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Units Dimensions and Vectors

1.(A) By substituting dimension of each quantity in R.H.S. of option
(@) {E} _ {—Mj L_Tl N } _[LT ]
nr ML T " xL
This option gives the dimension of velocity.
2.(A) By substituting the dimension of given quantities [ML™'T?T* [MT 2V [LT~')? =[MLT°
By comparing the power of M, L, T in both sides.

x+y =0 ()
—x+z=0 R 1))
2x-2y-z=0  ..... (iii)

The only values of x, y, z satisfying (i), (ii), and (iii) corresponds to (b)
3.(C) In this question, density should be reported to two significant figures.

4237g
S =1.6948

Density =
2.5¢cm
As rounding off the number, we get density = 1.7
4.(D) Rounding off 2.745 to 3 significant figures it would be 2.74. Rounding off 2.735 to 3 significant figures it
would be 2.74.
5. (C) Since for 50.14 cm, significant number = 4 and for 0.00025, significant numbers = 2.
6.(C) In equilibrium, if 0 is the require angle,

Cylinder 4:
mg sin 60° = kx cos(60°—0)
Cylinder B:
mg sin30° = kx cos(30°+ 0)
= kxsin(60°—0) on solving 6 = 30°.
7.(C) In horizontal direction: N;sin0 = N, sin20

N;=N,2cos0
ﬁ=2cos6
N,
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8.(D) For upper cylinder

2Ncos30°=W ...(1)
For lower block
Ncos60°=F ...(ii)

From (i) & (ii)

i ]
o 130
2cos30 _w . F- w r /%v P
cos60° F 2\/5 \\/
9. (ABCD)
_t
I=a|ll-e?*
L
Here, unit of / = unit of @ = unitof a e *
10.(ACD)
In various systems a physical quantity can have different units.
11. (ABCD)
v=[LT™", a=[LT?), F=[MLT*]
-1
= Yor = Unit of time = Sms 5 =ls
a 20ms™ 4
As F =ma so m=£ = Unit of mass = 10N2 =lkg
a 20ms™> 2
Length L = vt = Unit of length = (5ms_1)(%s) = %m
F .
Pressure = = Unit of pressure = 1V = £Pa
L Zx>m?
12.(ABCD)

For any physical quantity, numerical value x unit — constant

For (a) muy =nyuy, = n, = (ﬂJ n = ( = J

Uy L_z

(500) = (lolonng(SOO) -0.5
For (b)

u L ls

=| L |p =| L = 7200) =2

m (uanl (TZJ(”O (3600.@}( )
For (c)

M, IPT 2
o5,

M2L2T2
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_{ (1kg)(1m)*(Ls)? }(1 e 10_14)
- 2 2| 7g = 00X
(1000 kg )(1000m)>(3600s)

36
For (d)

M LT
m=| ——"— ()
M2L2T2

(1kg)(1m)(1s)* ( 1 J
= — |=0.36
(1000 kg)(1000m)(3600s) > |\ 36

13.(ACD)
Argument of logarithmic function must be dimensionless.
14.(AB)
A 2O ==
2m b

B)  [bl=lal=[L]= o= M"L'T"]

[o]=[T""] [ago] =[LT ]
15.(ABCD)

= [b]=T,[C]=[L]and{%}=y
t

t x

= [a]= [LT_z] and e{b J is dimensionless
16.(ABCD)
xX2yw

Here [XY]=L and {L} =L= { } is dimensionless.
Xw

17.(ABD)
F>B.D. of the beam,
Considering rotational equilibrium about O.

Tsin45°xl=(W><£j+(0LW><l) N K
2 Y 45°
|
TxL=(K+ochl 0N
\/5 2 oW
1
T=W|—=+20a
e
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(D) To break the string 7" > 22w = W(L + \/EOLJ >220 = a> %

J2

©  a=05=+ 1w ivaxl|ovaw
T2 2 2
(B) Nx=Tcos45°=\/§Wxi

NG

(A) N, +Tsin45°=W +oW

N, +%+OLW= W+oW ; N, =% It does not depend on ..

18.(A)
19.B) p=ML>,G=M"'I’T? [p]=ML'T™? =p?I2G
[V]1=LT ' =L{pG

20.(C) For equilibrium of block 4
Ay

B

4 Ncos 6

A
. N
Nsin 0
NT o)\ "8
X4
F=Nsin0
N=F/sin0
To lift block B from ground

NcosO>mg = cos0 > mg

sin 0

min

Fngtan6=mg(%j ; So, F =%mg

21.(C) If both the blocks are stationary.
Balancing forces along x-direction
F=Nsin6
= N=F/sin0
Balancing forces along y-direction N
N, =mg+ N cosO

F N sin6

F
=mg+( jcos6=mg+Fcot6
sin©

J N cos0
N, =mg+ 4TF
22.(A)—>(S); (B) ~>(P); (C) = (Q); (D) —>(T)

Velocity [v]=[LT _1] , acceleration [a]=[LT -2 ]

Pressure [p]= [ML_IT _2]
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= [M]=[Pv*a],[L]=[v?a '] and [T]=[va"!]

3 8 4
(10)* (3x10°)
= 1 rilogram = 3 kilogram =81 x 10% kilogram
(10)
2
(3x10%)
1 reter = meter =9 x10'° meter and
8
1 recond = second =3x10" second
. _ 1 34 .
= 1 kilogram = 31 x107" rilogram,

1 meter = é x107' reter and 1 second recond
For (A) : 1800 meter = 1800 x é x1071° =2x1071 reter
For (B) : 3000 second = 3000 x%x 107" =10 recond

For (C) : 8100 kilogram = 8100 x éx 107* =107? rilogram

2

For (D) : 7200 joule: 7290 kgm*s™> = (7290)(éx10_34j(%x10_15j [éxlo”) =107 roule
23.(A) () % =0.333=0.3

Thus, (1)—(q)

(ii) 100 _ 3332033

3.0

Thus, (i1) = (1)

(iiiy 2-03=2-0=2

Thus, (iii) = (s)

(iv) 2-06=2-1=1

Thus, (iv) — (p)
24.2.0) [T]=[G)"[m, P'[r)f

MOLOT — [M—lLST—2][M]b [L]C :Mb—aL3a+cT—2a

= az—l,bz—l,c=i = a+b+2c=2
2 27 2
25.(3.0)Let in new system, dimensions be M',L'and T’
Given 100ML'T" =100MLT > ...(0)
20ML'T'™* =20x100ML*T > ..(ii)
Solving (i) and (ii); L'=100L M'T'™ = ﬁm'—2
10 surface tension (M7 2)in SI unit = 10> M'T" 2 n=3

26.3) Let d =kp*S’ f¢

where k is dimensionless. Then,
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[L]—{KT mL°T™ b{i}c
2 1T T

[L] _ |:Ma+bL—3aT—3b—ci|

Equating the powers of M and L, we get

bot-lonos
n

27.(2.0) LHS = [ML‘ZT—Z ] [ VL LGT_zn]
s {2 [mie D[]

According to homogeneity principle,

LHS =RHS
[M"["T 2" =[M*L*T™] n=2
28.(4.0)
Let new units of length, mass and time be L, M and 7T then 7.6 L =76 m
= L=10m
10 M =100 kg
= M=10kg
3607=10s
= T=10s
4 N = nF, where F is unit of force in new system.

B 4kgm/s2 3
10kg10m(10s) ">

29.(1.0) vee p’d¥ = []=[p‘d’] = [LT Y =[(ML'T2)(ML>)]
By comparing powers of M, L and T

1
+y=0,—-x-3y=1,-2x=-1 = =—,y=—=
x+y x—3y b X 2y 5
30.(2.0) 0=G m”r*
(lj (M PT )x(M)y(l)z
T

MOLOT—I :M3x+yL—2x

—-x+y=0

3x+z=0

—2x=-1

L, 1.3
2 2 2

- 1 )
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KINEMATICS AND 2 DIMENSIONS MOTION

1.(A)  The particle is moving with constant acceleration therefore velocity time graph of the particle will be straight line. From
t=0stot=1 s slope of given displacement-time graph is negative and decreasing. Fromt =1 s to t = 2 s slope is
positive and is decreasing. At time t =0 and t =2 s slope of displacement time graph is zero therefore velocity at that
moment will also be zero.

2.(C)

y direction X direction
u sinoc u

o<
o
cQ
W

T 2x (usina)
gcosH
In both the cases, U, and &, is same, so the time Ty =T, = 2using _ T
gcos0
(ii) v=u+at
u, =ucosa+(—gsin6)t
u, = usino +(—gcos0)t
For maximum height L to the incline Uy =0 usino = gcos6t
= 2omae ; h:utflat2
gcosh 2
. i 1
h= usinax| 0% ——x(gcosb) usma
gcosf | 2 gcoso
he u?sin’a
2gcosf
u?sin’a
As uy is same for both the cases and ay is same so hy =h, = ——
2gcosf
(ii1) R=(wcosa)T +%(—g sin 9)T2 ; As T is same for both
U, =ucosa.+ gsin0t ; u; =ucoso.— gsin 0t
. usino
u, =ucosa -+ gsind x
gcosb
) ; Clearly u; = u,
usina

u; =ucoso—gsinfx
gcosf
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3.(B)
4.(A) The relative velocity V makes an angle 6 with AB, where cos6 =

<|=

The distance travelled during the period A arrives at nearest distance = d cos 0

- Required time = deosO _ % ~ (A)
5.(B) Pi:AG,3) P>:(B)(7,3)

V1:2i—|—3j szxi—i—yj
s = 51+ 3]+ (20+ 3))t| s = 71+ 3]+ (xi+ y)
=> 5, = (5+ 2t)i+ (3+ 3t)] |=> s, = (7+ xt)i+ (3+ yt)]
At t =2 seconds they collide. It means that their S is same.
5+(2x2)=7+xx2,  3+(yx2)=3+(3x2) = x=1,y=3

6.(B) Displacements of B and C in horizontal direction is same.

y A
Vce= Vs (cos 60")
V.
Cl—+
ve 1 e
—== .. 1) ~e
vg 2 v
Displacement of A and B in vertical direction is same to Vi, A
Vo Xt=vpXxsin60°® xt B 60° l o
va 3
A Y- eeee(2)
\4:} 2
From (2) and (1)
VA IVR:IVE =3:2:1
dv v2 K4
7.B) a=v—= J.Vdv = jadx = S| = Area under a —x curve.
dx y
8..CO) () As the bird starts it’s motion at the same time as the ball, therefore, Vx =u.
?2) For all values of ‘x’ except h = ‘Hmax”, the ball will touch the bird twice.
2
u Vi \V 2h
h=Hmax = —— Range:2—( )( y)=2u —
2g g g
9.(C) S M A S i 5¢2
. =——t+— ; =—t-
o5 2 s
—3u a 7 4u at Tu 14u
= —f+=t"=—f -5 = —+5t=— = at +10t =—
5 / 2 5 / / 2 5 5
—3u 4u —3u —4u
Vi=—+at ; —Vy:——IOt ; —+at=——+10¢
5 5 5 y
1m—m=%
L4y add. ; 20t =3u
10t + at =—
5 X
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26
= 10/=a}/=2‘;/ :>a=10—i=ém/s:> a="—m/s*
3xf 33 3

10.(ABCD) Change in velocity = final velocity — initial velocity
— ucosbi —(u cos0i+ usin 63) =—u sinej (A) is correct

Average velocity = (total displacement)/(time taken) = (R; / Time of ﬂight)

= ucos0i (B) is correct.
Change in velocity = final velocity — initial velocity

= (ucos 0i—usin 6})—(u cos 01 +usin 93): —2usin 6] © is also correct.
Rate of change of momentum = force
Constant gravitational force is acting on the projectile. (D) is also correct.

11.(AC) At t=2 sec, projectile reverses its motion.

1
Maximum displacement in initial velocity = [10 X2+ [5] <_5)<2)2] =10m.

Distance travelled = Displacement from t = 0 to t = 2 added to magnitude of displacement fromt=2tot=3=12.5m

12.80)a= v&
ds

2_ 2
Or, f VdV:f ads = area under a — curve  Or, %:[éxle2+le4][For S=10m]|
= ve =10m/s [ V; = O] B is correct.
o Vo — Vi 1
Max. velocity is attained at S = 30. %ZEX 30x6 = Vinax = 134

13.(BD) For A: V, , = —Hvetr, width
1me

_ 101

120 12

1
Al’ld, VA,X, river — 0 VA, river — Em/ S

VA,x,eanh = Vr + VA,x,n'ver

=Vr
.-.120:L:£ :\Vr:lm/s
VA,x,earth Vr 4
-.B is correct.
10 1
ForB: V, =—=—m/s
B,y,earth 120 12
25 5
VB,x,earth = (VB,x,river + Vr) = E = ﬂm/ S

14.(BD) For first one Minute :
h, :0+%x10x(60)2 =18,000m = 18 km
Vi=0+4+10x60=600 m/s
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After first one minute : Rocket motion is under gravity.

Vi (600)°
2g  2x10
Max. ht. reached , Hmax = hi + hy = 18+18= 36 km

V2 =V} - 2gh, = h, = =18000m (V = 0)= 18 km
Using h:ﬁxtJr%gt = 18000 =—600xt, +%(+1o)xt§
= §-1205-3600=0 = t,=(60+60v2).

Total time required, T=t; +t,= 60+(60+60v2)=(120+ 602 )r

15'(ACD) VA,Board = VA,earth - VBoard,earth =2v-v=v

L L L
v =—-2v—v =-3v T= = =
B,Board VA,B v (73\]) 4v
L 3L L L
dB,Board - VB,BOard XT=3vX——=— and dA,Board = VA,Board XT=vX—=—
4v 4 4v 4
16.(ABC) AV =V, — :(60cos 60°5 + 60sin 60° ) (60?) :(—301+30J§j)

A7 = /(30)* +(30J§)2 = 60 m/s

a

a, +a, O:J y
[ d §O0° ", L=
a—= a% +at2 =a; \at d‘t/ 01 ‘-.—...-.‘ \:(;U 60m/s
IR C) L.
R 0. 3><1000
— vi=60m/s
5arg |VfA V| 60 =115m/s> '
! [x300]/60
3
17.(ABCD) U, =4i +4k
Vg =3j+4k
e VA,B = (41 + 412)—(334- 412) =4i—33 ‘VA,B‘ =5m/s (A is correct)

As the initial velocity and acceleration of both the particles in vertical direction are equal, so they would hit the ground
at same time, B is correct.

Time of projectile = 2%04 = %sec Distance covered by A = 4x 4 = Em
2 2 2 2
Distance covered by B = 3 x%m = %m. Separation = [%] + [%] = 4/% :? =4m

C is correct.

—

Lyp =TIy —Ig =Va X t—VBXt—VABXt—(41—3J)

2 u?sin a2 u?sin’ p
18.(ACD) H;=—Rp = =— = 3sin® a = usinff = 3(1—cos a) 8 sin’ B
3 2g 3 g
2 I 43 u? sin90°  u?
sin“a=1 = B, =—sn — ; Rippgx =——=—
2 4 g g
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19.(ABD) If u is the initial speed and 6 the angle of projection. Then v, =usin6—gt ie., v, —t graph is a straight line

with negative slope and positive intercept. x =(vcos0)¢ i.e., x — ¢ graph is a straight line passing through the origin.

y=(usin0)t —%gt2 i.e.,y —t graph is parabola i.e., v, —t graph is a straight line parallel to #-axis.
20.(ABC)%=ult+%a112 ()

1 1 2
and ——=—ut+—(—ay)t
5 = Tttt (may)

1 1
= —=uyt+—a,t .2
S =l @
Subtracting (1) and (2), we get har et
Uy — 1y e— /2 ——>e——]/2 —>
t=2 ...(3)
4G~
Substituting (3) in (1) or (2) and rearranging, we get
4(uy —uy)
1= =2 (ayuy — ayuy) - (4)
(a—a,

Since the particle P and Q reach the other ends of 4 and B with equal velocities say v.

For particle P Vv - ulz =2a,1 ...(5)

For particle O v —u% =2aq1 ...(6)

Subtracting and then substituting value of 1 and rearranging, we get (u, +u;)(a; —ay) =8(ayu, —ayuy)

2.(ABCD) =t -1 2
Upel u+ E 3u

Distance = Ivdl =u ><2—l = 2—1

3u 3

_totaldisp _ I/N3 _ 3u
total time  2//3u 2

3u
Vave ; VAB:u+ucos60=7

22.(ABC)The velocity of motor boat is given as vy = Vigw + Vi

5 53

sin O - sin120°
= sinf = 1
2
= 0=30° .. (A), (B) and (C)
23.(BC) In the first case BC =vt; and w=ut,. In the second caste usina

Solving these four equations with proper substitution, we get w =200 m, u = 20 m/min, v = 12 m/min and o = 37°
B C
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24.(AC) Distance travelled by motor bike at t= 18 s
Sbike = Sl = %(1 8)(60) =540 m

Distance travelled by carat =18 s

Sear =55 =(18)(40) =720 m

Therefore, separation between them at = 18s is 180 m. Let separation between them decreases to zero at time ¢ beyond
18s. Hence, Sy =540+60f and S, =720+40¢

car

Scar —Sbike =0 = 720 +40¢ =540 + 60¢

t=(18 + 9) s = 27s from start and distance travelled by both is Sy;. =S, =1080 m
0 X0
dv
25.(ACD) veav = o I dv=—a I dx
. Yo 0
d rdv
Vo = 0xg = Xg =% ; —V=—0cv(or) '[—V=—0c'[dt
o dt v
Yo 0
v=vye ¥(or)v=0 for t =0 = y=20 Whent:l
e a
26.(ABC) Acceleration = % =y =0+kx
t
{ 5c=ﬁ=v} = v=a=kv="k(vy+kx)
dt
d d d Yav 1
Further,az—vzkv = Ay N Lokdt > —vzkjdt = t=—log, AR
dt dt v % k Vo

Since, v =V, + kx. Hence slope of velocity displacement curve is ? =k.
X

- -
27.(AC) At highest point angle between a and v is zero. Hence, total acceleration is only normal or radial acceleration.

2 2
14 14
a=a,= ? a=a,= ? u
But a=g but a=g
2 2
_ (ucosB) o= (ucosB) A
R R -
20520 20520 e\
or R = & or R = & 9(30 Y
g g g

At point of projection component of acceleration (= g) along velocity vector is —g cos(90°—0) or —gsin6.
28.(C) Vg, =10m/s

VR}? =10m/s
Vi =0
Drops appear vertical to man = Ve =Vinx = Ve =10m/ s

29.(D) Vjy =10B3m/s

Vi =y (Vi) + Vi)
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R »10 m/s

10 m/s 10V2 m/s

man fO m/s

= J(10:3)* +10%> =20 m/s

30. [A—-qs;B-r;C—-p;D—qs]
(A) constt. Speed
So, (i—): = constant
Position time graph will be straight line B, D will be the match
2
(B) % >0 .. (C)is correct match
d’x .
© —="ve' . (A) is correct match.
dt?
d’x dx
(D) —— =0 (— = constant) (B, D) are correct match.
dt? dt
31. [A-qs;B-p;C-p;D—qr]
(A) dv — constant.
dx
vdv . . . . Lo .
o is increasing uniformly = acceleration is increasing (B) axx .. (D)
X
2
(B) &, constant = 2V£ — constant
dx dx
So; ﬂ — constant
dx
Acceleration of particle is constant S(A)
© (ji_\t/ — constant
a — constant a t . (A)
(D) av — constant or d—Vﬂ = constant
dt? dt dt?
_ﬂ = constant
2t dt
32. [A-qs;B-p;C—-r;D-r]
1 2
u’sin20 R (10)’sin60 1043 Csin?e 10%2) 10
(A) R= -_—= = = Hmax = = = —
g 2 2g 4 2g 2x10 8
2 . .
R . 1 .
Displacement = 4|— +Hmax2 time = usin® =—sec. Avg. velocity = w
2 g total time
Physics | Solutions 13 Kinematics and 2D Motion
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usind

(B) The time is given by Solve to get answer.

2 .
u“sin20
© R=———— solve to get answer.
g
(D) Change in linear momentum = initial momentum — final momentum

=/3[10c0s30°7 +10sin30; | - +/3x10c0s30

33. [A-q;B-r;C-q;D-r]
If particle is gaining speed in a uniform manner, then it’s tangential acceleration is non-zero and constant.

34.(20) At the time of collision, position of the both particles must be same.
So, diff. in x coordinate = 10 .

y coordinate is equal. “"%:::"';l"'---._. 20 m/s
X1 —X2= 10.
20c0s45°t —ucos60°t =10 cen(D)

and usin 60°t = 20cos45°t e(2)

Solving, we get the answer.

35.(1) Lett be the instant at which the ball hits rear face AB of the trolley.
38 38

Then t= =
vocos45°—u,  28.28co0s45°—10

=3.8s

. 1
At t=3.8 s, the y-coordinate of the ball is y = (VO sin 45°)t —Egt2 =20t — 5t

Or y=20(3.8)-5(3.8)>=3.8m

Since 3.8 m > 2m, therefore, the ball cannot hit the rear face of the trolley.

Now, we assume that the ball hits the top face BC of the trolley, and let t’ be that instant.
Then, y=2=20t"-5t2 or t'2-4t'+04=0 ; t' =3.9s

Let d be the distance from the point B at which the ball hits the trolley. Then,
d=(Voeos45°—1p ) (t' —t) =(20—-10)(3.9-9.8) = Im

| _|:2(0L+B)l:|l/2v _(20{,_[3[ 1/2
min — OLB max ~ OL+[3

5 _\/(0.25+0.5)8><103 X2
e 0.25%0.5
37.(1) The situation can be roughly shown in the figure. Let C take time ¢ to overtake 4.

d o =1000 m, v, = (10+15) =25 ms™'

rel —

36.(5)

~

=310s =5min10s.

V= 15ms™! Vv = 10ms™! Vo= 15ms™!
d 1000 — - D
Here ¢ =—teL = —— =405
Vrel 25 B A C

Let acceleration of B be a for overtaking : 100 1l '

dyey =1000 m; v, =15-10=5 ms™'
d.,=a andt=40s

rel

. 1,
Using drel = Uyl + Earelt

100 = 5% 40 Jr%a(40)2 =a=1ms>

Physics | Solutions 14 Kinematics and 2D Motion
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38.8) S, = % gt’; S, =ut —% gt’

2
S1+S2=h;4h=;—:u=\/8gh = ut=h
g
= J8ght=h = t= SL
g

39.4) 0=vy,cos30°—gsin30°%

Vv cos30°
= =

e
gsin30° M

—H c0s30° = -, sin30°¢ —%g c0s30°7 ...(2)

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

2 2
=2 o Vo = /@ﬂm/s (o0 =30°)
g 2 5

40.3) Vot 1n vertically downward Vy, after collision vertically upwards since collision is elastic so velocity of hail
stones w.r.t. car before and after collision will make equal angles.
Vien =Vy =V. =V =V, ; B+90-2B+0a; =90 ; al=[3.2[3=20L1tan2[3=tan2a1=%

41.(3) The horizontal and vertical components of the velocity are the same, let it be u = vcos 45°.
2
FromAtoB: 1= = 4° =2g
2g y
2
AB:d=uty = =2 1=uy 82 =L &9 ©.D
u 2 u 242

B(d, 1+ 1)

2 2
gd gd i [
= l=d-=— = l=d-=— >
242 4g ¢ (d, 0) (3d, 0)
2 2 3d
= 4=4d =d = d°-4d+4=0 = d=2m ; 3d=ut,=>1t, =—
u
2 2 2
—l=ut2——gt22=—u.ﬁ—g9d :3d—9gd =3d—%=3><2—2><4:6—9:—3 = [=3m
2 4 2 42 4g 4g 4
1
. o 2x33% -
2.6) T- Wysin(0—0) _ 2x34/35in(60—30) _ 2 06=0.1x; =6
gcosa 10cos30 3
10><7
43.(15) As seen (from ground, ball rises vertically, so; \
‘Vcoso60":10m/s ...... (1) 60°
v, =vsin60
u?sin?@  (vsin 60)2 ——v =10m/s
Himax = = ... (2)
2u 2g
Solving, we get the answer
2
44.(2) Range =y, x time of flight (?) = 2% = 2V
& &
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If y is the height of balloon at any instant ¢ and 2—)} its velocity then
t

2
yz_[d_yj 2& +lg 2& = d—y+£y—v0=0 ; d—yzd[
dt )\ g 2 g dt  2v, g
Vo= oY
2VO
= —ﬂln(vo—iy]=t+c At t=0,y=0 = cz—ﬂlnvo
g 2vy g
. - 2\/2 —ot/2
Simplifying, we get y="L[1-¢ 850
g
45.(5) antszémz (D
For cat S+d=ut+%o¢t2 ..(2)

Putting the value of S from equation (i) in equation (2),
_2uiJmﬂ—8d$—a)
2(B-a)

2 2

u u
For tto be real, — > (B—a =0+—
oy (B-o) p oy

(0. —PB)t% +2ut —2d =0

>

Substituting a, d and u we get
2
55=25+25=5mf2

X

=25+
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DYNAMICS OF A PARTICLE

1.(C) For the equilibrium of block u(lSOcos 45°+50 cos45°) =150sin45°-50sin45° = p=0.5

2.(B) F.B.D. of man and plank are
For plank be at rest, applying Newton’s second law to plank along

the incline Mgsina=f ... (1) f mg sin a + f
And applying Newton’s second law to man along the incline.
Mgsina+f=ma ... (2)
a=gsin a[l + Mj down the incline e L
m
3.(B) X2 +y? =12
d d -
2X—X+2y,—y=0 = g:_x,d_x
dt dt d y dt
—Vy = —cot60°x+/3 = vy =Im/s
v =1/VX2 +Vy2 =2m/s
4.(C) F.B.D.of A
: 2T
m,g
m, =10kg. mp =5kg 2T - 10g = 10a, 2)
let accof A,B andCbe a,,ap,ac From (1) and (2)
F.B.D. of B 102, =10ap
Y T a, ap =ap
a,:ag=1:1
myg T—5g=>35ag (1
5.(B) Velocity of block and wedge along contact will be
9m/sy same.
l 9co0s37°=asin37°
4
a=9Ix==12
3

Final motion

\I‘\I j |_.a12

Nsin37°=ma

Physics | Solutions 17 Dynamics of a Particle



‘ Vidyamandir Classes

Nx%:12x10 = N =200N

6.(B) Draw force diagram of M and se that net force on M in both the cases is zero.

