR%’
Velocity of transverse vibration V= vT/m = oR =V
So, the speed of the disturbance will be V.
26. a) m — mass per unit of length of string
consider an element at distance X’ from lower end.
Here wt acting down ward = (mx)g = Tension in the string of upper part

Velocity of transverse vibration =v = /T/m = \/(mgx/m) =./(gx)

b) For small displacement dx, dt = dx /./(gx)

L
Total time T = [dx/\/gx = /(4L/g)
0

c) Suppose after time ‘t’ from start the pulse meet the particle at distance y from lower end.

“

Yy
t= [dx/Jgx = (@y/g) A g
!X\/?JVQ T

B%
.. Distance travelled by the particle in this time is (L — y) 51 Ts
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27.

28.

29.

30.

31.

32.

33.

L S—ut+1/2gf

= L-y(1/2)gx {{(4y/9)’} {u=0}

=>L-y=2y=3y=L
= y = L/3. So, the particle meet at distance L/3 from lower end.
ma=1.2x 107 kg/m, TA=4.8N
=Va=+T/m =20 m/s
mg=12x107kg/m, Tg=7.5N
= Vg=+T/m =25m/s
t=0instring A
t,=0+20ms =20 x 10~ = 0.02 sec
In 0.02 sec A has travelled 20 x 0.02 = 0.4 mt
Relative speed between A and B =25 -20=5m/s
Time taken for B for overtake A = s/v = 0.4/5 = 0.08 sec
r=0.5mm=05x 10" mt
f=100Hz T=100N
v =100 m/s
v=+T/m = Vv’ =(T/m) = m = (TAV*) = 0.01 kg/m
Pave = 27 mvrif?
= 2(3.14)%(0.01) x 100 x (0.5 x 107°)? x (100)° = 49 x 10~ watt = 49 mW.
A=1mm=102m, m=6g/m=6x 10~ kg/m
T=60N,f=200Hz
=~ V=+JT/m =100 m/s
a) Payerage = 21° mv A’F = 0.47 W
b) Length of the string is 2 m. So, t =2/100 = 0.02 sec.
Energy = 2n° mvf?A’t = 9.46 mJ.
f=440 Hz, m=0.01 kg/m, T=49N,r=05x 10> m
a) v =JT/m =70 m/s
b) v=M=Ar=v/f=16cm
C) Paverage = 21° mvr’f’ = 0.67 W.
Phase difference ¢ = /2
fand A are same. So, o is same.
y1 =r sin wt, y, = rsin(wt + 1/2)
From the principle of superposition
y=yit+ty, — =rsin wt + r sin (wt + 1/2)
= r[sin wt + sin(wt + 7/2)]
= r[2sin{(wt + wt + 1/2)/2} cos {(wt — wt — /2)/2}]
= y = 2r sin (wt + /4) cos (-n/4)
Resultant amplitude = V2r=4y2 mm (because r =4 mm)
The distance travelled by the pulses are shown below.

t=4ms=4x10"s s=vt=50x10x4x10°=2mm
t=8ms=8x10"s s=vt=50x10x 8 x 10> =4 mm
t=6ms=6x10"s s=3mm

t=12ms=12x107"s s=50x10x12x10°=6 mm
The shape of the string at different times are shown in the figure.
f=100Hz, A =2cm=2x107m
. wave speed, v=fA=2m/s
a) in 0.015 sec 1% wave has travelled

x =0.015 x 2 = 0.03 m = path diff"

-, corresponding phase difference, ¢ = 2nx/A = {2n/ (2 x 10“2)} x 0.03 = 3.

b) Path different x =4 cm =0.04 m

10 14

15.6

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 15

34.

35.

36.

37.

38.

39.

40.

41.

= ¢ = (2n/A)x = {(21/2 x 107%) x 0.04} = 4.

c¢) The waves have same frequency, same wavelength and same amplitude.

Let, y4 =r sin wt, y, = r sin (wt + ¢)
=y =y ty, =rfsinwt+ (wt + ¢)]
= 2r sin (wt + ¢/2) cos (¢/2)
. resultant amplitude = 2r cos ¢/2
So, when ¢ = 3m, r = 2 x 103 m
Rres = 2 x (2 x 107%) cos (3n/2) = 0
Again, when ¢ = 47, Rees = 2 x (2 x 107%) cos (4n/2) = 4 mm.
I=1m,V=60m/s
~. fundamental frequency, f, = V/2I = 30 sec™' = 30 Hz.
I=2m, fo =100 Hz, T=160 N
fo=1/21(T/m)
= m =1 g/m. So, the linear mass density is 1 g/m.
m = (4/80) g/ cm = 0.005 kg/m
T=50N,1=80cm=0.8m
v=4/(T/m) =100 m/s
fundamental frequency fo = 1/21\/(T/m) =62.5 Hz

First harmonic = 62.5 Hz

f4 = frequency of fourth harmonic = 4f, = F; = 250 Hz
V =14 Ay = Ay = (VIf) =40 cm.

I1=90cm=0.9m

m = (6/90) g/cm = (6/900) kg/mt

f=261.63 Hz

f=1/2(T/m) = T =1478.52 N = 1480 N.

First harmonic be f,;, second harmonic be f,

- fp=2f

=fo=1/2

f1 =256 Hz

. 1° harmonic or fundamental frequency
fo=1/2=256/2=128 Hz

A2 =1.5m = A = 3m (when fundamental wave is produced)
= Wave speed =V = f,Ql = 384 m/s.

I=1.5m, mass-12g

= m=12/1.5g/m =8 x 10~ kg/m
T=9xg=90N

A=15m,f =2/21T/m

[for, second harmonic two loops are produced]

fy = 2fo = 70 Hz.

A string of mass 40 g is attached to the tuning fork
m = (40 x 107%) kg/m

The fork vibrates with f = 128 Hz

A=05m

v=fAL =128 x 0.5 =64 m/s

v=+T/m = T=v"m=163.84 N = 164 N.

This wire makes a resonant frequency of 240 Hz and 320 Hz.

The fundamental frequency of the wire must be divisible by both 240 Hz and 320 Hz. @

a) So, the maximum value of fundamental frequency is 80 Hz.
b) Wave speed, v =40 m/s
= 80=(1/21) x40 = 0.25 m.
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42. Letthere be ‘n’ loops in the 1% case PR
= length of the wire, | = (ni4)/2 [M=2%x2=4cm]
So there are (n + 1) loops with the 2" case

—r
= length of the wire, | = {(n+1)1,/2 [ =2 x 1.6 = 3.2 cm] 2cm
= a2 = D !l

=>nx4=(n+1)(3.2)=>n=4

. length of the string, | = (nA4)/2 = 8 cm. 1.6cm
43. Frequency of the tuning fork, f = 660 Hz

Wave speed, v=220m/s = A =v/f=1/3m

No.of loops = 3

a) So,f=(3/2l)v = 1=50cm ﬁ\/\/\]

b) The equation of resultant stationary wave is given by N~
y = 2A cos (2nx/Ql) sin (2nvt/)) —
=y = (0.5 cm) cos (0.06 = cm™') sin (1320 ns™'t)

44, 1;,=30cm=0.3m
f1=196 Hz, f, = 220 Hz
We know f o« (1/1) (as V is constant for a medium)

] I2:>I2—267cm
f2 1
Again f; = 247 Hz
_h_h_ 03
fi 1 I3

=13=0.224 m=224cmandl; =20 cm
45. Fundamental frequency f; = 200 Hz
Let |, Hz be nth harmonic
= F,/F, = 14000/200
= NF/F;=70=>N=70
.. The highest harmonic audible is 70" harmonic.
46. The resonant frequencies of a string are
f; =90 Hz, f, = 150 Hz, f; = 120 Hz
a) The highest possible fundamental frequency of the string is f = 30 Hz
[because f4, f, and f; are integral multiple of 30 Hz]
b) The frequencies are f; = 3f, f, = 5f, f; = 7f
So, f;, f, and f3 are 3 harmonic, 5" harmonic and 7™ harmonic respectively.
c) The frequencies in the string are f, 2f, 3f, 4f, 5f, ..........
So, 3f = 2" overtone and 3™ harmonic
5f = 4" overtone and 5" harmonic
7f = 6™ overtone and 7" harmonic
d) length of the string is I = 80 cm
= f1=(3/2l)v (v = velocity of the wave)
= 90 = {3/(2x80)} x K
=(90 x 2 x 80) /3 =4800 cm/s =48 m/s.

47. Frequency f= / /T1 /
P |D1 Py I2n2 Py

Given that, T1/T2 = 2, r / r, = 3= D1/D2
&_ 1

£ _ LDy, Ty 7Py (I4 = I, = length of string)
f2 | D1 T2 P4

=f:
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48. Lengthoftherod=L=40cm=0.4m
Mass of the rod m = 1.2 kg
Let the 4.8 kg mass be placed at a distance [ 1
‘X’ from the left end T — 1T

Given that, f| A 18 ¢

—
40 em
' 2I V 2I V

T h 4
Toon oy | B
Tf Tr 4

From the freebody diagram,

T+ T, =60N fan . 4en

= 4T, +T,=60N

~T,=12Nand T)=48 N

Now taking moment about point A,

T, x(0.4)=48x+12 (0.2) > x=5cm

So, the mass should be placed at a distance 5 cm from the left end.
49. ps=7.8 g/cm3 ,pa=2.6 g/cm3

Ms = ps As = 7.8 x 1072 g/cm (m = mass per unit length)

9 _3 80 cm 60 cm
Ma = pa Ax = 2.6 x 107 x 3 g/ocm = 7.8 x 10~ kg/m I~~~
A node is always placed in the joint. Since aluminium and steel rod has I\A/W

same mass per unit length, velocity of wave in both of them is same. Steel 20 om

= v =+T/m = 500/7 m/x
For minimum frequency there would be maximum wavelength for maximum wavelength minimum no of
loops are to be produced.
.. maximum distance of a loop = 20 cm
= wavelength=1=2x20=40cm=0.4m
- f=v/L =180 Hz.
50. Fundamental frequency

V=172 NT/m = JT/m =v2I [V T/m = velocity of wave]

a) wavelength, A = velocity / frequency = v2I /v = 2| | |
and wave number = K = 21/A = 21/2| = n/l
b) Therefore, equation of the stationary wave is N—/[
y = A cos (2nx/A) sin (2rVt/ L) < T >
= A cos (2nx / 2I) sin (2nVt/ 2L)
v =V/2L [because v = (v/2l)]
51. V=200m/s, 2A=0.5m
a) The string is vibrating in its 1°* overtone

:>}\,=1=2m m
= f=v/A =100 Hz I\/\/I

b) The stationary wave equation is given by -«

y=2A coszixsin 2\t e
A A
= (0.5 cm) cos [(nm"1)x] sin [(200 s |
52. The stationary wave equation is given by

y = (0.4 cm) sin [(0.314 cm — 1)x] cos [(6.00 s~ )]

a) ®=600n = 2nf =600 = = f=300 Hz I/_\/_\/_\I
wavelength, A = 27/0.314 = (2 x 3.14) / 0.314 =20 cm

b) Therefore nodes are located at, 0, 10 cm, 20 cm, 30 cm 0 10 20 30

c) Length of the string = 3A/2 = 3 x 20/2 = 30 cm I

d) y=0.4sin (0.314 x) cos (600 nt) = 0.4 sin {(n/10)x} cos (600 t)

since, A and v are the wavelength and velocity of the waves that interfere to give this vibration A = 20
cm

=

15.9

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 15

v= w/k = 6000 cm/sec = 60 m/s

53. The equation of the standing wave is given by
y = (0.4 cm) sin [(0.314 cm™")x] cos [(6.00 ns™")]
=k =0.314 = /10 | |
= 2n/A =n/10 => A =20 cm
for smallest length of the string, as wavelength remains constant, the string | l
should vibrate in fundamental frequency L >
=1=M2=20cm/2=10cm

54. L=40cm=0.4m, mass =3.2kg=3.2 x 107 kg

. mass per unit length, m = (3.2)/(0.4) = 8 x 10~ kg/m string
change in length, AL = 40.05 - 40 = 0.05 x 102 m V_ / g
strain = AL/L = 0.125 x 10 m 4 AW 4
f=220 Hz ] ore

f=i\/f: 1 T T-24819N
2'Nm  2x(0.4005)\8x 1073

Strain = 248.19/1 mm’ = 248.19 x 10°
Y = stress / strain = 1.985 x 10" N/m?
55. Let, p — density of the block
Weight p Vg where V = volume of block
The same turning fork resonates with the string in the two cases

_ 10\/T—png:1_1\/(p—pw)Vg

10 E m 2| m

As the f of tuning fork is same,

10 [oVg 11 [(p—py )V
fo :fﬂ:»_\/ﬁ’_g__\/%

2\ m 2

- 10_ Jp=pw _ p=1_100 (because, p,, = 1 gm/cc)
1\ m o 121

= 100p = 121 p — 121 = 5.8 x 10° kg/m®

56. |=length of rope=2m
M = mass =80 gm = 0.8 kg @

mass per unit length = m = 0.08/2 = 0.04 kg/m o S AT /Aﬁf’//%

Tension T =256 N =4

Velocity, V= ~T/m =80 m/s Initial position
For fundamental frequency,
I=M4=>A1=4=8m

=f=80/8=10Hz
a) Therefore, the frequency of 1% two overtones are Q

1% overtone = 3f = 30 Hz T
2" overtone = 5f = 50 Hz o -

b) Ay=41=8m Final position G
7»1=V/f1=2.67m b4
7\,2 = V/f2 =1.6 mt

so, the wavelengths are 8 m, 2.67 m and 1.6 m respectively.
57. Initially because the end A is free, an antinode will be formed.
So,I=Ql;/4
Again, if the movable support is pushed to right by 10 m, so that the joint is placed on the pulley, a node
will be formed there.
So,1=%,/2
Since, the tension remains same in both the cases, velocity remains same.
As the wavelength is reduced by half, the frequency will become twice as that of 120 Hz i.e. 240 Hz.

AAA
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SOLUTIONS TO CONCEPTS

CHAPTER - 16
1. Va4=230m/s. Vs =5200 m/s. Here S =7 m
So,t=t1-t, = L—L =2.75x 10 sec = 2.75 ms.
330 5200
2. HeregivenS=80mx2=160 m.

v =320 m/s
So the maximum time interval will be
t = 5/v =160/320 = 0.5 seconds.
3. He hasto clap 10 times in 3 seconds.
So time interval between two clap = (3/10 second).
So the time taken go the wall = (3/2 x 10) = 3/20 seconds.
=333 mf/s.
4. a) for maximum wavelength n = 20 Hz.

as oc1
nk

b) for minimum wavelength, n = 20 kHz
5 % =360/ (20 x 10°) =18 x 10° m = 18 mm
= x = (v/n) = 360/20 = 18 m.
5. a) for minimum wavelength n = 20 KHz
1450
20x10°
b) for maximum wavelength n should be minium
=Vv=ni=>A=v/In=1450/20=72.5m.
6. According to the question,
a) A=20cmx10=200cm=2m

:>v=nk:>k=[ )=7.250m.

v =340 m/s

so, n = v/ = 340/2 =170 Hz.

N=v/L=> > 3:'872 =17.000 Hz = 17 KH, (because A =2 cm =2 x 1072 m)
X

7. a) Given V4 =340 m/s, n=4.5x10° Hz
= Ao = (340/4.5) x 10°=7.36 x 10° m.
b) Vissue = 1500 m/s = &, = (1500 / 4.5) x 10°=3.3 x 10~ m.
8. Heregivenr,=6.0x10°m
a) Given 2n/A =1.8 = A = (2n/1.8)
T, _6.0x(1.8)x10°m/s _
A 2n
b) Let, velocity amplitude =V,
V = dy/dt = 3600 cos (600 t — 1.8) x 10™° m/s
Here V, = 3600 x 10° m/s
Again, L = 21/1.8 and T = 27/600 = wave speed = v = A/T = 600/1.8 = 1000 / 3 m/s.