7.(B) Let B : foot of perpendicular drawn from A on the ground.
5 C : foot of perpendicular drawn from B to OX
0
/ B AC = 5sin 30° =2.5m
07 5 7Y 4B = AC s5in30° =1.25m

AB 1 )

= sinf=—-=— = acc. of the block = gsin@ =2.5m/s
04 4

(s=ur+1/2a) = %(zs)r2 = 1=2sec

8.(B) Along horizontal MV =m (Vr cos O — V)
10
= V.=—=m/s=57Tm/s
NE)
9.(BD)
10.(ACD)
—>a
_F
m, S F +— m, —»T
1 O—
3 > frz
m, § TN
o
AN e e r i r iy ™~
Maximum fr force between m, and m;
=m,gu=10x0.2=2N
F-fr—-T=mya
If in equilibrium
1 fi |m:g
F=f+T <
T<2N [If F < 4N]
o m, — T
For m; in this case :
T < Frmax TN
o fr and T will be equal (A) is correct
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It is not necessary if F > 4

«—2
T = 4N. (B) is not correct.
If F >4, max Fr=2N F «—1 m. L T
and system will accelerate (6N
system will not be in equilibrium (C) is correct — fr = 2N
If F=6N: Fr will be at max value. Fr = 2N
F-T-Fr=a,
4-T = az
Since blocks are connected by string there acceleration will be equal
fre
m +——T
T-fr=a T-2=a 4-T=a
2a=2,a=1 and, T=3N
11.(ABCD) P
If Fris not present system will move towards right 4kg
fr will act on P towards left (i e
Max fr = 40x0.6 = 24N g n=06 7
System will be in equilibrium 2
If mgg="f +mpg 4kg| * 2kg
40 =f +20 Q R
f =20N
Since for is within limiting value f =20 N system is in equilibrium
Q is in equilibrium R is in equilibrium
T, =20N

TB =40 N 140

|:|_. fr=20 N

Contact force =+/40% +20%2 =42000 =20+/5

' N=40N
] Fkt
B I A >
12. ( AB C) ST TS kg\\\\\\\\\\\\\\\\\\\\\\l ) kg SRS
H=0.2 W= 0.2
= 0.2 =04

System will be in equilibrium until A is in equilibrium.
Max Fr force on A =p g x0.5g

=2N

F=Kt=t k=1 Tt
T =6 f

B is in equilibrium
f max 0.2x0.5g=1N

- For T<3: system as a whole is in equilibrium T
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For t upto 3 sec. system is in equilibrium and is at rest.
Options A, B and C are correct.
Fort>3 sec:

Fon A=IN IN -

Fr force max while motion of A = p; xN =1

T-1=t-T-1=%
2

[ B |1

T—1=2 -—
2

fr,
_ _ dV 10 _ v
t—27af—dt or J; (t- 2)dt—'[0dv

5 10
t?—Zt :(V—O) =31.5m/s .. D s incorrect.
3
13.(BCD) To maintain constant velocity, E =0=P=fr always N
14.(BC) For 10kg block : kx =10x12 =120Nt. l
10kg| —»
For 20 kg block : 200-kx =20xa kx
- 200-120 T0g
20
=4 s’ kx+—{20kgl—» F=20 Nt

15.(AD) Suppose blocks A and B move together. Applying NLM on C, A + B, and D

60 —T = 6a

T-18-T"=09a

T-10=1a

Solving a = 2 m/s?
To check slipping between A and B, we have to find friction force in this case. If it is less than limiting static
friction, then there will be no slipping between A and B.
Applying NLM on A.
T-f=6(2)
As T=48N
f=30N
and f; =42 N hence A and B move together. And T" = 12 N.
16.(BD)

— Ve

B e. u

v,
5
by string constrain
vp+u—vg=0 Or vg+u-vy

Differentiating both side ; ag=0+a,

Physics | Solutions 20 Dynamics of a Particle



‘ Vidyamandir Classes

17.(AD) For equilibrium
/2 /2
ARg j c0s0d0 = LARg j sin0d0
0 0

p=1
At the position of maximum tension in the rope
ARdOBcosO = n(ARdOg sin 6)
0 =45°
At any 0
dT =ARdBcosO — nARAOg sinb
Trnax /4
j dT = \Rg I (cos O —sinB)do
0 0

T... = \Rg[sin®+cosO]F* :kRg{ =ARg(2-1)

1 1
55
18.(AC) Initially the 4kg block experience increasing friction as it tries to prevent relative motion between the 2kg and 4kg

and the force increases with time then there is a discontinuity in the graph of a,vst because the values of frictional
force decrease from limiting to kinetic friction. The friction causes increasing acceleration on 2 kg block but after it
starts relative motion the kinetic friction it constant causing constant acceleration.

19.(AD) Initially both friction and external forces acts opposite to motion.

pmg =-5N
F=-15N V=at
a=—§m/s2 At t=2=+5s
10 +2
=2 mls* Velocity change direction

Later after velocity changes direction friction acts opposite to motion (+ve x-axis) and ext force act along motion.

pmg = SN
=—15N
a =—&m/s2 =—1m/s?
10
2.2
Hence, ﬂ:—2 at t=5and ﬂ:—1 from then * -2
t t dr?

20.(BC)

A
B 90° — oL -— '9

(04
O

;oA

When the block is seen with respect to wedge a pseudo force ma will act horizontal. By normal constrain

macos(90°—a)+mgcosa =N

masino +mgcosa =N

Physics | Solutions 21 Dynamics of a Particle



‘ Vidyamandir Classes

Magnitude of acceleration

Ja? +a? +24* cos(180°— 1)

wlZaz(l —cosal)
Vda?sin? a/2
2asino/2

21.(ABCD)
Taking wall as reference from a pseudo force acts on the block = ma

Where a is acceleration of reference =20 m/s>
N=ma
=10x20
=200 N
Limiting friction =uN

=0.6 x200=120 N
Friction required to prevent sliding is 100 N

f=100N
Total contact force =4 (200)2 +(1 00)*
=100v5N
22.(ACD)
For breaking off the plane : Fsina=mg
= at; sino.=mg = N
asino

Speed at time of breaking off.

[

J-atzcosadt_atgcosa_acose mg \/ mg _\/ mg’

= V= ; : TR
m 3m 3m asina \asino 9atan” a.sino

0

Fcosa at;cosa.  amg cosa
a= = =—". = gcota.
m m asino.  m
a_._ a m’g’ coso mg’
0
12m

ty 3

at
s=J.vdt=J.—cos0Ldt= = —— = -
o 3m 12m  a“sin” o 12atanoasino

23.(BD) As on the gravity and normal are the only two forces acting
(M +m)g—N=(M+m)a,,
N
N e
(M +m)

By normal constrain

g-

Block m will apply N, force of the wedge normally.

And the component of the force in x direction (I, sin0) will provide acceleration
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Ma, = N;sin0
N, sin®
ax =
M

24.(BCD) Angular velocity of sleeve = ®

25.(D)

26.(B)

27.(B)

28-30.

Radius of rotation = /|

Centrifugal force = m(;)zll

N, be normal in plank of motion N, = m(;)zll I_I'

Let N, be normal in direction planking out gravity \Jm

N, =mg /
2 2 2 ?

N*=N;+Nj

N =\ (me’h)* +(mg)’
= \/mz((o“llz + gz)
= m«/(o4112 +g°

As it starts slipping
F=f=uN

a=0, since [ (mp —m, )gsin45°< g(ppm, +ppmp)cos4s* |

. . 2
Since mg sin 45° > Emg cos45°

And 2mg sin 45° > %mg cos45°

Therefore block B has tendency to move downward.
2mg

We have W—T—FrBzo
p —2mg _ 4mg
B 32 342
. mg mg
Again T-—=-F. =0 F. =—= downward.
g \/5 TA A 3\/5

28.(A) 29.(A) 30.(B)

X1

T

R ai T

! my [—»N
m <«44—N l a l a3 le X3
I mag m3g

mig

T - N =ma eeen (i) N =mya oo (i)
1% 24
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myg — T =mya, ..o (i) myg — T = myaz eeel (iv)
X, +Xx, + x3 const.
= _a1+a2+a3:0 ....(V)
Solve the equation for T, q; and a5 toget: T = %N ;a4 = 4—70 m/s*; ay = ?m/sz
31. [A-pr][B-ps][C—pr][D-q]
A) Jiy =03x20=6N, fix=02x20=4N 5 ,
for = fox =0.1x50=5N >
For combined block i 345
15N
15—5=10a=a=1m/s2 : 7
fi=2x1=2N .
Hence all blocks will have same acceleration. Also f; < f, hence [A-p, r] similarly solve others
32. [A-qs] [B-pr][C—qr][D-qs]
Acceleration will be same till N exists. This is possible only if p; > p,
When acceleration will be different, then N=0and p, >y, Ly e
NOW match the Optl on. T e
33(10) NAsin60“
30° N,=0
ma N,cos60°
(pseudo
o force)
N, sin60°=mg (D) mg ..(2)
From (1) and (2) N =0 incase of amax.
mg g
—= —ma a=— n=10
V3 3
34.(5)
50m
Fl < a F2:8N [ |
hm th— L 2]:4‘2
= /ON 4
For A :
F —2F, =mja, B
A=4m/s’ F.—
For B : :
8 2
24 Dynamics of a Particle
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35.(1)

36.(9)

37.(4)

Vidyamandir Classes

1 1
Distance covered by B = dist covered by A + 50 5 x8x 12 =—x4xt> +50
27 =50
t? =25
t=Ssec.

Max acceleration of system is possible if for value is max

Fr max = 500x02= 100 N S
max acceleration of man = 2m/s? and of plank = 10 m/s’

Their acceleration will always be in opposite directions . 300 m

Now, let man acce at 2m/s? and plank at 10 m/s? for time t, and let them

decelerate at 2 m/s?> and 10 m/s? for time t, . n=0

1,2 1 2 1 2 1 2
—2t;" +—x10t;" +—x2xt" +—x10t,” =300
D M ) 272

10 kg

; t? +15 =50
Now t; + t, will be min if time for acceleration and deceleration are same

t=t, .. 2t7 = 50

t] =25sec

t; =5 sec. total time t= 2t; = 10 sec.
Particle in gravity free space

m=2.5kg

F=675N

This is a case of circular motion where F is L to motion. Since it is uniform circular motion m=2.5 v=31

2
mv
F="

R

67.5=2'5X9

675=m’ ; R=229_
R

. w=l=9rad/s ; L T="===
R

Amonkey/rope — & /4
Let acceleration of M =a,

So, acceleration of rope =q

- - - M
Q@ monkey = d monkey/rope + d rope = (a() - g/4)

. WINE 777 777777777777777777 ”
Now for mass M, T —uMg = Ma, ..() B

For monkey mg —T =m(ay—g/4) ...(ii) L

From equation (i) and (ii)

m
mg—HMg:ao(Mme)—Tg

_(3m _ ) = Om=4uM)g
= ao_[4 “Mjg/(M+) 4(M +m)
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= T:M.}.

s my MME

38.(1) In order to achieve a minimum of F, it should be directed as shown in the figure, The value of 0 can be found using
the FBD of the block. Normal to the incline.

N =mgcosa+ Fsin® ..()
Along the incline
N + F cos0 = mgsina ...(11)

From (i) and (ii), we get

Fe mg(sina —pLcos o)
cos0+psin 0

For F to be minimum

i(cos 0+ usin0)
do
= W =tan®O
N P mg(sin(x—ucosoc)\/l+u2
i 1+p
39.(6.25)
mg—T =ma
F-T 2T
o ¥
mg 2mg

2mg —2T =2ma,
So, a; =a,
Relative acceleration of bead with respect to end = 3a

displacement of block x = %at2 = ! =6.25m

40.2) At Vmax,% =0 so there won’t be any tangential force, only force will be radial provided by friction
2 2
e (1_1]”% ' vi=p| - g
r U TR ’ N\ R
2
aor_ ; r=fy .. (i)
dr 2

Therefore at » =1, v is maximum
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41.2) Drawing F.B.D. diagrams

10g -2T =10a,
5g—-T =15a,
T from equations (1) & (2) we get

A2T AT

IOaA —10a3=0 A ay B BB

= a,=day

I, +1,+1, = constant

Yg+y,+y,+y, = constant
Differentiation twice w.r.t. time,
a+2a,+a,=0

2a,+a, =-3 or 3a,=-3

= a,=-1m/s’, a,=—1m/s’
a,=a,=1m/s* upwards

42.(2) For small values of @ friction will be directed radially inwards as the tension in the string is zero. The string will

develop tension only if the centrifugal force Fc exceeds the limiting friction f, i.e. when

mw'’r > pmg (f, =pmg) or w=|"E
-

in this case direction of friction will be as shown in the figure.
For equilibrium

Fy=Tcos45°+ f,cosH
and T'sin45°= f,sin®
Eliminating 7, we get

F, = f,(sinB+cos0)
. . 2ug .
ie., mw%=umg[ﬁsm(9+45°)} or o :@sm(6+45°)

r
Maximum value of sin (9 + 45°) is 1. Maximum value of ® = 1’ \/Eug =2,
r

43.(2) Using conservation of energy principle, if v be the speed of either ball when its radius vector makes angle 0 with

vertically upward direction.

ng[l—cose]=%mv2 = %=2mg[1—cose]
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Free body diagram of ball Free body diagram of tube
M

A

6o
N N
y
Mg
EB.D. (i) EB.D. (i)
N is the normal reaction by N’ be the normal reaction
tube walls on ball B. force by ground on tube.

From F.B.D. (i)

2
my

N =mgcos0—
& R

=mg cos —2mg[1-cosb]

From F.B.D. (ii)
N'=2NcosO+ Mg

At the instant tube breaks its contact with ground
N'=0 = Mg +[ mgcos0—2mg(1-cos0)]|2cos0 =0
For 6=60° we get m/M =2.

44.3) mgsin0— f =mw’l

mgsin 6 — pmg cos 6 = mo?l

1 V3
gx——g;,tx7=2><l

5-2=53p
ﬁ—u
5
, 3
= = k=3
s

45.3) Acceleration of bead = (gsin37°—pgcos37°)

15.3 = ut + - ar?
2

macos37°

153=%%(gsm37°—ugam37%xt2
t=13sec
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ENERGY AND MOMENTUM

1.(D) Since the external force is always equal and opposite to the tangential component of mg, there would be no
acceleration of block. i.e. its kinetic energy will remain constant. Now, use work energy theorem. Since there is no
change in K.E., net work done on the block would be zero. Therefore, work done by external force will be negative
of the work done by gravity, i.e. -(mgH) = mgH.

2.(B) Use conservation of energy to find the speed of block at 60° position. Note that there is no change in spring energy.
Now write the force equation at this position, putting normal reaction as zero.

2

3.(C) N - mgsind = %

1
Emv2 =mgH =

Contact force = mg

4.(B) Inboth COM and ground frame, Kmax is when x is zero in spring, which occurs simultaneously.

2 2
Vem = miN+0 Vo = Kmax cm = %m [4Voj +%(4M)[%J =§mv2

5m 5 5 ¢

2

Kmin cm = 0, Kmin ground = %(m + 4m)V5n = II/_OO

o 2

1
= Kmax ground = Emv2

Kmax m = %m VH2 (ground frame)

Kmin m = 0 (ground frame when energy is shared by spring & 4m only) Hence (B)

5.(D) The component of velocity along the inclined plane must
remain unchanged.

= V,;sin30=+3c0s30 = ¥, =3m/s

before
6.(A) Parallel to inclined plane, ucos@ = v, sin@ = v = £
3
Along horizontal mu = 4mv, = v, =%
Before collision
Along common normal v, sin@ + v; cos 0 = eusin 0 w
w3 w1l 3 7 I
= 12527 T O After collision — >

W

7.(C) In equilibrium, K . % =2g = K=2000N/m and to lift 3 kg, elongation in spring should be 3?8’ =15cm.
Let 2 kg is compressed by x = %1((0.01”)2 = 2g(0.01+x+0.015)+% K(0.015)°

= 1000[x” +0.0001+0.02x | =20(x+0.025)+0.225 = x’=625x107" = x=25cm
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8.D) a,, =g="14""mb or azzw

my +my my

—v)y  m(6i+4j+5k—i+2]) 15(50+6j+5k .
) Fore = " ( i ) i )—150(5i+6j+5k)

10.(D) Since the cloth is sliding under the dishes, frictional force acting on dishes is kinetic friction. Hence magnitude of
this force is fixed (i.e. it is independent of velocity with which cloth is pulled). Hence the momentum imparted by
cloth to dishes is proportional to time alone. The faster you pull the cloth, the lesser momentum you impart to the
dishes.

11.(BC) Resolve the initial and final velocities parallel and perpendicular to the ground. Since the ground is frictionless,
the parallel component will be conserved. Also, perpendicular component becomes e times in magnitude,
after collision.

12.(ABC) v = ;ul ;2=

13.(AC) Maximum possible velocity of ball occurs if e = 1. In this case, if v denotes the velocity of ball after collision,
v—u
e=1=—-1; This will give v =1y + 2u,
U, + U,
Also, work done by racket = change in K.E. of the ball. This gives (C).

14.(ACD) Initially After collision
Vi V/2
k \Y V
— 5 -—
M M/2 M M/2
MV, =MV/2 MV/2 + MV/2 =3MV'/2
V,=V/2 V'=2V/3
Impulse = M[—V—K) _ My
3 2 6

D+K2
. 2\V D 3D 4D
Time=—= ———— = —+— = —
v v-w/i2y v v 4

15.(C) Since the ball is moving along the inclined plane after collision, we can say that the normal component of their
relative velocity has become zero after collision. Hence (A) is correct.
During collision, wedge applies a force on the ball along its normal .Hence linear momentum of ball can be
conserved only along the inclined plane.
Momentum of (ball + wedge) can be conserved only along horizontal direction as an impulsive normal reaction acts
on the wedge from ground.
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16.(AC) 8 sinO =v cos 0

Bcost =vsin®

Vv 2gx3.2=8 m/s

v"
.

2tanO=cot® = tan 0=

1
J2

g \Y
v=—— =42 ms
2
1 2 5
Ak = —xl{(4\/§) -8 } =167
2
Projectile never travels vertically downward.
17.(ABC)
A
10m/s
B
ve=10c0s30° 53  and  va=10sin30°= 5
18.(ACD) Since the pulley is frictionless, string will not be able to exert any tangential force on the pulley. Hence

pulley will not rotate. Rest can be solved by energy conservation.

19.(AD) As particles stick after collision, so their initial momentum are the impulses imparted to 10 m.

I
Along vertical net impulse to 10m is zero R
3mu mu
= 17 = mucos 60° + 3mucos 60° = 2mu 60°
60°

Along horizontal, 3mu sin 60° — mu sin60° = (10 +1+ 1) my \

. . . . 3u
(v : velocity of combined mass just after the collision) = v = o

(B’ 2 i
. 1 s 1 5, 1 \/gu 39mu Impulse diagram of 10m
Loss in energy = —m (3u) +—mu” — —(12m) =
2 2 2 12 8
20.(BCD) At the time of impact, angle between the line following the centre of A, B and A, C is 90° X B

Net impulse on A = Change in momentum = mV. A ’
By symmetry (C) is also correct. V !
Let u : velocity of B and C after collision. = Along the initial line of motion of A C

mV =2mu cos45° = u:V/\/E u

y L, . RS LA .
Initial KE=—mV Final KE =29—mu” ;=2 —mL—J =—mV* = initial KE
2 2 2 V2 2

Physics | Solutions 31 Energy and Momentum



‘ Vidyamandir Classes

= x = displacement = distance of centre of mass from the centre of initial position of the

sphere
M(0)+M(R/2) R
2

X M+ M
22.(ABC)From momentum conservation

u
mu =mv cos30+mvcos30; v=—r

3
So, choice (C) is correct
For an oblique collision, we have to take components along normal i.e., along AB for sphere 4 and B.

vg—v,=e(uy—ug); v—0=e[ucos30-0] ; v=eu><g;v=e.\/\/§.g;e=§

So, choice (A) is correct. Also, loss of kinetic energy

2
AK=lmu2—2[lmv2j =lmu2—21m L =lmu2
2 2 2 2 [\\3 6

23.(ABCD)
The velocity of bob just before the impact is v =4/2g/ along the horizontal direction

From momentum conservation
my =—my| + 5mv,

. o . v+
From coefficient of restitution equation, 1=-"1—2=v +v, =v
\

. . 2
Solving above equations, we get ; v = ?V, v, =§
2
For tension in string ; 7 —mg = ™ 1= Emg m VC | | V2
l 9 _V> !
) . .

20] Before collision After collision

T—mg:mlv ,v2=_3g (T =3 mg)

2
(1) Let the maximum height attained by the bob be 4, then % =mgh=h =%l

24.(ABC)
(A) mv=(M +v)V'cos0
(B)  Mv=(m+M)V'sin® (m+ MW" = (mv)? + (MV)> jv
(C) Initial kinetic is ; &, = %mvz JF%MV2 o A0

Final K.E. is k = ! (m+MW'?

T2
mM O

2 2
smran” )

Decrease in K.E.=K;—k; ; Ak =

. e . . Ak M 2ip?
Fraction of initial kinetic transformed into heat is — = m v2
k m+M\mv+M y?
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25.(AC) Area of (a—f) curve =32ms ™' =V, -V, ; V,=32+V,=3246=38ms”

Work done by all forces = AKE ; = %m(V} V2= %(382 ~-62)=704J

Work done by conservation forces

U -U;=320J

Work done by external forces= 704 —320 =384 J
26.(AC) The spring is compressed by x

Block will not return if umg > Kx

_bmg _ (0.3(HA0) _ 54

So,
xmax K 10
Work done against friction = E; —E,
1 5 1.2 1 > (1 2
umg(x+2)= Emvo _EKX ; (0.3)(1)(10)(0.3+2) = 5 vy - 5 (10)(0.3)

On solving, v, =3.8 m/s

27.(AC) In case of both 4 and C they are path independent.

Now consider B '[ y3dx + xyzdx it dependent on now ‘y’ is related to ‘x’. So case B fails same with D.

28.(BCD)
Work is said to be done in a frame any when the point of application of force undergo displacement.

29.(ABC)Between 4 and B
mglcos® = %mvé ; Vg =+/2gLcosO

a,=2gcosB ; a, =gsin0

2
Now, at B ; Ty —mgcos6=%

Put Vg = T =3mgcos0
a 1 1
tan(90—0) =—L = —tan0 = tan® =2 = cosf=—
a, 2 3
30.(ACD) Applying conservation of total energy

2
my

1 1
—mu® +mga(1-cos0) = —my? ; mgcosf— N =
2 2 a

For particle to lose contact N= 0
V= agcos; u® + ga(2—3c0s0)=0
31-33. 31.(B) 32.(B) 33.(D)
Let V1 be speed of combined mass just after collision.
From COM in horizontal direction.

2mV cos 45° =3mv, [v1=\/5 gﬂ} = Vipin =3 T

Vi

At ¢ = 60° Let velocity = V.
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1 1
3mg (1 - cosqﬁ)(f =E(3m)V12 —5(3m)V22 = W =2\/§

1
Hence velocity at highest point =V, cos¢ =2,/g{ x E =g/
V22 sin? ¢

2g

Maximum height = ¢ (1 — cos ¢) + 2/

34-35. 34.(D) 35.(B)

Let velocity of 2m and m be V and V' respectively then V cos@ = V| (using constraint relation)
= V=06V

| 1
Using conservation of energy (2m)(10)(3) = Z(m)(IO)I + E (Zm)V2 + 2 x 5 X m(0.6V)2

= V=10\/zm/s and V1=0.6V=6\/Em/s
17 17

36 x>

V2 X1

Hyppe =1+ —=1+—1L — 153
2g 2x10

36. [A-s;B-r;C—-q;D-p]
A corresponds to the case where velocities are exchanged. This matches with S.
B corresponds to a perfectly inelastic collision. This matches with R as the putty is expected to be perfectly
inelastic.

37. [A-q;B-rs;C—-qp;D-rp]
Final common velocity= 4 m/s (from cons. of momentum)
As KE of 1 kg block decreases, work done by friction on it is —ve.
Similarly, work done by friction on 2 is +ve

Total work done by friction = change in KE (2 kg + 1 kg)

:lX1><62+l x2x32—l (1+2)(4)>=27-24=3]
2 2 2

M) A" - LAl
B || C | B[] ClL-°

Form linear momentum conservative (for collision B & C)

Yo
myy=2mv = v= —
2
FBD
fepumg &
£,
B [ C |
dgc
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aa = Ug <, apc = %—)

- 3ug 2

2
aup = - < vy = Uypt2apnpgSpypg —

v 2 3
o[ H[_ﬁjL
2 2

— o —

39.(2) his happens of after collision both ball and inclined
plane have same horizontal velocities say V», say Vi
be initial velocity of ball Vy be vertical velocity of
ball after collision, m; — mass of ball, m, — mass of
inclined plane.

Conservation of linear momentum in horizontal
direction

| mV, =(m +m,)V, | .. (1)

Coefficient of restitution = 1
[V, sin®—(V,sin® -V, cos )]
0—¥, sin®

V,cosO=V,sin® .. (2)

40.(1)At the moment of collision

m@ foa
After collision

0.25vo=-0.25vi+0.5v, 2Vy — Vi
As collision is elastic,
VvV, +V
e=1=-—2—"1 = V2+Vi=Vo
Vo
V,
V2 = Vi =20 = 1
3

2
3
M.2) (d+d)=v (V—ZJ
g

di = (ev1) (V—Z
g

Component of velocity of ball along the inclined
plane remain same

VicosO =V, cosG+Vysin9 .03

V,sin@= (V, —V,)cosb |
. using (2) & (3)
V,cosf = V,sinf
Tan?0 = h-"
"

Vo =Vi(1- tanze) .. (@)
(m1 +m2) Vo=mV, (1)

.. ny
Divide M; + m, = —

1—tan“ 0

M _ oo —-1; cot?30°-1=2 Ans.
m,

=vy . (D)

- Q)

Velocity A is 1 m/s backward
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2
dr=ev; H e H
8
g

1
d; = 2ed, ; d1+d2:id1+26d1:i1+2€:—
e e e
1
Solving e = 5 ; Therefore, 1/e =2
1 2
42.(3) mglcosB = 5 mv-—0 . (D)
2 <
T —mg cosO = % .. (2) a T 0
7T
Tsin 6 < uN .3
Tcosd + Mg =N .. (@) N
i mg v T
On solving u > Msm—ze | £ — uN
2[+cos2 9} l T
3m
. . I _ 3m L e
RHS is maximum when 6 = 45° [T = — =3x10
2M 2M
+1
3m
43.3) P=k/ /
P(li+ 1) = [lk12+oj—[lk12+oj —
T 2 oo Ji <P
J2 + iyl = 5(15 -17) P=ky il2,
2 —6oo00000 o —P

27 +2hbL—-1; + 1§ =0
31+20b-13 =0 ; L =31,
44.6) (1+3)v=(D)®)+13)4)=20;v=>5m/sec

1 39
For block 4, Wy :5(1)(52—82):_ : J

1 27
For block B, Wf = E(3) (52 _42) = +_2 J

Net work done by friction =— 6J

45.(10) Loss in gravitational = gain in KE + gain in elastic potential energy + work done against friction

mgxsin53 =%mv2 +%Kx2 + (umgcosS53)x ...(1)

kx + umg cos 0 =mgsin6 ...(2)
Solving (1) and (2)
2 2 .
46.(5) T -mgsin0= % : 4mg —mgsin30 =00 F 2lgl sin30) : vy = /%g
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47.(24) FBD of the block, ; 7 =6N, Fieudo =4N f=4N
Acceleration of the block with respect to observes  =2-5=-3 m/s?
F
pseudo
Displacement of the block w.r.t observes = % x—=3x4=—-6m D — —/
Work done by friction w.r.t observes =—24 Joule
48.(2) Free body diagram is:
Ncos®=mg
Nsinb=m(2g)
= tan0 =2 = 0= tan_1(2)
Maximum possible angular displacement :
-1
=20 =2tan” (2) me
49.5) (V). = 3><(—5COS§7 )+5%0 _ 15 mls
Vo), = 3><(—551n§7 )+5x%5 — 2 mis
p— ~ ~ . . . . . .. .. . -
Ve =(=1.5i+2 )y m/s - Collision at origin hence initial position of C.M.is 7; =0
- - - A oA -
(rcm)f:(rcm)i+cht:_3i+4j (ch)f =+9+16=5m
50.(2) Force F on plate = Force exerted by dust particles
= Force on dust particles by the plate
= Rate of change of momentum of dust particles
= Mass of dust particles striking the plate per
Unit time % change in velocity of dust particles= A(v+u)px(v+u) = Ap(v + u)2
51.(4) When simple pendulum released from position A4 strikes the wall with velocity v then by conservation of mechanical

energy.
mgL+0=§mv2+0, ie. v=4/2gL

Now as coefficient of restitution is e so, speed of pendulum after first collision will be

vi=ev=ey2gL

Now after completing oscillation in accordance with conservation of mechanical energy it will strike the wall with
same velocity and so its velocity after second collision will be

v, =ev =e(e\/2gL) =621/2gL

So the velocity of the pendulum after n collision will be v, =¢e"v=¢"/2gL

oA

Now if it rises to a height 4, by conservation of mechanical energy

%m(vn)2 =mgh, ie., %ezn 2¢L=gh
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52.(2)

53.(4)

54.(4)

55.(5)

Vidyamandir Classes

2n n
or, " =ﬁ =M or, [ij = 1—cos6{as e =i} or (i] =1-cos6
L L J5 J5 5
Now for 0 to be lesser than 60, cos6 > [%) N v
. 1
ie. 1-cosB < 5 A
60 m
4Y' 1 5Y B
So, [gj < 7 or, [ZJ >2 or n(logl0-3log2)>log2
0.301 v el
or '097 [aslogl0 =1 and log2 = 0.3010] or n>3.1

As n (number of collisions) must be integer so for 6 < 60°, n =4

Let V. be the final velocity of the ball w.r.t. wedge and V be the final velocity of the wedge w.r.t. ground.

Now, velocity of ball w.r.t. ground
Horizontal component =V, =V, .cosa+V

Vertical component =V, =V, sina

COM in horizontal direction gives

mu =m(V cosa+V)+MV (D)
Since velocity of ball along wedge remains constant
ucoso =V, +V coso ..(2)
.2
Solving (1) and (2) we get ; p=US % o mls

M +msin“ o

Let velocity of I ball and II ball after collision be v; and v, ; v, —v; =0.5x10

mv, +mv; =mx10 = vy +v =10

Solving equation (1) and (2) v, =2.5 m/s, v, =7.5 m/s

Ball IT after moving 10 m collides with ball III elastically and stops. But ball I moves towards ball II. Time taken for

second collisions between ball 1 and 2 ; 21—05 =4 sec

After elastic collision

1 m—2m
VA:[m+2mj9=_3 m/s " 2 m
By conservation of linear momentum after all collisions 4 B c
m(9) =m(=3)+3m(V,) or V,=4mls

Velocity of first block before collision
Vi =12 -2(2)x0.16 =1-0.64 ; v, =0.6 m/s
By conservation of momentum ; 2x0.6 =2y, +4v,

Also v, —v; =v; for elastic collision. It gives v, =0.4 m/s ; v =-0.2 m/s

(0.4) and s = (0.2)

Now distance moved after collision s, = 1 5 ;8 =8+, =0.05m=5cm.

2x2
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56.(2)

57.(7)

58.4)

59.(6)

60.(6)

Consider first collision between M and 4 M on the right, the velocities after collision are
3 2
Vig =—=u; Vi =—u
M 5 aM =

Particle of mass M will move to the left and collide with 4 M. The velocities after collision are
2
3 2 3
Vig == w; Vyyy =——x—-u
M [ 5] aMm P
So in all there are two collisions.

.2 o
3. 2g(h—hg)sin” 30
2g 2g

2.2
ugsin~0 _

hy =3+

h Q). 7_

4(given)=3+hsin230°’—h3 sin?30° =3+= -2 ; ——ﬁ = h=Tm
4 4 4 4

Decrease in mechanical energy = work done

Against friction %mu2 —%l{x2 = (wmg)x

b /2ugx+k
m

Putting m =0.18 kg, x = 0.06 m, k = 2Nm™!
p=01 we get

v=04 m/s:im/s N=4
10
After colliding with ground, horizontal component of velocity, i.e., 10 sin30° = 5 m/s will remain unchanged while
its vertical component will become zero. Collision with wall is elastic.
Hence, it will only reverse the direction of velocity of ball, magnetic will remain unchanged,
BC+CB+BA 30 _
v 5

i.e., 5m/s ; Therefore ¢t = 6s

By Energy conservation V12 = v02 —2g/l(1—cos0)=0

Tangential a,= gsin® = 6 m /

W,
~,
.,
~
s,
P
.
-
-
.
-

-
e
.
!
.

Radial a, =0
Resultant acceleration = \/af + at2 =6 m/s?
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ROTATIONAL MOTION
1.(C)  Since all the particles on a helix are equidistant from the axis, we can use I = mR2, where m is the total mass of
wire. Length of helical wire can be found by unrolling the helix into a straight line.
2.(A)  Use the formula for moment of inertia of a triangular plate about its base (I = mh%6). Note that the two diagonals of
a rectangle will not be in general perpendicular to each other. Hence perpendicular axis theorem cannot be used.
¢ m? 6F °
3) F—=" o= a="2
2 12 ml
F T
F=ma, = a,=— ae—lo] *
m C
4 F F .
ag = 2 a, = E_E = 2m/s2(r1ght)
2 m m «— L
F=IN A
40 | Io* 1 I’ 3 [o° 1
4.B) — —+—m((x)r)2 —— = - —=—mo*’ == mr?
100 2 2 2 5 2 5
5.(D) / Relative acceleration 2ug
pmg
Lmg <
m
L
6.D) o ECOS 0=v
L
mEsinezv S V=V tan O
L 1 5
7.B) mg— = —mL“a
*2 73
2L L
o= 3—gand ox=g = 3—gx:g LX=— Distance from B= —
2L 2L 3 3
8.(A) Impulse= mV — (—m Vo) =m (V + Vo) and about centre of mass angular impulse
¢ my? . 6(V +Vy)cos@
= m(V + VO) Ecos 0= .0 (=change in angular momentum) = o= f
T 3 l
9.(A) mg—-T=ma = mg-= Ema
) »
Tr:Emr a a=2g/3
“ e N a=ra T—mg——zmg—E
‘ 303
—»T r=f
f <« N = mg
l mg 1
mg f<Nu= TSmgu = yZE
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10.(C) Work done for rotation is minimum when, moment of inertia is minimum and M/ is minimum when axis passes
through the centre of mass. Let it be at a distance x from 0.3 kg.
0.3)(0)+(0.7)+(1.4
(03007
0.3+0.7

11.(ABCD) Work done by kinetic friction on ONE body may be positive/negative/zero. Direction of frictional force
in B,C,D is correct for providing the necessary torque.

1 .
12.(BC) 1 = 5Mz2 ) |
3 ONE_~
—lo? = Mg = o= Tg
13.(AC) Ny +fg=2mg; Ng =1, mgR +—f4 R-fgR=0 ; mg = f, +fg

14.(BC) The angular momentum of the system is conserved. Kinetic energy will not be conserved because friction is there.
15.(ABC) Parallel Axis theorem, check the distance carefully. Ip = Iz (symmetric)

16.(BCD)Since normal is impulsive, friction will also be impulsive and it will reduce ® and give some horizontal velocity to
C.M. v < or friction cannot act when there is no tendency of relative motion.

f

17.(AC) mgr = fR . (1) g

Ny sin 0 + f=mg ... (ii) 3 N,

\ )T
Njcos0=Ny ... (1ii)
f<uN, .. (Iv) /
N,
m;

18.(AD) Due to torque of friction about CM o eventually decreases to zero, initially there is no translation. Friction

is sufficient for pure rolling therefore after sometime pure rolling begins. There is no external force in x
direction therefore momentum is conserved along x direction.

19.(AD) Linear impulse = mvy

Angular impulse = (2R/3) Linear impulse. This will give the angular speed of sphere just after collision.
Impulse of friction DURING collision is negligible. 20.(CD)

N
21.(AC) 4B is a

N
APis R
At point P, velocity is out of the plane

e - > -
Angular momentum Ly = Lx mv =(a+ R)x mv

P X
- - > S
Ly= ®Rxmv) + (axmy) ; ’
— —
Constant in direction ~ Constant in 7
magnitude magnitude only ) ¥
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22.(AC) Ioa = TO

2
£+mx2 o = mgx ..() N
12 A
_ 12gx ja—>] m,l
12 +124° N )
For o maximum l
mg
d 12gx
do_y : Lt 12¢  288gx’
dt ’ dx 1257 +1% (1257 +1%)?
2 2
e D), 12x2-2=0 x=—to
(12x“+17) NE)
Now put x in (i) ; o= #
23.(AB) Velocity of connected mass will be v, due to conservation of linear momentum
2m
P
Yo
m
Drawn FBD with respect to P,
2m
T a /Pseudo force
m(a + oR)
WZV2 -
0 (Centrifugal force)
(1) TR=1o For 2m (i1) T=2ma
.. mvg 2mv§ vg
(i1) T+m(a+dR)= Form = T=T da=§

Also after certain value of F, torque on cylinder will be constant hence D is corerct.
24.(ABD) o4R =v,,,,

L=mv><R+IU) v(‘:(DORJeru/
~ ~ C
LC = mvmmR(—k) + Icom(DO (—k) (0,3R/2)
LD = +mvcomR(_k) + [com('oO (_k) S . m i
LC _ LD (0, R) 0)0 cm
LO = +mvcomR(_k) + IcomwO (_k) O D vy = 0
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R A ~
Ly=+mv,,, 3(+k) + 1 O(=K)

LB = Icom(‘)(_];)

So L, is minimum

25.(ABCD)
2
R=2 ; V= A
a, M
JL
2 6J oL J 3J 4 o’L 18J°
= 2:— = VA:V+—:—+—:— ’ a(,‘A == 2
MI* ML 2 M M M 2 M-L
12
2 2 2 2 4.2
ML L 2 4J° M°L 2
: Rsz—Az 6J—2 2=§L ; VB:v—w_:_J : B:Lz._zz_
a, M” 18J° 9 2 M M~ 18J° 9
26.(ABCD) Basic knowledge to write angular momentum and kinetic energy of the system.
2a 2 dy X
27.(BC) x> =" : dx=——qg-> tan®=3=
(BC) Nk N p
gsind g mgsin®  mg
0=60°; a= - : f= =5
s dn 3 L MR 23
2 +—
mR cm
28.(AD) r=ry—ct ..() (- distance covered by thread in time ¢)
By conservation of angular momentum about O,
(mroz) R [K)
Ty r @
Vol =vr = =20 .. (i)
r
T at any time = my? velocity and radius, r at that instant
V0’0
. my? m[r] mvarg
T and time T= = = 03 0
r r r
mvgro2 .
I=—-"+> ..(i1)
(rp—ct)
® at time w=" = %
r r
o=—100_ [From (i) and (ii)]
(rp—ct)
29.(ABCD) ~p
B 2 e com
Viom +(OR)” +2v,,, ®RcosO FR
R

In frame of ®R com each point has velocity and hence same KE.
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(- no slipping)

For block, ma=mg—T ..()
For disc, TR— fR=1a
mR* a 1
T-f= X — X —
4 2 R R
ma .
T—-f=— ...(1
f 5 (i)
And f=ma ...(1ii)
Put (i) and (iii) in (ii) ; a= %g
. 2 A
For block, acceleration — — 3 gj
. . 2~
For disc, acceleration - —gi
5 ——»a
Acceleration of block in frame of disc / s
aBD:aB +aD Tk >
_ 2~ 2 g
3 gJ 5 g
From (i), T=mg—ma aR=a
T-mg-2"8 r-3"m8
5 5

31.(CD) Frictional force on disc = pmg
a=pg, oo =—pugR

Let the velocity and angular velocity during radian be v and ®

= v=u+at ando= o +os
v =ugt
and 0= m, —ngRt
Put (i) and (ii),
®=w,—VR
®+VR =,
Now, ®=vR (- rolling)
Time taken =t="
Hg
_ R
2ug

Displacement till rolling begins

Work done by friction =fis

= v=atand o=, +ot
(D)
...(i) ,
= 20 =0y ; w=% =
[From (i)]
1 R?
=S=ul+lat2 ; S=0+—><mg><%
2 ug
252 252
ogR ogR
; = pumg| —0— | =——
8ug 8

_ (x)éR2

8ug

Velocity v and work done by friction do not depend on value of coefficient of friction
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32.(ACD) To the right of B, there is no friction therefore, no torque acts on the body
The angular velocity remains constant (no angular acceleration)
Rotation KE will be constant to the right of B
To the right of B, F is still being applied; therefore the object will still undergo constant linear acceleration.

33.(ABCD)
A) Is correct since v=wmR at P any horizontal acceleration at P will cause slipping a = a.R

oR

B) If oR*=a,,

ap will be downward

0
a(‘(}!l/
ok
© ap can not be horizontal.
& aR ta,,
(D) Correct
34.(BC) Conservation of linear momentum
My =2MVeop
ML
14

Vem = B ’%

Conservation of angular momentum ML[ ] ]
COM /4l
MV =2MV oy (0) + Loy © BN >V,
1/4 COoM
2 2
Vv
MV, =2 ﬂ+ﬂ () ; 0)=3— |
12 8 5L

35.(D) 36.(B) 37.(B)
Let us first understand some general concepts of the problem.

Speed of the particle remains constant. Since the only force acting on the
particle is tension and this force is always perpendicular to the instantaneous
velocity of the particle. Hence tension does no work on the particle and by
work energy theorem; speed of the particle remains constant.

Let us denote the point at which the thread touches the cylinder by P. As we
can see, the speed as well as acceleration of this point is zero. Hence, at an
instant, in the reference frame of this point, the particle can be taken to be

performing circular motion.
(A) Torque on the particle is due to 7 and obviously NOT zero about B, C, or midpoint of BC. Hence answer to
‘a’ is none of these.
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2
my,
(B) T=—2 (r= length AP).
r
" r continuously decreases whereas m,V,, remain constant, T continuously increases. Torque on cylinder

due to T is TR. So, this torque also continuously increases. Hence, the external torque required to keep the
cylinder stationary (by balancing the torque TR) should also be increased continuously.

©) At any instant, angular speed of segment AP is: ® = Y0 where r+RO=1 = r= (I—R0)

p
so.  H__w ()
dt [—-R9
/ /R T 2
0 goes from zero to 6 =—. J (I-RO)dO = vojdt We can get [T =
R 0 0 2Ry,
Note: °.° PA is always perpendicular to PC, angular speed of PC and PA are same. That is why 0 on
both sides of equation (i) are taken to be same.
38.(B) 39.(C)
Just after release.
¢ mf?
For block, mg — T = ma ...(i); Forrod, T¢ - mgz = Ta ...(ii)
Also a="Ila ... (i)
T =5mg/8 F ac T
3g 3g h h
o=—,a=—
8¢ 8 l
l 3g mg
Forrod a,.=—a=— (u
e =50 (up)
. Smg 3mg 9mg
So let force exerted by hinge = F' (up) then F + T — mg = ma, = F +T_ mg :T = F :T
40.(B) 41.(A) 42.(0)
FcosO— f=ma
fR= lmRzot = fR—lmR2 &
2 2 R
ma .
= = ... il
f 5 (i)
From (i) and (ii)
FcosO
/=73
Now a=£=2Fcos6
m 3m
Fcos6
f<h = < N
Fe0s0 _ \mg+Fsing) = F<— H"E
3 cos6 —3pusin6
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43.(D) Acceleration of the bottom of the cylinder = acceleration of the plank = 2m / s* towards the right

Acceleration of the top of the cylinder = acceleration of B= 6ms~2 towards the left.
Let linear acceleration of the cylinder be a towards the left and angular acceleration of it a in an anticlockwise
sence. Writing constraint, we get

a+Ro=6 and Ro—a=2

= a=1 radsiz,a=2m/s2.
44.(B) ForblockB; mpg —T=m g6 ()
Solving Eqs. (1) and (ii), m,,,; : mp=2:1 ... (1)

45.(A) The acceleration of the top part of the cylinder (thread) with respect to CM of the cylinder is

a40=aR=1x4=4m/s*
Length of the thread =20 +%(ROL)[2 =28m

46. [A- qrs, B-prs, C-qrs, D-prs]
Conserve angular momentum about the hinge and use the equation for e to get angular speed of rod and speed of
particle just after collision. Thereafter, you may calculate the linear momentum of rod using P = M. V¢n.

47. A-s;B-qr;C-s;D-p,r
We know that angular momentum = linear momentum perpendicular distance. So about O, angular momentum will
remain constant. But about E it will keep on changing, It is maximum about E when the particle is at A, because
then the perpendicular distance is maximum .
We know that angular velocity will remain constant. But about E it will keep on changing. It is minimum about E
when the particle is at A, because when the perpendicular distance (r) is maximum.

4.  A-pq;B-pqr;C-p,q;D-p,q,r
Since all forces on the disc pass through the point of contact with the horizontal surface, the angular momentum of
the disc about the point on the ground in constant with disc is conserved. Also the angular momentum of the disc in
all cases is conserved about any point on the line passing through the point of contact and parallel to the velocity of
the centre of mass.
The KE of the disc is decreased in all cases due to work done by friction. From the calculation of velocity of the
lowest point on disc, the direction of friction in case (A), (B) and (D) is towards the left and in case 7 it is towards

the right.
The direction of frictional force cannot change in any given case.
Mgr 1 My / Mr?
49.(2) Ay _ 2 o’ ; 0= 3_g ; Jogrmxr = "« 3_g
2 2 3 r 3 r
m = 2kg
50.(6) By linear momentum conservation impulse (J) = mV.
By angular momentum conservation, angular impulse = J é =lw. So mvé =Iw or w:M = m—vﬁz Sl 6rad/s
ml

51.(5) Time in which C.M. reaches its highest point = 1 sec. (from v =u + at, putting v=0,u=+10,a= 10 m/secz) after
projection angular velocity will not change as the torque of external forces is zero.
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53.(7)

54.(1)
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In 1 sec., the rod will rotate by an angle = ot = g x 1 rad.

24

The rod will be vertical with point A at the lowest point. ap=g-— wZL/2=10- > = 5 m/sec?
X
N
For point O 3m—g+mg:N b
2 3/2Mg
Sm 5

N=228 ; f=>pmg 2

2 2

0
A

aR=a 5 a =<

com com m 'R
Ia=%mg><2R—fR OR+—— —>f
mR* 3 5 6g —5ug
——oa==mgx2R—=pumgR ; o=—

2 2 g 2H & R

f 5
aR ==—=06g-5ug ; 6mg —5ug = —pumg

m 2

12 4
===2 : 10pu=8
ST 3
2

RR+r)o” ; Ve =o(R+r)

r
Also, Vo=a'r
Where o' is the angular velocity of cylinder about C
o = o(R+7r)

7

= o'r=0(R+r) = Fo = ot

a, of point P = 0 (pure rolling) acceleration of P along Y w.r.t. Cis o'?r vertical
upward.

However C itself has acceleration in ¥ = o’ (R +7r) vertically downward

N
(aP/C)Y+aC =dp

21/—(;)2(R+r)=ap

{(x)(R +r)

7

0)!
_ R(R+7r)’ , TR(R +r)o’

r kr

Before cutting, apply equations of translational and rotational equilibrium about point P.

2
} r—c)z(R+r)=aP = ap

Ny +T =mg and T(2/)sin® =mglsin0
= Ny =mg/2 ...(1)

After cutting, the acceleration of centre of mass will be vertically downwards.
Z about POC =Ta
mi?

Physics | Solutions 48 Rotational Motion



‘ Vidyamandir Classes

/
and Qoo = @« ...(ii1)
2
Now, along vertical
ma,,,, =mg—N, ...(iv)

Solve equation (i), (i), (iii) and (iv)

55.(3) If the COM reaches P, the triangular frame will complete circle. By conservation of energy.
(Assuming initial P.E. = 0)
Initial K.E. = find P.E.

COM_ X

~.,‘ g effective = 5g/4

cos30°

2mg x%(L c0s30co0s37°+ Lcos30°) = %x 2mLw?

10x10(+f3 4 3 5 4 2
X222 =05 ; 2| BxZ+43 | =
; (2><5 2J ® (fxsﬂf]w
W3+53=0" ; 0=(3)"7 =33)"
x=3

56.(8) For critical case
Initial KE = P.E. at max height

e
[ 1 2
mgz = EIHingew m, 1 lh
e e
Angular momentum conservation about hinge
mvi=l(x)
2
I |\ ml® mP® 22
m2gh L= m (v=\2gh v —u* =2gh)
2 12 4
2 2
4] 4 2112 4 |16
2—l=h=%><12=8
3 3
h=38
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57.3) Length=2]/
Apply pseudo force ma to left at centre of mass of rod by translational equilibrium,
Ny =ma ...(1)
By rotational equilibrium about point P,
malsin30°+mglcos30° = N, (2/)sin30°

m—“l+mglﬁ=zvlz ...(i) —
2 2 il
e e mg
Put (i) in (ii),
a= g\/g = R=3
58.(4) Moment of inertia of each rod
m®> (1Y I
12 (2] l N
2mr?
=3 Co 1=2r)
For entire object, \21=2r
! =1=42r
2mr? Smr?
[=4x| —— |=
3 3
Now, 4ma=4mgsin0— f ...(1) ’V
and R=1Ia
la /
= = —
R / f
8ma B mgsin®
= =— ...(11)
3
. . .. 20ma . 12g
Putting (ii) in (i), ——— =4mgsin©O = a=—°_
g (i1) in (i) 3 g ™
L &m 12g  8mg
Putting in (2), =—x—=—2
g =0 s
4
Now, f<uN = f <wmgcosOx4 = 8mg<m_g><4 = pn=—

52 2 10

59.(3) Angular momentum of the particle is conserved about the vertical centre line

mv,ry = mvrcos0

where conservation of mechanical energy gives,

lmvg +mgh =lmv2 ; = —n ; cos0 SR S

2 2 2ah [ I

I+—==|1-—

VO 0

d
60.(7) M(2dcosa—d)—m5—2m(d—dcosa):0

Tmd 7
2mdcosa—%—2md+2mdcosa:0;4mdcosazl ; cosa:§
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GRAVITATION

5
1.(C)  About centre of earth, m\/g V.R = mvr ( AL = 0)

1 (Y oM , GM A
Where v is the velocity at maximum distance » and —A -V, | - = — v =
2 6 R 2 r
56M GM 5GM R* GM r s
- =— — Let —=x = X" —6x+5=0 = x=S5orl
6 R R 6 R s r R

v, —V, ve/2-v | v, 2 (M2 (104
2.(C) o= |22 sU_ |19 su|_ Ts T :>T2 o R3 N L_J = — = RS2 = 40,000 km
1”2 - 1”2 4RS1 - RS] 6RS1 6TS1 8 RSZ
GM Vs, 2
= Ry, =4R asVj = = =V, Y = w=——=7m/3rad/hr

81

3A) W=AV=V,-V,=-V,

To find ¥, we considering of radius x and thickness dx.

V. = GdM M = M (27rxdx) B 2 Mxdx
g \/xz +16R? ’ 7r(4R)2 - 7r(3R)2 7R?
, I Gam ‘]R 2 MGxdx 26M (7 5)
= = - = — = —
: x* + 16R? SR TR*\x* +16R? TR \

G(81M
4.(A) = G];/[ = ( )2
X X (60R—x)
moon
carth

6.(A) If another hemisphere(identical) is added so that it becomes a complete sphere then total intensity at both point P
and Q becomes same = [p + [y where [, and I, are intensities at P and Q respectively due to only given

hemisphere
G(2m
= Ip + Ip = intensity due to complete sphere = ( 2) = G—n; = Ip= G—n; -Ip
(2R) 2R 2R
" ,ﬁ 2 64x10°)
1 GM -GM 4000 ( .G X )
7.B)  — M - - (4000)° _ 10(6.4 x 106) = 10—
2 R R+h 2 6.4x10° +h
64 x10° x 6.4 . . 64
= 8—642—6:> 6.4x10°x7+7Th=8x64x%x10" = h=—x10"m = 914.3km
6.4 x10° +h 7
8.(A)

Physics | Solutions 51 Gravitation



‘ Vidyamandir Classes

9.(A) V= oM
T
2 .. . 2
mx |— vxr=mvn (1 =min distance) -] E0/ J— r
3 l ~~~~~~ / 1
1 2, GMm 1 GMm - et
Also —m x =v? - 2= =~ My - .. (i) Ny
2 3 r 2 A et :
Vl

. r
Solving # =5

10.(B) For earth, Ve = 26M
\' R 4 m

2.5 %10
For Sun + Earth, O (B
GM  3x10° GM 3x10M (M,R)
- m
R 25x10* R

Potential energy = (—

__GMm (1+12) __13GMm 1 2 _13GMm
R 2 R
y= %.Jﬁ:@% f v, =404km/s=42km/s.
11.(BC) N =F'sin®
= GMimx X i =const. N
R3 2x
B _FcosO  GMx y \/xz —R*/4
m R3 X
_GM [ R4
R3
1280V, = [N gy =Ly M g GMm
r r 2R
%mVe2 _ GMm K= GMm v, = = speed increases nearly 41
r r
YV oy GM 1
13.(ABC) e =[—J =>T1:T,=1:8 Vo= = ViV, = |—+—=2:1
T, T 4 r R 4R

L=mvr = L1=m(2v)r, L2=mv(4r) = Li:L,=1:2

. 4 — 4 — . .
14.(CD) Field at P= pGE w PC| - pGgﬂ PC, ; p :density of massive sphere.
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15.(ACD) For M

(=07 [T e
[M] =[M1L2T_l]p [LIT‘IT [M_1L3T‘2 J,.

[M]=[m]"" [L]ZP T3 [T]—p—q—zr

p—r=1
2p+q+3r=0
-p—q-2r=90
On solving (i), (ii) & (iii) we get
1 -1 1
=—, r=—andg=— = Moch
P 2 2 1 2 [ ]
(] JE
1
M| o —
M=
Similarly For [ L ]
p—r=0
2p+tq+3r=1
-p—q-2r=90
On solving (iv), (v) & (vi)
1 -3 1
=—,qg=—,r=— = L oc\/ﬁ ; Lloc——
L=l 2] 2]
16.(AD) my = m, m, =2m = A
m+2m 3
2
Gm(22m) :mVl N V12 :2G1;1r1
r i r
2 2.2 2.3
Tl:21tr1 N T12=41t2r12>< r :41'CI’I’1_4TCI’ :
14 2Gmn 2Gm 3 Gm
17.(ABC)
(A) By the conservation of energy
GMm 1 , GMm
gt
2R 2 R
So, v=,/gR

(B) Let escape velocity at this orbit is v,

...(i)
...(ii)
...(iii)
...(iv)
wee(V)
... (vi)
1
P ; [L] oc \/5 .

1 o> GMm GM
—my, ————=0 = vy,=,[—
2 2R R
© Total energy of satellite £=— GMm
2(R+h)
Total energy in the new orbit
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GMm  GMm
C2(R+R/2) 3R
Total energy in the old orbit
GMm  GMm
C2(2R) 4R
Energy spent = total energy of satellite in the new orbit — total energy of satellite in old orbit
GMm GMm GMm
3R J_[_ 4R ]:_ 12R

E,=

1=

Energy spent =E, — E; :[—

18.(ABCD)
As initially the particles are at an infinite separation hence total energy is zero and by conservation of energy during
motion of particles total energy will remain zero. At a separation 7 the potential energy of the particles can be given
2
4Gm

r

as

hence the kinetic energy magnitude must be same for total energy to be zero and by kinetic energy we

can calculate the velocity of approach as no external force or torque is present in the system total angular
momentum of the system will remain conserved.

2
19.(C) 2GA D

r r

Where A= mass per unit length = p x 4=p x R*
2Gx p><1tR2 _ v

— = v =R.\2nGp
r r
3R
2GA
20.(B) J. G dr :%mv2 = v=2R\/mpgIn3 21.(D) T:21td = d =RT %
r % I
R

22, [A-p, r] [B-p, g, 1, 5] [C-p, q, 1, §] [D-p, 1, ]

23.(5) Conservation of angular momentum

mVysin®@ x SR =mVR ... (i)

Conservation of energy h
Mi 1 Mi 1

_GMm 1 72 __GMm L2 L (i)
5R 2 R 2

Solving 6 =sin~! 1 l+@
5 5V5 R

24.(2) For a particle at a distance r from the center of Earth, force is given by,

Fo Gmym,
2
Force becomes one fourth, when r = 2R (R = radius of Earth)
. 2
Escape velocity, V, = %

Using conservation of energy for the given particle,
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1 »  GmM GmM
—mV ——= -
2 R 2R
This gives,
y o |GM
R
v, =V\/§ ; Hence, n =2
25.(5) P is neutral point
GM  G(16M)
— =7 = r=2a 16 M
r (10a-r) M 10
a
GMm Gl6Mm 1 2 GMm Gl16Mm a v 2a
- - +—mV*" =— -
8a 2a 2 2a 8a P
= V= i SGM K =5
2 a
3
26.(1) mass of Cavity M' = M x in R = M
4 3 3 (2 8
TR
GMm GM'm 23 GMm K
Fre :Ffull _Fcavity = 5 DTy > = K =23, — =1
(2R)” (25R)" 100 R 23
2.y GMm 1 GMm N yo [AGM ned
3R 2 R 3R
28.(2) 2 xtotal energy=G.PE = TE =—2MJ At o, total energy =0 = additional energy provided = 2MJ.
L myni + myvyr mv A (11
20.6) — oM EmVL 11_1=1+1L_)=6
L, MyVyry MyVy 1y 2.2
M M 1 (g) s "
30.3) doo— = doec—5 . — = doegl—| = vdeg
R R R V5
v: o2
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LIQUIDS

1.(C)

2.(B)

3.(D)

4.(A)

5.(C)

6.(B)

7.(A)

8.(C)

9.(A)

Height of water which exerts same pressure as oilis : hp,,g = 5x p,yx g = h=5x0.8=4m

Total height=10+4=14m = v=2x10x14 =+280 m/s.