3600x3x107°

So, 1.7x10°m

So the ratio of (V,/v) =

1000
9. a) Here given n =100, v =350 m/s
=Y 30 35
100

In 2.5 ms, the distance travelled by the particle is given by
Ax=350x25x 107
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Chapter 16

So, phase difference ¢ = ExAx = L><350><2.5><10’3 =(n/2).
A (350/100)

b) In the second case, Given An =10 cm = 10" m

-1
So, ¢ = PLax=2210 5 35,
X (350/100)
10. a) Given Ax=10cm, A =5.0 cm A;—100m—t B 10%cm .
=>6= ExAn‘ 25n><10 4r. [—20cm——

So phase difference is zero.
b) Zero, as the particle is in same phase because of having same path.
11. Giventhatp =1.0 x 10° N/m? T=273K,M=32g=32x 10" kg
V =224 litre =22.4 x 10° m®
C/C,=r=35R/25R=14

-5
=>V= \/E: ‘/M =310 m/s (because p = m/v)
f 32/22.4

12. V,=330m/s, V, =7
Ti=273+17=290K, T, =272+ 32 =305 K

We know v oc ﬁ

Wi AT VT
NN AR

= 340x ,/ =349 m/s.

13. T, =273 V2—2V1
V1=V T2=?

WeknowthatVoc«/_:Tz V2:>T2—273><22—4><273K
1 t
So temperature will be (4 x 273) — 273 = 819°c.

14. The variation of temperature is given by

T:T‘1 + (T2 T2)
d
We know that V o J_:> / =v /i
273 273
dx du 273 «— x —>
=dt= =~ T [ g o T
Vv, Vv VT T 2
< d -
273 | dx

t-—

o [T+ (T =T)/ d)x]"2

2d 4273

VLT

Putting the given value we get

_2x33 42713

© 330 4280 +4/310

=T=

=96 ms.
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15. We know thatv = \/K/p

Where K = bulk modulus of elasticity
= K =v?p = (1330)? x 800 N/m?

We know K = F/A
AV /V
5
AV = Pressures _ 2x10
K 1330x1330 x 800

So, AV =0.15 cm®
16. We know that,
Ap  Pyh
(AV/V) 218,
Where Py = pressure amplitude = Py = 1.0 x 10°
S, = displacement amplitude = Sy = 5.5 x 10° m
g= 14x35:107m _ 4 4108 Ny
27(5.5)x10™°m
17. a) Here given V,;, = 340 m/s., Power = E/t =20 W
f=2,000 Hz, p = 1.2 kg/m*
So, intensity | = E/t.A
20 2
4nr?  Axnx6?

Bulk modulus B =

=44 mw/m’ (because r = 6m)

2
b) We know that | = P _, Py = 1% 2pV,;
2pVyi
= V2x1.2x340x44x10° = 6.0 N/m>.
c) We know that | = 27°S3v?pV  where S, = displacement amplitude

|
nzpzpvair

Z>So=

Putting the value we get §; = 1.2 x 10° m.
18. Here l;=1.0x 10°W,/m*; 1, =7
rr=50m,r,=25m.

We know that | o 12
r

2 _ 2 _ |1r12
= |1|'1 = |2|'2 = |2 = —
2
-8
= 1010 725 _ 4 6 x 107 wim?.
625

19. We know that B = 10 logqo (ILJ
0

Ba= 10Ioglli, Bs = 10Iog||£

(o] (o]

= Ia/lg= 10010 — |1, = 10Pe/10)

2 2
:}IA:r%:(@) - 10(BABB):102
IB 7N 5

= —BA1_OBB =2= By —Pg=20
= Ps =40 -20 =20 dp.
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Chapter 16

20. We know that, B = 10 log4o J/lg
According to the questions
Ba =10 log1o (21/l)
= Bg—PBa=101og (2I/1) =10 x 0.3010 = 3 dB.
21. If sound level = 120 dB, then | = intensity = 1 W/m?
Given that, audio output = 2W
Let the closest distance be x.
So, intensity = (2 / 4nx?) = 1 = x* = (2/21) = x = 0.4 m = 40 cm.
22. B,=504dB, pB,=60dB
ol =107 Wim?, I, = 107° W/m?
(because B = 10 logyg (I/lg), where I = 107 W/m?)
Again, lo/l; = (p2/p1)2 =(10‘6/10‘7) =10 (where p = pressure amplitude).
“ (p2/p1) = 10
23. Let the intensity of each student be I.
According to the question

501 100 |
Ba= 10|091o|— ;B = 10|0910[ I J
o o

501 1001
=>Bs—Pa= 10|091o|— - 10|0910[ i j
o 0

= 10'09(%}21()'09102:3

So, Ba =50+ 3 =53 dB.
24. Distance between tow maximum to a minimum is given by, A/4 = 2.50 cm
=1=10cm=10"m
We know, V = nx
=n= v_ 340 3400 Hz = 3.4 kHz.
Ao107
25. a) According to the data
MA=165mm =i=66mm=66x10°""m

n:X i=5kHZ

A 66x107

b) Irminimum = K(A1 = Ag)” =1 = Ay — A, = 11
Imaximum = K(Aq + Ag)® = 9 = Aq + A; = 31
So, A1*tA2 _3 A A, =21
A+A, 4

So, the ratio amplitudes is 2.
26. The path difference of the two sound waves is given by
AL=6.4-6.0=04m

The wavelength of either wave = A = v = 320

p p

(2n+ 1A
2

(m/s)

For destructive interference AL = where n is an integers.

2n+1_ 320
x 222

p

p=n= 320 :8002n+1
0.4 2
Thus the frequency within the specified range which cause destructive interference are 1200 Hz,

2000 Hz, 2800 Hz, 3600 Hz and 4400 Hz.

or04m=

Hz = (2n + 1) 400 Hz
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27.

28.

29.

30.

31.

According to the given data
V =336 m/s,
Al4 = distance between maximum and minimum intensity D
=(20cm) => A =80cm S
336

- —80><1O > =420 Hz.

= n = frequency =

Here given A = d/2
q)\
Initial path difference is given by = 2 [E) +2d? —d

If it is now shifted a distance x then path difference will be

2
=2 f(gj +(\/§d+x)2—d:%(2d+%J

(O 108 158

=
64 64
= «/§d+x=1.54d =>x=154d-1414d=0.13d.
As shown in the figure the path differences 2.4 = Ax = 4/(3.2)? +(2.4)*> -3.2

Again, the wavelength of the either sound waves = 320

p
We know, destructive interference will be occur

|fozM

(2n+1) 320

=322+ (2472 -(32) =
2 p

Solving we get

— v = 200400 0600 41)
wheren=1,2,3, ...... 49, (audible region)
According to the data

20cm

(3.2)% +(2.4)?

A=20cm, S;S, =20cm, BD =20 cm

Let the detector is shifted to left for a distance x for hearing the
minimum sound.

So path difference Al = BC — AB

= (202 + (10 +x)? —/(20)2 + (10 - x)2

So the minimum distances hearing for minimum
_ (@n+ A 20

=10cm

2 2 2
+(10+x)?

= (20)2 (202 + (10— x)? = 10 solving we get x = 12.0 cm.

Q

Given, F =600 Hz, and v = 330 m/s = A = v/f = 330/600 = 0.55 mm

16.5

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 16

32.

33.

34.

35.

36.

37.

38.

LetOP=D,PQ=y=06=y/R (1)
Now path difference is given by, x = S,Q — S;Q = yd/D
Where d = 2m

[The proof of x = yd/D is discussed in interference of light waves]
a) For minimum intensity, x = (2n + 1)(A/2)
. yd/D = A/2 [for minimum y, x = A/2]
S yID=0=A2=0.55/4=0.1375rad = 0.1375 x (57.1)° =7.9°
b) For minimum intensity, x = 2n(\/2)
yd/D =X = y/D=0=A/D=0.55/2=0.275 rad
. 0=16°
c) For more maxima,
yd/D = 22, 31, 42, ...
= y/D=6=232° 64°, 128°
But since, the maximum value of 6 can be 90°, he will hear two more maximum i.e. at 32° and 64°.

Py & o Py A2

S S S5 P ]
Because the 3 sources have equal intensity, amplitude are equal 120° -
S0, A=Ay = Ay P
As shown in the figure, amplitude of the resultant = 0 (vector method)
So, the resultant, intensity at B is zero. As
The two sources of sound S and S, vibrate at same phase and frequency. b
Resultant intensity at P = |
a) Let the amplitude of the waves at S; and S, be r'.

When 6 = 45°, path difference = S;P — S,P = 0 (because S{P = S,P)

So, when source is switched off, intensity of sound at P is I,/4. 0 0
b) When 6 = 60°, path difference is also 0. Sy Sz

Similarly it can be proved that, the intensity at P is Iy / 4 when one is switched off.
If V=340 m/s, | =20 cm =20 x 10 m

Fundamental frequency = — = Lz =850 Hz
21 2x20x10~
We know first over tone = 2V __2x340 (for open pipe) = 1750 Hz

21 2x20x1072
Second over tone = 3 (V/21) = 3 x 850 = 2500 Hz.
According to the questions V = 340 m/s, n = 500 Hz
We know that /4l (for closed pipe)
340
4 x500
Here given distance between two nodes is =4. 0 cm,
=>A=2x40=8cm
We know that v = nA

== m =17 cm.

328
= 82102 4.1 Hz.
V =340 m/s
Distances between two nodes or antinodes
= M4 =25cm

=A=100cm=1m

= n =v/k =340 Hz.

Here given that 1 =50 cm, v = 340 m/s

As it is an open organ pipe, the fundamental frequency f; = (v/21)

= %=340 Hz.
2x50x10
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So, the harmonies are
f =3 x 340 = 1020 Hz
fs =5 x 340 = 1700, fs = 6 x 340 = 2040 Hz
so, the possible frequencies are between 1000 Hz and 2000 Hz are 1020, 1360, 1700.
39. Here given 1, =0.67m, 1, =0.2m, f=400 Hz
We know that
A=2(,=11) =1 =2(62-20)=84 cm=0.84 m.
So, v=nA =0.84 x 400 = 336 m/s
We know from above that,
li+d=M4d=d=7M4-1,=21-20=1cm.
40. According to the questions

f; first overtone of a closed organ pipe P = 3v/4l = 3xV
4% 30
f, fundamental frequency of a open organ pipe P, = %
2
Here given 3V :l: lb=20cm
4%x30 2,

.. length of the pipe P, will be 20 cm.
41. Length of the wire = 1.0 m
For fundamental frequency A/2 = |
=A=21=2x1=2m
Here given n = 3.8 km/s = 3800 m/s
We know = v=nA = n=3800/2=1.9 kH.
So standing frequency between 20 Hz and 20 kHz which will be heard are
=nx1.9kHz wheren=0,1,2, 3, ... 10.
42. Let the length will be I.
Here given that V = 340 m/s and n = 20 Hz
Here M/2=1= A =2

We knowV=nA = 1= %: % = % =8.5cm (for maximum wavelength, the frequency is minimum).
X
43. a) Heregivenl=5cm =5 x 10 m, v = 340 m/s
n=Y__ 340 _sikH
2l 2x5x1072

b) If the fundamental frequency = 3.4 KHz
= then the highest harmonic in the audible range (20 Hz — 20 KHz)
_ 20000
3400

44. The resonance column apparatus is equivalent to a closed organ pipe.

Here 1=80 cm =10 x 107" m; v = 320 m/s

= ng =Vv/4l = Li= 100 Hz

4x50%x10

So the frequency of the other harmonics are odd multiple of no = (2n + 1) 100 Hz

According to the question, the harmonic should be between 20 Hz and 2 KHz.
45. Let the length of the resonating column will be = 1

Here V = 320 m/s

= 5.8 = 5 (integral multiple of 3.4 KHz).

(n+1)v nv

Then the two successive resonance frequencies are

Here given % = 25022 = % = 1944

%-%ﬂsgz— 1944 = 548 cm = 25 cm.
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46. Let, the piston resonates at length |, and I,
Here, |1=32cm;v=?,n=512Hz Iy
Now = 512 = v/L I
=v=512x0.64 = 328 m/s.

1222722227 (2-h)

47. Let the length of the longer tube be L, and smaller will be L.

According to the data 440 = % ...(1) (first over tone)
xLa
and 440 = 330 ...(2) (fundamental)
4xL,

solving equation we get L, =56.3 cmand L, = 18.8 cm.
48. Let ny = frequency of the turning fork, T = tension of the string
L=40cm=04m,m=4g=4x10"kg
So, m = Mass/Unit length = 107> kg/m
1T

Ng= —4/— .
2lVm

So, 2" harmonic 2n, = (2/2)VT/m
As it is unison with fundamental frequency of vibration in the air column
340

= 2ng = =85Hz
4 x1

—~85=—2_ | T _ 72852 (0.4)x 107 = 11.6 Newton.
2x0.4\ 14

49. Given,m=10g=10x 1073 kg,1=30cm=0.3m
Let the tension in the string willbe =T
p = mass / unit length = 33 x 107 kg

The fundamental frequency = ng = % T (1)
i
The fundamental frequency of closed pipe
340
= ng=(V/4)——— =170 Hz (2
0= () 50 X102 @)
According equations (1) x (2) we get
1 T

170 = > X 3
2x30x10~ 33x10™

= T = 347 Newton.
50. We know that f oc /T
According to the question f + Afoc VAT +T

frAf  [At+T Af ATV 1AT .
= = =1+ —=(1+—| =1+——+...(neglecting other terms)
f T f T 2T

= AT _(172)AL
f T

51. We know that the frequency = f, T = temperatures

fo VT
oo fi_AT _ 203 _ 293

=
f, JT, B 4295

g 293x4205 o,
V293
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52.

53.

54.

55.

56.

57.

58.

59.

Vieg =2, Vair =340 m/s, L, = 25 x 1072, d, = 5 x 107 metres

2
e iy, = 34022570 T2 _ 3400 ms.
Va D, 5x10~

a) Heregiven, L, =1.0/2=05m,d,=65cm=6.5x102m
As Kundt’s tube apparatus is a closed organ pipe, its fundamental frequency

—n= 4V|_r =V, =2600 x 4 x 0.5 =5200 m/s.

r

V, 2L, _ 5200x6.5x1072
b) —-= SVpm ———————
V, d, 2x0.5

a
As the tunning fork produces 2 beats with the adjustable frequency the frequency of the tunning fork will
be = n= (476 + 480)/ 2 = 478.
A tuning fork produces 4 beats with a known tuning fork whose frequency = 256 Hz
So the frequency of unknown tuning fork = either 256 — 4 = 252 or 256 + 4 = 260 Hz
Now as the first one is load its mass/unit length increases. So, its frequency decreases.
As it produces 6 beats now original frequency must be 252 Hz.
260 Hz is not possible as on decreasing the frequency the beats decrease which is not allowed here.

=338 m/s.

Group — | Group — Il

Given V = 350 v =350

A1 =32cm Ao =32.2cm

=32x107%m =322x107m

So n¢ = frequency = 1093 Hz N2 =350/32.2x 1072 = 1086 Hz

So beat frequency = 1093 — 1086 = 7 Hz.
Given length of the closed organ pipe, | = 40 cm =40 x 102 m
Vair = 320

So, its frequency p = V. 30 200 Hertz.

41 4x40x1072
As the tuning fork produces 5 beats with the closed pipe, its frequency must be 195 Hz or 205 Hz.
Given that, as it is loaded its frequency decreases.
So, the frequency of tuning fork = 205 Hz.
Here given ng = 600 = 118
21V 14
As the tension increases frequency increases
It is given that 6 beats are produces when tension in A is increases.

S0, np = 606 = i E
21V M

na _ 600 _(1/2)y(TB/M) _TB

ng 606 (1/2)/(TA/M) +TA

T

_, V'a _606_, = Taq02,
JTs 600 Ts

Given that, | =25 cm =25 x 10°m

By shortening the wire the frequency increases, [f = (1/21),/(TB/M) ]

As the vibrating wire produces 4 beats with 256 Hz, its frequency must be 252 Hz or 260 Hz.
Its frequency must be 252 Hz, because beat frequency decreases by shortening the wire.

So, 252 = ;2\/? (1)
2x25x107 VM

Let length of the wire will be |, after it is slightly shortened,
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= 256 = LIS .(2)
2xl; VM
Dividing (1) by (2) we get
-2

E: Iy 3|1:252><2><25><‘10 = 02431 m

256 2x25x1072 260
So, it should be shorten by (25 — 24.61) = 0.39 cm.