Let mercury level drops in the left side by x mercury on right
h'

side would rise by %
n

Equating pressure at 4 & B

X __
112 (112 +l)s

The whole system must have a horizontally rightward acceleration

X
hpg :[x+—2]psg =
n

for heights of both side to be same
P18l = prla+ pygl APy +1p2) APy + lpsg)
p =density of material, . TT7== a "

po = density of water when the sphere has just started sinking, the weight of the sphere = weight of water displaced

3 3
R —r 1/3

4 (R ,3 4 ( ) Po r_(7)
= —ﬂ(R —r) =—7R =~ 7 -2 - -2/

3 PE 3 P& 2 s R 5
V3 = \/2gh ; using continuity equation at section '2' and section '3'

A A 1 hg

—Vy ==V = V, ==V =|—

B 2 4 3 2 B 3 b

Using Bernoullie's theorem at section "2' and at the opening end of pipe '3'

1 1 1 1 h h
PO"'EPV32 =B+ pvi = R +EP(V32—V22) =P =h+7 P[Zgh —g?j;Pz=Po+ 3p4g

Initially, w — 2kx=0 ... @) Finally, w' — Zk[x + %] - “7 208=0 ..... (i)
wW=w+wy=>w, = a(k+a2c7g)

4
gﬂR3pwg - Mg

4 53
Mg+ 2T, cos45° = Fp, =| —nR T =
g 1 b [3 Jpwg 1 \/5
. m o'h m p'h
Lossin GPE= — pghy = h=—— = mg(h+h1)=—' pgh = hy=——
P pP—p P pP—p
acc

D T (prapu

P L
[ap.a=[(4dx)pox = P=%pw2 7
0 0

|

2
P9 dx F=PA=p;Lw2L=M§L
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2n

10.(A) PA-F=Fy =?r3p1g F
2 21 3 //_\
(B +prghymr —F=?V P1g .
) PA
F= Ponr2 + [h ——rj nrzplg
3 iy
. . . N Initially F
11.(B) Applying Newton’s law in vertical direction
mg = Fp
= dSHxg=p,Shxg a=0
a=0
po !
P | N

Now when force F is applied, for minimum work a =0 (" For ¢ =0, F' is minimum)
F-mg+pSxg=0
W = '[ Fdx= I (mg —pSxg)dx = mgI dx—pSgI xdx

2 2 2
W=mgh—%:(p5’h)gh_% _pSgh” _pSg

dH Y Sgd*H?
2 2

p 2p

. 4T . . . . .
12.(B) Inside pressure must be — greater than outside pressure in bubble. This excess pressure is provided by charge on
r

bubble. P
2
ro 2 ’ roo16n?r* x 2¢g ’ 42

0 =8nry/2rTg,
13.(C) r=Rsind
Required force =[2nr]Tsin® =2nR sin? 0T

,——Capillary

14.(D) Let the density of water be p, then the force by escaping liquid on container = pS(4/ 2gh)2

.. Acceleration of container a = 2nSgh—upvg = [ﬁ - u] g

pv u
h h
Now “zs_ azs_g g
v v SIS SNSRIt SRS
15.(ABD) Pp = P (Pascal's Law) (Stationary fluid)
. 4
Let ¢ be the side of the square Pg =Pp = Fr — pgﬁ ..... @)
. l o Py +Fc
Similarly, P, = Ph =P, + — e ii Pp=Pp=""——
Y, g =FPp=Py + pg 7 (i) B=1ID 5

2 2
V:Z P V-
_1+L:_2+_2 = Pl_Pzzg(sz_VIZ)

16.(ACD)
P 2 P 2

But, R~ B =pgh =2 (7 ~ ) = 17 — 17" = 2¢h
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17.(AC) tand = =

a h
— = a =_g
c g c
. . 1
Maximum volume that can be retained= — x Ax ¢ x b

And F= {MJFMV—g
C

18.(ABD) Wi+ Wiy ~Wig =0

WF = _WFB —ng

WB + Augravitational

== (WB - Augravitational )
19.(CD) T + B =myg

AT
YK
N=B+mg B

NA .
N=(m+m)g-T | ¢ i
mag mg
20.(BC) Since body is floating, Buoyant force is same in both liquids and is equal to the weight of the body.
21.(BD) In both cases V,; =Vp

P, VvV P
_A+v =_B+v_+h

=

2

; P, > Pg in both cases. 22.(AB)
Py By
23.(ABD) FBuoyant =(my+mp)g; 2Vng =v(d +dp)g
d,+dg =2dp. Therefore 4,B,D
24.(AB) By equation of continuity,
4N =4V,
(s : St
Sy xu =58, xucos0 = 0 =cos 1( 1] sin@ = ——12
S2 S2
2 2h 2 2
Now range R = u”sin20 _u”2sinbcos® 2u” S 1_S_12
g g g S5 S3
wsin?0  u? (8P
Hyox =—F—=-= 1__2
2g 2g\ 5
Rate of flow volume is (S; xu) or (S, xucos0)etc. 25.(D)
26.(C) mg=F,
2
a3><0.4pg=a2hpg ; h=§a =0.4a
-3 . _ 2
m=a"x0.4p ; Flet =a”xpg

3
T=op L2200 20'4“ : T=2n /2—“
a“pg 5g
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27.(B)
28.(A)

29.(0)

30.(D)

31.(B)

32.(D)

33.(D)
34.(A)
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Displacement must be less than submergence depth of cube.
VP8 = (v=Av)p; g+ Av(p,,)g
Vapyg = (v—Av)p;g +Av(py, )g
Y 1000
——11|p; + ———-1|x0.9+4.9
W _ (=M +Avp,, _(Av )p’ P _( 20 )

v, (v=Av)p; +Avp), v 0: 4Py 1000_1 ©09+41.9 46
Av 20

Mass of cavity is more in cube A4 than in cube B.

So long as cubes are floating, respective water levels do not change.
Letat r =¢), cube A sinks.

vpyg = (v—Av)p;g +Avp,,g
v is volume of cube which is changing linearly with time at ¢ > f,.

P&+ Ny = -Av)p;g +Avp,g
After sinking water level decreases due to melting of ice,

h
Ldv = h; A -cross-section area of vessel
10 dt dt
Letat t =¢;, cube B sinks ; vp,g=('-Av)p,g+Avp), g
Lav_ dhy .o DA . A _dh
10 dt dt dt dt de dt
Final heights are same in both reach.
P = Do~ P8eff

V¥R

g
4 4
: 1007 (g02 . R21/100 ~100,122 =390 _ 55042
R2 8x100 2 2

P—Py=AP=hpg,; =(0.30) (10°) (3x10) =9x10°Pa

Onlyincase D,g 4 > g
P->2;Q->1;R—>1;S—>3

| hl Ev:Px(A2_A1):hpg(A2_A1)

; :
|w
h

Yy

F,= P, 4, = (2hpg)d, —

F,+W =F,

W = F, — F; which s less than (2hpg)A2

Physics | Solutions 59 Liquids



Vidyamandir Classes

h
35.(C) (P) F=Pc><A=%><A
AP (VAt)pu 2
Q) Fg =Vpg =(h4) pg (R) FR:E:( Az =pu-4
P4 1,
(S) P1+5pu —P2+0
L
(PZ—P1)=5pu
— =0 _(p._ _1 .2
TPZA F=(P, PI)A—zpuA
36.2) F,
I ,4/% Fg=(y4)p,g
mg=l><A><p—W><g
0.5 e 2
O /5

37.8)

38.(2)

»

Pw

. 1 1
Balancing torque yprgxgst=1><A><T><g><5><cos6’ = cos29=5

4

4
EER3 =n><§71r3 = R=n1/3r 0rR=2nl/3 mm

Applying Bernoulli’s equation at cross-section 1 and 2.
P +tpgh+0=P+0+0

P =P, +pgh ...(1)

Again applying Bernoulli’s equation at section 2 and 3

+Lopp? (i)
2
-..(ii)

=

P +0+2pg><§=P

atm

= V =.\2gh

This is required velocity of efflux
Applying continuity equation between 3 and 4 cross-section,
aV =al

Again applying Bernoulli’s equation between (iii) and (iv)

1 2 h 1 2
Fom + 5(2p)V +2pg x 5 Fym + 5(2p)V1 +0

aV x/g-\ﬂgh 2
=—=—-—"""_"=2cm
" \J3gh

a

Vo R® 4n*/3

"

=

39.(300) Let the cube dips further by y cm and water level rises by 2 mm.

5 cm-t |_| 77777, . i2mm
5 cm; |_| 5 cm; !

m |3y

Initial situation Final situation

2
v

1

=2
cos” 0

=

=4 = n=8§

4

[—>—>le—=—>]

V2 =3gh
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Then equating the volume (/// volume = \\\ volume in figure)
= Volume of water raised = volume of extra depth of wood

= 100y=(1500—100)%=1400x%=280 5 y=2.8cm

.. Extra upthrust
Pwater X(2.8+0.2)x100 g = mg
= m=300gm

40.(0.45)Pressure of gas inside the balloon is same as the pressure of surrounding. Also gas inside the balloon obeys isothermal
process, then :

10% x10% 40
+—

(Fo +pgh)Vy = RyV, ) =[1 105

]x 0.09 = 0.45 m>

41.(0.29)Force of buoyancy
Fp = Alxpg +(L—-x)pglg
Weight W =LAp, g
For equilibrium Fg =W
= LApgg = Alxpg +(L—-x)pgl g = Lpg = xpy +(L—x)p,,

x X p,—ps 1000-800 2
= =— - + = —= = =—
Py I (pO pw) Pyw L P —Po 1000-300 7
42.(10.50) 76x L =42(76-57) = L=10.5
T M
A’, 42
16 57

10.50m><lcm2 =10.5

43.(11.11) 1000 xgnﬂ 2—500 xgnﬂ g—6mnry =500 xgnr3a

02 _ 6xix107*y ; 200,
3 18
44.(10) R=2cm
ap=35_ 4X0'0§ =10 Pa
ro 2x10
45.(3) Let v be the velocity of the movable plate and F is equal to viscous force
F=|m—+n,—— |4 = o hlzﬁ
Iy h—ny dhy 3
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PROPERTIES OF MATTER

1.(A) Tension at point x = mw?r

e

2 I—
IV (22 X
Y (ﬂ )
[ 15
2.B)  dg=msdT = g= j IxaT3dT = Ta
1
3.(B) ﬁz1% .'.d—A=2x1%=2%
l A
4(C)  dl=dx(aAT) = dr=[(3x+2)x107 %20 |ax
Integrating A?¢=1.208cm .. length =2.0120m
l !
5(0) R = 5 & Ry = 5
Klﬂ'l" 3K27TI"
Both rods are in parallel
2 2 2
L:LJFL - Amr Keq:ﬂl’ K1+3ﬂl" K, Keq=K1+3K2
R, R R ¢ ¢ 0 4
6.B) 7R* =narl....... (i) and n(27rl)=2(27RI)............. (i) Solve for n
-1 Newtons low of coolin
7.8) 0 K(55-T,)n (i) s
4 average method
-10 . . . ..
Tz—K(ZyS—To) ............ (ii) Solving (i) & (i) T, =15°C
2.4x10° x3x107* 2
8.(B) 5 ~ 1200 x 10 = 1200 => a = 10m /s
9.(D) ms%zﬁAe(T“ —T04) = m =3m, = n=3"3p
1
10.(A)  Error =—-a0. 86400 =432 sec
. . dT
11.(A) According to Newton’slaw of cooling o oo AT
t
t —
an b, _35720 153 = tan? 0, —9tan? 0,
tanf, 25-20 5 1
sec? 0, =1 + tan? 0, = sec? 0, =1 +9 tan? 0,

12.(ABC) In the case of a perfectly rigid body and incompressible liquid, volume strain is zero.

13.(BCD) W =ms or, m=—=——=50
s 0.09 g

The thermal capacity and the water equivalent of a body have the same numerical value. Also,

0=4.5x8=36cal
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Since, the temperature remains constant, during the process of melting, no heat is exchanged with the calorimeter and
hence, O =15x80=1200cal . Hence, the correct choices are (B), (C) and (D).

F F . Y. 2
14.(AC) (Stress); = —, (Stress)c, = — Given that —3— ==
24 A Yo |1
(strain) ~ (stress) /¥, (F/24) 1 1
_ = _ = X —= = —
(strain)Cu (stress)cu /Y., (F /A) 2 4
So, options (A), (B) and (C) are correct.
15.(BCD) Thermal force = YAad6 = Yar’ad6
rlzr,rzzr\/f,@:r\/g, re=2r = R:F F:F3=1:2:3:4

Thermal stress = Yad6
As Yand o are same for all the rods, hence stress developed in each rod will be the same. As strain =ad 6, so strain will

1 .
also be the same. £ = Energy stored = 3 Y (stram)2 x Ax L

E\:Ey:Ey:Ep=1:2:3:4 So, option (B) and (C) are correct.

16.(AD) H o %(T1 -Ty)

(A) Temp. diff. quadrupled, ¢/ s area halved, H doubles (correct)

B) Temp. diff. doubled, length quadrupled, H is halved (incorrect)

© ¢/ s area halved, length doubled, H becomes 1/4th (incorrect)

D) Temp. diff. doubled, Area doubled, length doubled, H is doubled (correct)

17.(AD) y Hg >V, = density of Hg decreases more on heating. Hence cube will be submerged more.

If fraction submerged is /'

pHgWgzpFeVg = f:%

pHg
p}’e _ PFe
y 1+ x 25
Change of fraction = Prg  Prg = Yrg -1
Pre 1+ 7yp, x25
pHg
1+180 x 1070 x 25 180—-35)x107°x 25 .
= 122 _{ A0 X235 364107 2036 % = 04% 18.(BD)
1+35x107"x25 1
19.AD) %€ — cuo(7* — 1) =same : 49 _eAS 14 _ 14y _ different
dt dt  ms
20.(ACD) Considering heat flow at junction 4
- B C

Heat in = heat out

x+14+3=5 W Aw

x=1
x is positive so heat flows in from E to 4 A

x W 5W
T >1y
To>Ty>T, E =
c>14>1p
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TB—TA:TE—TA.'. TB:TE

21.(ABCD) When a body is heated all dimension of the material as well as the enclosed lengths, areas and volumes also

increase.

22.(BC) When temperature increases of a bimetallic strip, the one which is having more value of coefficient of expansion will
expand more so that strip will bend toward the metal with low value of coefficient of expansion and it will bend toward
high value of coefficient of expansion if it cooled.

23.(AD) By wein’s displacement law we use
}"mA :T_B = T_A —_}LmB :@ =2

A, T =constant = —e =
Aug Ty Tg Ay 400

By Stefan’s law, we use

E, AT am? ¢
o _i(n

Ep  AgTy 4w \Tp

24.m) 97304 36-30); 391_x - k[%” —30)

10 0 2
4 8 : 5—12:72—2x;57x=72+12; %x=84;x=2X84=@=33.6
36-x (x—30+18j 2 >
2
do kA . . o
25.(D) d—=——(T —T) Magnitude of slope will decrease with time.
t ms
40— 4 1
26.(C) - 0 36=k(38—30 = k= =—
10 10x8 20
When the block is at 38 °C and room temperature is at 30°C the rate of heat loss
msxﬁ=msk(38—30)
dt
Total heat loss in 10 minute = dQ =ms k (38-30)x10 =2><2L0><8><10=8J

Now heat gained by the object in the said 10 minutes.
O=ms AB=2x4=8]

Total heat required=8 +8=16J
27.(B) Material which is most ductile is easy to expand is used for making wire.

28.(C) Material which breaks just after proportional point.
29.(D) Material which retains permanent deformation.

30.(B) V=Vy(1+y;AT) =(10) (100)[1+5 x107> x 20] =1000 (1+0.001) =1001 em® =1001 cc
31.(B) Cross-sectional area of vessel at 40 °C

A= Ay(1+20,AT) =100 (1+2x107> x20) = 100.04 cm?
0 g

Actual height of liquid = Actual volume of liquid

Cross-sectional area of vessel

-1
__1ool =(1001)(100+0.04)1:[—1001][“—0'04]
100.04 100 100
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~ (1001) [1 0.04] 1 1000.6

— | =——(1001-0.4) =
100 100 ) 100

32.B) 0 TV =SR(1+ 0 AT)=(TV) (1- o AT)

=10.006 cm

" SR=(TV)(1+04 AT)"" =(10.006)(1-107> x20) =10.006-0.002 =10.004 cm

33. [A—prs;B—prs;C—p; D-pqrs]
34. [A-q; B-r ; C-s; D-p]

(a) 10?(1004):%@—0) : 100-7 4T =0 ; 7=20
(b) IOXAI(IOO) +2OX’T(IOO) : 3000x100x1074 =30 W
2-0.1 .
() Ry = (02-0.D _ 40 ST units
4nx0.2x0.1
t 100-0
“(d) i= 00 =10°C/m
dx
F-F
35.(1) (T) Tension at any point x = F, +[ 1L_~2 Jx = dl = %dx
Integrating A/:M = A=1x107m . x=1 F~—o/ : ——-F
24y ' ! : -
36.(2) Tension inring = pAw2r2 [A = C/s are of ring] *
) pAw*r? y O
For breaking —=0 0" =— w=2rad/s
A r’p
37.(3) Letx kg ofice remaining
(2)(15) x 500+ (2—x)x80,000 = (2.5)(25)(1000)
x=1.4kg Water =3 kg
A
38.8) - Conduction rate oc 7
radius2 472 r? Hipox
oc o H(max)= K— ; H,,;, =K— =8
length l 20 H,,
mg
39.3) dp=—=
@) dp=—
_ % o Ky dr__mg n=3
dv/v r r 34K
40.(3) For no heat flow in AB temperature of Junction B must be 20°C
Material and cross-section are same
Temperature gradient is also same
80-20 20-0 . gp 3
sp  Ipc Cpc

41.4) O, =200x80+200x1x100+(200x1x45)
Ojoss =My (540)

Physics | Solutions 65 Properties of Matter



Vidyamandir Classes

45000 250

16000 + 20000 + 9000 = (540) my a0 mg ; mg = = =83.33
Steam left =87.33-83.33 =4
42.(9) Heat used for evaporation = 900 kJ
3
Mass evaporated = 0.2 kg S L= % J/kg
43.(4) Change intension = AT .. 2ATsin37° = Amg ; T = A.mg ; Al = ATL
2sin37° AY
Amg L .
But Al = LaAB - —=LaA® = Am =aABx AxY x2sin37°/ g
2sin37° AY
_2x107 x10x10° x5x10M x2x3 =
5x10
44.(3) From Newton’s law of cooling
ms[el _62JOC|:91 +92 _eoj|
t 2
In the first case ms[50;45jm{50;45—60} ...(1)
45-41. 45+41. .
Insecondcase[ > 5 Sjoc[ 5+2 5—60} ...(>11)

From eq. (1) and (it) 6, =33.3°C

45.(0.18)
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KTG & THERMODYNAMICS

1.(B)
2.(A)

3.(A)

4.(A)

5.(B)

6.(C)

7.(B)

9.(B)

10.(B)

11.(C)

12.(A)

13.(C)

Apply gas equation PV=nRT to identify decrease or increase in temp and volume for each process

As the system is thermally insulated, AQ =0

Further as here the gas is expanding against vacuum (surroundings), the process is called free expansion and for it,
AW=deV=0 [As for vacuum P = 0]

So in accordance with first law of thermodynamics, i.e. AQ =AU + AW , we have

0=AU+0, ie. AU=0 or U=constant
ab and cd are adiabatic

BVy = EBVe
FaVva = EV, P, P
bc and da are isothermal. Hence v v D=
Rye = BV LN
PVl = B,be
For adiabatic process (from A to B)
AW =-322J
AU =-AW =322J
For another process (from A to B)
AQ =AU + AW
100J =322 + AW = AW =-222J
C:Cv.f_ﬂd_V ; R:ﬁ.}.ﬂd_l/ ; d_V+ld_T:0 = VTI/Z: constant
V. dTr 2 VvV dr v 2T
o= AV from PV = nRT = PAV+VAP =nRAT
VAT
. . nR\ 1
Since ‘P’ isconstant = PAV =nRAT = 6= 57

0=AU+W = =, + XY c_c, R _ar) sm) U=2x[2]T+4[£JT=11RT
vV dr aV 2 2

' 7
PVY = constant = L constant = £=(32)A
4 P
yol

dUu dU nR nR b+1
U=a+bPV =a+nbRT = —— =nbR But — = = nbR = = 7=

dT dr  y-1 y —1 b
Along a tob, Au = O0and along b toc, Au =—w =—-4j = atoc,Au=0+ (—4) =—4J (for any path)

[PRE _ BRT (0.68) = y=1.3872, f =—2-~5.16
M M y—1

RVy PV +PV2
Ty 1 0
Vi=x1A,V2=xA = x1=44cmandx, =40 cm
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T T: T, L, Ty T. 1
14.B) g =1--2,g,=1--3 g =1--2% as g =8 = &3 2341 =(45):
Ui n & L L T
1 1
1 1) 3 12 1)273 21 1
L=|RR2T2 | ; T =|RI| = T, = |7 =PI = T =(1 1)
1 1
1 21 2 2 402 2 !
— 2 >
Ao T=(LT)= || = || = 37 = (R1]]
I-n
15(A) B=—1 = B=9 0=10B=90J
n

16.(ABC) For adiabatic process : T; 7 Ty yr!

[ f PA
For isothermal process : P;V; = Py Vy :
isother:mal
...... ., éadiabatic
17.(ABCD) v, v, 1V
18.(ABD) In case of cyclic process : 1 = l—Q—R
O
Q, =Heat rejected ; 0, = Heat given
AN
19.(CD) For A, D Wl =nylt = e =2
Va n
1
A v, (T, )rt
For B, C Wt =ny!T = Wl L o N |2
V. L V. |5
v, |7 . :
So A = 7 | i.e., choices C and D are correct. Hence choice A and B are wrong.
d c
m 2 C
20.(CD) P=—mV+c = T=—|—|V"+|— |V = L>T =T,
nR nR
1 - 3 — expansion process accompanied by heating
3 — 2— expansion process accompanied by cooling
21.(ABD)Degree of freedom of He =3
Degree of freedom of H, =5
3x2+5%2
Average degree of freedom = 2XETOXZ _y
2+2
2 3 . . y y-1
Now y = 1+7 = 5 ; For adiabatic process AQ =0 and PV’ =costor TV' " =cost
From first law AU = Aw [-AQ=0]
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22.(AD) As, W), =0 =0, SoU = constanct so

2><§R><TO +3x3Rx2T; =[2><§R+3><3RJT

23T,
23RT, =14RT = =20
14
By n +ny __m N ny N }Lming
1_Ymix 1_Y1 1_72 14
23.(ABC) AQ =AU + AW
For process Ato B, AQ =AW
For process B to C, AQ =AU
For process C to D, AU =—-AW
For process D to 4, AU =-AW
24.(AC) PV =1RT
2 2
(0—BV>W =RT : roov_Bre : ar _o _3pr-
R R dV R R
. dT
For maximum value of 7' ; —=0 = V= |2
dv 3B
25.(AD) Point 4 and C are on the same line passing through origin
P, P
= 4_2¢C .0
Va Ve
Py PV,
Also T, =200 K =—4"4 and also 7 =1800 K = --C
nR nR
Py, 1 .
A4 __ ...(>11)
FVe 9
. Vg1
From eq. (i) and (ii) A
Ve 3
26.(B) Heat gain by left part = heat lost by right part
T
= %nR(T—TO)=%nR(2TO—T) > r=0
R P
Let final pressure = p = L_0 o p= 3h
T T, 2

3 3T, 3 3 _ Vy 3
27.(C) Heatflow=—nR| — -1, |=—nRT, =—F — ==BJ,
(C) Heat flow 2"[2 oj oo =5 h=m =2kl

28.(C) P (final in left) = 350 = P (final in Right part). So when pin is removed, piston will not move.
29.(C)
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30.(C)

31.(A)

32.(D)

33.
34.

3s.

0 = nCAT—n[%j (2T, -Ty)

0, =nC,AT = {?j (Ty —~2Ty)

14 —nRTyIn2
S/ nidg

Oy =nRTIhn| — |=———
’ (VJ 2

1

Total work done by the system

Positive energy supplied to the system

Vidyamandir Classes

PAP() > V() > T(J

For cyclic process, total work done (W) = total energy (Q

4.4

ko +[p1A+k—lex+(prl -

x=0.1m

”R2T0 [4(2 -1)~In2]
11n§T0 WI-1)
_4W2-1)In2  4(0.40)-0.7 1.6-07 9
112 -1) 11(0.40)
5
p+— |(V] + 4x)
nh ( 4! :
I b ’
2000x7 +4600x — 480 = 0 ;
Wgas + Watmosphere + varing =0 >

1
Weas = peAx+5kx2 =310 ;

AU <L PN A _ 510° Pax0.024m’

W,

gas

—PeAx—%kxz =0

0 =AU+peAx+%kx2 :

-60K =1200.0J
T 2 300K
[A-q,r,s;B-r;C—-r;D-s]
[A-q;B-ps;C-s;D—qr]
Temperature at :
J= 30><10’ K= 10><10’ I 20><10’ M- 20%20
nR nR nR nR

ForJK: W =0; AU<0 = AQ<0

ForKL: W =10x10 ; AU >0 = AQ>0

ForIM: W =0; AU>0 = AQ>0
ForMJ: W <0; AU<0 = AQ<0
[A-r;B-p;C-s;D—q]

W = Area of triangle = %x 2Py xVy = Pyl

ForCA: W =Py, = AU ==R
27| R

3 {POV 2Py

R

=~ x100% = 20.5%
44

nhh
L

AU = %NkAT

P (atm)

}:—%POVO & AQ=—P0V0—%P0V0:_75POVO
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ForBC: W =—|3Py+Py |Vy=2PyVy = AU ==R - =—=PJ, & AQ=
> [ 0 0} 0 Vo > { R R 5 0% 0 2
Maximum temperature will be for process BC.
2P, ] ] 2Py , (5P
ForBC: P=———V+5P, Using gas equation : 7' =—| — V" +| — |V
2 VoR R
. . - 25
By using maxima/minima : 7, = 8_RP0 2
36.(2) ForgasinA, A = [EJ 24 and b = [EJ 24 AP =P -P, = [Ej my 11
M) N M)V, M "o
Putting ; =V and V, =2V We get AP = R my
M 2V
Similarly for Gasin B, 1.5AP = Ak From eq. (I) and (II) we get 2mp = 3my
37.(7) For cylinder A. For cylinder B
dQ=nCp dT dQ=nCydT
nCpdT=nCy dT
ar =230 50, 14-0k
vV
38.(1) Volume of the gas is constant V = constant PT 12
i.e. pressure will be doubled if temperature is doubled P=2P,
Now let F be the tension in the wire. Then equilibrium of any one piston gives P4 PA
F=(P—Py)A=(2Py— Po)4 = PoA
5 1 ) Mu® 30x1073x10* 60 10
39.(6) —nRAT =—nxMu = AT = = =—=—x6 = x=6
2 2 5R 5xR R R
. . R
40.(100) Process is polytropic C =C, —
m—
R Ip- B o mos
2 2 m-1
pri=c
2 2
40xVy = P(2Vy)
P =10 kPa
ﬂszVO - 10><2V0=40><V0 — T=100K
T Ty T 200
41.2) nC, dT +nmC, dT+PdV =0
L orar +ax R ar v arrél — g : 2j a.rd_y
2 4 14 T 14
21n i +In l =0 ; 1ni=1n2
300 4 300

T=600K
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AL7=%X2Rx(&m—300)+4x%§(QM—300) =8Rx300=8x%§x300=2x104J

42.(22) Initial pressure of the gas = F, = (P,

tm

Final pressure of the gas =1.5 ) = 54 cm of Hg (sicne process is isochoric)

Difference in height = (76 —-54) =22 cm of Hg
43.(0.25) Pressure of air (P) = py,yg (76— x)

E = pH_gg = constant
v A . [ ]
. Air —
Molar heat capacity (C) N
R R

I

T 1
14-1 -1-1

76 cm

55 Mrrcury
. AanCATz(M)%[3x§{yND=025J

44.(545) Let energy produced by fuel be x
Real engine
20 1 2 .
—x=—m(4 .1
00" 5 4 (@)

Carnot engine
1 .
nx=5m(6)2 ... (1)

Equation (i) + (i)

62
D12 = n=045
02 \4
Also
T T,
n=1--¢<= =€ -055
Ty Ty
300
Ty =—— =545k
70,55
45.3) Carnot Engine

T T
n:l_T_C = —C=1 _

n
H Ty
Carnot refrigerator
e Te o e To /Ty
Ty —Te 1-Tc /Ty
_1l-m 1-m 075
I-0-n) n 025

=3

—40)cm of Hg=36 cm Hg
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SIMPLE HARMONIC MOTION

1.(B)  When collision occurs then velocity of both the body get interchanged and hence

T . T
7o g Zged Lo m 1 !
2 2 27N% 2" e

2.(C) Amplitude of damped oscillator is given by A=A0eﬂ

b(5) 509
After, 55,0.9 4y = Aye 2™ = 0.9=¢ 2m o)
) _5b
After, 10s A=A=Adje  2m = A=Ay(e 2m)>? ... (i)

From equation (i) and (ii), we get : 4=0.7294, Hence, a.=0.729

3.(B) T—2n\/g—2sec = T'_ZTC\/E_SSGC = n:1:4
g g T

4.(D) For upper half of oscillations, the block oscillates only with the upper spring and for the lower half of oscillation both
springs are in parallel.