60. Let u = velocity of sound; Vm = velocity of the medium; 100 m/s
—_—

Vv, = velocity of the observer; v, = velocity of the sources. (ﬁf |

U+Vv, -V
f=|—"—2F (36km/h = 10m/s)
(v +V,, -V, J
using sign conventions in Doppler’s effect,

Vin=0,u=340m/s,vs=0and v,=-10 m (36 km/h = 10 m/s)

- [M)xzmz: 350/340 x 2 KHz = 2.06 KHz.

340+0-0
61. f = [%jf [18 km/h = 5 m/s] —_—
moos :oﬂi%:/ 18km/h = 5m/s L%J

using sign conventions,
340+0-0
340+0-5

A=

a) Given vg =72 km/hour = 20 m/s, p = 1250

app. Frequency = [ jx 2400 = 2436 Hz.

62.

340+0+0
apparent frequency = ———x1250 = 1328 H
PP aueney = 340+0-20 " 2
b) For second case apparent frequency will be = MMZSO =1181 Hz.
340 +0-(-20)

63. Here given, apparent frequency = 1620 Hz
So original frequency of the train is given by

1620 = [332+0+0) . (1620x317)
332-15 332

So, apparent frequency of the train observed by the observer in
fo (332+0+0jf x(1620x317J_ 317

= ——x1620= 1480 Hz.
332+15 332 347

64. Let, the bat be flying between the walls W, and W,.
So it will listen two frequency reflecting from walls W, and W;.

So, apparent frequency, as received by wall W = fw, = fo= 330/324
. L
Therefore, apparent frequency received by the bat from wall W, is given by Wy W2

Fy of wall W, = [ 320+0=(6)} ~_[336) (330
2 330+0+0 2 1330/ \ 324
Similarly the apparent frequency received by the bat from wall W is

fy, = (324/336)f

So the beat frequency heard by the bat will be = 4.47 x 10* = 4.3430 x 10" = 3270 Hz.
65. Let the frequency of the bullet will be f
Given, u =330 m/s, vs =220 m/s
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. 330
A tf bef =f=|—=———=|f=3f
a) Apparent frequency before crossing (330 - 220}

b) Apparent frequency after crossing = " = [i} =06f

530+ 220
SO, f_ = m =0.2
f' 3f
Therefore, fractional change =1 - 0.2 = 0.8.
66. The person will receive, the sound in the directions BA and CA making an angle 6 with the track.
Here, 0 = tan™" (0.5/2.4) = 22°
So the velocity of the sources will be ‘v cos 6’ when heard by the observer.
So the apparent frequency received by the man from train B. §

fr= (—340 +0+0 )500 — 529 Hz v cos 6
340 —vcos22° o 5 0.5km —
And the apparent frequency heard but the man from train C, 1.2km  1.2km
fr = ( 340+0+0
340 -vcos22°

67. Let the velocity of the sources is = v, . -
a) The beat heard by the standing man = 4 E E

So, frequency = 440 + 4 = 444 Hz or 436 Hz |;|;|;|> -

— 440= (34040401 400
340—v,

On solving we get Vs = 3.06 m/s = 11 km/hour.

b) The sitting man will listen less no.of beats than 4.
68. Here given velocity of the sources vg =0

Velocity of the observer vy = 3 m/s E
—
So, the apparent frequency heard by the man = (3:;23; 3} x 256 = 258.3 Hz. 1 2
from the approaching tuning form = f’
f" =[(332-3)/332] x 256 = 253.7 Hz.
So, beat produced by them = 258.3 — 253.7 = 4.6 Hz.

69. According to the data, Vs = 5.5 m/s for each turning fork.
So, the apparent frequency heard from the tuning fork on the left,

=330 | 512 =527.36 Hz = 527.5 Hz ]
330-5.5 1 2
similarly, apparent frequency from the tunning fork on the right,

fr = (ﬂjxmz: 510 Hz

jx 500=476 Hz.

330+5.5

So, beats produced 527.5 — 510 = 17.5 Hz.
70. According to the given data
Radius of the circle = 100/z x 1072 m = (1/x) metres; » = 5 rev/sec.
So the linear speed v = or = 5/ = 1.59 S g
So, velocity of the source Vg = 1.59 m/s (A)
As shown in the figure at the position A the observer will listen maximum
and at the position B it will listen minimum frequency.

So, apparent frequency at A = __ 332 x 500 =515 Hz
332-1.59
_ 332 _
Apparent frequency at B= ————— x 500 = 485 Hz.
332+1.59
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71. According to the given data Vs = 90 km/hour = 25 m/sec. — —
Vo = 25 m/sec
So, apparent frequency heard by the observer in train B or A B

350 +25 O O O O OO0 O OO

350-25
72. Here given fs = 16 x 10° Hz
Apparent frequency f' = 20 x 10° Hz (greater than that value)
Let the velocity of the observer = v,

observer in = ( jx 500 = 577 Hz.

Givenvg =0
S020 x 10% = [ 230+Vo ) 46 x 10°
330 +0
I>(330+V0)= M
16
= Vo= 20X330;16X330 :%m/s=297 km/h

b) This speed is not practically attainable ordinary cars.
73. According to the questions velocity of car A = V5 = 108 km/h = 30 m/s
Vg =72 km/h =20 m/s, f =800 Hz
So, the apparent frequency heard by the car B is given by, [ >IN ——
ol 330-20 ﬁ —> 30m/s Co—
330-30
74. a) According to the questions, v = 1500 m/s, f = 2000 Hz, v¢ = 10 m/s, v, = 15 m/s
So, the apparent frequency heard by the submarine B,

1500 +15 A °
= [mj x 2000 = 2034 Hz @—nom 15mis 4—@
Vs Vs

b) Apparent frequency received by submarine A,
_ (1500 +10
- (1500 -15
75. Giventhat,r=0.17 m, F =800 Hz, u = 340 m/s

Frequency band = f; —f, =6 Hz

Where f; and f, correspond to the maximum and minimum apparent frequencies (both will occur at the

mean position because the velocity is maximum).

)x 800 = 826.9 = 827 Hz.

J x 2034 = 2068 Hz.

Vs
Now, f; = ﬂ f andf, = ﬂ f «—— 017m
340 - vy 340+ vy
———————e¢ ¢ — —— —— e D

f1 - f2 =8 A —O> B

1 1 Vs
= 340f - =8

340-v, 340 +vy
2vg 8

= =
3402 -v.2 340x800

= 340” — v¢* = 68000 v,
Solving for vs we get, vs = 1.695 m/s
For SHM, vs = ro = o = (1.695/0.17) = 10 N

So, T=2n/®=mn/5=0.63 sec. 4
76. u=2334m/s, vp= 4J2 m/s, vo =0
s0, Vs =V, cos 6 = 4\/§x(1/\/§)=4m/s. W < 45‘:‘@“/8 » E
,_ u+0 334 _ /
so, the apparent frequency f' = (u v, cosle = (334 _4)>< 1650 = 1670 Hz. E v cos 0
s
16.12
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Chapter 16

77. u=330m/s, Vo =26 m/s
a) Apparent frequency at, y = — 336

v
m = N Xf
(v—usmej

330 140m
= | —— |x660
[330—263in23°}< [ vo 26mss

[because, 6 = tan™" (140/336) = 23°] = 680 Hz.
b) At the point y = 0 the source and listener are on a x-axis so no apparent change L

in frequency is seen. So, f = 660 Hz. 140
c) As shown in the figure 6 = tan™ (140/336) = 23° 0

Here given, = 330 m/s ; v =V sin 23° = 10.6 m/s g 336 i

So,F'= — 660 = 640 Hz.

u+vsin23°

78. Vyuain or Vg = 108 km/h = 30 m/s; u = 340 m/s

a) The frequency by the passenger sitting near the open window is 500 Hz, he is inside the train and
does not hair any relative motion.

b) After the train has passed the apparent frequency heard by a person standing near the track will be,

sofr = [340+0 ) 500 =459 Hz
340130

c) The person inside the source will listen the original frequency of the train.
Here, given V,, = 10 m/s

For the person standing near the track ‘ ﬁ: “ X ll

_ UtV +0 500 =458 Hz. |
+ Vm - (_Vs)
79. To find out the apparent frequency received by the wall,
a) Vs =12km/h =10/3 = m/s
Vo, =0,u=330m/s

Apparent frequency =

So, the apparent frequency is given by = f' = (%jx 1600 = 1616 Hz K [

b) The reflected sound from the wall whistles now act as a sources whose frequency is 1616 Hz.
So,u=330m/s, V=0, V,=10/3 m/s
So, the frequency by the man from the wall,

o= [ 330410731 1616 = 1632 m/s.
330
80. Here given, u =330 m/s, f = 1600 Hz 20m/s
So, apparent frequency received by the car _f, <f_43:c>_>
. _(u=V, 330-20 _ _
f= f= x1600 Hz ... [V, =20 m/s, Vs = 0]
u-Vg 330

The reflected sound from the car acts as the source for the person.
Here, Vo =-20m/s, V, =0
330-0 jxf,_ 330 310

Bt =——x——x160= 1417 Hz.
330+20 350 330

.. This is the frequency heard by the person from the car.
81. a) f=400Hz,,u=335m/s

= X\ (v/f) =(335/400) = 0.8 m = 80 cm

b) The frequency received and reflected by the wall,

f=|Y=Vo |, ¢-33% 400 [V.=54misandV, = 0]
u_V, 320

Sof'= (

16.13
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Chapter 16

_ 320x335

= X' = (v/f) =0.8m=80cm
335x400
c) The frequency received by the person sitting inside the car from reflected wave,
f = Mfzﬁmoo =467 [Vs=0and V,=-15 m/s]
335-15 320

d) Because, the difference between the original frequency and the apparent frequency from the wall is
very high (437 — 440 = 37 Hz), he will not hear any beats.mm)

u-(V)p 3244V 400 (1)

82. f=400Hz, u=324m/s, f =
u—(0) 324

for the reflected wave,

fr=a10= Y= 0¢ @ 4_&

u-v
—a10= 224 3244V 400
324 —v 324
=810v =324 x 10
=>vV= 32410 =4 m/s.
810
83. f=2kHz,v=330 m/s, u=22m/s s — p
_ ol |
Att =0, the source crosses P
a) Time taken to reach at Q is
S 330 330m
t= —=——=1sec
v 330
b) The frequency heard by the listner is Q

fr= f[i" j
vV —ucos0

since, 0 = 90°
f'=2x (v/u) =2 KHz.
c) After 1 sec, the source is at 22 m from P towards right.
84. t=4000 Hz,u=22m/s
Let t’' be the time taken by the source to reach at ‘O’. Since observer hears the sound at the instant it
crosses the ‘O’, ‘t’ is also time taken to the sound to reach at P.

-, 0Q = utand QP = vt S
Cos 6 = ulv
Velocity of the sound along QP is (u cos 6). u=22m/s 0 P
_ 2
fl:f(voj:f v2:f 2v2 o
vV—-ucos0 v—u— Ve —u <— 660m/s—»
v
. . . _ 3302 _ _
Putting the values in the above equation, f' = 4000 x W =4017.8 =4018 Hz.
85. a) Given that, f= 1200 Hz, u =170 m/s, L =200 m, v = 340 m/s
From Doppler’s equation (as in problem no.84) (Detector)
2 2
F=f Y| =1200 x —20 4600 Hz. P
ve—u 340 -170
L=vt’

b) v = velocity of sound, u = velocity of source
let, t be the time taken by the sound to reach at D
DO =vt' =L, and S'O = ut’ ut’
t =LV s u— o]
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S'D = YS'0%+D0? =, |u —+L2 ——\/u +v2
V

Putting the values in the above equation, we get
s = 220 1707 13407 = 2236 m.
340
86. Given that,r=1.6 m, f=500 Hz, u =330 m/s

a) AtA, velocity of the particle is given by A

Va= g =\1.6x10 =4m/s vi .
and at C, v¢ = 4/5rg =4/5x1.6x10 =8.9m/s B S -me- 9

\:)

So, maximum frequency at C, T ve
o= Y f-_3%0  500-513.85H:z.
u-vg 330-8.9

Similarly, maximum frequency at A is given by fj = . 330 (500) =494 Hz.
u

—(-vg) 330+4
b) Velocity at B = ,/3rg =v3x1.6x10 =6.92m/s

So, frequency at B is given by,

fo= Y f=—3%  500=490Hz v
U+Vvg 330+6.92

and frequency at D is given by,

o= —Y fo_ 330 500 "
u-—vg 330-6.92

87. Let the distance between the source and the observer is ‘X’ (initially)
So, time taken for the first pulse to reach the observer is t; = x/v

and the second pulse starts after T (where, T = 1/v)

and it should travel a distance (x—%aTz). x— % at?

_ 2
So 1, = T4 X-1/2aT ON—{)—H

t2-t1 = T+_—:—:T—__

Putting = T = 1/v, we get

ty—t, = 2uv-a

2w?

2
so, frequency heard = 2w (because, f = L
2uv-a t, -ty

)

L N B N
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SOLUTIONS TO CONCEPTS

CHAPTER 17
1. Given that, 400 m <A <700 nm.
1 1 1
<—<
700nm A  400nm
1 1 1 3x108 ¢ 3x108

(Where, ¢ = speed of light = 3 x 10° m/s)

= <—< = <—X
7x107 A 4x107  7x107 A 4x107
= 43x10"<c/h<7.5x10"
=43x10"Hz<f<7.5x 10" Hz
2. Given that, for sodium light, 2 = 589 nm = 589 x 10°m

8
a) f,= _3X10° 509 % 10™ sec! {.-f:E}
589x107° Py
py o _tw_, 1 My =443 nm

= =
n, Ay 1.33 589x107°
c) fy=f.=5.09 x 10" sec™ [Frequency does not change]

8
dy Pa_Yw y _HaVa 3107 555, 10° misec.
Hw Va Hw 1.3
3.  We know that, Bz _ V1
Ho Vo
8
So, 1472 3407 V00 =2.04x10°m/sec.
1 V00
[because, for air, u = 1 and v = 3 x 10° m/s]
8
Again, 1452 _3x10° Vg = 2.07 x108m/sec.
1 v
760
8 . I
4 - 1><3><1O8 ~1.25 | since, = \./eIOC|t.y oflllght in Yaccum .
(2.4)x10 velocity of light in the given medium

5. Giventhat,d=1cm=10?m,42=5x10"mandD=1m
a) Separation between two consecutive maxima is equal to fringe width.

-7
so,p=P_ 510 X 5 105 m=0.05mm.
d 1072
b) When, B =1mm=10"m
-7
10°%m=21" 55410 m=050mm.

6. Giventhat, p=1mm=10"m,D=2tmandd=1mm=10"m
_ 25x A
1073

7. Giventhat,t d=1mm=10"m,D=1m.

So, 10°m =1 =4x10" m =400 nm.

So, fringe with = % =0.5 mm.

a) So, distance of centre of first minimum from centre of central maximum = 0.5/2 mm = 0.25 mm
b) No. of fringes = 10/ 0.5 = 20.
8. Giventhat,d=0.8mm=0.8x10"m, A =589 nm =589 x 10 mand D =2m.

171
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Chapter 17
9. Giventhat, A =500 nm=500x 10 mandd=2x10"m D
AD % |

I
I
As shown in the figure, angular separation 6 = B =— == | —
P e et L1
; r
I
I

A\

-9
So,0= £ 2800107 _ 55, 40
D d  2x10°

= 25 x 107 radian = 0.014 degree.

10. We know that, the first maximum (next to central maximum) occurs aty = %

Given that, A1 =480 nm, A, =600 nm, D =150cm =1.5mand d = 0.25 mm = 0.25 x 102 m
_ Dk, _1.5x480x10°°
d  025x10°
_ 1.5x600x10°°
0.25x10°°
So, the separation between these two bright fringes is given by,
.. separation =y, —y,; = 3.60—2.88 = 0.72 mm.
11. Let m™ bright fringe of violet light overlaps with n™ bright fringe of red light.
m x400nm xD _ nx700nmxD jmzz
d d n 4

= 7" bright fringe of violet light overlaps with 4" bright fringe of red light (minimum). Also, it can be
seen that 14" violet fringe will overlap 8" red fringe.
Because, m/n = 7/4 = 14/8.
12. Let, t = thickness of the plate
Given, optical path difference = (un — 1)t = 1/2

So, =2.88 mm

= 3.6 mm.

2(u-)
13. a) Change in the optical path = pt—t=(n — 1)t
b) To have a dark fringe at the centre the pattern should shift by one half of a fringe.
A A
t= —

=t
2 2(u-1)
14. Given that, p = 1.45,t=0.02 mm = 0.02 x 107> m and A = 620 nm = 620 x 10° m
We know, when the transparent paper is pasted in one of the slits, the optical path changes by (n — 1)t.
Again, for shift of one fringe, the optical path should be changed by A.
So, no. of fringes crossing through the centre is given by,
(u-Nt  0.45x0.02x10°°

A 620x107°
15. In the given Young’s double slit experiment,
1 =1.6,t=1.964 micron = 1.964 x 10° m

(n="t
A

= (-1

n= =14.5

We know, number of fringes shifted =

So, the corresponding shift = No.of fringes shifted x fringe width
= (H_1)tXE_(H_1)tD (1)

A d d
Again, when the distance between the screen and the slits is doubled,
Fringe width = @ ...(2)
From (1) and (2), (w="DO _ M2D)
d d
-6
= A= (u;1)t = (1'6‘1)X(12'964)X10 = 589.2 x 10° = 589.2 nm.

17.2
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Chapter 17

16. Giventhat, t; =t, =0.5mm =0.5 x 1073 m, um = 1.58 and p, = 1.55,

A=590nm =590 x 10°m,d=0.12cm=12x10"m,D=1m Screen
-9
a) Fringe width = 2 2 1X890x1077 _ o4 40+ m. b%‘
d 12x107 S
b) When both the strips are fitted, the optical path changes by _f;\é O
AX = (pm = Tt = (o — Ntz = (um — pp)t S
= (1.58 — 1.55) x (0.5)(107%) = 0.015 x 107> m. ;:ijysterene |
-3
S0, No. of fringes shifted = 221210~ _ 55 43, l
590x10
= There are 25 fringes and 0.43 th of a fringe. (1-043)p ] fD_ark
= There are 13 bright fringes and 12 dark fringes and 0.43 th of a dark fringe. rnge
So, position of first maximum on both sides will be given by 0.43p
. x=0.43x4.91x10*=0.021cm T
X' =(1-0.43) x 4.91 x 107" = 0.028 cm (since, fringe width = 4.91 x 10~ m)

17. The change in path difference due to the two slabs is (u; — po)t (as in problem no. 16).
For having a minimum at Py, the path difference should change by A/2.

So, = M2 = (-t >t —
2(ny —p2)
18. Given that, t = 0.02 mm = 0.02 x 10°m, p; = 1.45, » = 600 nm = 600 x 107 m
a) Let, |4 = Intensity of source without paper = |
b) Then I, = Intensity of source with paper = (4/9)I

L 9

=—=—= 3 [because | « r2]
b 4 r, 2
where, rq and r, are corresponding amplitudes.
So, Imax - (115 _ o5 4
Imin (r1 —-h )2
b) No. of fringes that will cross the origin is given by,
(-1t _ (1.45-1)x0.02x10°°
A 600x107°
19. Given that,d =0.28 mm = 0.28 x 1073 m, D =48 cm =0.48 m, A, = 700 nm in vacuum
Let, A, = wavelength of red light in water
Since, the fringe width of the pattern is given by,
p= D _ 525x107% x 0.48
d 0.28x107°
20. It can be seen from the figure that the wavefronts reaching O from S; and S, will \l
Si
0
6/

n= =15.

=9x 10 m=0.90 mm.

have a path difference of S,X.

In the A S1Szx,

S,X i
SiS;
So, path difference = S, X = S;S, sinb6 = d sin6 =d x A/2d = A/2 X
As the path difference is an odd multiple of A/2, there will be a dark fringe at point Po.

21. a) Since, there is a phase difference of n between direct light and
reflecting light, the intensity just above the mirror will be zero. Screen

sin 0=

b) Here, 2d = equivalent slit separation IS*
D = Distance between slit and screen. T !
We know for bright fringe, Ax = yx2d ni 2d |
l fr’”.- /ﬁ’ % v
But as there is a phase reversal of A/2. 4
S
:>yx_2d+&=n}\’ :>y><2d=n}\‘_&:>y=£ :2: D »|
D 2 2 d
17.3
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Chapter 17

22.

23.

24.

25.

26.

Given that, D =1 m, 2 = 700 nm = 700 x 10° m
Since, a=2mm, d =2a =2mm =2 x 10~ m (L loyd’s mirror experiment)
AD _ 700x10°mx1m

Fringe width = 3 =0.35 mm.
d 2x107°m
Given that, the mirror reflects 64% of energy (intensity) of the light.
So, M_pesa-18_n_4
I, 25 r, 5
So, tmax - (1FR) _gq g,

Imin (r1 - r2 )2
It can be seen from the figure that, the apparent distance of the screen from the slits is,
D= 2D1 + D2

So, Fringe width = % _ (2D1+Dy )

d
Given that, A = (400 nm to 700 nm), d = 0.5 mm = 0.5 x 1073 m, |
D =50 cm = 0.5 m and on the screeny, = 1mm=1x 10°m | 4
a) We know that for zero intensity (dark fringe) n Yo 1 Tm
d=0.5
n = (2n+1jan wheren=0,1,2, ....... ;mm D
2 |<—50cm—>
-3 -3
o = 2 rmd 2 ><10 x0.5x10 N 2 «10m — 2 <10%nm
(2n+1) D 2n+1 0.5 (2n+1) (2n+1)

Ifn=1,% =(2/3) x 1000 = 667 nm

Ifn=1,2%,=(2/5)x 1000 = 400 nm
So, the light waves of wavelengths 400 nm and 667 nm will be absent from the out coming light.
b) For strong intensity (bright fringes) at the hole

_ nA,D o = y,d
nD
-3 -3
When, n =1, 3, = Yod = 107x05x107 _ 456, 4000nm .
D 0.5
1000 nm is not present in the range 400 nm — 700 nm
Again, where n =2, A, = y?zc)j =500 nm

So, the only wavelength which will have strong intensity is 500 nm.
From the diagram, it can be seen that at point O.
Path difference = (AB + BO) — (AC + CO)

=2(AB—-AC) [Since, AB = BO and AC = CO] = 2(/d? +D? -D)
For dark fringe, path difference should be odd multiple of A/2.
So, 2(\d? +D? —D) = (2n + 1)(A/2)

O+— x—>

= VJd?>+D? =D+ (2n + 1) 1/4
= D?+d?=D?+ (2n+1)?A%/16 + (2n + 1) AD/2
Neglecting, (2n+1 )2 22116, as it is very small

We get,d= ,[(2n+ 1)%

For minimum ‘d’, putting n = 0 = dyin = /% .

17.4
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27. For minimum intensity
o SIP=S,P=x=(2n+1)A1/2
From the figure, we get

Screen
= \/ZZ+(2k)2—Z:(2n+1)% | S
t
% 2
22 +402 =72 + (2n+ 1) =+ Z(2n + 1
= (@n+19 74 Z(2n 1) K}L P
2 2042 2 242 Z
I (2n+1°(2%/4) _ 1627 —(2n +1)°) () Ss
(2n+ 1A 4(2n+ 11
Putting, n=0 = Z=15)\/4 n=-1=272=-151/4

n=1=2Z=7112 n=2=2Z=-91/20
- Z=T7TA12 is the smallest distance for which there will be minimum intensity.
28. Since S, S, are in same phase, at O there will be maximum intensity.
Given that, there will be a maximum intensity at P.
= path difference = Ax = n)
From the figure,

(S1P)? = (SoP)? = (VD? + X2 )% — (y/(D - 21)% + X? )2
= 40D - 42 = 4 AD (A? is so small and can be neglected)

SP_SP 40D N Screen
= O —9F = ————= =N
24x* +D?
2D
= —— =V
Vx? +D?

= n®(X*+D?%)=4D%*=AX = D a2
n

whenn=1,x=+3D (1 order)
n=2,x=0 (2™ order)
.. When X = \/5 D, at P there will be maximum intensity.
29. As shown in the figure,
(S1P)* = (PX)? + (S1X)? (1)
(SoP)* = (PX)* + (S,X)? (2) P

From (1) and (2),
(SIPY -~ (S2P) = (SX)° - (80 /
= (1.5 + R cos 0)°> — (R cos 6 — 15 1) o
=6L Rcos0
= (SiP—,P)= RSO _ 5, s,
2R
For constructive interference,
(S4P = S,P)Y’ = x = 3% cos 0 = n\
= cos0=n/3=0= cos"1(n/3), wheren=0,1,2, ....
= 0=0° 48.2° 70.5° 90° and similar points in other quadrants. |

30. a) As shown in the figure, BPy — APy = A/3 _f__. c
= J(D?*+d’)-D=1r/3 d 5
= D’+d*=D*+ (1%/9) + (2AD)/3 'd |
= d=,/(20AD)/3 (neglecting the term 29 as it is very small) $ > AL— Po
b) To find the intensity at Py, we have to consider the interference of light X b—t

waves coming from all the three slits.
Here, CPo — AP, = VD? +4d? -D

17.5
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1/2
= /02 +87‘—D—D=D{1+8l} -D
3 3D

= D<1+ 8 F e }—D :4% [using binomial expansion]

3Dx2
So, the corresponding phase difference between waves from C and A is,

¢C=2LX:2’TX4K:8_”:(2HE)ZE (1)
A 3\ 3 3 3

. 2nX  2n
Again, = —=— (2
gain, ¢s 3.3 ()

So, it can be said that light from B and C are in same phase as they have some phase difference
with respect to A.

So,R = /(22 +r? +2x2r xrcos(2n/3) (using vector method)
- g, —K(/3r)’ =3Kr? =3I
As, the resulting amplitude is J3 times, the intensity will be three times the intensity due to individual slits.

31. Giventhat, d=2mm=2x10"m, % =600nm =6 x 107 m, lya = 0.20 W/m?, D = 2m
For the point, y = 0.5 cm

yd _05x10%x2x107°

We know, path difference = x = =5%x10%m

2
So, the corresponding phase difference is,
-6
(I): %:—2RX5X10 :)@:16714_@34):@
A 6x10~" 3 3 3

So, the amplitude of the resulting wave at the point y = 0.5 cm is,
A= 2 +r2 +2r%cos(2n/3) =2 +r2 —r% =t

2
Since, ! = A [since, maximum amplitude = 2r]

_AZ_rZ

I
02 4r% 42
02 5 W/mZ.

== =0.0

32. i) When intensity is half the maximum ! =—
max 2

4a®cos?(9/2) 1
422 2

cos?(¢/2) =1/2 = cos(p/2) = 1/2

02=nl4d = ¢=mn/2

Path difference, x = A/4

y = xD/d = AD/4d

U

Lyl

When intensity is 1/4" of the maximum ! =—
max

~

2 2
- 4a“ cos“(¢/2) _ 1
4a° 4
cos®(¢p/2) =1/4 = cos(p/2)=1/2
02=n/3=¢=2n/3
Path difference, x = /3
y = xD/d = AD/3d

LUl
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Chapter 17

33. Giventhat,D=1m,d=1mm=10"m, 2=500nm=5x10"m
For intensity to be half the maximum intensity.

y= E (As in problem no. 32)
4d
-7
= M =y=1.25x 10‘4m.
4x10™

34. The line width of a bright fringe is sometimes defined as the separation between the points on the two
sides of the central line where the intensity falls to half the maximum.
We know that, for intensity to be half the maximum

D
:i_
Y= 4
. Line width = 2P + P _ 2D
4d 4d  2d

35. i) When, z = AD/2d, at S4, minimum intensity occurs (dark fringe)
= Amplitude =0,

S
At S;, path difference =0
_
= Maximum intensity occurs. T | ’ 4
= Amplitude = 2r. > i | S y
So, on X2 screen, -, - :
S
Lni:(2r+0)2=1 42—D—>|<— D —»
Imin (2[’—0)2 21 22

i) When, z=2AD/2d, At S,;, minimum intensity occurs. (dark fringe)
= Amplitude = 0.

At S;, path difference =0

= Maximum intensity occurs.

= Amplitude = 2r.

So, on X2 screen,

nax _ (2r+2r)* _ .
Imin (2[‘ - 0)2

iii) When, z=2AD/4d, At S,, intensity = ./ 2

= Amplitude = Jor

. At S;, intensity is maximum.

= Amplitude = 2r

by _ (20 +420)° _
T = =34,
Imin (2r— \/E)
36. a) When, z=D\/d
So, 0S; = OS, = DA/2d = Dark fringe at S; and S,.

= At S;, intensityatS;=0=1,=0 > |Sw ‘ Sy
At S,, intensityatS,=0=1,=0 I | | T_
At P, path difference = 0 = Phase difference = 0. > i’ | |o lz P
= I=lj+ 1+ i, cos 0°=0+0 +0=0= Intensity at P = 0. -
b) Given that, when z = DA/2d, intensity at P = | ' |‘_ D— S D—»

Here, OS; = OS, =y = DA/4d

_2nix 2n yd 2n DA d =

LPEF —=—X—=—x—XxX—=—.
A A D A 4d D 2

Let, intensity at S;and S, =1’
.. At P, phase difference = 0
So,I"+ 1"+ 2I"cos 0° = 1.
S 4'=1=1"=1/4.

[Since, x = path difference = yd/D]
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Chapter 17

37.

38.

39.

40.

When, zZ= @, =V = 3D—}\'
2d 4d
_2nx 2n yd 27 3DA d 3=n
L —=— X =—X——X—=—
Iy » D A 4d D 2
Let, I” be the intensity at S; and S, when, ¢ = 3n/2
Now comparing,
I' _a’+a®+2a’cos(3n/2) 2a* _
| a®+a’+2a°cosn/2 2a°
o Intensity at P =1/4 +1/4 + 2 x (I/4) cos 0° = 1/2 + /2 = I.
c) When z = 2D/
= y=08S; =08, =Dbx\d
g2 _2vyd 2w DL od
A A D A d D
Let, I'” = intensity at S; and S, when, ¢ = 2x.

Ill!

=>1"=1=14.

" a’+a®+2a’cos2n _4a’ _
I a?+a?+2a’cosn/2 2a?

= I"=21"=2(1/4) = 12

At P, liesutant = 112 + 1/2 + 2(1/2) cos 0° = + | = 2I.

So, the resultant intensity at P will be 2I.

Given d = 0.0011 x 10° m

For minimum reflection of light, 2ud = nA

-9
o _2nh _580x10 x2n_ 58 ) = 0.132 (2n)
2d  4d  4x11x107 44
Given that, p has a value in between 1.2 and 1.5.
= When,n=5, 1 =0.132 x 10 = 1.32.

Given that, . =560 x 10° m, p = 1.4.

For strong reflection, 2ud = (2n + 1)A/2 => d = %
For minimum thickness, putting n = 0.
-9
= d= L =d= M =107 m =100 nm.
4d 14

For strong transmission, 2 ud =nA = A = %
Giventhat, p=1.33,d=1x10"cm=1x 10° m.
_ 2x1.33x1x10° 2660x107°
- n - n m
when, n=4,A; =665nm
n=5,A =532 nm
n=6,A; =443 nm
For the thin oil film,
d=1x10"cm=10"m, py = 1.25 and p, = 1.50
2ud  2x10°x1.25x2 5x10°m
(n+1/2) 2n+1 o 2n+1
5= 5000 nm
2n+1
For the wavelengths in the region (400 nm — 750 nm)
5000 5000
2x3+1 7

= A

When,n=3, A = =714.3 nm
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Chapter 17

5000 5000

When,n=4, A= = =555.6 nm
2x4+1 9

When,n=5A= ﬂzm =454.5 nm
2x5+1 11

41. For first minimum diffraction, b sin 0 = A
Here, 6 =30°, b=5cm
S A=5xsin30°=5/2=25cm.
42. 1,=560nm=560x10"m,b=020mm=2x10"m,D=2m

AD 560x107° x 2

Since, R = 1.22? =1.22x% 107 =6.832 x 10° M = 0.683 cm.