= Per10d=—2ﬂ\/:+ 2 / = TI= n\/:+7z{

5.(A) x= 2asm(a)t + ¢) V= 2aa)cos a)t + ¢)

1
Att=0,x=a,v=a\/§ = sin¢=5and2a)cos¢=\/§a = w=lrad/s

bis T
o=n/6 = x=2asin(t+7r/6) =2a{sintcos€+cotsin€}=a(\/§sint+cast)

6.(B) Total energy :U(O)+%KA2 = 9:5+%K(1)2 = K=8N/m Time period =2n\/%=2n\/%=ﬂsec

A
7.(0) Use x = A sin ot find min. time when x =—= and x = 4/2 after that compare them

2

8.(D) For damped harmonic motion
ma=—kx—mbv or ma+mbv+kx=0
b P B
Solution of above equation is x=A4pe ¢ sin wt ; with w? = Py
m
b‘r

Where, amplitude drops exponentially with time. ie., 4, = AOe 2

Average time 7 is that duration when, amplitude drops by 63% i.e., becomes A4, /e.
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9.(CD)In case of S.H.M net force is always opposite to displacement from mean position.

10.(ABCD) y =—a asY increases V decrease and U increase

11.(AC) Net force on the ball will be zero at p=po or, othy = po or, ho =

i.e. the mean position is at a depth ho = Po
o

Net force at a depth ho + x will be

F=(p—poVe' o,  F=oxvgl
F is proportional to —x

2
Thus motion of the ball is simple harmonic hma = 2ho = il
o

12.(ABD) K:% U=% - x=i§A

13.(BD) The motion of the particle is somewhat like.

The minimum value of X can be 4 — 3 = 1 cm and maximum value of x can be

1
4+3=7cm <« 3CMe-3cm—

i.e., the particle oscillates simple harmonically about point x = 4 cm with amplitude 3 cm.

The x-t graph will be as show

14.(ABC)Free body diagram of the truck from non-inertial frame of reference will be as follows: ‘
This is similar to a situation when a block is suspended from a vertical spring. X

Therefore, the block will execute simple harmonically with time period 7= 2 \/% .

NN

Amplitude will be given by A=x= mZO (may = kx)
mg
! ! 2 22 . Pseudo V// kx
Energy of oscillation will be E= —kd* ==k %J - % oree mao
&y 2 2 [ k 2% %

15.(BD) x; = —A cos ot and x, = A sin ot

Equating x; =x2, we get : —A cos ot = A sin ot

or, tanowt=-1 or, wt:i—n ofr, [2?11}=3_1t or, t:3T :>X2:ASin:iTTc=

4 8
16.(A) E changes equilibrium position only.

A
2
17.(ABD) Description of motion is completely specified if we know the variation of x as a function of time. For simple
harmonic motion, the general equation of motion is x=A(wf +35). As ® is given, to describe the motion completely,
we need the values of 4 and & .

From option (b) and (d), we can have the values of A and & directly.
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For option (a), we can find 4 and & if we know initial velocity and initial position. Option (c) cannot given the values
A ofand § so it not the correct condition.

18.(ABCD)Period of oscillation changes as it depends on mas and becomes three times. The amplitude of oscillation does not
change, because the new object is attached when the original object is at rest. Total energy does not change as at
extreme position the energy is in the form of potential energy stored in spring which is independent of mass, and hence
maximum; KE also does not change but as mass changes the maximum speed changes.

19.(ACD) The only external horizontal force acting on the system of the two blocks and the spring is F. Therefore,
acceleration of the centre of mass of the system is equal to F/ my +m?.
Hence, centre of mass of the system moves with a constant acceleration. Initially there is not tension in the spring,
therefore at initial moment m, has an acceleration F /m, and it starts to move to the right. Due to its motion, the spring
elongates and a tension is developed. Therefore, acceleration of m, decreases while that of m increases from zero,
initial value.
The blocks start to perform SHM about their centre of mass and the centre of mass moves with the acceleration
calculated above. Hence option (b) is correct.
Since the blocks start to perform SHM about centre of mass, therefore the length of the spring varies periodically.
Hence, option (a) is wrong.
Since magnitude of the force F remains constant, therefore amplitude of oscillations also remains constant. So option (c)
also wrong,.
Acceleration of m, is maximum at the instant when the spring is in its minimum possible length, which is equal to its
natural length. Hence, at initial moments, acceleration of m, is maximum possible.
The spring is in its natural length, not only at initial moment but at time ¢ =T, 2T, 37T, ..... also, where T is the period of

oscillation. Hence, option (d) is wrong.

20.(AB) When point of suspension of pendulum is moved upwards, g, =g+a, g, >g and as T «1/,/g,z , hence T,
decreases, i.e., choice (a) is correct.
When point of suspension of pendulum is moved downwards and a >2g, then T decreases, i.e., choice (b) is also

correct. In case of horizontal acceleration

2 .
ey =g’ +a egyy> g

i.e., again, T decreases

21.(BCD) Due to the Pseudo force on block (considered external) its mean position will shift to a distance mg/K above
natural length of spring as net force now is mg is upward direction so total distance of block from new mean position is
2mg/K which will be the amplitude of oscillations hence option (C) is correct. During oscillations spring will pass
through the natural length hence option (D) is correct. As block is oscillating under spring force and other constant
forces which do not affect the SHM frequency hence option (B) is correct.

22.(BC) Both will oscillate about equilibrium position with amplitude 6 = tan~! (EJ for any value of a.
g

% ; equilibrium

O N position

If a << g, motion will be SHM, and then

Time period will be 2n

(A e
N4
WS Gy
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23.(AC) Let O be the mean position and a be the acceleration at a displacement x from O. W N
At position [, N—mg = N#0
position mg = ma n I:j la
At position II, mg — N =ma |
For N=0 (loss of contact), g=a= o’x X mg
0
Loss of contact will occur for amplitude x,,,, =g/ o’ W %
at the highest point of the motion. W N
[ I::| Ta
Y
mg

24.(AB) The time period of simple harmonic pendulum is independent of mass,
so it would be same as that 7 =2m,/1/ g . After collision, the combined
mass acquires a velocity of v, /2 as a result of this velocity, the mass
(2m) moves up and at an angel 0, (say) with vertical, it stops, this is

the extreme position of bob.
From work-energy theorem, AK =W, ,

2m (v V' v 0
0-"—| 2| =2mgl(1-cosB,) ; 0 —1—cosf =2sin* 2
2 2 8l 2
. 0y Vo : .6 6y Yo
sin — = ; If 6, is small, sin— =— = 0, =—=
2 adal 0 2 2 0o el

So, the equation of simple harmonic motion is 8 =6 =0, sin(®?)

25.(AD) Statement (a) is correct. At any position O and P or between O and Q, there are two accelerations — a tangential
acceleration g sino. and a centripetal acceleration vi/1 (because the pendulum moves along the arc of a circle or

radius /), where / is the length of the pendulum and v its speed at that position. When the bob is at the mean position O,
the angle a=0, therefore sina =0 ; hence, the tangential acceleration is zero. But at O, speed v is maximum and the

centripetal acceleration v2 /1 is directed radially towards the point of support. When the bob is at the end points P and
0, the speed v is zero, hence the centripetal acceleration is zero at the end points, but the tangential acceleration is
maximum and is directed along the tangent to the curve at P and Q. The tension in the string is not constant throughout
the oscillation. At any position between O and end point P or Q, the tension in the string is given by 7'=mg cosa
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*
b,
/]
" B s 9
b [
A
""""" ""”"j ~ v
O gsina

At the end point P and Q, the value of a is the greatest, hence the tension is the least. At the mean position O,

o =0 and o =1 g which is the greatest ; hence tension is greatest at the mean position.

26.(BD) Initially, %kAz = %mvé = A= \/%VO

2
Next, mvo = 2mv = v =vo/2 = —kA”? = _(zm)[%o)

oA o Lk _ [
= A NG = f 271\/; NG

27.(AC)The situation is similar as if a block of mass m is suspended from a vertical spring and a constant force mg acts
downwards. Therefore, in this case also block will execute SHM with time period T =2xn \/%

. F
At compression X ; F=kx = X = ;

This is also the amplitude of oscillation.
Hence A=F/k
At mean position speed of the block will be maximum. Applying work energy theorem

7.2
F.x:llcx2+lmv2 = v:JM ; x=£ ; Vmax=L
2 2 m k N mk
28.(C) 29.(B)

K ,800
w=,|— = 72\1400 =20rad/s kXO kx
m

When car is accelerated let elongation is xo aﬂ extreme equilibrium

Kxy —mg =ma
mg mg
= 800 x, —20=20 = x,=5cm
When acceleration ceases let elongation of spring in equilibrium position kx =mg = 800 x =20

= x=25cm Hence amplitude =x, — x =2.5 cm

Initially the block is at right extreme position. Hence initial phase =7/2.
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30.(A) Atx=0, magnitude of displacement from means position =2m = 2m/s* = w? (2) = w=1rad/s

. . 2
= Time period = T drsec
®

31.(B) a=(2—xm/s2 = v%=(2—x)

L LOP 0P B L o -

2
32.(D) As B is atits equilibrium position and moving towards negative extreme at 1 = 0
So y —4 =2sin(2nt + ) = y =4 -2sin(2nt)

33. [A—-qs;B—pr;C—-qs;D—-qs]
When u is min equilibrium is stable and particle performs SHM. When u is max equilibrium is unstable.

34.(2) The effective acceleration of a bob in water = g’ = g[l—%} where d & D are the density of water & the bob
. D . .
respectively. 7 = specific gravity of the bob.
. . _— o . 4 4
Since the period of oscillation of the bob in air & water are given as T=2n \/: & T'=2n \/;
9 9

g T/T'—F—\/—g(l_dm) —\/1—1 = \/1—l
g g D s

. . 1
Putting T/T" = 1/\2, we obtain: 12=1-1/s = —=
s

35.6) E= %mwz A = = %m(an)z A2 = A= — 22

Putting E= K+ U we obtain, A= ! 2x(05+04) = A =0.06 m.
2n(25/m) \ 0.2

36.(2) The loss of potential energy by the gravity = gain in potential energy in the spring

1 2
mgXZEch2 x=""%

At equilibrium Xf, =0 ; mg — kxp=0 = X = —

So, required ratio=2: 1

37.(3) For small angular displacement of cylinder.
The energy of system angular displacement 6 is k
E=1k (2R0)* + lk(Re)2 e an? ¢ Ly k
2 2 2 2
Where v is the velocity of centre of mass and ® is the angular velocity
of cylinder. Since E is constant.
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arE = 2R - 10 L w2090 4w U 11092 _
dt dt dt dt dt
2
= 5kR*0 + MR*a + I =0 = ——#
(MR? +1)
2 2
where [ = MR = 35kR 0
2 MR?
2
Compare it with a = ~»°0
Thus o’ =% or =2m, {ﬂ
M 10K
38.(5) By phasor diagram
Angle traced = 53° +37°=90° /U7 ; 4
(e} Y
Time taken = xT = r =5s 53°
° 4 o] (e}
37
5
________ 43
39.4) 600 A +300=2ma 450(4 + 1/
4504 + 150 — f=ma — 4
m m —
f =umg =1504 f< 1504 + 1)
40.(1) When block is displaced down by y, then level of liquid in beaker also rises.
A A
Zo=l4a-Z1y
ty=(4-%)y
A
So, upthrust = [ y - lj— 3dg
3)4
A 4y\ 4
— |dha =—|y —— |— (3d
[4J ’ (y 3]4( )e
N
h 4g g
41.09) a=2L
mR
A
ey =—
m I
apoc = 3 = A(10)* cos(10)¢
m
For no slipping
1004 =3pg=9 = A =9cm
42 | 7= o |+ 4ky)
kykey
43.| 2 |22
g
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44.(500) A= Aye br2m
_bt

5=15¢ 2m
LU
2m
b _tn3 m (110011 (11001
2m 1100 b In3 /2 1.1 )2
=500

45.5) a-ter!”
(0] —0)0
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WAVE MOTION
S Ty .
1.(B) == |— = T;=507N; T, =507-10000V
A T,
ﬂ _ 507 -10000V - 0.0075’"3
260 507
2.(B) 3.(B) T A

4.(D) Compare with the standard equation of the wave. 5.(D) Apply equation for Doppler’s effect.
6.(B)  Beats are produced due to the difference in apparent frequency of the two tuning forks.

320

7.(A) Atdsec V=40m/s = fl=—
320+40

x1000 = 889 Hz

40-1 1
8.(D) izuzﬁ
fr  340-34 18

C+ Aw C-Aw fk
9.(C) fmmsz{ J and  f, =f0( ],a)z -
C C m

990(330 - 10)  [@
zggo[w] ~ 1020 Hz ; _990(330 - 10) \/:=960 Hz
330 330 4

10.(D) Along perpendicular bisector, path difference is zero, but phase difference between L, and L, is7, So, waves interfere

destructively.
. d’y 1 d’y
11.(AC) Only these two satisfies, =——
(AC) Only dx* v dt?
12.(ABCD
( ) 13.(BC) 2ﬂx:2ﬂx —h=3m
lg=Ti+tL+2I; cos o 3 A
For maximum & minimum 120 nt =2nnt = n =60 Hz.
cos¢ =1 V—ns—180nVs:>V—\/E = T=648N
= Inin=0and [na =41 m
Amplitude at a distance x = 2a sin [27“} X =42cm
dy 2 ,
4.AC) |V, == |—————= % 2(x - 3t) (—3) speed of particle at =1 and x =3
! [(x -3+ 1}
2 Coeff of t 3
:—2><2(3—3)(—3)=0 Speed of wave =———— =— = 3 cm/s
[02 + 1} coeff of x 1
300-0
15.(ABC) App. frequency of B as heard by A =500 350—(50) =437.5 Hz
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300—(-25)
350—(-50)

App. frequency of A as heard by O is 500 {%} =464.28 Hz

App. frequency of B as heard by O —500{ } =468.75 Hz

Diff = 468.75—-464.28 =4.47
300-50
App. frequency of A as heard by B =500 350 =428.57 Hz

16.(AC) =27” path diff (p) = p =% and 27”=n = p=1Im
F= @ AT ok atx=20cm, t=4sec = y=015sin 4r(4)-Z |=-0.15 sinZ 17.(BCD)
2 2r; 5 3
18.(ABD) It is a known fact as well as experimentally and analytically verified that wave speed depends on the

properties of the medium and is same for the entire wave. The particle velocity is given by

Vp =a—); =— Awcos(kx—mt)

Where symbols have their usual meanings. It is clear form above expression that vp depends upon amplitude and

frequency of wave which are wave properties and are having different values for different particles at a particular
instant.
19.(CD) Since the first wave and the third wave moving in the same direction have the phase angles ¢ and (¢ +m), they

superpose with opposite phase at every point of the vibrating medium and thus cancel out each other, in displacement,
velocity, and acceleration. They in effect, destroy each other out. Hence we are left with only the second wave which
progresses as a simple harmonic wave of amplitude A. the velocity of this wave is the same as if it were moving alone.

20.(BC) At any point on line 4B, the phase difference between two waves is zero and hence waves will interference
constructively.
Along CD, the phase difference changes and waves interference constructively and destructively and, hence sound will
be loud, faint and so on.

21.(CD) v, = sin[ot —k(AC)] : Ve =sin[wt—§ —k(BC)
For maximum intensity at C

k(BC —AC) + g =2nnk ; BC -4C = [n?» —%J =15,35,55,75.....

22.(AD) In both case (A) and (D) the source and observer are relatively at rest, thus neither of them is approaching or separating
from each other. Effectively, it is the medium that moves in each of these cases. The received (apparent) frequency
differs from the emitted frequency if and only if the time required for the wave to travel from the source to observer is
different for different wavefronts. With a uniform steady motion of the medium, past the observer and source, the
transit time from source to observer is the same for all wavefronts. Hence is follows that apparent frequency is equal to
the true emitted frequency. Thus there is no Doppler effect. In case (B) and (C), Doppler effect will be observed as the
source and observer have a relative speed and so they will approach or recede from each other.

23.(ACD) If intensity at points is 7, then energy density at that point is £ = I/v, where v is wave propagation velocity.
It means that £ oc / , Hence, the graph between £ and / will be a straight line passing through the origin. Therefore (a)

is correct and (b) is wrong. Intensity is given by :
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28.
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1 =21t2n2a2pv

Hence,

E =2n2n2a2p

It means that E ocn’

Hence, the graph between E and n will be parabola passing through origin, having increasing slope and symmetric about
E-axis. Hence, option (d) is correct.
Particle maximum velocity is

U 1
Uy = aw = 2nna = mna= —> ; Hence, E =—pu§
2 2

It means that graphs between E and u, will be a parabola, have increasing slope and will be symmetric about E-axis.
Hence. Option (C) is also correct.

25.(A) 26.(A)

Mass per unit length of the string is

m =Ad=(0.80 mm*) x (12.5 g/ cm®)

= (0.80 x107% m?) x(12.5 x10°> Kg/m>) =0.01Kg /m

Speed of transverse waves produced in the string

y = l = L =80m/S
\ M 0.01 Kg/m

The amplitude of the source is a = 1.0 cm and the frequency is n= 20 Hz . The angular frequency is ® =2nn = 40ms!

Also at t = 0, the displacement is equal to its amplitude, i.e., at t = 0, y = a. The equation of motion of the source is
therefore.

y = (1.0cm) cos [(40ms ™" )] (D)

The equation of the wave travelling on the string along the positive X-axis is obtained by replacing ¢ by (¢ —x/v)] in
equation (i). It is, therefore,

y =(1.0cm)cos[(40ms ™) {t—(x/v)}]
=(1.0cm) cos[(40ms )t — {(m/2)m " }x] (1))
The displacement of the particle at x = 50 cm at time t = 0.05 s is obtained from equation (ii)
y = (1.0cm) cos[(40 s~ ) (0.05s)
~{(m/ 2m™3(0.5 m)]
=(1.0 em) cos[2n—(n/ 4)]
=1.0cm/~2=0.71 cm
[A-qs;B-pr;C-pr; D—qs]
Situation (i) direction — same ; frequency — different
Situation (ii) direction — opposite ; frequency — same

[A-q;B-p;C-r;D-r]
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(A) f= % (B) A'=24
(41 +A2)2
© Beat frequency = | - f1| D) Ratio = —
(41-42)

29.(1) The general equation of a wave travelling along the positive x-direction is y = f(x — ct) where c is the wave velocity.

1
y:—
J1+x?

Att=0, (given) and the equation of the wave reduces to y = f(x)

1 1

y= -
\/2—2x+x2 \/1+(X—1)2
Comparing the equation with y=f(x - ct) at t=1s, we getc =1 m/s.

= f(x-1)

Now ,at t=1s:

30.(4) Required beat frequency = |f| — f3

=
Where, f; = apparent frequency for the motorist corresponding to the Y A% §
. . . . _ ° : » ) " N
signals directly coming to him from source, and f» = apparent > > §
frequency for the motorist corresponding to the signals coming to him )
after reflection. Wall
V+7,
Now, fi = f
V+ Vb
Where f' is the frequency at which signals from sources are incident on wall.
Vv Vv V+V, V+V,
f'=f = =1 = f n
V=V, V-V, 14 V-V,
2V, (V +V,
Hence, the beat frequency = |f1 — f| = M
2 2
(v*-n)

31.(2) The new position of the 8 kg block
Tsin®=6400N; T cos 8 =4800 N

Squaring and adding T = \l(64)2 + (48)2 =80N

T [ 80
Now velocity of transverse wave = |— = — = 2 x 102 m/s= 2 cm/s.
u 20%x10”

32.(3) mid point will be having maximum displacement (Antinode) when string will vibrate in 3™ harmonic (in second
harmonic mid point will be position of node)

33.4) yr=y1+y2=3Acos(ot —kx) + A cosBwt —3kx) = yr =4 A sin’(ot — kx) = Arcsultant =4 A

34.3)  Yipax = Yl(max) + Y2(max)

35.(2) Velocity of the wave,

5
T =JM =2000 cm /s
1) 0.4

Physics | Solutions 84 Wave Motion



36.(4)

37.2)

38.(2)

39.3)

40.(7)

41.(1)

42.(7)

Vidyamandir Classes

Time taken to reach to the other end = % =0.01s

Time taken to see the pulse again in the original position = 0.01x 2=0.02 s

pn=19.2 x 1073 kg/m
From the free body diagram

T -4g —4a =0 ; T =4(a +2)=2+10) =48 NT

Wave speed :

vz\ﬁ: 8 3=50m/s ; Son=4
Hoo\19.2x107

Given that

x =40cos (50 nt— 0.02 my) particle velocity

v, = ;ﬂ=(4o x 50) {~sin(50t —0.02 my)}
t

1
Putting x = 25and¢ =
200

v, == (20007 cm/s) sin {501{2%)0}—0.02 n(ZS)} =10mV2m /s

2 2
:M: M: 2x107° m=2mm
4n’F AF

f < JT for strings.

On increasing the tension by 1%

fr=\101T

min

r l r
ST _N1.0IT =(1+0.01)2 =1 +L ; Beat frequency, f' —f = f(i —lj =1
fJr 200 f
Number of beats in3s =1x 30 =30
Jo— /=2

1 1
V|— ——|=2 or V/L =8 Inthe second case,
2L 4L
44 wveoT

I ':———:—:—8 :7

Jotle=p 50 s " ®

2
Intensity is given by / Lo
2pv

Here v and p are same for both. And also given that I is same both. So pressure amplitude is also same for both.
. . . o 1
Intensity from a point source varies with distance as / oc —

1’2
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44.(4)

45.(5)
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Let at distance 7 =10m , intensity is /;

1
Then given 20 =1010gl—1 (1)
0

Let for » =r,, sound level be zero. Then intensity at that point should be 1, =1, .

2 2
1 1
And 1|2 | o5 4 _|2 (ii)
L (n Iy i
From, Egs. (i) and (ii), we get

2
20=1010g[r—2] = 20=2010g[r—2] = 210> 104 =7m

i U n

The observer will hear a sound of the source moving away from him and another sound after reflection from the wall.
The apparent frequencies of these sounds are

B o I B

Number of beats fz—fl—( v 7 sz 2uvf =%=8

v—u v+tu vz—uz v

Here 1, =1.0 x 10 W / m?
”i - 5.0 m, 12 :?,rz =25m

We know that [ oc [%J

r

Lt 1.0x107°x 25

: =4.0x1070 w/m?
. 625

2 2 .
L™ =1L > I,

We can see from figure, in a stationary wave two successive of equal amplitude, if separated by equal distances then

L. A 1
this distance must be Z Thus we have

A
" =15cm Or A =60 cm e—/2 —>

Thus there are four loops in 120 c¢m length of string.

This corresponds to 3™ overtone oscillations. As

,
[ g
7

/

shown in figure if we consider origin O is at a node :
—>

oo|>

then the amplitude of a general medium particle, at a
distance x from O can be given as
R= Ay sinkx

Where 4, is the maximum displacement amplitude. First point from the origin where amplitude is 3.5 mm is at
. A
distance 3 =7.5 cm . Thus we have

3.5

—— =35 V2 mm ~ 5mm
sin(rt/ 4)

3.5 =4, sin[% x 7.5} or 4, =
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ELECTROSTATICS

1.(C) If another shell is kept upside down over it complete a sphere, net field should become zero.

. E
2.(B) Net downwards acceleration on body of mass m = [ g+ q_) = apet
m

If E = uniform electric field in downwards direction
2v

If it hits aftertimet:i = ___ -7
w [ el
m

at maximum height vp= 0 planet

V2 = V2 i — 24,0 h = Inuniform field (Gravitation + Electric field time to reach highest point=t/2 ]

E
v2= 2[g+q—}h
m

AV between ground and highest point : AV =(E) h
2v q Ej 2v q ( 2y j
o =L g+t 22 o dp_ (2
et (g t m g

m

2 . v
E = ﬁ[Tv—gJ and & = (average velocity) x ¢ = = EXt
q

-2l -3
g\t 2 q 2

. . K(Q+9)
3.(C) If q denotes the charge in the medium from R tor, then £ = ———~

2
’

q can be calculated by integrating the charge dq in a thin shell of radius r, thickness dr. This gives ¢ = 2za(*— R?)
_K(Q+27a(r ~RY))

i.e, E

2
’
. kQ R? 2
Electric field will be uniform if coefficient of r is made zero = — = 2nak—2 = QO =2noR
r r
A A dv
4(D) E= + @ I_dV: » I@Jrj dx N N
2neyx  2me; (3a—x) dx 2negd x  J3a-x
E
- {[1nx]2“ ~[1n(3a -x)f“} = [m2+m2] =2 2m2=v, -V, —
21 gy a a T € 21 g X 3ax
AgoIn2
work =(V, -V ==
(Va=Veao -
5.(B) For earthed conductor [the inner shell], V=0
Here V= 4—|:3i+q—} where q' is charge that would appear on inner shell as it is grounded =q' = —q/3
SN r r

Hence, the charge flown to earth =0 — (—q/3) = ¢/3
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6.(A) r=2Rcos9

av - %
.
20)2R cos O(—2R si
dq=o((20)r)dr = =2 C;;e( . sin6 do)
CcoS
/2
V=IdV =—4kcsRIn 0sin 6= %
0 TCEO

7.(B)  The system can be treated as a system of two dipoles having dipole moment p = ga each. If you think a little, you

will realize that the dipoles are perpendicular to each other. Obviously, the net dipole moment is qa\/E .

8.D) E(x)= Ox - (forx<<R) +Q

3/2 3 F
dne, (R2+x2) mS R G <<=
—-q

g /4 R
F= Afc (Towards mean position) — T =2p -0 T
4ney R Oq

9.(B) Charge distribution is as shown :

O _G+0 G+ +0s
4rR*  4z(2R)’  4x(3R)
On solving we get ; 01:0,:05=1:3:5

0,;+)0, + 05 01 =0p =03 =

10.(C)

, _ K(20) KO 7KQ
11.(A) Field at P due to outside changes = 5 5= 3 towards O
(2R)"  (4R)” 16R

r \/E}"
— . 0
12.(A) [2’ 2 ’OJ usmgV(r,Q) :&Sz
v dreyr
309 \r o o
_ ' 60°(® = net potential at L, N3r ,011s pcos302 + 2% 603
» r ) € 22 Ar ey r dr ey r
0,0,0 ;
G e o5
2(471 =N r2) 47 €y r? 87 € 1°

2
_ Kaigqy andi:K(‘h—‘h)

13.B) f 3 where q; and g, be initial charges.
drer 3 dmeyrd
1
= 4419, =347 +3q5 —6q1q, ; Let Doy = 3% -10x+3=0 = x=3 or 3
9
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14.(AC) If forces due to both the fields cancel out then (A). If forces due to both fields are along the same line and the
particle is given the initial velocity along the same line, then also (A).
In any other case, the net force acting on the particle will be uniform. From basic 2-D motion, we know that if
acceleration is uniform but not parallel to initial velocity, the trajectory of the particle is a parabola.

15.(ABD)For (A), use the fact that potential at center of sphere, due to Q» will be exactly cancelled by charge —Q, induced
on the surface of the cavity. Hence (A).
Potential at any point at surface of cavity is equal to potential at the centre of sphere. Also, electric field inside
cavity is known. So, potential at any general point inside cavity can be found be performing the line integral of
electric field from the surface of cavity upto that point. This will solve (B).
Potential outside the sphere cannot be found easily as the charge on the outer surface will be non-uniform. Hence C
is incorrect as the given answer for uniform Q> + Qs.
(D)can be calculated by making the net potential at the center of sphere zero and finding new charge on sphere.