2 x
So, Diameter = 2R = 1.37 cm.
43. 1 =620 nm =620 x 107° m,
D=20cm=20x10?m,b=8cm=8x10"m
*R= 1.22x620X104X220X10 1891107219 %10 m
8x10"
So, diameter = 2R =3.8 x 10° m
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SOLUTIONS TO CONCEPTS
CHAPTER - 18

SIGN CONVENTION :
1) The direction of incident ray (from object to the mirror or lens) is taken as positive direction.
2) All measurements are taken from pole (mirror) or optical centre (lens) as the case may be.

1. =-30cm,R=-40cm
From the mirror equation, . --‘”Ve — Sign convertion
1,12 y
v u R 5 : g
1,21 2 1 _ 1 NG
v R u —40 -30 60 D som—

or,v=-60cm
So, the image will be formed at a distance of 60 cm in front of the mirror.

2. Given that,
H; =20 cm, v=-5m =-500 cm, h, =50 cm : A
— k hq
Since, — = hy §? F I &
u h1 Pi B hzl
or 500 = —% (because the image in inverted) :\‘— 500cm ——p,
u
oru= _500><2 — 200cm=—2m *ve | _ Sign convertion
1 1 1 1 1
—+—=—0r —+—=—
v u f -5 -2 f
orf= —10 =—144m
7

So, the focal length is 1.44 m.
3. For the concave mirror, f = —20 cm, M = —v/u = 2
= v=-2u

1* case 2" case A, \ . A
1,11 ERE 3 S
v u f 2u u f P &

11 1 3 1 AN :
= — —— = —— = - B \\ A

2u u f 2u f Case | (Virtual) Case lI(Real)
= u=f2=10cm =u=3f2=30cm

.. The positions are 10 cm or 30 cm from the concave mirror.
4. m=—v/u=0.6andf=75cm=15/2cm
From mirror equation,
11 1 1 1 1

—_t—=— - =
v u f 06u u f
= u=5cm
5. Height of the object AB = 1.6 cm e |_gi .
— Sign convertion
Diameter of the ball bearing =d = 0.4 cm
= R=0.2cm 27T
Given, u=20cm L o %P T
I\ C
We know, 1+1:g N
u v R <

———>
0.2cm 20cm
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Chapter 18

Putting the values according to sign conventions L +1 = i
-20 v 0.2
= 1 = i+10 :@ = v =0.1 cm =1 mm inside the ball bearing.
v 20 20

AB v _ 01 1

Magnification=m = —— = = -
AB u -20 200

= AB'= AB_16 +0.008 cm = +0.8 mm.
200 200
6. GivenAB=3cm,u=-7.5cm,f=6cm.
11 1 1 1 +ve
Using —+—=- > —=—-——
v u f v f u A

N

Putting values according to sign conventions, c F Q T
w

11 1 3 § B

v 6 75 10 — e .
6cm 7.5cm
= v=10/3cm

I v 10
. magnificaton=m= ——=
u 7.5x3
- A1 ae-10 253 em
AB 7.5x3 72 3

.. Image will form at a distance of 10/3 cm. From the pole and image is 1.33 cm (virtual and erect).
7. R=20cm,f=R/2=-10cm
For part AB, PB =30+ 10 =40 cm

So,u=-40cm = 1:1—1:—1—£Lj:—i
v

f u 10 (40 40
= v= —% =-13.3cm. A D SN
So, PB'=13.3cm c_ B §
* P

AB (v -13.3 1 B ¢C | 3
m= = —|==] — | = —— —>

AB u 40 3 10om b A4
= A'B'=-10/3=-3.33 cm T 30em >

For part CD, PC = 30, So, u=-30cm
1:1—1:—1—( L J:—i =>v=-15cm=PC’

v f u 10 30/ 15
Cc'D’ v -15 1
Soom=—~—=——=—|—~ |=——
CD u -30 2
= C'D' =5cm

B'C'=PC'-PB'=15-13.3=17cm
So, total length A’B' + B'C'+ C'D'=3.3+1.7+5=10 cm.
8. u=-25cm

A'B’ v v 14 v
m=s-—=—=14=-| — |=>—=—
AB u -25 10 25

V= 25x14 =35cm.

Now, l+l:—
v u f

= 1:i_ L :ﬂ:_i :>f=_8750m
f 35 \-25 175 175
So, focal length of the concave mirror is 87.5 cm.
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Chapter 18

10.

11.

12.

13.

u=-3.8x10°km
diameter of moon = 3450 km ; f=-7.6 m

11 1 1 ( 1 ] 1 ]
= D — | ———— | =] —=—
v u f v 3.8x10° 7.6

Since, distance of moon from earth is very large as compared to focal

length it can be taken as .
= Image will be formed at focus, which is inverted.

:>1: (1J:>v——76m oo
Y 7.6
d —(— d.
m = _X: image _ ( 76) _ image
U dopest  (-3.8x10%) 3450x10°
_ 3450x7.6x10° _ _
dimage = W =0.069 m=6.9 cm.
u=-30cm, f=-20cm
We know, l + l 21 leage
v u f

1 1 1
= _+£__]:(——] = v =-60cm. -
\ 30 20 \/ w 20c

Image of the circle is formed at a distance 60 cm in front of the mirror.
\ Rimage -60 Rimage

=2 = = ="
u R -30 2

object
= Rimage =4 Cm
Radius of image of the circle is 4 cm.

Let the object be placed at a height x above the surface of the water.

The apparent position of the object with respect to mirror should be at the centre
of curvature so that the image is formed at the same position.

Real depth 1

Since, ————————— =— (with respect to mirror)
Apparentdepth
NOW L — 1 = X = H i
R-h pn u

Both the mirrors have equal focal length f.
They will produce one image under two conditions.
Case | : When the source is at distance ‘2f from each mirror i.e. the source is at
centre of curvature of the mirrors, the image will be produced at the same point
S. So, d = 2f + 2f = 4f.
Case Il : When the source S is at distance ‘f from each mirror, the rays from the
source after reflecting from one mirror will become parallel and so these parallel
rays after the reflection from the other mirror the object itself. So, only sine
image is formed.
Here,d =f +f = 2f.
As shown in figure, for 1% reflection in M;,u=-30cm, f=-20 cm

1 1 1

v =30 20

Robject S

30cm

= —+——=—-— =>v=-60cm. _forNh +ve |_for M,
e

So, for 2™ reflection in M,

[

u=60—(30 +x)=30-x

=—x;f=20cm
T i 10x-600-0
30-x x 20

2.

J
-
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Chapter 18

14.

15.

16.

17.

18.

19.

20.

10+50 @
2 2
.. Total distance between the two lines is 20 + 30 = 50 cm.

sini 3x10® sin45°

=20cmor-30cm

We know, — - =
sinr \% sin30°
= Vv= 3x10° m/sec
7 .
Distance travelled by light in the slab is,
__Im _ 2
cos30° /3
So, time taken = 2X7\/§8 =054 x 10° = 5.4 x 107 sec.
J3 x3x10
Shadow length=BA'=BD+ A'D=0.5+05tanr
Now, 1.33 = SN4%° _ qinr=0.53.

= cos = \1-sin?r =\1-(0.53)> =0.85

So, tanr =0.6235

So, shadow length = (0.5) (1 + 0.6235) = 81.2 cm.

Height of the lake = 2.5 m

When the sun is just setting, 6 is approximately = 90°

g m:& = ;:4—/Sjsinr:§:>r=49°
sinr sinr 1 4

As shown in the figure, x/2.5 =tanr=1.15

=>x=25x115=28m.

The thickness of the glassisd =2.1 cmand p =1.5

Shift due to the glass slab

AT = (1—1}1 - (1—LJ2.1 =0.7 CM
u 15

So, the microscope should be shifted 0.70 cm to focus the object again.

Shift due to water At, = | 1— -+ |d = (1 —szo =5cm
u 1.33
Shift due to oil, At, = (1—%)20 =46cm

Total shift At=5+4.6 =9.6 cm
Apparent depth = 40 — (9.6) = 30.4 cm below the surface.

The presence of air medium in between the sheets does not affect the shift.

The shift will be due to 3 sheets of different refractive index other than air.

- (-1 1 1
-£1 1.2j(0'2)+[1 13)(0.3)+[1 14j(o.4)

= 0.2 cm above point P.
Total no. of slabs =k, thickness = t4, t5, t3 ... t
Refractive index = p4, po, 13, Has-.- Mk

. The shift At = {1—i)t1+[1—ijt2+ ...... +£1—i)tk (1)
M4 Ho My

S

3

5]
>

— o>

+—3
o
o
3
‘/

2.5m A5

l

0il 20cm

Water 20cm

If, u — refractive index of combination of slabs and image is formed at same place,

At = (1—1J(t1+t2+...+tk) ...(2)
n
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Chapter 18

Equation (1) and (2), we get,

[1—1J(t1 +t, +..+t) = {1—1}1 +£1—i)t2
U M4 Ha

= (t1+t2+...+tk)—[t—1 b

tk]
<ttt
My H2 Mk

+

I
|
|
Mx
=
[
|
I~
VR
|=
Ne—
y
-
[
T

i=1

21. Givenr=6¢cm,r;=4cm, h;=8cm

Let, h = final height of water column.

The volume of the cylindrical water column after the glass piece is put will be,
nr’h = 800 © + mry’hy

or r’h =800 + ry°h;

or 6°h =800 +4°x8=257cm

There are two shifts due to glass block as well as water.

So, At = [1-— |, = (1-LJ8 =2.26 cm
Lo 3/2

1 1
And, Aty = [1-—|t, =[1-—— |(25.7-8) = 4.44 cm.
? [ jw ( 4/3)( )

Total shift = (2.66 + 4.44) cm = 7.1 cm above the bottom.

w

22.

So H_ Realdepth 1
" x Apparentdepth

orx =puH
. . : H 1
So, distance of the direct image = 3 +uH=H(n +§)
Similarly, image through mirror = g+ H+x) = % +uH=H(n +g)

H/2 H
Here, —=p, so,y= —
y 2u

Where, y = distance of the image of fish below the surface as seen by eye.

So, Directimage=H +y = H+i =H 1+i
2u 2u

Again another image of fish will be formed H/2 below the mirror.

So, the real depth for that image of fish becomes H + H/2 = 3H/2

So, Apparent depth from the surface of water = 3H/2p.

So, distance of the image from the eye = H +2—H =H(1 +i) .
i

T
23. According to the figure, x/3 =cotr ...(1)
Again, ﬂ = 1 =§
sinr 133 4

(because sini = BC - E)
AC 5

o4 .. 4 3 4
= sinr= —sini=—x—=—
3 3 5 5
= cotr=23/4 .-(2)
From (1) and (2) => x/3=%
= x=9/4=2.25cm.
. Ratio of real and apparent depth = 4 : (2.25) = 1.78.

(O

h—hI

Water

h, | Glass [8cm

X

D
8cm

12cm

a) Let x = distance of the image of the eye formed above the surface as seen by the fish

<

A

H/ZI

®—IH

- Y
S ._T I
H/2

P
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Chapter 18

24.

25.

26.

27.

28.

29.

30.

For the given cylindrical vessel, dimetre = 30 cm
=r=15cmand h =30 cm

sini 3 [Hw :1.33:%}

Now, — =—
sinr 4
= sini=3/4/2 [because r = 45°]
The point P will be visible when the refracted ray makes angle 45° at point of P’
refraction. -
Let x = distance of point P from X. P
x+10

Now, tan 45° =

= d=x+10
Again, tani = x/d
3 d-10

23 d
3 10

(1)

. . 3 .
since, sini=—— = tani=

42
> —=-1=—= d:—@xm
V23 d J23-3
As shown in the figure,
sin45° 2 . sin45° 1 45
- =—=sinf=——=——=r=21° S
sinr 1 2 N3 AR
Therefore, 6 = (45° — 21°) = 24° h
Here, BD = shift in path = AB sin 24° 1 -~
= 0.406xAB = —~E o
cos21°
For calculation of critical angle,
sini_p, _ snC _ 15 75
sinr sin90 1.72 86

= C=sin" (Ej
26

Let 6. be the critical angle for the glass

. A

s.|n9c :1 = sing, = A :g =0, =sin™’ (gj
sin90°  x 15 3 3 >
From figure, for total internal reflection, 90° — ¢ > 6,
= ¢ <90° -0, = ¢ < cos™(2/3)

So, the largest angle for which light is totally reflected at the surface is cos™ (2/3).

From the definition of critical angle, if refracted angle is more than 90°, then reflection occurs, which is
known as total internal reflection.

So, maximum angle of refraction is 90°.
Refractive index of glass pg = 1.5
Given, 0° <i<90°

Let, C — Critical angle.

=)

=26.7 cm.

2cm=AE

x0.406 =0.62 cm.

90°—p
90°—p

8

AN

sinC  p, sinC 1 .
—="2=——"=—=066 1 - i
sinr Hg sin90° 15 40°48" 45 90

= C =40°48"

The angle of deviation due to refraction from glass to air increases as the angle of incidence increases
from 0° to 40°48". The angle of deviation due to total internal reflection further increases for 40°48” to
45° and then it decreases.

He=15=3/2; p,=133=4/3
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Chapter 18

For two angles of incidence, v
1) When light passes straight through normal, T=0

= Angle of incidence = 0°, angle of refraction = 0°, angle of deviation = 0 =0

2) When light is incident at critical angle, glass
; T=0  water

SI,LC =Hw (since light passing from glass to water) v i=0

sinr g

= sin C=8/9 = C =sin"'(8/9) = 62.73°. )

. Angle of deviation = 90° — C = 90° — sin™'(8/9) = cos™(8/9) = 37.27° \d glass
Here, if the angle of incidence is increased beyond critical angle, total internal I—'ngoo >
reflection occurs and deviation decreases. So, the range of deviation is 0 to water
cos ™ '(8/9).

31. Since, u = 1.5, Critial angle = sin™'(1/u) = sin™" (1/1.5) = 41.8°
We know, the maximum attainable deviation in refraction is (90° — 41.8°) = 47.2°
So, in this case, total internal reflection must have taken place.
In reflection,
Deviation = 180° — 2i = 90° = 2i = 90° = i = 45°.
32. a) Let, x = radius of the circular area

%: tanC (where C is the critical angle) | . '
P [l X 1 >
. HESNPG
_, Xx__snC _ T (because sin C = 1/p) v
h  1-sinC \/1_1
W2
X 1 h
= —= orx =

h lu2_1 u2_

So, light escapes through a circular area on the water surface directly above the point source.

R

b) Angle subtained by a radius of the area on the source, C = sin™' (1/p).

33. a) As shown in the figure, sin i = 15/25
SO, ﬂ = l - §
sinr p 4
= sinr=4/5
Again, x/2 = tan r (from figure)

. tanr x/2
So, sinr = =
Jitan?r 1-x2/4
X 4
= = —

Va+x? O
= 25x°=16(4 +X°) = 9x* =64 = x=8/3m
.. Total radius of shadow = 8/3 + 0.15=2.81m
b) For maximum size of the ring, i = critical angle = C
Let, R = maximum radius
sinC _ R
sinr \/202 +R?
= 16R* = 9R? + 9 x 400
= 7R? =9 x 400
= R =22.67 cm.

=sinC= = 3 (since, sinr=1)
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34. Given, A=60° n=1.732
Since, angle of minimum deviation is given by,
. (A + SmJ
sin
= 2 ) 1732 x % =sin(30 + 5m/2)
sinA/2
= sin"'(0.866) = 30 + dm/2 = 60° = 30 m/2 = 5m = 60°
Now, dm=i+i"—A
= 60°=i+i"—60° (6 =60° minimum deviation)
= i=60°. So, the angle of incidence must be 60°.
35. Givenp=1.5

And angle of prism = 4°
S|ntmj
= . 2 _(A+5n)/2 (for small angle sin 6 = 0)
sinA/2 (A/2)

A+d,

:>H.=T:>15= 4 +8m

4°

= 8 =4° x (1.5) = 4° = 2°.

36. Given A =60° and § = 30°
We know that,
sin A+8m) sin 807+ O
= ( 2 = , 2 =2$in600+6m
sinA/2 sin30° 2
Since, one ray has been found out which has deviated by 30°, the angle of minimum deviation should
be either equal or less than 30°. (It can not be more than 30°).
60°+3,,

So, u < 2sin (because p will be more if 3, will be more)

or, u<2x 1/J§ or,us\/i.