16.(AB) x, = deformation in equilibrium state.

o oq
2Kxg=— - X9 =
0 = a 7oK €
. . 2K
Springs are connected in parallel Keq =2K Angular frequency =, [—
m

17.(AD) We know that for constant r, electric field due to a dipole is maximum at axial point and minimum at equatorial
point. Magnitude of electric field continuously decreases from 2KP/r* to KP/r* as we move from an axial point to an
equatorial point, keeping r constant. In the present case, if E = 10N/C at any point, then it cannot be less than SN/C
or more than 20N/C at any point.

18.(BCD) (A) is incorrect by conservation of charge.
(B) is correct. The net field inside the sphere is zero only because the electric field due to induced
charges cancels the external electric field at all points inside the sphere.
© is a basic property of conductors
(D) As stated in part (B), the electric field lines are eliminated within the spherical region.
ki kq N2 6
19.BC)E= ~L = Ej =3Ecos0=3x —‘21£= okg (B) EA0
p 2B a .
2,
3k
v=>1 B
a
2
3
20.(AC) Potential due to a uniformly charged spherical shell is given by:
K K
V:—Qforr>R and V:—Qforr<R
r R
—0Oyc
21.(AB) xa+xb+(Qy+x)c=0 = x= ——— Qtx
a+b+c
Q + Q YEX  —X§X —X y
Q=y+x+y-Q) —x =>y= %
_QZ_X

O,ca

Potential different between A & B is V = ——=—
(a+b+c)Sg,
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Similarly, p.d between C & D depends upon O,
22.(B) In part B, difference is due to the mass of electrons. Part (C) will not be true for a curved electric field line.
23.(ABD) Ey=10V/m, E>Ey
24.(ABCD) (A) Net charge enclosed by Gaussian surface is zero.
(B) Net charge enclosed by Gaussian surface is zero.
(C) As the change is displaced towards sphere amount of negative charge induced on right half of sphere will

increase hence net flux through right hemispherical closed Gaussian surface increases.
(D) Same reason as (C) and hence charge distribution on outer surface of sphere will change.

25.(ABC) VA =Vp = work =0

26.(ABC)
If moved slightly along x-direction, say towards left, the attractive force of left wire will be more than the attractive
force of the right wire. Hence equilibrium will be unstable in this direction.
If moved in y-direction, the force will remain zero.
If moved in z-direction, electron will be attracted back towards the wires.

27.(ABCD) Charge onaj = (ry 0) A and  Charge onay =(rp 0) A

) 7
Ratio of charges = L

"2
K[(r, 0)A KO\ KO\

E, Field produced by aj = [(”12 A _ KO ;  Ep, Field produced by ap = 9

n Ul "2
asry>r1q
Therefore B > Ey i.e. Net field at A is towards aj.

K. by k(70)A
v, = KUOr g, VI:—(z) —KOA . V=V,
i "2
28.(AD)
+2Q -

29.(BC) Position A is position of equilibrium and B is critical position so
tension and speed during motion is maximum at A and minimum at B. B

Vaiy =V =gl =\N2g¢
Vaiax =V =580 =\5\2g! D

Tvax =Tvin = 6mg ;= 6v2mg gk, =mg

mg 2 mg
30.(AD) By conserving energy of the first ball,
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11 1 1
4ney | np K3 Ha NN

0+

2
1 1 1
0+-L | —4—+... +—}=K2 +0 [It can be observed K, > K, ]
ameg [ 13 1y N

2
= K :Kl —K2 = q (%j = q =1[4TC80dK

31.(ABCD)Flux through two circular surfaces is

S PR S N E P T A V'
2¢g (3R)2 +(4R)2 S5¢gg g S5gg 5S¢
32.(AB) Consider a small element AB, 0 is very small. Then
AB = R(20) ) T sin® T cosO .
. 0 00 ) | ”
Change on AB is dQ =—=—(2R0)==-
¢ Q 2nR ( ) b
d\ 0 I T
2Tsing-—24___ Q40 \:
dney R 4n° ey R
2T = 0q6 or T = Oq T sin® + T cosO
4 g, R? 8 € R?

33 (ACD)At steady state electric force is balanced by centrifugal force.
At r radial distance

Mo*r? = —eEF

—dV . o’R?
and get potential at centre ~

Now integrate £ =
2e

34.(A) Let us assume that the cavity is filled with equal and opp. charge density (+p and — p) .

Ep = ZL (@3 + PC2) - PGG i.e. parallel to line joining C; and C,
€0 2g

j— —_ a
35.A) |Ep =06 =2~
280

280
For Q.36 -39
Let us consider forces acting on bead P as shown in Figure. These forcesare: N\~~~
(1) Weight mg vertically downwards
(i1) Tension T in the string
(iii) Electric force between P and Q given by
Fo_Ll 9%
dngy (2
(iv) Normal reaction N;

Physics | Solutions 91 Electrostatics



Vidyamandir Classes

The net force along the string is (7' —F). Bead P will be in equilibrium, if the net force acting on it is zero.

Resolving forces mgand (T —F) parallel and perpendicular to plane AB, we get, when the bead P is in

equilibrium,

mg cos 60°= (T —F) cosa, ()
and N, =mgcos30° +(T—F) sina ..o (i)

For the bead at Q, we have

mgsin 60° =(T — F)sina B (11
and N, =mg cos60° + (I'-F) cosa e (1)

36.(C) Dividing Eq. (iii) by Eq. (1), we get
tan o =tan 60° or o =60° which is choice (C)
37.(C) Using a =60° in (iii), we have
: o __ _ : o _ 1 9492
mgsin60° = (T —F)sin 60 Or T -F +mg=——.—=+mg  ..... )
dng, (2
So the correct choice (C)
38.(A) From Eq. (iv) we have
N, =mg cos 60° +mg cos 60° =mg ; Thus is the correct choice is (A)
39.(D) When the string is cut, 7=0. Putting . Putting 7 =0 is Eq. (v), we get

1
mg = _E %
The right hand side of this equation should be positive which is possible if g; andg, have opposite signs. Thus, for
equilibrium the beads must have unlike charges. The magnitude of the product of the charges is
4142 | = (4meg) mg?,
which is choice (D)

k ki ki
40. [A — q,r ; B— p,s,t ; C- p,q,t ; D- p,s,t] V= —Q&E: —g & U= LLILP
r r r
for by symmetry ® ® is | | to the axis ® © s L as to the axis.

41. [A-pq;B-5s;C-5s;D—r]
For small '0' separation of balls = /6 and hence, T = mg

2
Tsin 0-7d L 4 - = o0 gl T (7
2 2 4me, (1@)
In satellite
2
q -2 .
= R (gffZO)ﬁTOC/ ,9=7T
47'[ e() (21)2 € Fe
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42. [A-q;B—p;C-s;D-r]

Kq + K(—2q) = ﬁ (Q,R) Vo (due to inner surface charge) = —ﬁ (P, R)
R/2 2R R R

43.(9) When outer surface is grounded charge '-Q' resides on the inner surface of sphere 'B'
Now sphere A is connected to earth potential on its surface becomes zero.

V():

Let the charge on the surface A becomes q
ki
a b b
Consider the figure. In this position energy stored
2 2
1 |a 1 |a
E|- [—Q} P 2y [—Q}(—Q)
8negal b 8neyb  4meyb | b

when 'S3" is closed, total charge will appear on the outer surface of shell 'B'. In this position energy stored

1 a ?
E,= —-1| ¢
2 87‘[801)[1) j Q

Heat produced (Q) =E; —E5 =

0

Q%a(b-a)
8me b’
44.(2) Takes all three bodies as system electrostatic force
(1) Apply law of conservation of momentum in directiony  (2) Apply law of conservation of energy,

=18 So, 50=5%x18=9

myv, +mgvp +meve =0=v.=-2v,(asVp =Vp)

AV

Change in electrostatic P.E. = Increase in KE

2 2
1 1 1
_k% ——kzgg =EmAVA2+ EmBVB2+ EmCVCZ [VA:VB,VC:—ZVA : So VCZZm/s
45.(4) E:“—zr o dV=—-E-di = AV —a| 1L
r rp n
av-d_a e a 2o, 200y
r, 5 7 35
R
k k R
w0 M R_o L g 4R
X R X Jo—
-3
9 _ qR[dx) _ 102 s 103 —05x 1076
dt dt 2x2
e X b =

47.(3) Net Electric fieldt P
E= El + Ez due to vertical wire
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= A = A
E= L_in +y direction , E, = 2__ due to vertical wire in x direction.
2ngyy 2mgyx
E A2 1 A A A
o angle of electric field with x direction tan o= —- = M/ 2Ty =>—F== X = L= £\/5 ; —L=3
E,  A/2mepx N3 Ay A, A,

48.(9) In uniform electric in vertical direction if (+ve) charge feels extra acceleration in downward direction, then (—ve)
charge will feel acceleration in upward direction.

Vuncharged ~ 55 m/sec ; v =0, h=height
v-u?=-2(gh ; — (5v5)*=-2¢h
Ugt = 13 m/sec ; v=0,h=h
5 F,
viou?= 2[g+—Ejh ; 0—(13)2——2[g+—5jh
m m
Let  ug =u(say) ; v=0h=ht
£ F,
v2-u?= - [g——Ejh = 2= —Z[g——Ejh ; u=9 m/sec
m m

49.(6) At adistance r from the center, take a thin shell of thickness dr. A charge dq = pdv
will be trapped inside this shell. Now apply Gauss’ law on this volume (dv) to obtain the required result.

50.(1) If it was complete sphere, then total [ flux = g

=)
= if position is changed, then f/ux through the two hemisphere is also interchanged = o =1
L L L
SLG) Ty = | YE(dq)= [YEM(aY)=2E[ ¥ ay f
0 0 0 Y
AEL ar | B(A
o =2 - e

oo et _ AM3EL* _ 3EM

1 IMIZ  2M

52.(5) Assume 'p' and '—p' in the cavity then

3K( 4 4
A N B
P ZR(p3 j

" 3
2
» mKpR®> 5nKpR*
Ve =V,+V_, =2nKpR* - =
3 3

2
y = PR”
12 ¢,
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53.(0.75) =L =r—=2 = —Ipdx =— [area under the curve] = —
= £ N N o 4

54.(2) Flux will be maximum when maximum length of ring is inside the sphere.

This will occur when the chord AB is maximum. Now maximum
length of chord AB= diameter of sphere. In this case the arc of ring

inside the sphere subtends an angle of g at the centre of ring.

Ra
charge on this arc = ﬁ}» o= 3 - R, Solving ans 2
3 € 3 5]
.o Ipd V

55.(1) gSE.dA -

€0

kj " x4 dr x+3

E><4Tcr2=—=—4nk—r ; E=—k (r"+1) ; n+l1=2
€ € x+3 (n+3)eo

=>n=1

56.(2.5) In the remaining three quadrants, put three more quarter sheets to convert this given arrangement to that of infinite
sheet. Now contribution from all the four quarters to the z-component will be same. Hence due to a quarter E.F. at

point (0, 0, z) will be, E = l[i]ﬂé = LHIQ .
4 260 z 860 z

Hence potential difference between points (0, 0,1) and (0, 0, 2) will be,

2d o ~ L - |Z| A
— =—j Edl ; dl = de:E = 2
Y EO z
2d o |Z| A A o 2d|Z| o
v2d—vd =—'[——k.dzk=—— _dZ 5 Vd _Vzd :_|d|
/ 8ey z 8¢y )z 8¢e

Substitute the value of 6 and d
57.(9) The value of flux is maximum through surface AB GH, because charge in front of this surface is maximum, and
9
flux is = —q.
480

58.(4) Work done by magnetic force is zero so from work energy theorem

1 2

1
Empo =5mpvi +qAv

and simultaneously there is no change of velocity component along the direction of perpendicular to electric.
v sina, = vgsinf
After solving Av =16 Volt

59.(20) For maximum angular velocity, rotation is equal to 90°.
WEF = AKE
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1 [2(9)E 2[ 2Qiej IE
(gE)R = —(mR2 )82 ; 0= @WE _ mR)_ |2 substituting values Ans is 20
2 mR mR mR?

60.(4) The force experienced by an electric dipole placed in a non-uniform electric field is given by, F = paa—f where

aa_lls directional derivative of FE along the dipole moment. Here, dipole is placed along x-axis, so

OF . OF . .
— corresponding to component of — is along x-axis.
ol ou

- O0E . . o~ . E
E:pa—:6xi+6yi+0k = F=|f)|[a—E
X

] = p(6x4i +6x0)) = F =24pi
u X component
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DC CIRCUITS AND CAPACITORS

1.(D)

2.(D) "
PR Y I

(1680 +7r) /=20 = (2930+r)[=30 = 2x2930+2r=3x1680+3r = r= 2820, I =8mA

Resistors whose resistances are written in brackets are parallel.

\ 2r
3 L A A
S b3
. 2(v) rs B r
s
3
o A A o [ 12 r B
= @ YV AW AN .« =

C D

V-

C
2r 2r or 2r
= —f = = —W—
Al B Al B "
4r 4r
3.(A) E=jp [j=-currentdensity]
1
= — [ = radius of cross section at distance 'x' from left end]
r
b—a 2
r:[a+( )x] Hence, E= Vrp 3
[ nR(al+(b—a)x)
4 1(0.12)
4.(A) S5x1074=——"—— =[=50m4
(0.2+0.3+0.5)
5.(C) V,—Vy = voltage drop across capacitor + voltage drop across resistor
0. 16 .. .5 30
—11—E+1R :>—11=Z+1.3><10 = i=-5mA % "'i/}_ >— AN B
Power delivered by capacitor P =iV =(5mA)(4V) =20mW
6.(D) Initial charging rate = initial current in the line of capacitor = —
Steady state p.d. across capacitor :
2 2 2 5
Vo= 2E=qy=Cly = = EC=i=2 - BEC _ 2 po
3 3 I 2B/ 3
7.(A)  Suppose that the inner sphere is at a higher potential than outer sphere. Let the current be i.
Consider a thin shell of thickness dr at a distance » from the centre. Let voltage across it be dV. Then, applying
V =iR
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d d 1
For thin shell: @V =i-—— Edr=i-—"—.—
oc4nr dr kE
. C .
E=| ! > =~ where C = |——
4mkr r 4nk
dv
Using, E=——
dr
C dv
— = = C(nr),=V,-V,
r dr
V=V, -V,=Cln(b/a)
: 2
V-4
Ve |- tn(b/a) S P L
drk [{np(b/a)]
8.D) = P.d. across C is zero = charge =0
9.(D) Letn; : no. of capacitors be connected in parallel, n> : no. of such parallel combination connected in series.
m (8 uF
ny = 1000 _ 4 and M =16 uF = n =8 = Total no. of capacitors required = 32
250 ny
A
1 1112
10.(B) " 2 I}
3
4 C = 43
5 CA i3 BD
D | e
i E o
817
1l
Charge on C = sum of charges at 4&5 =2 CV =2x2x10=40 uC
—c' -1
11.(B) g = inside dielectric, field =7 979 o =S s
+ 40+ + 4+ 4]+ 4+ 4y €e N c
TIITTTTTT e e M = ForcebetweenA&M—[e_ljaA. g
/ e 2¢

T o e L ,
G(e—l)A

2eegg

(Using Eq=F) =

12.(B) Current is obviously constant, by charge conservation. Using i = noeAvy, we can say that if A is non-uniform,
vg will be non-uniform. Similarly, since v4 depends on electric field, electric field will also be non uniform.

13.(ABC) Let the point where jockey touches wire be called S. Then the direction of current shown in figure
indicates that voltage across QS is less that E,. This can happen if:
1. E is too low
2. r is too high (if r is too high, it will take up more voltage and less will be left for QS).
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14.(BD) Let the currents be as shown in the figure:

KVL along ABCDA = -10i-2+Q2-D1=0 .. i=0 B
Potential difference across S=(2 -l =2x1=2V.
15.(ABCD)
n R c
+ E1 Ezl 1+
| H
3.00AY L L L
S4000 30003 3000260003 10V
2000
After redrawing the circuit 2A R
—— W————————
E, , 7A
(b) From loop (1) 1A' + IE' =}+ ) +
—8(3)+E1—4(3):0 = El =36 volt 3.00A‘: ) 2) |
(c) From loop (2) S4000 30003 2.0003 10V
+4(5)+5(2)-E> +8(3)=0 5A+3A4 5A
E, = 54 volt 4000 5A
(d) From loop (3)
—-2R-E;+Ey=0
E,-FE 54-36
R=—2—1= =90
2 2
16.(AC) Equivalent diagram is as shown. If P is moved 2cm right, then Ry =12Q ,R3=3Q
B _R (Hence wheat stone will be balanced.)
Ry R R S

5 10
If S is moved left by g cm, then Ry = ? and

20 .
R4 = — hence B_R (hence wheatstone’s bridge will be balanced.) : I
3 R, R,
17.(AB) R BB R _RAR L p iR =3Rand BER_ B g -og
AC CB L/4 3L/4 20/3  0/3
3 3
10_5
18. (A 3 2 _
(4c) 11 F=
7+ —
5/6 Y
5/6 l
6 1 10V 5V
I"eq=§ = 1= =0.5A :EiQ
o 20 35
5 30 :
4 4 L
Pd=05x—=04V ; 0.5x==04V : .
5 5 I i
99 DC Circuits and Capacitors
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=34 +10-1.0-04=0 = i =+ve
-0.4 -2i, —5=0 = Iy =—ve
19.(BD)
20.(ABC)" B, and Bj are in series, .. h =iy ;

Also, V, + V3 =1
R=P=P =P =P =PorisR =3B =R, =Rs

2 2 2 2 2
14 14 Vi 14 V. 14
2 R R 36 Ry 4Ry
2 2
14 V
L - = Ry =9Q=R
36 4R

2
I
B =P, = I}R=1I}R, or (?‘j x 36 =I2R;, = Ry =RQ
Voltage output of battery = 1] +V}

2
v,
4 Vi +Vy =16V

2
1%
B=4=-"L = V1:12V&P2:4:T:V4 :4V1

Ci.y TV Gy
B Fy— vl

21.(ACD)
At steady state :  1(3) + 1(2) =15
1=3
KVL C-»D—>E—>a—->b—->C Dl— 3&/\/\/\ /I C
(V/C)—I(3)+%—7+g:0 s I
—a A N—] >
A [T5v B
q 4 20 I
= L +21=7+3x3=16 = g=55puC
11 5
q q 55
KVL:a—>b = Va_7+§:Vb:> Va—Vb:7—g:7—? =4V
q _ 55 q
P.d across C1 = — =— =5V, Pd.across Cy = = =11V
11 11 5

P.d. across terminal = 15— [(2) = 15-3 x2=9)
22.(AB) We know that the capacitance of an empty capacitor increases k times if a dielectric is inserted in it. Therefore, in
this case, the capacitance of combination will increase upon insertion of a dielectric. Also, by Q = CV, charge
supplied by battery also proportionately increases for keeping V constant.
23.(ABC) At t = 0, capacitor will have no voltage across it. Hence A. Voltage across capacitor will gradually increase
with time. Hence B. C can be calculated by the usual charging equation for capacitor.
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12 + 213 =3
3(11"‘12—13)—613:0 P
25.(AC) Charge flown through battery = C|J = 6 x 20 =120uC
After closing S, , common potential Vi = 120puC 120uC 0 120—q N
OuF Ci——+ ¢, = G =F -
. 120 B C
Final C2 =C2VC =3x T = 40/1C
initial final
1207 807 407
Heat produced = - + uJ =053mJ
2x6 2x6 2x6 Q
o 20, - +- .
26. ABCD + = and _—= . + - + -
( ) arese c cC :i‘ |1:Hi:
20 Q Q Q
0, =20, 5 Ql = T
0 g i
0, = ? and potential at point A is 3— =
. E 1=0 E
27.(ACD)i=— é I EC -EC
( ) SR p I 2R
Equation of charging of capacitor VB
q= CEe—r/r
g = ECe™/k¢
at t=5RC n2 EC -EC 2R 3R
— EC |
q > +E—
AUcap =Hyp +Hjp
2 2
()
= - =Hp +H
2 2C 2R TR
2
30
oC =Hyp + Hsp
(- H= iR and i is same in series, .. H o« R)
3 307 90?
Hyp = x = =——
5 8C 40C
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9

=~ CE?
40
28.(ABCD) Uncharged capacitor behave like zero resistance
I= 36 = 36 =12 amp
Req 3

Ie :§><12=8amp
In steady state, capacitor behave like a large resistance
36
I =—=9am
4 p
29.(ABCD) Initially capacitor behave like zero resistance.

vi 3

P

tiall 0
imitially % V02 )
3| B

Finally capacitor behaves like large resistance.

i _BR
Binal =—7 53 = B3
o Yo
By
30.(ABCD) Potential difference across two plates must be equal to &.

So potential difference across any point on plate-1 and any point on plate-2 will be constant
So electric field will be same.

31.(ABD)As O, =0, or C\E, =C,E, Hence (A) is correct.

0 e Sl dq o) ef% x -1 = Slopeoc -1
= e ope — = B — -
=% P " T Re RC
RC, >R,C, (B) is correct
R,C, > R,C, butC;and C; are not known hence (C) is incorrect As O, = 0, Hence (D) is correct.

32.(ABCD) By energy conservation A is correct.
B is correct as Current is max at t =0 . Just before steady state voltage across C is same as battery hence C is
correct.
ABCD
33.(ABC) Initial charge (before filling the dielectric slab) =10 x 10 =100 uC

Final charge (after filling the dielectric slab) = 10 x 30 =300 uC
Increase in charge = 200uC.
vV
34.(A) Reading of C =V {i in that branch =0} ; Reading of 4 :E = Ratio = % =R

35.0) Vp=iRymmeter =0 = Vcap. =0
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36.(A) 37.(A) 38.(0)
—E2 + El - lRl = 0 ElJ— l J_Ez
Ey—(i—-x)Ry —E, =0 C—
( ) E E Rl - R2
i=x ==L =2 X
R,
Vy-E +Ey,=Vg = V, - Vg =E —E,=constaht. =%
. . (81—82\ 81R2+82R1
After long time, V- = g — I Ry (current through capacitor =0) = & —L R =
1+ R2 Rl +R2
(81 R2 + & Rl\
Hence Or =Vo.C=C| ——F—
R+ R
39.(A) Equivalent diagram when both k; and &, are closed is as shown AY
I}
yo_y 2x1 [ 05) S S so 2V i !
= = = = x5 = r="7. 1
47 =Vep 0 5+FJ =, 10 J
A [ B D
C
l E,l 1Q 9Q r
40.(A) E,=E, A = ¢, ="248 _125cm 0.5V
(AB El C |_'V¥VVED i2
0.5V
. . 50 5Q
41.(C) Before closing switches
! Ic
0? 60 x 60 R
Energy stored = = uJ =300 uJ , b
2(4e/d)  2x6 F++Q+ + + +
L 1 a
42.(A) At time ¢ R <, T [ a)
. ime : - iR = L
R T+ + 9+ + + + Adey Aeg
+4+ +2+ + + + .
i == =0 - - — — q +q,=0 ... (ii)
dq,
[=—— . W(iid)
dt
- 2 d
L Qe 2 dn_
C C dt
Ae d 3q; —
d dt C
q t
d 1 R (3¢,-0) ¢ -3
= —RJ il =—Jdt = —n a0 == = —n 1= ¢/ RC
3—q C 3 -0 C
0 0
Q -3t/ RC —-500¢
= 6]1:?(1—e )=20(1—e )yC
43.D) ¢,=60-20=40uC att = ©
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44. [A-qs; B-p; C-p;D-t]
From charge conservation, current through any cross section remains constant. Current density is current/Area of
cross section. Only in option A cross sectional area is constant. Hence Q fits only with A.
Similarly, from i = noeAVy, drift velocity depends on the ratio of current and cross sectional area. So, the above
argument applies in part (S) as well.

45. [A- prs;B-prs;C—-r;D- qr]

Q C \Y
¢« GG v
2 2
. @G v
2 2
oV, KC, Vo(K +1)
b 2 K+1 2K
(B) d 0 G 0
2
CO CO
Vo —~ - \Ys
a 07 ) 0
CO CO
Vo —~ - \Ys
¢ 07 ) 0
b CV, KC, Vo(K +1)
2 K+1 2K
KAg,,
(C) b 0 0
d
d KCyVy R K+ 1)V,
K+1
KCyVy KC, Vo
KCyV, KC, v
d K+1 K+1 0
KCyV, KC, v
c K+1 K+1 0

46. [A-pq;B—-s;C—r;D—q]
It is easy to see that the capacitor will initially drive the current in the same direction as battery (Anti-clockwise).
The capacitor will discharge after some time. Then it will get charged in the opposite direction, the direction of
current remaining anti-clockwise throughout.
Graph between charge and current can be drawn from the KVL equation around the circuit.

47. [A-p, q] [B-q, s] [C-q, s] [D-q]
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48.(1) Assuming potential at B =0

L2305 ;23025
25 5
49.(5) The equivalent resistance at 0°C is
R R .
_ Moo ... (i)
Ry + Ry

The equivalent resistance at °C is
RiR,

R= (11
Rl +R2 ( )
But Rl :R10(1+0Lt) (lll)
R2 :R20(1+20Lt) (IV)
And R:R0(1+0Lefft) (V)
Putting the value of (i), (iii), (iv), (v) in eqn. (ii), ; Ooff = %a

50.(2) Letx — be the number of electrons striking the surface per unit time.

F =PA =nmyv= Lmv

q
PA -4 -19
= q : 7= 9.1x1x107" x1.6x10 2 Ampere
my 9.1x1073' x8x10’
51.(1) Current in circuit

1
= EA = 0.2 A which will pass through 10 2 and 20Q in both the cases.

52.(2) Taking potential at A to be zero, potential at B = 3V and potential
at B'=3V and potential at C = 6V
Let V be potential of point D then sum

of charges reaching point D is zero
Vs—Vp i Ve =Vp i Ve=Vp) _

(R, =R, =R, =R]

RVz RVI RV3
3-7, 3-7, 6V,
= D 4 D 4 D -0 = 12-3Vp=0 ;Vp=4volts = reading of V3 =2 volts.
R R R
53.3)
10 Q
20V == — 40V L 60V
wwn— M
10 Q 4Q 12Q 30 Q
4x12 . i i )
R, g = R, = 112 =30 (Max power delivered when internal resistance = External resistance)
_l’_
54.3) (1) xO+r)=y(14+r)
?2) xr="17.5
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3 yr=3>

By (1), (2), (3)
9x+7.5=14y+5=24z+zr

So, O9x-14y=-25 ; 14y-9x=2.5

75 7.5[9+1j 9
So, 24z+zr:9(;j+7,5 : o r _750+r)
r 24+7r r(24+r)

So. 14(5J+5:24><7.5><(9+r)+7.5(9+r)

r r24+r) 24+7r)
:(9+r)(7~5)[§+1} . 5(E+1j:w — 51447 =7.59+7)
24+r) | 7 ’ r r '

= 70+5r=67.5+75r = 25=25r = r=1
= x=75 = y=5 = 24z+z=14(5)+5 ; 25z=75 = z=3

Voltage across V3 =zr=3
55.(0) Since potential difference across AD and across CD is same, so A & C are on same potential. Therefore energy

stored in the capacitor at given instant is zero.

56.(4) Current through branch containing capacitor is

%:I:k_[amp. At t=0,1=34
1

In vertical branch
20-Vp=3xl ; Vp=17

In left branch

18-Vp =1"x1

18-17=1"'x1

Current through resistance Ris /+/7" =3+1

4 amp.
57.2.5) | !C

C 25 ©
]

[ N w A~ W
U
\

=0

U

=

|

9

‘q

<
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45
. 245 CR2 s
gain 1 _ Q) I’
= i 5CV
3 C = qz P
) ;' 2
q2“ I
1 'y

2
= Work done by battery = V(q2 - ql) =cv? [% - gj = % :% x 30x (10)2 uJ =2.5mJ

58.(2) Let a be the side length of square and 6 be the position where galvanometer gives zero deflection. To have zero

deflection bridge is to be balanced.

R _ Ry E

R,y  Rpc+Rey A

[Ryc and R, is in series] 2 tan 0
G

ﬂatan@ X

=

Initial position

4
100 o

a—atan 0

200 509, 400 (a atan 6) L :

l B 400tan 0
2 500+400(1 —tan @)

Solvingtan0=3/4,
t be the time taken from start, 6 = w¢[6 isradian]

Vi3 Vi3
—x37=—-xt = t= 74 sec =2 x 37 sec.
180 360
59.(1.4) Use result of Req. for cross symmetry
2 . 1 N 1 R =R
I _RR RRy RR R, = 2R
Req 1 + 1 + 2
R R, Ry Ry =R
1 Ko Iy

2

1(5
1 R R 2R2 Rz R 2) 5 2R_ S 7R
= e Req.=?