37. w1 =1, =15, R=20cm (Radius of curvature), u = —25 cm "f —sign convertion
Mo My Moo 15 05 1 1 1 3 w10 [ et
v ou R v 20 25 40 25 200 S ¢
= v=-200 x 0.5=-100 cm. WW’

So, the image is 100 cm from (P) the surface on the side of S.
38. Since, paraxial rays become parallel after refraction i.e. image is formed at oo.

V=00, U1 = 1.33,U =?, Uo = 1.48, R=30cm —signconvertion
Mo Wi _pp-py _ 148 133 148-1.33 133 0.15 =148

v u R 0 u 30 u 30
= u=-266.0cm
.. Object should be placed at a distance of 266 cm from surface (convex) on side A.

30cm
39. Given, u,=2.0
So, critical angle = sin™’ [i] =sin™ (l) =30°
Ha 2
a) As angle of incidence is greater than the critical angle, the rays are totally
reflected internally. c /
b) Here, 22 -1 M2~ A
v u R s
= Z—(—l) = 2-1 [For parallel rays, u = «] { B,
\ o8] 3 \ 3
\\ /I cm ,I
:>2=% =>v=6cm \\A:/

Y, - .-
= If the sphere is completed, image is formed diametrically opposite of A.
c) Image is formed at the mirror in front of A by internal reflection.
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40. a) Image seen from left :
u=(5-15)=-3.5cm

=-5cm
CMp Py Moo 115 1-15

vV u R v 35 5

1 1 3 -70 o

—=——-— =>v=—— =-3cm (inside the sphere).

v_ 10 7:> 23 ( p ) 5cm

= Image will be formed, 2 cm left to centre.
b) Image seen from right :
=—(5+15)=-6.5cm

L = 1.3 >V _130 _ —7.65 cm (inside the sphere).
v 10 13 17 6.5cm
= Image will be formed, 2.65 cm left to centre.

41. Ri=R,=10cm,t=5¢cm,u=-w

+ve
N
=-5cm
DM Py Moo 1 15 1215
vV u R v 6.5 -5 . %):l
\ C {B

For the first refraction, (at A) 15cm
Mgy _Mg~Ha 15 15 _7/\\
vV u R, v 10 RPN
A JB---7

=v=30cm. ’S\—/
Again, for 2" surface, u = (30 — 5) = 25 cm (virtual object)

R, =-10cm +ve| —Sign convention
So, 1 15 _ -0.5 —v=91cm. _, | for both surfaces

v 25 -10

So, the image is formed 9.1 cm further from the 2" surface of the lens.
42. For the refraction at convex surface A.
p=—o, =1, up =7
a) When focused on the surface,v=2r,R=r --.

~~-__\Image
So. M2 _ M _ M2~
v u R
-1 >
3;—2:H2—3H2=2H2—23H2=2 v=ar
r
b) When focused at centre, u=r;, R=r
So M2 M _Moa—Mq e
-1
TIPS}
R r v=r

This is not possible.
So, it cannot focus at the centre.
43. Radius of the cylindrical glass tube = 1 cm Helass rod
3/2

We know, 2 _H1 _ %
v 1=4/3 Q
Here, u=-8 cm, pp = 3/2, py =4/3, R=+1cm
3 4 3 1 1 water 8cm
SO, —+ —=— V=

= —+
2v. 3x8 2v. 6 6
.. The image will be formed at infinity.
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44,

45.

46.

47.

In the first refraction at A.
H2=3/2,p1=1,U=O,R=OO
Mo — 1y

So, K2 M
vV u R

= v=0since (R= wandu=0)

.. The image will be formed at the point, Now for the second refraction at B,

u=-3cm,R=-3cm, uy=3/2, up =1 3cm

1 N 3 1-15 1 A

-3 6

object

= v =-3 cm, .. There will be no shift in the final image.
Thickness of glass =3 cm, pg = 1.5

Image shift = 3(1 —ij
1.5

[Treating it as a simple refraction problem because the upper surface is flat and
the spherical surface is in contact with the object]

= SX% =1cm.
1.5

The image will appear 1 cm above the point P.
As shown in the figure, OQ =3r, OP =r

So, PQ =2r
For refraction at APB
We know, B2 _H1_H2 "1
VvV u R
= E—L:E:i [because u = -2r]
v =2r r 2r
=V=w®
For the reflection in concave mirror
u=oo

So, v = focal length of mirror = r/2
For the refraction of APB of the reflected image.

Here, u = -3r/2

115 :ﬁ [Here, py=1.5and u, =1 and R = -]
v =3r/2 -

=>vVv==2r

As, negative sign indicates images are formed inside APB. So, image should be at C.
So, the final image is formed on the reflecting surface of the sphere.
a) Let the pin is at a distance of x from the lens.

Then for 1% refraction, 22 ~ M1 _H2 ~H1
v u R
Here u, = 1.5, uy =1, u=-x, R=-60 cm
15_1_05
v -x -60
= 120(1.5x + v) = —vx ..(1)
= v(120 + x) = —=180x
—180x
=>vVv=
120 + x
This image distance is again object distance for the concave mirror.
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_ -180x
120 + x
17 1 1 1 1 —(120 + x)

L= —=———
v u f v, -10 180x

1 120+x-18x 180x
—_——_— V=

v 180x ©120-17x

Again the image formed is refracted through the lens so that the image is formed on the object taken in
the 1°! refraction. So, for 2" refraction.
According to sign conversion v = —x, u, =1, u1 = 1.5, R =-60

Mo Wi _Ha—ii o 180x ]

,f=—-10cm (.. f=R/2)

Now,

v u R 120 -17x
15 420-17x9="22
-x 180x —60

1 120-17x -1
= —4—=—
X 120x 120
Multiplying both sides with 120 m, we get
120 + 120 — 17x = —x
= 16x=240 = x=15¢cm
.. Object should be placed at 15 cm from the lens on the axis.
48. For the double convex lens

f=25cm, Ry =R and R, = -2R (sign convention)

1 1 1 +ve
e L
= >[R1 sz R
= i=(15—1)(1—ij = 0.5[5) . A
5 R -2R 2 C \/ I
1. 3] = R=18.75cm

25 4R R YR
R;=18.75cm, R, =2R = 37.5 cm.
49. Ry=+420cm;R,=+30cm;pn=1.6
a) If placed in air :

R e
\

= f=60/6 =100 cm
b) If placed in water :

1 1 1)_(16 1 1 Re
I B el P ]| Pt
f R, R,) 133 Jl20 30

= f=300cm
50. Givenp=1.5
Magnitude of radii of curvatures = 20 cm and 30 cm
The 4types of possible lens are as below.

1 1 1
U G

Case (1) : (Double convex) [R; = +ve, R, = —ve]

1:(15—1)[i—i) = f=24cm
f 20 -30
Case (2) : (Double concave) [R1 = —ve, R, = +ve]

1:(15—1)(_—1—ij =f=-24cm
f 20 30
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Case (3) : (Concave concave) [Ry = —ve, Ry, = —ve]

1:(15—1)(L—L) = f=-120 cm

f -20 -30

Case (4) : (Concave convex) [Ry = +ve, Ry = +ve]
! =(15- 1)( 1 ij =f=+120cm
f 20 30

51. a) When the beam is incident on the lens from medium p.

Then M2 _ M1 _Ha 7 . M2 W1 _ Mo~ M4

v u R v (-o) R
- R
or L _MaTHr o M
v HoR Ha =y
Again, for 2" refraction, Hs M2 _Ms~Hp
\% u R
N e 3 —Hp — Uy +u1}
or, —= — = | == Tz e 71
: { e, m)} |tate
R
or, v = {L}
Hz — 2up + 1y
HsR

So, the image will be formed at =
2pp — g —p3

b) Similarly for the beam from p; medium the image is formed at

52. Given that, f=10cm
a) Whenu=-95cm
171 1 1

:> p—

1 1 02
v uf v 10 98 98
= v=-490cm
So,=>m= — v _ 490 =50cm
u -9.8
So, the image is erect and virtual.
b) When u=-10.2 cm
1T 1 1 1 1 1 102
v uf v 10 -102 02
=v=510cm
v _ 510
u 98
The image is real and inverted.
53. For the projector the magpnification required is given by
v 200

m=—=——=u=17.5cm
u 35

So,m=

AN

H1
3
" 25
+ve
—
H1 3
n L

10cm

10cm

10.2cm
(Real image)

[35 mm > 23 mm, so the magnification is calculated taking object size 35 mm]

Now, from lens formula,

111
v u f
1T 1 1 1 1 1
—_—_——— =y —  — =
v -u f 1000 175 f
=f=17.19 cm
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54.

55.

56.

57.

58.

When the object is at 19 cm from the lens, let the image will be at, v;.
17 1 1 1 1 1

== —
vi oy foovy

-19 12 _ 21em Vi

= v, =32.57 cm

Again, when the object is at 21 cm from the lens, let the image will
be at, v,

:>i—i:1:>i+i:i A l\'/l 'B

=V, =28 cm

A M B

AB" v;-v,
2

.. Amplitude of vibration of the image is A =

32.57-28

=A= =2.285cm.

Given,u=-5cm,f=8cm
o, 1 1 111 3
v u f 8 5 40
= v =-13.3 cm (virtual image).
Given that,
(-u) + v =40 cm = distance between object and image

ho=2cm, hj=1cm

Since :—' -Y - magnification

o}

1 v 40cm
= —=— D u=-2v
A
1 Tho B

2 -u
Now,1—1:1:>1+i_
v 2v f

v u f

3 1 2v
=5 —=—-=f=—

2v f 3
Again, (-u) +v =40
= 3v=40=v=40/3cm
_ 2x40
=53
From eqn. (1) and (2)

= -2v = -3f = -3(8.89) = 26.7 cm = object distance.

A real image is formed. So, magnification m = -2 (inverted image)

o f

= 8.89 cm = focal length

Y= oo v=2u=(-2)(-18)=36
u

11 1 1 1 1
From lens formula, - ——=- = — ———=—
v u f 36 -18 f
=f=12cm
Now, for triple sized image m = -3 = (v/u)
11 1 1 1 1
S —m—= D> — ——=—
v u f -3u u 12
=3u=-48=u=-16cm
So, object should be placed 16 cm from lens.
Now we have to calculate the image of A and B. Let the images be A’, B'. So, length of A’ B’ = size of
image.
For A,u=-10cm, f=6cm
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. 1 1 1 1 1 1
Since, ———=- => ————=—
v u f v -10 6
=v=15cm = OA’
ForB,u=-12cm, f=6cm
Again, 1111 11 G
v u f v 6 12
=v=12cm= 0B’
~AB =0A'-0B'=15-12=3cm.
So, size of image = 3 cm.

59. u=-15x10"m;f=+20x10?m
Since, fis very small compared to u, distance is taken as «. So, image will be formed at focus.
=v=+20x1072m

v h

. We know, m = — = Ma%
u h

<o >

11cm

object
20 X10_2 Dimage

= "o 9
1.5x10 1.4x10

= Dimage = 1.86 mm

D.
So, radius = % =0.93 mm.

60. Given, P =5 diopter (convex lens)
=f=15m=20cm
Since, a virtual image is formed, u and v both are negative.
Given, v/iu=4

W
ALY
\
Lo

= v =4u (1) %1
From lens formula, 11 = 1 ‘A//K/ F
v u f

1111 14 3 D

f 4u u 20 4u 4u ) v "
=u=-15¢cm
.. Object is placed 15 cm away from the lens.

61. Let the object to placed at a distance x from the lens further away from the mirror.
For the concave lens (1% refraction) A S
u=-x,f=-20cm ri::%tl_’;g’ / ¥\
From lens formula, B" :E;‘ 5 = S :
1 1 1 1 1 1 v
———=— = —=—+— A 4
v u f v -20 -x < — N
X 5cm

_ ( 20x j
=>V=—
X+ 20

So, the virtual image due to fist refraction lies on the same side as that of object. (A'B’)
This image becomes the object for the concave mirror.
For the mirror,
_ ( 20x j_ (25x+100j
=_| 5+ =_
x+20 x+20
=-10cm
From mirror equation,
11 1 1 1 x+20

=t
v u f v -10 25x+100
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_ 50(x+4)

© 3x-20
So, this image is formed towards left of the mirror.
Again for second refraction in concave lens,

u= —[5 —M} (assuming that image of mirror is formed between the lens and mirro)

3x-20
vV = +x (Since, the final image is produced on the object)
Using lens formula,
R R U B B
v u f " x g 50(x+4 -20
3x-20
=x=60cm

The object should be placed at a distance 60 cm from the lens further away from the mirror.
So that the final image is formed on itself.
62. It can be solved in a similar manner like question no.61, by using the sign conversions properly. Left as
an exercise for the student.
63. If the image in the mirror will form at the focus of the converging lens, then after transmission through
the lens the rays of light will go parallel.
Let the object is at a distance x cm from the mirror
=—xcm ;v =25-15=10 cm (because focal length of lens = 25 cm)

f=40cm

SR DO S I /\

v u f x 10 40 g

= X = 400/30 = 40/3 s { .

.. The object is at distance (15 —%) :g =1.67 cm from the lens. \/ T w

64. The object is placed in the focus of the converging mirror. oem

There will be two images.

a) One due to direct transmission of light through lens.

b) One due to reflection and then transmission of the rays through lens.

Case | : (S’) For the image by direct transmission, >
u=-40cm,f=15cm
RO I B P R AN
v u f v 15 -40 s’ S 3

= v =24 cm (left of lens) g

Case Il : (S") Since, the object is placed on the focus of mirror, after 500m

reflection the rays become parallel for the lens.
So,u=w

= f=15cm
11 1

= il = v =15 cm (left of lens)

65. Let the source be placed at a distance ‘X’ from the lens as shown, so that images formed by both
coincide.

For the lens, i—i:i:>v/: 15x ..(1) Aox

v, x 15 ' x_15 /\ E

Fro the mirror, u = —(50 — x), f =—10 cm . . 5

1 1 1 s \O/ S A§

So, —+——=——

vV, —(50-x) 10 ¥
50cm

18.15

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 18

1 1 1
- =
v, —(50-x) 10
10(50 - x)
So,vp= ———* ..(2
AT} @)

Since the lens and mirror are 50 cm apart,
15x  10(50 - x)
x-15 (x-40)

=50

vV, -V, =50=

= x=30cm.
So, the source should be placed 30 cm from the lens.
66. Giventhat,f;=15cm,F,=10cm, h, =2 cm
1 1

—>
The object is placed 30 cm from lens 111 a, 0em /\ A" %
v u f I I ¥
2cm B b

L °F g \
u+f A \/ A /\§
Since, u=-30cmand f =15 cm *
So,v=30cm
So, real and inverted image (A’B’) will be formed at 30 cm from the lens and it will be of same size as
the object. Now, this real image is at a distance 20 cm from the concave mirror. Since, f,, = 10 cm, this
real image is at the centre of curvature of the mirror. So, the mirror will form an inverted image A"B" at
the same place of same size.
Again, due to refraction in the lens the final image will be formed at AB and will be of same size as that
of object. (A"'B"")
67. Forthelens, f=15cm, u=-30cm

50cm

From lens formula, 1 —1 = 1 p=1.5
v u f /\
:>l:i—i:l =v=30cm .
v 15 30 30
The image is formed at 30 cm of right side due to lens only.
Again, shift due to glass slab is, 30cm Tem

=At= (1—%)1 [since, pg=1.5andt=1cm]

=1-(2/3)=0.33 cm
. The image will be formed at 30 + 0.33 = 30.33 cm from the lens on right side.
68. Let, the parallel beam is first incident on convex lens.
d = diameter of the beam = 5 mm

=15
Now, the image due to the convex lens should be formed on its =
focus (point B) TR
So, for the concave lens, R - 1"_2:‘
u = +10 cm (since, the virtual object is on the right of concave lens) -- "'6? \
f=—-10cm E Tom
So,l_lzljl: 1 +i:0:>\,=oo 10cm 10cm

v u f v -10 10
So, the emergent beam becomes parallel after refraction in concave lens.
As shown from the triangles XYB and PQB,
PQ RB 10 1
XY ZB 20 2
So, PQ=%x5=25mm
So, the beam diameter becomes 2.5 mm.
Similarly, it can be proved that if the light is incident of the concave side, the beam diameter will be 1cm.
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69. Given that, f; = focal length of converging lens = 30 cm
f, = focal length of diverging lens = —20 cm
and d = distance between them = 15 cm
Let, F = equivalent focal length

11 1 d 1 ( 1 ) 15 1
So, . —=—F———F = —+|— || —— |=—
F £ f, ff, 30 20 30(-200 ) 120
=F=120cm
= The equivalent lens is a converging one.
Distance from diverging lens so that emergent beam is parallel (image at infinity),
_dF 15x120
dy=—=
f, 30
It should be placed 60 cm left to diverging lens
= Object should be placed (120 — 60) = 60 cm from diverging lens.
Similarly, d, = 9F _ 15120
f, 20
So, it should be placed 90 cm right to converging lens.
= Object should be placed (120 + 90) = 210 cm right to converging lens.
70. a) Firstlens :
=-15cm,f=10cm

17 1 1 1 ( 1) 1
—_————e 2 — | —— | = ——
v u f Y 15 10

=60 cm

=90 cm

=v=30cm 15¢m

So, the final image is formed 10 cm right of second lens. ‘—18: ond

b) m for 1% lens : T A A
v h 30) h

_ 'image ( ) _ 'limage

— = = — | =

U Nopject -15/) 5mm \/ \/

= himage = —10 mm (inverted) —

Second lens : 40cm
=—40-30)=-10cm;f=5cm

[since, the image of 1% lens becomes the object for the second lens].

17 1 1 1 ( 1) 1
—_—_——=— = —— | —— | = —
v u f Y 10 5

=v=10cm
m for 2™ lens :
\ himage (10) _ himage
L ===
U Nopject 10 -10
= himage = 10 mm (erect, real).
c) So, size of final image = 10 mm
71. Let u = object distance from convex lens = -15 cm
v41 = image distance from convex lens when alone = 30 cm
f; = focal length of convex lens

60cm
Now, - 11 N

vi u

o 1ot 111 .
ff 30 -15 30 15 « »

or f{=10cm

Again, Let v = image (final) distance from concave lens = +(30 + 30) = 60 cm

v4 = object distance from concave lens = +30 m

30cm
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f, = focal length of concave lens

Now, - 111
v vy
or, l:i—i = f, =-60 cm.
f, 60 30

So, the focal length of convex lens is 10 cm and that of concave lens is 60 cm.

72. a) The beam will diverge after coming out of the two convex lens system because, the image formed by
the first lens lies within the focal length of the second lens.

b) For 1* convex lens, S R R (since, u = —)
v u f v 10
or,v=10cm 1 1 1 f; =10cm f, =10cm
for 2™ convex lens, — = — +— M
v f u
1 1 1 -1
o, —=—+———=— ,&V[/
v' 10 -(15-10) 10 \\VL‘
or,v'=-10 cm 15cm
So, the virtual image will be at 5 cm from 1% convex lens.
c) If, F be the focal length of equivalent lens,
11 1 d 1 1 15 _ 1
Then, - =—+ ———>=> —+——-—= —
F f f, ff, 10 10 100 20
= F=20cm.
73. Let us assume that it has taken time ‘t’ from A to B.
1
.. AB = —gt
5 g
1 =0
.. BC=h- =gt V| ot
29 X BI g
This is the distance of the object from the lens at any time ‘t’. ic
Here,u=—(h— %gtz)
p2 = p(given) and py =i (air)
So, = 11 = HF;1
\% 2 !
—(h—-—gf
( 59 )
(u-1)h- gt?)-R
B -1 ~ 1 _ H 29
\' R 1 2 1 2
h-—gt R(h-—gt
( 59 ) ( 29 )
uR(h - gt2)
So, v = image distance at any time 1’ = 12
(u—1)(h—§9t2)—R
uR(h—lgtz) 2
So, velocity of the image =V = c(jj_\t/ :% 12 = HR"gt (can be found out).

(=1h-2gt)-R | (1-1(h-gt*)-R

74. Given that, u = distance of the object = —x
f = focal length = —-R/2
and, V = velocity of object = dx/dt
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. . 1 1 2
From mirror equation, — +—=—-—
-X vV R
1 2 1 R-2x Rx :
= Z = v = = Image distance
v R x Rx R-2x RS
So, velocity (cj)f the image is glvgn by, Object image \E\
Y [ RIAR=2x)1 - (R=2x)][xR] §
tdt (R—2x)? - 3
X
dx dx
_ Rl R=201-122 3 X Riv(R-2x)+ 2vx0
(R—2x)? (R—2x)?
_ _VR®  R[VR-2xV+2xV
(2x —R)? (R -2x)? '
75. a) When t <d/V, the object is approaching the mirror
As derived in the previous question, t< (di)
m=0
L Velocity of object x R? " v
"% [2x distance between them —RJ? : |_|IM
_ VR? , _ —_
Vimage = [At any time, x =d — V{]

[2(d - Vt)-RJ?
b) After a time t > d/V, there will be a collision between the mirror and the mass.

As the collision is perfectly elastic, the object (mass) will come to rest and the mirror starts to move
away with same velocity V.
At any time t > d/V, the distance of the mirror from the mass will be

X= V(t—g):Vt—d
\%

Here,u=—-(Vt-d)=d-Vt;f=-R/2 v t<(di)
1 1 1 _ 1 N 1 _{R+2(d—Vt)} 3

1
v uf v d-Vt (-R/2)
_ R(d-Vt)
>V | —— L
R-2(d-Vt)
So, Velocity of the image will be,

i(Image distance) = df_R@=Vt)
dt dt| R+2(d - Vt)

Let, y = (d — V1)

:>d—y:—V

dt

So, —+—=- =
R(d-Vt)

} = Image distance

Vimage =

SO: Vimage =

d { Ry } _ (R+2y)R(-V) -Ry(+2)(-V)
dt|R+2y | (R +2y)?

_ _ 2
_ _V{R+2y Zy} VR

(R+2y)2 (R+2y)2

Since, the mirror itself moving with velocity V,

R2
—2:| (since, V = Vyiror + Vimage)

Absolute velocity of image = V| 1-
(R+2y)

= V|:1_R—2:| i
[2(Vt—d)-R?
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Chapter 18

76. Recoil velocity of gun = Vg = mVV

At any time ‘t’, position of the bullet w.r.t. mirror = Vt +mVVt = (1 +%)Vt

For the mirror, u = —(1+%)Vt =kVt

mirror(

v = position of the image ‘_FL,
Vg = (mV)/m

From lens formula,

1T 11 1 1 1 1 1 f-kvt

v f TKVE KVE . KVAT

V f u
Let (1+m: )
M

kVft ( kVif )
So,v= =
—KkVt+f \f-kVt

So, velocity of the image with respect to mirror will be,
d_v 3 i[ kVtf } _ (fF—kVt)kVF —kVtf(—kV) kVt?
dt  dt|f—kvt (f —kVt)? (f —kVt)?

Since, the mirror itself is moving at a speed of mV/M and the object is moving at ‘V’, the velocity of
separation between the image and object at any time ‘t’ will be,

Vq =

_ mV  kVf?
Vs =V —+———
M (f —kVit)
When, t = 0 (just after the gun is fired),

Ve = V+m—V+kV:V+mV+(1+m)V:2(1+mjV
M M M M

77. Due to weight of the body suppose the spring is compressed by which is the mean position of

oscillation.

m=50x10"kg,g=10ms > k=500 Nm? h=10cm=0.1m J——

For equilibrium, mg = kx = x = mg/k = 10°m = 0.1 cm Iso om
So, the mean position is at 30 + 0.1 = 30.1 cm from P (mirror). L]

Suppose, maximum compression in spring is 3.
Since, E.K.E. — |LK.E. = Work done

=0-0=mg(h+3)-" k&? (work energy principle)
= mg(h +8) = % k&% = 50 x 107> x 10(0.1 + 8) = % 500 &° “”;’;’;{f’"
So, 5= 222025450 _ 6451 = 1.5 cm.
2x 250
From figure B,
Position of B is 30 + 1.5 = 31.5 cm from pole. mirror
Amplitude of the vibration = 31.5 - 30.1 — 1.4. | ®
Position A is 30.1 — 1.4 = 28.7 cm from pole. A 130-1 em
ForAu=-315,f=-12cm 1.4c
LI mean

v f u 12 315 tem

= Vp= _1 938 cm ’//A;-:_//A—Vf/fx
Fig-B

ForBf=-12 cm, u=-28.7 cm
1 1 1 1+ 1

v f u 12 287
= vg =—-20.62 cm
The image vibrates in length (20.62 — 19.38) = 1.24 cm.

18.20

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 18

78. a) Intime, t = R/V the mass B must have moved (v x R/v) = R closer to the mirror stand
So, For the block B :

=-R,f=-R/2

17 1 1 2 1 1

== — = ——

v f u R R R _ 2R L R .
= v = -R at the same place. ) S .
For the block A : u=-2R, f=-R/2 L v

1 11 2 1 -3 H i. ) ‘m
S E— = — o —=— =

v f u R 2R 2R - N

A I B

_ origin
=>vVv= % image of A at % from PQ in the x-direction.

So, with respect to the given coordinate system,
.. Position of A and B are % R respectively from origin.

b) When t = 3R/v, the block B after colliding with mirror stand must have come to rest (elastic collision)
and the mirror have travelled a distance R towards left form its initial position.

So, at this point of time, R R
For block A : 4
=-R,f=-R/2
Using lens formula, v = —R (from the mirror), H H
So, position xa = —2R (from origin of coordinate system) N 5
For block B :

Image is at the same place as it is R distance from mirror. Hence,

- : . B R ,. 2R

position of image is ‘0. < — >
Distance from PQ (coordinate system) ¥ -
.. positions of images of A and B are = -2R, 0 from origin. < 25 :B,i "
c) Similarly, it can be proved that at time t = 5R/v, \J_‘\ i !

the position of the blocks will be —3R and —4R/3 respectively. A ' origin B

79. Let a = acceleration of the masses A and B (w.r.t. elevator). From the freebody diagrams,
T-mg+ma—-2m=0 (1) T a
Similarly, T-ma=0 ...(2) T [m—n
From (1) and (2), 2ma-mg—-2m =0 ,a A 2
= 2ma =m(g + 2) B sz/s2
=a= —1O+2 :E =6 ms>
2 2 ,

so, distance travelled by Bint=0.2 sec is, [“6“\

s=1at2=1x6x(o.2)2=o.12m=1zcm. mg
So, Distance from mirror, u = —(42 - 12)=-30cm ; f=+12cm FBD-B

FBD-A
. . 11 1 1 ( 1 j 1
From mirror equation, —+—=—-=—+| —— |=—
v u f v 30/ 12

=v=8.57cm
Distance between image of block B and mirror = 8.57 cm.

A DA
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SOLUTIONS TO CONCEPTS

CHAPTER 19
1.  The visual angles made by the tree with the eyes can be A
calculated be below.
_ .Helght of the tree :ﬁ: 0, :£20_04
Distance from the eye OB 50 height

similarly, 6g =2.5/80 = 0.03125
0c=1.8/70=0.02571 Distance B
6p =2.8/100 = 0.028

Since, 65 > 05 > 0p > 6, the arrangement in decreasing order is given by A, B, D and C.

2. For the given simple microscope,
f=12cmand D =25cm

For maximum angular magnification, the image should be produced
at least distance of clear vision.
So,v=—-D=-25¢cm

11 1

Now, ———=— <« D=25cm
v u f _.l

_ 1_1_1_#_1__& (Simple Microscope)
u v f -25 12 300

=u=-8.1cm
So, the object should be placed 8.1 cm away from the lens.
3. The simple microscope has, m = 3, when image is formed at D = 25 cm
D 25

aym=1+— = 3=1+—
f f

=f=25/2=125cm
b) When the image is formed at infinity (normal adjustment)
25

s D
Magnifying power= —=—"— =2.0
gniving p f 125

4. The childhasD=10cmandf=10cm

The maximum angular magnification is obtained when the image is formed at near point.
m = 1+9:1+E =1+1=2
f 10

5. The simple microscope has magnification of 5 for normal relaxed eye (D = 25 cm).

Because, the eye is relaxed the image is formed at infinity (normal adjustment)
So,m=5= b_2 =f=5cm
f f
For the relaxed farsighted eye, D = 40 cm
So,m= b_40. 8
f 5

So, its magnifying power is 8X.

191
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Chapter 19

For the given compound microscope
= ' -004m=d4cmf=— " =02m=20cm
25 diopter 5 diopter
D =25 cm, separation between objective and eyepiece = 30 cm

The magnifying power is maximum when the image is formed by
the eye piece at least distance of clear visioni.e. D = 25 cm

for the eye piece, ve = -25 cm, fo =20 cm

For lens formula, i—i:l
Ve Ue fe
:>i=i—lDL—i = U =11.11cm

u, v, f, 25 20

So, for the objective lens, the image distance should be
vp=30-(11.11) = 18.89 cm

Now, for the objective lens,
Vo = +18.89 cm (because real image is produced)
fo=4 cm

So, i:i_le_l =0.053 - 0.25=-0.197

u, v, f, 1889 4

= U, =-5.07 cm

So, the maximum magnificent power is given by

_ Y, D 18.89 [ 25}
m=-—{1+—|=—"FT|1+—
u, f. -5.07 20
=3.7225 x 2.25 =8.376
For the given compound microscope
fo=1cm,f,=6cm, D =24 cm
For the eye piece, vo =—24 cm, f, = 6 cm
NOW, i_i = l
Ve ue fe
1 1 1 [ 1 1} 5
_— = | — 4 — | =——
u, Ve fo 24 6 24

= U, =-4.8cm

fe =0.2m
objective
fo =0.04m
objective 111
« cm
A
B B

a) When the separation between objective and eye piece is 9.8 cm, the image distance for the objective

lens must be (9.8) — (4.8) = 5.0 cm

Now, -1
Vo Ug o
S O S
U vy fo 5 1 5
= U=—-—=-—1.25¢cm

So, the magnifying power is given by,

m= V_O|:1+B:| = _—5[1+ﬁ:| =4x5=20
u, f -1.25 6
(b) When the separation is 11.8 cm,
Vo=11.8-48=7.0cm, fo=1cm

1 _ 1 1_11_ 6

u v fo 7 1

~

N
T

— >

24 cm e
Fig-A

T o7cm l 4.8cm :

11.8cm
24 cm

Fig-B

<-=-=-===

A
4
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Chapter 19

So, m=—V—°[1+9} = ‘—7{1+ﬁ} =6x5=30
U f (7 6
6

So, the range of magnifying power will be 20 to 30.
8. For the given compound microscope.
fp= —— =0.05m=5cm, fo= —— =0.4m=10cm.
20D 10D
D = 25 cm, separation between objective & eyepiece= 20 cm

For the minimum separation between two points which can be distinguished by eye using the
microscope, the magnifying power should be maximum.
For the eyepiece, vy = —25 cm, fo =10 cm

1 1 1 _ 1 1_{2+5} _ 50
So, —= ————=——-— =- = Ue=— —cCm

U e fo —25 10 50 7
So, the image distance for the objective lens should be,
Vo=20- @ = % cm

7 7

Now, for the objective lens,
(I N U N O |
U Vv Ty 90 5 90

90
=Uy=— —cm
11

= ﬂ><3.5 =55
7

Thus, minimum separation eye can distinguish = % mm = 0.04 mm

9. For the give compound microscope,
fo = 0.5cm, tube length = 6.5cm
magnifying power = 100 (normal adjustment)

Since, the image is formed at infinity, the real image produced by the objective lens should lie on the
focus of the eye piece.