7 7R
2R 2R
60.(3) During charging for 1y =Req C
Req R =R
=RC
During discharge =1, =Req C
RiRy 3R

R +R, 2

Req
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MAGNETIC EFFECT OF CURRENT
= . | 22 2
1.(C) mv=i‘le‘t=Bilt 2Bt _Blg 0=v2 —2gh=D 14
M M M?
2a

I@= Mol i1, In2

=2gh

I 11
2.(B) B(x)z’uo z dF:B[ldleuOl—de - F:#01112

2rx 2rrx 2r < x 2r
BR B
3.A) R =ﬂ, 2R<r = V<q— = V<ﬂ=£uoni
qB M 2M  2M
4.(C) The plane of motion of the particle is the z-x plane. It is a case of uniform circular motion = a.v =0
L 2 1
5.(C) Magnetic moment M = kil =i—mRza) =>M= —qua)

2m 2m5 5 AV

=~ ol | —i k
6.(C B=——|—+—
© 4na\/§{\/§+\5}

AV

_ Lo L -
7.8) B=—tUl_j P2 ]
2nx10™ 2nx2x10”

$.(D) _ 21tm _ 2nx1 Coms _my :ﬁ: L
qB Ix1 gB 1x1 Z
E 2
2 M 21
z=2R=2m

72
Co-ordinates will be {0’7’2}”

9.(A)  Force on PS:F:I(JER)B Forceon POR=F'=1(2R)B = F'=2F

my my
10.(A) R=—> T20B Hence particle will enter in the region where magnetic field is absent. The return path will be
9B 9B
C
identical to path ABC. So required time ¢ = 2(tAB + tBC)
Om  mv/\2 qB
qB cos OV
mv/ \/5 B 1 !
Also sin6 = A b L from triangle BMO :
mV/qB 2 !
| I
Tm m m I I
Hence, t=2{—+—}=—[ﬂ+4] < e
49B qB| 2qB T mv T mv
ﬁ 9B V2 qB
11.(B) Speed can change only due to work done by electrostatic force.
1, ., 20qz
Hence ¢qEZ=—my = 10gZ =—mv" =V =
2 2 m
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.. dF
1 il
12.(D) B = &, let the current in PO be i, = dF = Biydx = Hon'a dx
2r 27x X i
0. .y —> —
iji ijir ! [e |
= net anticlockwise torque on PQ is= J.dF. X = Hoh'z dx = Hoh'2 . S
27 27 AP o ® Q
o Mohipl £ . 7mg
For equilibrium =mg— = )=
2 2 Hoh

V. . . .
13.(C) R= m_B is decreasing as v is decreasing
q

= it enters at P = charge is negative " bending shows the direction of force

B (2r—6 j
Bl—Mu and B2 :Mi

2r 2r 2r 2z
I i
B; and B; are in opposite direction, but have same magnitude = ———>—— = net field is zero.
&r°r

KI KI Kl/a (\5—1) KI

15.(A) B =—,B = - =
a 4a\/5 4 4 a

a/\2
16.(BCD) T=mxB = U=-m.B
17.(BD) Electric field along the axis is non zero due to P.D. along axis.
18.(BCD) Force on ab will be stronger than bc.

1 V
19.ACD) KE=qV =—mV? =  R=""
2 qB
20.(AD) Use symmetry and Ampere’s law
o2nxdx do 1
21.(AD) d, = 2T LD B:—jyowizdx h
Rx2x 2m 2 TR T - B
4
22.(ABC) ArcAB="r=""
3 3qB o
1 T >
Time't'= (—J [EJ _L_rm 7K
2 J\ 3 6 3¢B e
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y
v
23.(ABC)The particle will move along an arc which is part of a circle of radius 7 = ’Z— Cl F
q

From the figure we can see r= R

N
\%
rIF/\/ \
,',R:m_V; T=7rr/2=ﬂ r=R=m—V.'.T= Tm R
ba oo Bg  2Bg v\J
24.(CD) For cylinder B=20; p<q =00 )54
27 R 2rr

We can consider the given cylinder as a combination of two cylinders. One of radius ‘R’ carrying current I in one
direction and other of radius R/2 carrying current I/3 in both directions.

1/3
At point A: B = 'uo( ) +0= Hol

41/3)( R 1
At point B: Bz—'uo( )(—J+0= Ho
2n(R/2)  3zR 2(,;R2) 2 37R
25.(ABC) y is speed of light x and z also have same dimension
26.(ABC) F=1IxB.
27.(AD) Normal force of the rail on the wire = Bil
= max force of friction at 1 = 0 is Biintal L # =2 x 100 .1 % =30N
But weight =2g = 20N = force of static friction at =0 is 20 N
Normal force at time ¢ is Bil =2 x 5 10(())5 .1 = normal force is decreasing
+ 0.5¢
= friction is also decreasing max. value of force static
= When max. frictional force reduce to weight of the rod, it stats moving = _200 X 3 =
5+0.50¢ 4
= 30=20+2t = ¢=S5sec
28.(BC) Consider the solid cylinder as super position of solenoids.
29.(ABC) R= 7 if we double radius and cross-sectional radius, then resistance will be halved.
30.(ACD) Due to sheet
g Mok _1o(20)) _ 1o JB.
2
The slab is symmetrical under translation in y so field is independent of y.
AY
b
b
Also slab 1s T
h >
X
Bl iy
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Symmetric under rotation by 180° around Z axis, so y component of field is odd function of x. consider the ampere

loop shown in diagram

31.(C)
32.(ABCD)
(A) We have F :q[E+(I7><§)J

F=q[af+(xf+yf)><bf+cf+dl€]

F =q[i(a+ yd)- j(xd)+k(xc—yb) |
(B) for c=0;d =0;y=0

F= qaf

So particle will move along straight line with increasing speed
© for c=0;d=0;y=0

F =q[(a+yd)i-ybk]

| F|=gy(a+yb)* +(yb)*

So particle will moves along helix of varying pitch
D) Here a=0,v-B=0

And v is perpendicular to B so particle will move in circular both.

33.(AB)
6m 6m 12m
e = =]
x
x
X
X
S
X
X
2 2
34.(AC) T =" _ T
Bq O(,BO
T T . . . A ~
At t =——=—; velocity of particle is —vyi +vyk
OCBO 2
Speed will always remains constant = vox/i
2 . . . 21V,
Atr=—1 = T; displacement is equal to pitch, Ax =V,T = i
OLBO O(‘BO
242V,
At t = 2 =T, distance = speed xT = M
O(«B() OLBO
e NBA NBA BAA'
35.(CD) Voltage sensitivity = = =
pr p(

A!
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Independent of number of coils
By changing the dimensions area many remain same.
36.(A) First particle will travel along parabolic path O4. Let

YA
time from Oto 4 is . a, - TB
m
2v [
2 ET A
x= J3my = (2vcos60°), = ty = J3my %
qE qE 60° i
" l: >
v, =uy, +a,ly =2vsin60°, —£@=0 O,, *
m qE

Hence at point 4, velocity will be purely along x-axis and it will be 2vcos 60° =v.
37.(B) Now magnetic field is switched on along y-axis. Now —Z1

its path will be helical as shown below with

. . . . . my
increasing pitch towards negative y-axis. r = _B

q :
" > .I » X
X=Xy +rsin0=(2vcos60°), + 2 sin ot =y 3ﬂ+ﬂsin[£tj 4 xox
9B qE 4B m zv
. my qB
38.(C) z-coordinate : z=—(r —rcos6) =———|1-cos| —t¢
qB m
39.(C) In triangle PMC
cos53° =£
MmC
3R
5 4-R

12=8R

R = %m (R is the maximum radius of half — circle)

Riax = Mmax. Upax =3 M/ 8
95 O
mu A
40.(B) R=——=24m L
® qB 0%,
Let, ZMPQ =6 PN
By geometry l \
ZCPO=(37 -6) C
In ACPO i ‘\_\ (37°-0)
ocC 3 opP S
sin(£ZCPO) sin(£LPCO) M $---- ===~ ¥ P
6
20 3 24
sin(37°-0)  sin(180°—37°)
A Q B

Physics | Solutions 112 Magnetic Effect of Current



‘ Vidyamandir Classes

41.(D)
42.(B)

5 _5x6
sin(37° —0) 3

= sin(37° -0) =%

Gzﬂmd. = @Zﬁ
180 m

Since there is no current passing through circular path, the integral qSl;’ -l along the dotted circle is zero.

= o=2rad/sec. = t=7—nsec.
360

Let segment OB = OC and arc BC is a circular arc with centre at origin. Since the shown closed path ABCA
encloses no current, the path integral of magnetic field over this path is zero.

B c 4
Hence J.l—?d—/ + |B-dl + IT?CT/ =0
Y] B c 4y
Because B is perpendicular to segment AC at all points,
4 - B
therefore J.E’-d—ﬂ= 0
C Of I' & - B
1 i l‘ C ’l' A -
f_ f. LI OB®) pol 1 ) :
Hence J.B-dﬂ = IB~dﬁ = Bl PO Mol gyt 2 e
7 a 2 2m 2n 2

43.(C) Consider two points P and Q lying on dotted circle and equidistant from origin O. We draw a circular arc QP with

centre origin O. The path integral of magnetic field, that is, J. B.dl along the dotted circle between two points P

and Q is also is equal to path integral J. B-di along the arc QP whose cenre is at origin.

AY

Therefore the path integral of magnetic field J. B-di along the dotted circle between two points P and Q

_ Mol OPO) _pol 4
2 OP 2n
T

The value of 6 will be maximum when chord OQ and chord OP will be tangent to the dotted circle, that is, 6 :E .

Hence the required maximum value =HTOI .
- . mV
44. [A-s;B-p;C-q;D-r] Userq(VxB) = R=——
qB
45. A-p, q; B-p, s; C-p, r; D-p
Physics | Solutions 113 Magnetic Effect of Current



‘ Vidyamandir Classes

1 1 B’
46.(9) Energy density of electric field, u, = 5 € E : Energy density of magnetic field. uy = EN
Hy
1 _ 10
47.5) B =1 - 107 x—— =
47 R 10x10~

5 _ Mol 27R*  pl R’

~107°T

48.3) p 32 3/2
dr (R2+x2) 2 (R2+x2)
I )i I 2 12\ x
p =t Al ! R :>8R3=([R2+x2] j
2R 16R 16R [R2+x2]
2R=+R* +x* = 4R? = R* +x* — R=+/3x = k=3
I /
9.4y B -——tl B=4x—Ho

2 - 2 12
4rr,|x* + 4y |x® + 5 | 247 + 5
4 4 4

50.(5) F,, =qvB, and directed radially outward.

mv2

*+ N—-mgsin0—qvB :T (N will be max at 8 =90°)

2mgR
= Nmax =%+mg+q3\/2gR =3mg +gB+/2gR

51.(7) The magnetic field due to ring in x-y plane is

- I~
B=Ho
2R
the magnetic field due to ring in y-z plane is
~ I -
By= “Li
2R
and the magnetic field due to ring in x-z plane is
5 _ Hol » B_D B LR
By=— B=B +B,+B
3 2R J 1 2 3
~ T 3pel 3 1
BB (i) P T _[ﬂL]
2R 2R 4\ R

Hence, X=3and Y =4
52.(2) To enter region 2; Radius in region I should be greater than “d’
-19 -2
Rzm—V>d : V>qu : V>l.6><10 ><0.0(;1><5><10
qB m 9%10~

: s 8107
9

To come out of region 2; diameter 2R > d
-19 -12
2mV>d : V>qu : V>1.6x10 x0.002x5x10

qB 2m 2x9x1073!

vV >§x107 ms ™!
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Hence for both region V' > gx 107 ms™!

53.(3) The magnitude o f magnetic moment is
M =id=10x(10x1072)? Am> =10x1072 = 0.14m*

The normal on the loop is in x —z plane. It makes 60° angle with x-axis.

AZ :MCOS6OOZ’:_MSiIl6OO]’: M :71 —TM]
-~ 0.1/, - — . n
M:T(z’—\/gj) ; M=(0.05)(i—\/§j)Am2 DX =3
54.(4) Balancing torque
2
mgx 2R _ TR p
b1 2
2
T (mR)yxgx 2R - (TR g A
10 I 2 B
1=4
55.(25) Current sensitivity,
o
I =7

Voltage sensitivity,

1
Vs e is
Vo IR R
New curent sensitivity,
50 3
I=1 +m[s = 5 s
New voltage sensitivity,
3
=1
I s
=t o2 3y o5y,
2R 2R 4~ ’

Thus new voltage sensitigvity becomes 75% of its initial value i.e., it decreases by 25%

56.(5) <f>B Sdl =iy,

r

B x 2nr=u0'|.[J0 £j2nr2dr
a
0

1

T - )

Cﬁ B-di= H()[enclnsed

57.(7) J
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) w I [(rr-d*
Bx (2nr) =po[J xn(r® —a”)] ; B="0x"x
2n | b? =42
— %107 x> - (021) ; =TT
1.1x10" 3)
58.2) Magnetic field is non zero only in the region between the two solenoids, where B = pgn,i,
2 i
Energy stored per unit volume = — =-9-22.
210 2

The energy per unit length = energy per unit volume x area of cross section where B 0

Ho"zlz Ho z il

022 (n(ry - )] == (s — )]

(Slnce iy =nyi, )
59.3) E isparallelto B and v is perpendicular to both. Therefore, path of the particle is a helix with increasing pitch.

Speed of particle at any time ¢ is

v= v§+v§+v22 )]

2
E
Here, vi +v22=v§ andv? =[q7tj and v =2v,

Substituting the values in eq. (i), we get
_3my,
qE
60.(4) A and P will have same momentum in magnitude and they will move in opposite direction. They will move in the
circle of same radius and the same centre but in opposite directions. If they meet after time ¢ then

04t +Opt =21

- ‘= 2n _ 21 i
o, +op  2eB 2eB
dm (A -4)m
— _ P i
_ 4(A—- 4)ymn L0, =0t = 2eB “ 4m(A -4 ®B
eBA 4m eBA
2(4-4)n _48
=— T = n =438 P > > 7
A 25 A
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ELECTROMAGNETIC INDUCTION

1.B) BVI- Lﬂ =0 ; At maximum current ﬂ =0 = V=0 B
dt dt &

1 1
Conservation of energy = Em Vo2 = ELI i =1,=V,

2.(C) Let ‘O’ be the instantaneous centre of rotation.

wx =V,
V, x+1
+1)=V, =>2=""SVx=Vx+Wl
o(x+1)=V, VT X =Vx+h /
=x= ni : oazyl(Vz_Vl)sz_Vl
=N N
1 2 2
Emf= —Ba)[(l+x) -Xx }
2 X
3.D) F,=BIL X
(Bar? 12)
Induced current: [ =——~ X
" F,—B Bor® L B*wr? X
2R 2R %
To maintain constant angular velocity: F(r) = Fj (r /2)=F
A
4.(D) 49 _pda _  _|AP
dt dt r
. A i
5.0) Ap="Cun = qzizw
2r R 2R <
b b ]
6.(A) Induced emf IBvdx = &vdx
/ 0 2mx
. (b :
Induced emf :Mln — | = Power dissipated = E—
2 a R
E? [ w1V, ()T
Also, power=F.V = F =— >F=— Ho ln(—j
VR VR| 2rm a
252
7.A) W=@L)F=L~LB=LxZBV _1;
. o e di Ty e
8.(A)  The growth of current is given by i =1, (1 —e ) = = =—ec
T

1
Energy stored in the form of magnetic field energy is: U = ELi 2
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Rate of increase of magnetic field energy is: R = 4Us =Li %
dR Li;
This will be maximum when P 0 = e =1/2 Substituting: R, = “h
T
9.(B) For constant speed I/B cos 30 = m g sin 30
(BOV cos 30° ) o\ e

- LTJ 7B cos 30 = mg sin30 (g,-nd — B/v cos 30 ) (Side view)

2mg R
= B= g2

3vl

10.(B) When K; and K3 are closed charge on capacitor and current in inductor is given by

q:cs(l —e_[/RC):2>< 2(1—e_”0'SX 2):4(1—e_[)—4(1—l\ at t =1sec
e

) a2 (1)
I=2l1-e L |=22]1-¢ 2 =2(l—e_t): 2(1—— at t =1 sec.
R 2 e

Now when K, K3 are opened and K> is closed then it is an L — C ckt and Let go be maximum charge.
From conservation of energy for L-C ckt

of 1Y
;U

2 (2 ) 2
1 1 (1) (1)
S _ q—+—L12 = o __ +—><2><22Ll——J 340=4\/5L1——)
2C 2C 2 2x2 2x2 2 C e
11.(C) ¢,y =BV =2x1x2=4volt. I I
4—3[1—2([1+[2)=O J_4V
4-61,-2(l + ) =0 603 $30
1 2Q $
Solving I =— A, I = 4 F=(I+1,)(B 2.1 1x2=2N
olving [ =— A, I, =— ; =(I, + )B=| — 4+ — | x1x2= L+l
1=540=7 1+ 1o L3 3) 1+1h
12.(C) ¢,y is maximum when velocity is maximum. 1 K
L y! o e R
P :Ide Ve = '[de(A wsin K x) x o dx
0
cos K x L 2LBAw ( 2 A A
=—-BAw . = LK=—,—=LJ
o T A2
13.(C) Let it takes time A¢ to switch off the magnetic field
2 2
= Included emf = BrR = Field produced = BzR + 2R = BrR
At AT 2At
At
. BRq . . BRq q 2 |5¢
= Force experienced = — = velocity gain = '[ dt =— = /5gR = ===, ]=
P W0 v T m B\ R
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14.(ABD) Rate of work done by external agent is:

dw BIL.d
d_\:,: at X =BILv and thermal power dissipated in the resistor = el = (BvL) I
a2
15.(BD) Equivalent circuitis £ = Ba)7 /2 12
E —|I—W»:’rwv—||
E=Bo— Sr
2 -
Bwa*4 !
;- Baa
2x5r
E IR E IR
16.(AC) i=—|1-¢ L 17.(AD) i=—|1—¢ L
R R
ol
18.(AC) B(x)=— y
( ) 2rx ]
N tola y I
do = Badx , b= | Eladx="2"In2=MI '
o 27mx 2r /A m—
M = Hoaln2 Apply len’z law for direction of induced current. s
21 <?
19.(ABD) i()=4[1-¢"], B=vi=3[l-¢"'] =  R=ifn &
8
20.(BCD) Ad = BA=8wb, N =0 =80V
dB
21.(BCD)For r <R, E2nr=nr? -
t
dB
Forr >R, E2nr=nR*==
dt
Also apply lenz’ law for direction of E
d di
2.ABC)i =T =4 v, -1Z-L_4i=y,
dt d 2
1 n
23. A0V, -V, =V, -V, = EO)BZ R,
24.(A) The equivalent diagram is:
The induced emf across the centre and any on the circumference is:
L1 Bor’
|e|=—Ba)l2 = 2or R,
2 2 |
{1
e
25.(ABC)(A) t=
y=r
2
B) t=ow
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.2V Vv %
i=—— h=— = Vj=—
3R 3R 3
© After opening
=
47 3R
Vv 2y
V, =V, +Vp =2Rx—="—
LoraE 3R 3
V
Vi=3
26.(CD) ¢ —ip+ L4 Mdi_Ldi_ Mdi_
df dt dt dt
e—IiR=0
€
=—
R

L 2
Time constant = eTﬁ =0 & Power delivered by battery is constant P = %

27.(ABCD) r<R
d 2
E2nr= E[ponCt X T J
r>R
E2nr= i[“ nCt x nRz}
' drL™?

The line charge will produce radially electric field which is perpendicular to induced electric field
28.(ABCD)
At t =0 capacitor behave like conductor & inductor behave like insulator. At steady state capacitor behave like
insulator & inductor behave like conductor
di

29.(ABC) For given situation 9 +L—=0
c dt
d2 d2 2
2q +- 4 -0 = 2q +®’g =0 compare this equation with d f +£x =0
dt- LC dt > m

1
g=x,i=v,L=m,C=—

bl

Solving equation
= g=g,cosnt & i=—q,0sinwt
According to given conditions
2 2
9 __pp :lengwzsinzwt =cot’ wt=1
2C 2 2C 2
3n Sn In s 3n Sn n

T T s T eeeeeens =>t= 5 5 L s
4 4 4 4JLC 4JLC 4JLC 4JLC

2
30.(B) E27r£=iﬁ = F=qF
2 4 dt

T
Sof=—,
4
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B B B
300 Lotin = EurenrfB_rdB
t dt 2 dt
B B —
32.(B) % =612 +24 B =30T/s Apply Lenz’s law for direction of E
t t t=ls

33. A-s;B-p;C-s;D-5s
34. A-s;B-q;C-p;D-p

35.(6) Use maxima-minima

tR t
36.(0) 1=1L+1C;1L=%{1_e L}Iczﬂe RC

R
37.5) ¢&,, =BV =1
di - _
38.(8) —=10e™ (—4)=—40¢ " l Blv
dt i 02 Q§ §O.2 Q
i
V, =—L—
L dt 0.1Q
BlV
39.3) F =ilB, [=—mo
R
40.8) B=0 = t=C/K = ¢=B.area =(C-kt)ra’
d E 14d _Crd® 2 27 (2)
E:—¢ = i:—=——¢ :>q='[idt‘= J.iﬂ.dt = jﬂ =0 Cra =C7w = ( ) = 8 coulombs
dt R R dt R dt R R R T
41.4) e=Bw
;B
R
2,2
F-pr=2""
R
_dv By
ds mR
2,2
—'[ dv=B ‘ I ds
mR
Yo
s=4m
42.(2) e=B,€v=%><3><5=12 Volt .. q=CE(l-e''%)
—t/t —t/t 2
2=6x12(1-¢") = =2
:Ee*t/Tzzxzzz
R 4 3
43.(5) Total magnetic flux through a super conductor is equal to zero.
= belf TPext =0 = |¢self | = ¢ext
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44.(4)

45.(2)

Li= Borcr2

. Bonr2
[ =——-
L
L ﬁ =vB/
dt
Amperes force law opposes velocity
dv

iBl =—m—
dt

Figure
di__md’
dt Bl g2

So d2v+ B%¢? 0 ie. o B/
— v=0 ie,0=—
dr* mL mL

When velocity is maximum then net force acting on the conductor is zero.
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AC CIRCUIT AND EM WAVES

1.(C) Resultant voltage = 200 volt
Since V; and V3 are out of phase 180°, the resultant voltage is equal to V> V> =200 volt

— Erms :@:1014 : _ Erms =134

ilrms - i2rms -
JXZ+Rp 13 JXI+R]
Power dissipated = iz, R, +i%,,, Ry =10? x5+13% x6 W = power delivered by battery = 500 + 169x6 W
3.(A) =104, V=1000 volt, Vzr=1R=1000 Vit, V. =200 V
vi=(v, Vo) + V3

2.(C)

= 1000> = (¥, —200)> +1000> = ¥, =200V  (Resonance condition)

I
4.(B) ano=22- &
1 1 V.
12:112+122:V12[—+—] 1
2 2 +—>
R®X¢ I R — 2
B-AMAM—
VE =VE+VE+ 2V, cos(90+0) R I L
2 C
=I—+12X§—2- ! IX; R ]_’_“_
1 1 1 1 \/R2+X2 2
s P ‘
¢ R X S

22
R +X¢ RO+ X¢

ye {R—zz(xg —2XLXC)+X4

R*+ X2 V,=
XE-2X,Xc=0 = Xo=2X,
L =20L = 0)2 = L
®C 2LC
5.(D) EO :CBO

6.(C)

L @
("SB~dl=pol+u080d E .. )

In this case, no current is flowing and hence [ =0
Due to symmetry, B =B is constant
Hence
Cf)é.di =2mrB
Substituting in equation (i)
ddg

dt

2nrB=pgg ... (ii)

op =nR’E
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and

1
Hogo =
C

Hence, from equation (ii)

R2 ' 2
_MoBoxmRTdAE 1 077 o 102 -11x10°°T
2mr dt 2 2x1.2

TACD) Vi + (Ve =V, ) =130 =V, =50V, V3 +V2 =100

8.(ABC) X = V—[C; v, =1X,

B

20 T
9.(AO)[,,,.,, =———, +— ahead of voltage
upper 100\/5 £

20 T

Ijower =——=, —— behind voltage 100 /4
50427 4

A 50

1
I=\1}+13 = |—=034 4 100 5042
10 Capacitive circuit

Inductive circuit

50

x100 =102

y 20
100Q — 100\/5
10.(ABCD) x; > x-

11.(AC) X, =%XL

Z=\(R*+(X, - X0)?, §=0.8

Now solving get answer.

12.(AC) o, = % =50, S =25Hz
Band width =£=L=250n ; 0= w”. _ 0 _1 ; @y — o = 2507 and o0, = ®
L 1 band width  250m 5

[\

5

T
(0y+ o)) =+/(0) —0) +40? =\/(250n)2+4(2500n2) : = /72500 7% =1074/725

13.(D) 14.(C) 15.(A)

12
When connected with the DC source R = Z =3Q

When connected to ac source [ =— S24= L =L=008H
Z 3 +0’l

Physics | Solutions 124 AC Circuit and EM Waves



‘ Vidyamandir Classes

V? V: R
Using [, V,, cos¢ = ?cosq’) = s > =24
R + (a)L — IJ
oC
16.(B) 17.(C) 18.(D)
19. A-1);B-p);(C-q; (D-53)
o XL \/_
20.2) tan60 =T:>XL=100 3Q0=X, =Z=R
2
21.(5) I= Ve 20 sy
R 4
1 R
22.(5 =— , $=45°, tanp=1 = Lo=R ; =—= rad/sec = 500 rad/sec.
(5) cosd 7 (0 (0 o 0= 10

23.4) AC ammeter shows rms current
So, when both currents are flown simultaneously, AC ammeter gives
Ty =vN 6> +8% =10 & DC ammeter gives,
IDC = 6
Difference in readings =10-6 =4
24.(4) P=Vji =i,

10x10° =25xV,

10*
V,=—o
2725
4
Now VlzﬂxV2:§X£V
25.5) 1, = Erms _ £y =0.2 amp
== —
JRu(@ )
oC
2
H=1*Rt =2x10 or (0.2)%x100x¢ =20 0

t == 5sec
(0.2)° x100

26.2) zg =VR*+o’ L

1 2
ZprCc = R2 +[®L—R]

R

R> + 0’ I?

cosDpy =

According to question

5 1Y 1
(oL)? =| oL —— = C=—s
Co 20°L
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d E.A
27.2) Displacement current i; =g je =80d(5A) = iy <4
t t
, A 0.3 1
ij =—xiyj=—-x1=—4
4747 06 2
. dog dE
28.(14) We know that i, =¢ =ggd.—
(14) d =t ~=tod.—
dE
= ggd.—=i
0 dt d
dE
L dE_ iy
dt 80A
dE 17.7
= D 12 4
dr  8.85x107“x100 x10
dE

v =2x10" N 717!
By comparing

ax104 N =2 x10Y NCT s
So the value of N is 14

1
29.2) I=—Bjc
210
Given that the power of the point source is P. Intensity of radiation due to the point source at a distance » will be,
P
I=—
4nr
P 1
= 3 =—B§ c
4mre 20
2ugP
- Hoz _ Bg
4nrcc
P
= BO = “0_2
2nrce

By comparing our obtained value, we can say that the value of k£ will be 2.
30.(115) Capacitive reactance

1
Xp=——

¢ oC

- 1
300x100 x107'2

8
_107 g
3

There is only capacitance in the circuit
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230
108 /3

=6.9x10°4
Hence i; is displacement current and I the conduction current. Magnetic field at a distance  from the axis,
I
p=Fo td .
2n R2

I
=H_O rms .

b R2 (ig =i=lypg)

rms

Substituting the values, we have

-7 -6
_(2x10 )(6.29x210 ) (331072
(6x1072)

B

rms

)

=1.15x107 1T
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RAY OPTICS AND WAVE OPTICS

1.(B) sin@, = g

0, =60° cos60° =
R+d
d=R.
2.(A) Coordinate of image formed by lens f
(. 0)
For lens 2 :
u=-2f,hy=—-d
1 1 1
vou f
v=2f
v 2f
_;_j__
h,=+d

Coordinate of image (3f +2f,d+ d)

3.(C) For y=0 For x=0
x=3 y=
11 1
vou f
11 1
x 3 15
5
72

Equation of line passing through (0, 1) & (%, Oj
y=—04x+1

4D

4.(D)

5.(C)
6.(B)

The effective distance of the screen = 2D + 2D = 4D

I-N=rn

Final Intensity obtained

Fringe-width = 7%

1'=1y—-0.5781251 =0.4218751,

Using Malus Law, I'=1,(cos” 6)" = 0.4218751 = Iy(cos® 0)"

= (0.75)> =(cos? 0)" = n=3 and cos=g = 0=30°

Angle rotated ¢°=n6=3x30°=90°
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7.(B)  There is no change of phase in the transmitted ray due to difference in refractive index. In the reflected ray, phase
change occurs when a ray is reflected from an optically denser medium.