So, v +fs =6.5cm (1)

Again, magnifying power= V_onB [for normal adjustment]

0 e fo
«—

= 1_\/_02 .‘.V_O:.]_V_O Vo Eye piece
fo | fe Ug fo Tﬁ\ Fe

— 100 = —{1 —(‘)’—%} x? [Taking D = 25 cm] Obj\e/dlve\%v

€ ©

=100 f, = —(1 — 2vp) x 25
=2v—4f=1  ..(2)

19.3

Www.Medicalstudyzone.com


https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://play.google.com/store/apps/details?id=com.doxx.rankershalt
https://medicalstudyzone.com/
https://medicalstudyzone.com/

Chapter 19

Solving equation (1) and (2) we can get,

Vo=4.5cmandf, =2 cm

So, the focal length of the eye piece is 2cm.
10. Given that,

f, ==1cm, f,=5cm, U=05cm, v,=30cm " fem > Eye piece

For the objective lens, ug =—-0.5cm, f; =1 cm. f T A /\ B

From lens formula, B’ B \/ l
1 1 1 1 1 1 1 1 Objective A

_— = —_——t— = — 4+ =-1 —p

Vo Uy fo vg u, fy  -05 1 0.5cm 30cm

=Vvo=-—1cm < 60cm >

So, a virtual image is formed by the objective on the same side as that of the object at a distance of 1
cm from the objective lens. This image acts as a virtual object for the eyepiece.
For the eyepiece,
1 1 1 1 1 1_1 1_-5_-1 _
—_ = > —=—-—=—-—-=—=— = U=-6cm
vg Uy T Uup v fy 30 5 30 ©6
So, as shown in figure,
Separation between the lenses = ug—vo=6—-1=5cm
11. The optical instrument has

1

fo=—= =0.04m=4cm

25D
fo = L =0.05m=5cm

20D 5em
tube length = 25 cm (normal adjustment) 20cm

(a) The instrument must be a microscope as f, < f, AW /\
(b) Since the final image is formed at infinity, the image produced S i
by the objective should lie on the focal plane of the eye piece.

So, image distance for objective = v, =25-5=20cm R
Now, using lens formula.

1 1 1 1 1 1_ 1 1_-4_ -1 _
—_——=— > —=—-—=—-—=—=— =U=-5cm
Vo Uy fo up vg fo 20 4 20 5
So, angular magnification = m = —V—Oxf2 [Taking D = 25 cm]
Uog e
=—£X§ =20
-5 5

12. For the astronomical telescope in normal adjustment.
Magnifying power = m = 50, length of the tube =L = 102 cm
Let fy and f, be the focal length of objective and eye piece respectively.

m=;—°=50:>f0=50fe (1) e,

e <f°_, Eye piece
and,L=f,+f.=102cm ...(2) Tﬁ\ .

Putting the value of f, from equation (1) in (2), we get, V
fo+fe=102 =51, =102 =f,=2cm=0.02m Objective 2

So,f,=100cm=1m o

.. Power of the objective lens = fi =1D
0
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Chapter 19

13. For the given astronomical telescope in normal adjustment,
Fe =10 cm, L=1m=100cm
SO, fop=L—-f.=100-10=90 cm

14. For the given Galilean telescope, (When the image is formed at infinity)
fo =30 cm, L=27cm
Since L = fo — [f|
[Since, concave eyepiece lens is used in Galilean Telescope]
=>f=f,—-L=30-27=3cm

15. For the far sighted person,

u=-20cm, v=-50cm

17 1 1
from lens formula ———=—

v u f
1 1 1 1 1 3 100 1
- = . = =_— =f=— cm=—m
f -50 -20 20 50 100 3 3

So, power of the lens = % = 3 Diopter

16. For the near sighted person,
u=owandv=-200cm=-2m
S B R O N P
f v u -2 o 2
So, power of the lens is —0.5D
17. The person wears glasses of power —2.5D
So, the person must be near sighted.

u = oo, v = far point, f= % =—04m =-40cm

Now,l—1=1
v u f

Dl:l+1= o+L =>v=-40cm
v u f -40

So, the far point of the person is 40 cm

18. On the 50" birthday, he reads the card at a distance 25cm using a glass of +2.5D.
Ten years later, his near point must have changed.
So after ten years,

u=-50cm, f=L=04m=4OCm v = near point
2.5D
17 1 1 1 1 1 1 1 1
Now, ———=— = —=—4-=F —+— = —
v u f v u f -50 40 200

So, near point = v =200cm
To read the farewell letter at a distance of 25 cm,

U=-25cm

For lens formula,

17 1 1 1 1 - 1 1 9 200 2
—_—-—— - =F—————=——+4-—=—— =f=—cm=—m
v u f f 200 -25 200 25 200 9 9
= Power of the lens = — = % =4.5D

..He has to use a lens of power +4.5D.

19.5
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Chapter 19

19. Since, the retina is 2 cm behind the eye-lens

v =2cm
(a) When the eye-lens is fully relaxed
u=ow, v=2cm=0.02m Eye lens
1.1 1 1 1 (’ Retina

So, in this condition power of the eye-lens is 50D

(b) When the eye-lens is most strained,
=—25cm=-025m, v=+2cm=+0.02m [ 2om —|
= 121_1 = L_#=50+4=54D

f v u 002 -025
In this condition power of the eye lens is 54D.
20. The child has near point and far point 10 cm and 100 cm respectively.
Since, the retina is 2 cm behind the eye-lens, v = 2cm

For near pointu=-10cm=-0.1m, v=2cm=0.02m
So, L :1—1=L—L=50+10=60D

fiear Vv u 0.02 -0.1
For far point, u=-=100cm=—-1m, v=2cm=0.02m
So 1—1—1=L—i=50+1=51D

"f vV u 002 -1
So, the rage of power of the eye-lens is +60D to +51D
21. For the near sighted person,
v = distance of image from glass
= distance of image from eye — separation between glass and eye
=25cm—-1cm =24 cm = 0.24m
So, for the glass, u =wand v=—-24 cm=-0.24m
SR B R R Y
f v u -024 o«
22. The person has near point 100 cm. It is needed to read at a distance of 20cm.
(a) When contact lens is used,
=—20cm=-0.2m, =—100cm=-1m

SO, -=———=———_=-1+5=+4D

(b) When spectacles are used,
u=-(20-2)=-18cm=-0.18m, v=-100cm=-1m
so, 21 1o 1 1 4is555=+45D

f v u -1 -0.18
23. The lady uses +1.5D glasses to have normal vision at 25 cm.

So, with the glasses, her least distance of clear vision = D = 25 cm

Focal length of the glasses = A m = 100 cm
1.5 1.5
So, without the glasses her least distance of distinct vision should be more
If, u=—-25cm, f= mCm
1.5
Now, i 1115 1 _15-4_-25 = v = —40cm = near point without glasses.
v u f 100 25 100 100

Focal length of magnifying glass = % m=0.05m=5cm=f

19.6
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Chapter 19

24.

(a) The maximum magnifying power with glasses

m=1+2=1+§=6 [-D =25cm]
f 5
(b) Without the glasses, D = 40cm
So,m= 1+2 = 1+ﬂ =9
f 5

The lady can not see objects closer than 40 cm from the left eye and 100 cm from the right eye.
For the left glass lens,
v=—40cm, u=-25cm

1 1 1 1 1 1 1 3 200
= = :>f=Tcm

"f v u -40 -25 25 40 200
For the right glass lens,

=—-100 cm, =-25cm

1 1 1 1 1 1 1 3 100
—— e e = - = e = :>f:_0m
f v u -100 -25 25 100 100 3

(a) For an astronomical telescope, the eye piece lens should have smaller focal length. So, she should

use the right lens (f = % cm) as the eye piece lens.

(b) With relaxed eye, (normal adjustment)

_ 200 _ 100
fo=——om, fo= —cm
3 3
magnification = m = f_O = _(200/3) =2
f,  (100/3)
LN
19.7
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SOLUTIONS TO CONCEPTS
CHAPTER - 20

1.  Given that,
Refractive index of flint glass = p; = 1.620
Refractive index of crown glass = pu. = 1.518
Refracting angle of flint prism = A; = 6.0°
For zero net deviation of mean ray
(= DA = (ne = 1) A

S A= pe —1 = 1‘620_1(6.0)" =790
pe —1 1.518 -1
2. Given that

ur=156, u,=1.60,and p, = 1.68
(a) Dispersive power = @ = Hv "Hr = 1.68 —1.56 =02
n,-1 1601

(b) Angular dispersion = (u, - u)A=0.12 x 6° = 7.2°
3. The focal length of a lens is given by

K
And p, —1= — 4
K_K
b (=D =) _ 96100 _ 984 _ 08
o = K 9600
98

So, Dispersive power = ®

4. Given that, p, — u, =0.014
Realdepth _ 2.00 = 1515 n E
Apparentdepth  1.30 1.32cm !
p= byt o 00 o007 0 Heeee 7 |
py =1 1.515-1 f
5. Given that, u = 1.61, b, = 1.65, © = 0.07 and 5, = 4° Object
NOW, o= M
p’y -1
1.65-1.61
uy -1

Again, p, =

So, dispersive powe

=0.07 =

201
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Chapter 20

6. Given that, 5, = 38.4°, , = 38.7° and §, = 39.2°

(o4

3y ) ﬁj
Dispersive power = Hv " Hr - (e == =) _ (Aj [A [-8=(u—1)A]
“'y_1 (Hy_1) [SV)

_0,-8 _39.2-384
dy 38.7
7. Two prisms of identical geometrical shape are combined.

Let A = Angle of the prisms
p'y=152and p, =1.62,3,=1°
O =(w—1A-(wy—1)A [since A=A
=38 =(w-nVA

3, 1

=A= = =10°
py —u,  1.62-1.52
8. Total deviation for yellow ray produced by the prism combination is
8y = By — Bty + Soy = 2 8oy — By = 2(Hoy — 1A — (Hoy — 1A’
Similarly the angular dispersion produced by the combination is
B8y =& = [(tve = DA = (v = A" + (ve = 1Al = [(pre = 1) A = (s = A" + (1, — 1) A)]
= 2(pe — DA = (i — A’
(a) For net angular dispersion to be zero,
8 —-8=0

A \
= (e - 1A= (1= DA A
= ﬂ — 1oy — Hrg) - 2y — 1) Crown & Crown

A (v —rg) (Y )
(b) For net deviation in the yellow ray to be zero,
8, =0
= 2oy — 1A = (1 — DA’
A 2 =N _ 2y 1)
A (py - (ny =1)

9. Given that, pe = 1.515, pey = 1.525 and py = 1.612, py, = 1.632 and A =5°
Since, they are similarly directed, the total deviation produced is given by,
3=08:+8= (e~ DA+ (=1 A= (U + 1 —2)A
So, angular dispersion of the combination is given by,
8y — 8y = (Hov + v — 2)A — (Hor + pr — 2)A
= (Uev + My — Mor — ir)A = (1.525 + 1.632 - 1.515-1.612) 5=0.15°

= 0.0204

2>
2>

10. Given that, A’ = 6°, o' =0.07, w'y =1.50
A=7? o = 0.08, ny = 1.60
The combination produces no deviation in the mean ray.
@3, =(uy-1MHA-(uw,—1A'=0 [Prism must be oppositely directed]
= (1.60-1)A=((1.50 - 1)A’ AN
_ 050x6° _ _, A‘
=A% 060 0 N/

(b) When a beam of white light passes through it,
Net angular dispersion = (p, — 1)oA — ('y — 1)o'A’
= (1.60 — 1)(0.08)(5°) — (1.50 — 1)(0.07)(6°)
= 0.24° - 0.21° = 0.03°

(c) If the prisms are similarly directed,

8y = (my— DA+ (wy— DA A A

=(1.60—-1)5°+(1.50-1)6°=3°+3°=6° AA
(d) Similarly, if the prisms are similarly directed, the net angular dispersion is given by,

& — 8 = (ny— 1wA—(u'y—1) ®’A’=0.24° + 0.21° = 0.45°

20.2
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Chapter 20

11. Given that, p', — u'y = 0.014 and p, — p, = 0.024
A'=53°and A=3.7°

(a) When the prisms are oppositely directed, A!
angular dispersion = (u, — pu)A — (Wy — ')A’ A
=0.024 x 3.7° - 0.014 x 5.3° = 0.0146°

(b) When they are similarly directed,

angular dispersion = (p, — w)A + (1'y — p')A’ ﬂA

=0.024 x 3.7° + 0.014 x 5.3° = 0.163°

(XX XX
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SOLUTIONS TO CONCEPTS
CHAPTER 21

1. Inthe given Fizeau” apparatus,
D=12km=12x10°m
n =180
¢ =3x 10® m/sec
2Dnw

We know, ¢ =

_ 180x3x10°
24 x10° x180
2. In the given Focault experiment,
R = Distance between fixed and rotating mirror = 16m
o = Angular speed = 356 rev/’ = 356 x 2x rad/sec
b = Distance between lens and rotating mirror = 6m
a = Distance between source and lens = 2m
s = shiftinimage =0.7cm=0.7x 10° m
So, speed of light is given by,
- 4R’wa _ 4x16° x 356 x 2mx 2
s(R+b)  0.7x1073(16 +6)
3. Inthe given Michelson experiment,
D=48km=48x10"m

=1.25x 10* deg/sec

=2.975 x 10® m/s

N=8
We know, ¢ = DoN
2n
8
=X @ rad/sec = L rev/sec = A =7.8 x 10° rev/sec
DN 4.8x10°x8
21.1
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SOLUTIONS TO CONCEPTS
CHAPTER 22

Totalenergy emitted _ 45 _
Time ~15s
2. To get equally intense lines on the photographic plate, the radiant flux (energy) should be same.
S0, 10W x 12sec = 12W x t
_ 10W x12sec
S 12w
3. it can be found out from the graph by the student.

Luminous flux of a source of given wavelength
Luminous flux of a source of 555 nm of same power
Let the radiant flux needed be P watt.

Luminous flux of source 'P' watt

1. Radiant Flux =

=t =10 sec.

4. Relative luminousity =

Ao, 0.6 =
685 P
.. Luminous flux of the source = (685 P)x 0.6 = 120 x 685
- 120 _ 200W
0.6

5. The luminous flux of the given source of 1W is 450 lumen/watt
Luminous flux of the source of given wavelength _ 450 _
Luminous flux of 555 nm source of same power 685

[.. Since, luminous flux of 555nm source of 1W = 685 lumen]
6. The radiant flux of 555nm part is 40W and of the 600nm part is 30W
(a) Total radiant flux = 40W + 30W = 70W
(b) Luminous flux = (L.Fllux)sssnm * (L.Flux)soonm
=1 x40%x 685 + 0.6 x 30 x 685 = 39730 lumen
Total luminous flux _ 39730

(c) Luminous efficiency = - = = 567.6 lumen/W
Total radiant flux 70

7. Overall luminous efficiency = Totalluminous flux _ 35x685 _ 239.75 lumen/W

Power input 100
8. Radiant flux = 31.4W, Solid angle = 4=
Luminous efficiency = 60 lumen/W
So, Luminous flux = 60 x 31.4 lumen
Luminous Flux _ 60x31.4

4n 4n

.. Relative luminosity = 66%

And luminous intensity = =150 candela

9. | =luminous intensity = % =50 Candela

T
r=1m, 0 =237° Source]

Normal

N 37°

So, illuminance, E =

lcos® _ 50xcos37° _ e
- = > =40 lux ] L’
r 1 <—1m—>|
10. Let, | = Luminous intensity of source
Ea = 900 lumen/m?
Eg = 400 lumen/m”
Icose and Eg = Icose2
X (x+10)
A B

E x® _ Eg(x+10)? 0 | |

Area

Now, E, =

So, | =

[ ]

cos 6 cos 0 «— X —>L—100m—>|

X =333x=2x+203x=200m
x+10 3

So, The distance between the source and the original position is 20cm.

= 900x” = 400(x + 10)* =

221
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Chapter 22

, _ _ o
11. Given that, E; =15 lux = W o
= 1o =15 x (0.6)* = 5.4 candela 5 1
m
| 0 5.4 x [2] 0.6m
So, Eg= 2 0032 = 2= 3.24 lux
(OB) 1
A 0.8m B

12. The illuminance will not change.
13. Let the height of the source is ‘h’ and the luminous intensity in the normal direction is I,.
So, illuminance at the book is given by,
E= M = @ = L
r2 3 (r2 +n2)3/2

3

|0[(R2 +h2)3/2 —Ehx(Rz +h2"” x2h}

For maximum E, E =0=>
dh

(R? +h?)°
- (R2 + h2)1/2[R2 +h2_ 3h2] =0
R
>R*-2n’=0=>h= —
V2
I XXXX]
22.2
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