8.(D) Width of central diffraction maximum =MTD

2x500x1077 x2.08

= 52x107° = p = b=04mm
20D
__b -
and N= WD = d=nb
d
So, d=11x0.4mm = 4.4 mm
9.D) AB=+2 cm 0
From refraction at air-water boundary,
1 .
(1)(—J=(\/§)sm9 or 6=30° BCzﬁ cm.
NG NA
10.(C) 3Acos®=2A (0 is the angular position of the point)
2
cosf=— y= ﬁD
3 2
1.B) sin0 =2
Hy

2 2 2
1_(,%.}3)2:(&} ; l{i} Z(QJ M3 I
K V25 1y (PR 5

12.(C) For required condition the light ray should be parallel to principal axis after refraction through curved surface of
lens.

3/2 1 3/2-1
—_— = = x=40cm
o =X + 20

13.(A) Optical path difference :(S20) ny — [(SIO - t)n2 + tn3]
= t(nz - n3) 0r(t(n2 - ”2)) which ever is positive
Wave length in vacuum = n 4

2n (opticalpath diff.) 3 2m(n2 - n3)

Wavelength in vaccum mA

= phase diff. =

14.(C) I=1,, cos* >
w

Physics | Solutions 129 Ray Optics and Wave Optics



‘ Vidyamandir Classes

= Las = Lnax cos? X = cosﬂzirl = .z for smallest x = x=£=£
@ 0] 2 o 3 3 3d
15.(A) Ar=dsin6 J{h— l]t = %mm #nk 16.(AC) 17.(ABCD)
Ko
18.(BD)
B| P
—p X
d
___________________ 94
A O
—>]
l——D —>le——D —>

A
There is a dark fringe at O if the path different & = ABO — 40'0 = 7

2d° d* A [AD
=D +d* -2D="—=""=" = d_ =.[|—
2D D 2 i 2
The bright fringe is formed at P if the path different 8'= AO'P — ABP =\

=D+\D* +x* D’ +d* —\|D? +(x-d)’

LD
Given, d =d . Solving, x=d_, = -

19.(ABCD)Ax at O = d [path difference is maximum at O]

2 =ﬁ_ﬁ=—(x2 +d _2Xd)
2D 2D 2D

=A

A
So, if d = 77, O will be minima
d =\, O will be maxima
d= 57, O will be minima and hence intensity is minimum.

If d = 4.8, then total 10 minimas can be observed on screen, 5 above O and 5 below O, which correspond to

LS Th S

2T 27T 22
20.(AD) If the amplitude due to two individual sources at point P is Ag and 3A¢ then the resultant amplitude at P, will be :

A= \/Aj +(34,) + 2(A0)(3A0)cos§ =134,

Resultant intensity, / oc 134,

21.(BC) Shift d =| 1-——2L |4 sini+| 1 ———ot

——— |1, 8iNI
\/nlz —sin?i \[nzz —sin?i
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4
i:37°n1 :%tl =45 cmn, :g’ t, =2 cm

d=|1-—28 12064 1-——28  12x06=1.120+039=1.5 cm[d =d, +d,]

2 2 2
[3) 0.6> [4] 0.6>
2 3
22.(AC) From the geometry of prism : 0; = 60, » = 30

5. 4 . 51 4.
Then apply Snell’s law : Esmr =—sinf, —x—=—sinb,

= sin@, = > =0, =sin""’ (é)
8 8

Total internal reflection at the point P is only possible if pp > .
23.(BCD)

Apply Snell’s law : p, sini =, sinr => sini =ksinr

From the given graph, angle of deviation decreases and becomes zero at k =k,

| T
Hence, 6, =|r—l| =g (By geometry)

= atk:k2,9=|r—i|=0 means, k= 1.

I
= when k =00, r =0, by the Snell’s law, 0, =|r—i|=i=§
= k, = must be less than k> from the given graph.

24.(BD) There are two possibilities 26 = 90 (According to the question) 6 = 45

Q = Slope of the tangent = tan 0 Q =tan45=1
dx dx
Now, d_y = 2—L(£j cos (Ej (From the given equation)
dx 7w \L L
d_y = 2cosE = cosE = l (Since, d_y = j
dx L L 2 dx
25.(BCD) From the displacement method : /, =/ h, =~/9x4 =6 cm. Hence, option (C) is correct
h 9 3 hy 4 2
lzh—:—:— ’ m2:—:—:—
, 60 2 hy 6 3
From the displacement method :
d 3 2 d .
m-m)=d 324 G
foo23 f
D* —d* 90> -d? ..
f= = ... (i)
4D 4%x90
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On solving equation (i) and (ii) we get, d =18 cm, f =21.6 cm
Hence, option (D) is correct.
For the position of object :
X, —x,=d=8,x,+x,=D=90
x, =36 cm, x, = 54cm . Here x; and x; be the position of object for two positions of the lens.

Hence, option (B) is correct.
26.(ABCD) D =96 cm

ml 1
—=4,alsomm=1 = m=2,m =—
ny
"
AlSO —_— = ml = I/l = 21/[1
U
Also Vi +u; =96
= 3u; =96 = u =32 = Vi=64 = u =64, V, =32

Distance between two positions =u, —u, =32=L

D*-I* 96 - 327
Focal length = = =64/3 cm
4D 4 x96

For shorter image, V'=1V>=32cm

27.(AC) 6 > sin™ L then 0 will also greater then sin”! I3 if ny <my

ny ny
If ny > ny then C D At AB, nysinr = n, sin0
r E’A\ .
A B = sinr . .sin@
//9

> o . sind sin”! Mmi_m

. -1 M

= r>sin — = TIR at CD
3
28,(AC)L:[E_1J[L_LJ ; ;:[ﬂ_IJ[L_Lj
f air 2 Rl R2 f water 4/3 Rl RZ

From these two equations we get,
Swater =4 Jair =4S

In air object was inverted, real and magnified. Therefore, object was lying between f'and 2f. Now the focal length
has changed two 4 f. Therefore, the object now lies between pole and focus. Hence, the new image will be virtual
and magnified.
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29.(AC) The intensity of light is 7(0) = 7, cos> [gj

Where 6= %(Ax) = [%) (dsin 0)

(i) For 0 = 30°
3x10%

A=<= —300m and d =150 m
v 100

5= [Lﬂj (1 50)[1j _z
300 2) 2
1
10 =1, cos’ [gj =
(ii) For 6 =90°

2n )
5= [3@) 150)1)=n  Or 3=

| o
ENg P

70 (Option A)

and 7(6)=0

N

(i)  For 9=O°,8=00r§=0

1(0)=1, (Option C)
30.(AD) Final image is formed at infinity if the combined focal length of the two lenses (in contact) becomes 30 c¢m or
.1
30 20 f
f=-60cm
i.e., when another concave lens of focal length 60 cm is kept in contact with the first lens.
Similarly, let p be the refractive index of a liquid in which focal length of the given lens becomes 30 c¢m. Then

1 3 1 1
%:[E_IJ[R_I_R_J ...... (1)

31.(BD) 2p ¢t =nh
na 640x3
= =n

T2 2x4
t =240nm, 480 nm,....

=240n

32.(BD) The condition for getting maxima is d sin® = mA. The wavelength of electron will be given as A = h/mv.

The distance between successive maxima will increase if 0 becomes smaller. For this either d should be increased
or A should be decreased. For the latter we must increase the voltage V.
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33.(B) The disturbances from arbitrary ray Q reaching on screen will be

Adl . 21/ sin O
Yo = ) sin G)HT

Using principle of superposition we can say the
resultant disturbance at any point at angle 6 will be

A

b
A
=|—d/sin| ot +
Inet -([b [ sin ©

Ak/b{ [ 2nbsin6j}
= COS I —Cos WI+T

2msin

_Ax sin nthsin O sinl wor + nthsin O
Inet nthsin O A A

Resultant Amplitude (4,,,,) = A?‘ sin [ nhsin ej
nhsin 6 A

2
A .
And I, OC(Anet)z = Ler oc A (—j sin? [—

nthsin O

nthsin O

34.(D) For maxima ==+1

A

. 1
= bs1n6=i(m+zjk
For 2" maxima, m = 2
= bsinO=+ é?»

2

Iy sin’ (5;]
— =/ _0.016,

(Unet)2 =
ne. Sl 2

2

35.B) For 2" maximum

2n£sin6j AN/ b [ 21t/@sinej
=— dlsin| ot + ——

mbsin® _ J_r[m +%J - (m = whole number)

I sin? [nbsin e]
0 A

nthsin O 2
N

net —

bsin6=i§k = btanbO = iﬁ
2 2
= b_yziﬁ
D 2
SAD
= =+ ==
Y 2
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36.(B) Focal length of plano-convex lens

f =20cm
1_ 2
Jo S

20

=—10 cm

L’q:

37.(B) As mass of lens = mass of particle

Time period T = 27‘[\/E =2n ﬁ —on |2 =2
k gk g
T

At time f = 5, lens will come to same position (mean).

Distance travelled by particle in time 5

1o, 1
u:Egﬂ:Exwx(o.l)z:o.osm =  u=5cm

Velocity of particle v, = g-1=10x1=1 m/s
Velocity of lens v =10 m/s

Location of image l+—=l
v u f
1 1 1
-+ TS = v=+10 cm
v (—s) -10

2
Velocity of image : v;, =[£] Vo1
u
10Y?
Vi/l:[?] (10-1) = v, =36 m/s

38.(C)
39-41. 39.(B) 40.(C) 41.(B)

1
sinc=—=—= = (c0SC=——
JTRINE} NG
30
r1=30tanc=—cm:15\/§cm 1 i i
2 3OCmI ic L

r= 10\/§ <7 (Hence shadow of ring will be formed on roof)

r
L Water surface

v " 1

Radius of shadow = 7, = 7 + 300 tan0, =10y/3 + 300 tan6,

1
Now from shell’s Law~/3 sin®; =sin6, | tanO,= M _ L = fBx—-= sin@y = tan0, = NG)
30 3 2
Hence radius of shadow = 10+/3 + 3004/3 = 3104/3 cm
Tax = 1 for which light will come out of liquid surface and shadow of ring will be formed on ceiling
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42. [A-p, q] [B-q, 1, 5] [C-p, q, 1] [D-q, 1, §]
43. [A-p, t] [B-r,t] [C-s, t] [D-s, t]
44. [A-q, t] [B-p, 1, t] [C-p, q,s, t] [D-p, r]
45. [A-p, 1] [B-q]  [C-p,s] [D-p, ]
At centre intensity will be maximum for both wavelengths.

) dr
For maxima: 3 =nA (n =0,1,2...... )

niAD
= [ =

:(0.2mm,0.4mm, ....... for 4000A°):(0.4mm,0.8mm, ....... for8000A°)

For minima: £ =(0.1mm, 0.3mm,......for 4000A°):(0.2mm, 0.6mm,.......for 8000A°)

46.(2) Ray diagram is shown
LAOB =m-2r

Now, ZAMB =7 — %AAOB(why?)

ZAMB=n-(n-2r)=D 4/
2 2

In AAMB ;i—r+g+r+i—r=n
sini . . . T
= Now —=p = smz=\/§sm(21——
sinr 2
.. sini . Ca. .. N3 1
= sini = ——cos2i = 2\3sin’i—sini—+/3=0 = smz=£,——.
sinr 2 NE)

Rejecting the negative sign

We geti = 60°.
1.4 %z_%+h ()
air u
amd  -——L 1 G f fo=4

fw - 40 X uw u
4
48.(4) For plane surface up p = g

For curved surface up

1op_ (=)
vV o u R
v——é,u=—4
8
1
R=25 cm=— m.
4
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49.(8) sin0, =2?“

At face AC, i is 60°
i>0,

50.(4)

51.(16) In one case image is virtual (z = -10cm)

In another case image is real (u=-40cm)

uf -10f —40f
vl == , vz = -
u+f -10+f —40+ f
In both situations, sign convention is opposite.
-10 40
= V=V = n= S _ S ; f=16cm
-10+ f —-40+f
52.4)
ot :
N :
Incident \I/ w ; Detector
light @ @) O
. . . . . Iy
After crossing polaroid 1, intensity of beam is /; = B}
After crossing polaroid 2, intensity of beam is 1, =1, cos® ot
1
= I, =20 cos? wr
2
After passing through 3™ polaroid, intensity of beam will be
1 .
I;=1, cos? [g—wjzlz sin o = I;= 7000s2 ot sin’ ot
o 2_ 1o
I3 =—=(sin2mt)” = —(1-cos 4wt
375 ( =1 6 ( )
a
So, a=16 & b=4 = Z=4
53.30) mym, = A x A = S S ’
f=x A g g A —d(f =0+ (=)
X—

—xf +dx—xf'=0 ; f+f'=d=30cm
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1 1 1 1 1 1
54.8) —=(u-1)| ——— |and — =——2| —
( ) f (“ ! )[Rl RZJan fmeq fm' [f]

55.(1) From the information given, fig jous =30cm

From lens formula (for second lens)
I 1 1 1 1 1

N _ -
v u f 22-x 30-x 30
. . 17 . . 8
56.(3) Given d = 43cm sin30° = Esmesme -

AB =dsec30°=8cm

4 8 4
tanf=—=> —=—
t 15 ¢

= t=7.5cm="T75mm

mD  nx750x107 x1

57.8) 1.5x107%=
d 0.4x1073

6x107° 60 .
n=——=——=8minima

C75x107 1.5

1
cos(—j=— = L = ¢=2—n
2) 2 2 3 3
£x2n=2—n = ALzﬂnm ; AL =209 nm
A 3 3
59.4) (1y-Dfy=10A = p =% now (1 -4 = (1, =Dty = tH=4um

60.3) =4I, coszg

Casel: ¢=0=1=4I,

I +
Case2:l=3—=4locos2$ = cos$=—3 :Q—E;(1)=E
4 2 2 2 6 3
NOW’¢=(u—l)t><21t;Ez(u—l)txbt;t: A ;t=6000=2000A
A 3 A o(u-1) 3
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MODERN PHYSICS

1.(C)  Energy released = (80 x 7+ 120 x 8 —200 x 6.5) =220 MeV

24 AE=1367%| -1 | = 27.2=13.6ZZF—L} = 4.25+x=13.622{l—i}
nt n 4 36 9 36
By dividing we get, 272 =i><12=§ x=5.95V
425+x 18 3

3.(A) Maximum energy is liberated when transition is from 7 =35 to n =1 and minimum energy is liberated when transition

is from n=5 to n=4.

E E, E
——E =52224= E, =(-)544eV  and —21——21=iE1 =0 544=1224eV
5 5 4 400 400
It
sy 1=2-m o 2l
t t e
2x107)(1
_ (3.2x10 _39( ) —2%10'°
(1.6x1077)
P K
5) P=h/hand K=—=—13
2m  2mX
For X-ray photons, it is also maximum energy
he W’ 2m)\’
So, ae_ 5 or, Ay = ma ¢
Ay 2mX h
1 1
2
6.(A) 13.6(3) L—z - 4—2} =w+4
2| 11 .
13.6 (3) S - |=wt vV (w = work function)
4 5
Solving V'=0.85 eV’
. dN
7.(B) Attimet; —=t" - AN
dt
d*N dN(a*N ) , e - 21
= —2=2l—l— —2=0 = 0=2IO—A(IO—AN0) = N0=—2
dt dt \ dt A
1 (1 1 S n? -9
8.D) 136|1-—|=136z"|———| = =z =8 = z=3andn =9
9 9 x2 I’l2
6
9.(A) No. of neutrons = &m“x 2.5=7.8x10"®
3.2x10°
10.(A) Let the radius of the n™ Bohr orbit be r and let the velocity of the electron in this orbit be v
Angular momentum of the electron, L = mvr = Z—h
b
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2 2
Also, i KZze
r r
. 2nKZe*
Solving, we get v= p
n

2
So, de Broglie wavelength of the electron, A, = e nh

" mv 2nKZme?

For the first excited state in the Hydrogen atom, Z =1 and n =2 , = A

11.(BC) K £20.4 eV = no excitation of hydrogen atom  .". collision will be elastic

12.(AB) i, o intensity, eV, =(hv—d¢))
13.(ABC) K. . =E-W
T,=425-W,
Given Ty =T, —1.50=4.70—W,
On solving, Wy —W,=1.95eV

On solving, T, =2eV
W,=425-T,=225eV
Wy=W,+195=420eV
T, =4.770-W; =0.50eV

2 2 2
14.(AB)|F|=‘Z—U=K6 ...... ny ; Ke_m” o @ omw=t 3)

r }/'4 7 r 2r

Solving (2) and (3) : T.E=KE + PE

Total energy oc n° : Total energy oc m™.

2
15.(ACD) P.E.=2K.E. and o ”?

16.(ABC) Two or more lighter nuclei combine to form a heavier nucleus in fusion reaction. 17.(BC)

5R; /36 5

18.(ACD) ¢ = =
3R, /4 27

£y
E,

19.(ACD)
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20.(ABCD) Under normal conditions total energy, potential energy and kinetic energy in ground state and first excited
state are —13.6 eV,-27.2 eV, 13.6 eV, -3.4 eV, —6.8 eV and 3.4 eV respectively. If potential energy in ground state is
taken to be zero, then kinetic energy will remain unchanged but potential and total energies are increased by 27.2 eV.
Therefore, the new values are 13.6 ¢V, 0, 13.6 eV, 23.8 eV and 3.4 eV respectively.

21.(AD) Two or more lighter nuclei are combined to form a relatively heavy nucleus to release the energy
1

22.(AC) R = Ry A3

1
For 0'®, R = Ry(16)3
For 5, X'28 R'=R,(128)!3 ; R’=[%)3R=2R ; V'=%nR3=8V
23.(BC) (1) Due to emission of — particles mass will almost remain unchanged.

(2) No. of p— particles decayed =3x 1022, so charge =3x 1022 x1.6x107" = 4800C.

24.(ABCD)
(A) Maximum potential will be equal to the stopping potential which depends on A and nature of
material.
KQ RV
B V=—= = = —
B 2 9%
Since V and K are constant, maximum positive charge appearing depends on R.
© As the sphere gets charged (which goes on increasing), it applies a force on the emanating
electrons thus reduces the velocity of emanating electrons.
(D) Initially the sphere in uncharged, thus KE, ,, of emanating electron is independent of radius of
sphere.

o he 1242
25.(BC) Energy of incident photons, £ = Tc = 207 =6eV

Cut-off potential is given, Vo =4 V
Therefore, kinetic energy of the fasting moving photoelectron, K, =eV- =4 eV
Work function of plate A, ¢pg = E — Kppx =2 €V

Therefore, longest wavelength of light that can cause emission from plate A,

Ay :E:%:@l nm

o
Number of photons striking plate A per second,
4 . °
_ Energy received at the plate per second (60)(20 x10 )(511130 ) 1
Energy per photon (6) (e) 100e
Number of electrons emitted from plate A per second,

N

Photoelectric current  5x107*
Ne = =

e e

N,

Therefore one electron is emitted per photons, i.e., 20 photons.

e
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h
26.(ACD) Kelm? . 2 A=—b
2 eB my
27.(ABC) Radius of the orbit is proportional to n? = n=4

. 1
Ionization energy = 13.6[—2) =0.85¢eV
4

A

he _1242[16

= T 13 136 l—j=97.4nm
s 11 ol
4

2
E fphoton 7 6.6x107* -
Ap, = Momentum of photon = ne18y o p. Oom_2_ 66X—09 =6.78x1077 kg m/s
Speed of light A 97.4x10”
As the electron can at the most lose as much energy as it gained in the first transition, it can only emit a photon of

wavelength higher than 97.4 nm.

28.(BC)
€)) isa B decay process, so the mass that converts to energy is just the mass of the parent nucleus minus the mass
of the daughter nucleus.
2) isa B~ decay process, so the mass that converts to energy is the mass of the parent nucleus minus the mass of
the daughter nucleus plus the mass of two electrons.
29.(AD)
30.(ACD)
2
n(n-1
he =13.6 ;2—% = Ay is proportional to M
AL ( n— 1) n (211 - 1)
. h . . (211 - 1)
Ap; = Momentum of emitted photon = — => Ap, is proportional to — Y
M ((n-1)
he. =13.6 ! 3 = A,y 1is proportional to (n—l)2
Ay (n - 1)
31.(B) Ground state energy (in eV) is .
Given condition, £,, — E, =204eV
1
E{—z— :l=204eV ...(1) and E, —E =40.8eV
4n
1 1 3E
El[—z ——z:lz——é =40.8¢eV - (2)
4n” n 4n

By dividing equation (1) and (2), we get, W

On solving, we get, n=2
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32.(C)

33.(B)

34.(B)

35.(A)

36.(B)

37.(D)

38.(A)

39.

Vidyamandir Classes

E, =—§n2(40.8)eV =-217.6eV (Put 1=2)

E =—(13.6)Z> =-217.6eV o, Z=4
E E,

E.=E -E  =—"—7— (Put n=2)
min 2n 2n-1 4n2 (27’1—1)2
E E -JE
=—L_l=—1-410.58¢eV
16 9 144
. log, 2
Decay constant for the decay of A into X, A} = ——
1
. log, 2
Decay constant for the decay of A into Y, A, =——
2
. - dN
If the instantaneous number of nuclei A is N, then 7 —(XIN + )\.zN) =- (7“1 +A, )N
t
This means that the effective decay constant when both decay processes are going on simultaneously is A =2%; + 2,
log,2 TT-
So, effective half-life, T = —2e= - 172
L+T;
Let the instantaneous number of nuclei A, X and Y present be N, Ny and Ny.
dN dN
Then, =X N and =Y _,N
i 14V 4 dt 24V 4
. dN A
Dividing the two equations, we get —X -1
N A N T.
= [hady = [y = Ny M N Ny 5
Ny Ay Ny T

Maximum energy = Binding energy of products — Binding energy of reactants
= Epnax =(41.5)(40)—(8.5)(40) =1320 keV

Let the velocity of the Ca-40 nucleus and the beta particle (electron) after the disintegration be v and v, respectively

1 v
Conserving momentum, 40)v; +| —— (-, ) =0 = v =—2
g (40 (1800)( 2) 172000
0k
K Sl 7enn |V2
So, ratio of kinetic energies, P_ 2 ] 1800 = (72000)2 =5.18x10°
Kea S (40)2?

The energy liberated in the decay of a K-40 nucleus into a Ca-40 nucleus is,
0 = (m(K-40) - m(Ca-40))(931.5) MeV

Here m(K-40) and m(Ca-40) denote the mass of a K-40 atom and a Ca-40 atom respectively.

Therefore, m(Ca-40) = m(K-40)— (93% 5 39.9640-0.0014 = 39.9626 u
[A—=p; B-1r;C-r; D—r] 40. [A—-s;B-r; C—p;D—q]
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P . P
41.1) roc— Since, r =—
q Bq
Given r, =—7,
SAE) - e
A oc 1 (Since, A= EJ
P P
So, A=A, or, n=1

42.(6) Given A N, =AgN,

In2 A In2 ), —*,
— [(4Ne 4)=(N,)| — B
(T J( 0€ )=( 0)(], J(e )

A B
e(?\A—kB)t — 8

(L, —Ay)t =In8=3(In2)

(ln—z—ln—z)t =31In(2)
1 2
43.(7) xand y are number of a- decays and - decays respectively
92-2x+y =285
or, 2x—-y =17 (D)
Similarly, 238-4x=210 .. (2
x=7
4.4 Ejporon = 13.6(1 —%)eV =13.0eV
E/c=mv (Momentum conserved)
E _ (13)1.6x107"7)
“me (1.67)(10727)(3)(10%)
45.(6) Mo @ [Since, L (Z-1)*]
A, (Z,-1) A
1_(Z,-1)
4 (11-1)

On solving Z, =6

n(n—1
46.(6) When electron jumps from n™ state to ground state, number of possible emission lines = (—)

(n—1)(n-2)
2

Here, number of possible emission lines = =10 (given)

On solving, n=6
47.8) a=V*/r
Z2

(1/2)

So, aoc
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Thus, aoc Z 3
zY (2Y
a
a, \ 4, 1
48.(2) The shortest wavelength of Brackett series is corresponding to transition of electron between 1, =4 and n, = oo.

Similarly, the shortest wavelength of Balmer series is corresponding to transition of electron between n; =2 and

n, =00,
13.6 13.6
Thus, we have (Zz) — | = — or, Z=2
16 4
—In2
n2  (n2 {n2  _, .6 3 Ny
49.8) A=—+—=——h"" N=Npe 2 =N,23 = —2-3
3 6 2 N
N "y dN
50.(8) |—|=AN = ANge = Inl—/| = {nANy — At oo (@)
dt dt
F h onis : 4 4-3 ( 4) , dN 1 6 i
rom graph equation is : n |—| -4 =——— (¢ - = n|—|=——t+ ... (i
srapn e dt 6-4 dt 2
Comparing (i) and (ii)
1
A =7 and (n(ANg) =2
1
N, N, N, +—x 4.16
N="L = p="Y_ 0/1 =etMe 2 = ¢>% =8 (using log table)
P N  Nye™

51.(9) Let the velocity of the alpha particle before the collision be u,

Let the velocity of the alpha particle and the deuterium nucleus after the collision be v, and v, respectively.

Conserving linear momentum, 4up =4v +2v,
Newton’s experimental law, V) =V =
Solving, we get v = u3—1 and vy = %
1 2
5 (4) ()
k L@
SO, F = 2—2 = 9
1(4) w
2 3
1 1
52.(4) 13.6| ——— |>12.7 N P 1)
> n? w2 136
1 9 , 136
— < = n>—-
n 136
= n? >15.11 - n>4
2)(Power received )(cosi 2)((3)(0.2)(cosi))(cosi
53.(1) Force = ( )( : )( ) — ( )(( )( )( ))( ) :10—9 N
Speed of light 3x10%
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54.(1.18) Wavelength of K-alpha line is proportional to 3
(z-1)
ey (25Y
Therefore, =G [—j =1.18
7\‘Fe
55.(25.69) A= he EERE 13126424 [%J =25.69 nm
(13.6)(4)[12—32J (13.6)(4)

56.(7) (Mass + energy) of the system will remain conserved. Thus (5 + mass energy of A) + (3 + mass energy of B) = (KE of C

+ mass energy of C + excitation energy) [5+3+(35-34.99)x930-8.3]MeV =KE of C.
(17.3 -10.3) MeV = KE of C.
57.(159) Radiation a.T*

So T, =21} and by Wein’s displacement law A oc %

A L . . h
So Ay = 71 =3000A; by Einstein’s photoelectric equation Tc =el +¢

he hc 2 1 1
=——eV, = —(13.6eV)1*| ——— | =4.14-2.55
S A% 3000A ( ) [22 42j
¢=1.59eV=1.59=(ij or o =159
100
he 1240
58.(255) Energy of the photon =— =——x51=10.2¢eV
(255) Energy p 6200

Since six spectral lines are obtained, thus transition is from ground state to n = 4.

Also since the atom is not hydrogen, thus only possible atom is He*.

2 iy
[Photon of A = 6200 nm corresponds to transition from 4 to 2]

Thus AFE in collision = 51eV

For minimum kinetic energy of neutron, collision must be perfectly inelastic.
1 14 1

—wi,;=5leV = ——m?=5leV = —m?=6375eV

2 25 2

[m = mass of neutron, v = velocity of neutron]

59.4) The given wave is superposition of 3 waves with frequency, ®y ®+w®y and ©) —®; Oy = (O +®)

v~ pl@0 o)

Emax o 5 hvmax :KEmax+ o = ¢=4delV
60.(160) P =700x10>x1.6x107"° X‘Z_N
t
—2 12 -12
=10x10*3;d_N: 1072 1 107 : ; }Lzln—2:>NO=14><86400><10
dt 10714 7x16 112 14 % 86400 11.21n2

—-160x10"
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