PHYSICS

Choosethe correct option. Only ONE option iscorrect.
A cylinder rollsup aninclined plane, reaches some height, and then rolls down (without slipping throughout these
motions). The directions of the frictional force acting on the cylinder are

(a) uptheinclinewhile ascending and down the incline descending

(b) uptheinclinewhile ascending aswell as descending

(c) downtheincline while ascending and up the incline while descending

(d) down theincline while ascending as well as descending.

(b) Imaginethecylinder to be moving on africtionless surface. In both the cases the acceleration of the centre
of mass of the cylinder isg sing. Thisisalso the acceleration of the point of contact of the cylinder with the
inclined surface. Also no torque (about the centre of cylinder) isacting on the cylinder since we assumed the
surfaceto befrictionlessand the forcesacting on the cylinder are mg and N which passthrough the centre of
cylinder. Therefore the net movement of the point of contact in both the casesisinthedownward direction as
shown. Therefore the frictional force will act in the upward direction in both the

[Please notethat in general we find the accel eration of the point of contact dueto translational and rotational
motion and then find the net acceleration of the point of contact. The frictional force acts in the opposite
direction to that of net acceleration of point of contact.]

Choose the correct option. Only ONE option iscorrect.

Find the accel eration of the block of mass M in the situation of figure. The coefficient of friction between the two
blocksis m; and between the bigger block and the ground is m,.

L

[2m- mp(M +m)]g [mp(M +m)lg
M+m{5+2(m - my)] ) M+ m5+2(m +m)]
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[2m- mp(M - m)lg
mi5+2(m - my)]

(d) None of these



2.

(@) We make free body diagram of mass M and m separately,

Let acceleration of M be a, then accel eration of mw.r.t. M will be 2a since m moves twice the distance moved
by m

T N
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Now see m w.r.t. M

fa 4l
ma < > N
ymg

\ N=ma (1)
f,=mN=mma (2
mg—f,—T=m(2a P mg=mma-T +2ma
P mg—-T=(2+m)ma -(3)
or T=mg—(2+m)ma (4
forM, N'=Mg+f +T=Mg+mma+T ...(5)
and 2T Hf, + N) = Ma
P 2T -m(N) =N = Ma ..(6)
P 2T -m(Mg+ mma+ T)-ma=Ma [- using (6) & (5)]
P 2-m)T=mMg+ mm ma+ (M +ma (7

Solving equation (4) & (7),

o= _[2m- myM +m)g
M +m[5+2(m - mp)]

Water from atap emerges vertically downwards with an initial speed of 1.0 m s~1. The cross-sectional area of the
tapis 10 m2. Assumethat the pressureis constant throughout the stream of water, and that the flow issteady. The
cross-sectional area of the stream 0.15 m below thetap is

(@)
(©

50x104nm?  (b) 10x105n? (c) 50x105m?  (d) 20x105n?

The equation of continuity is:  v;A; =V,A,

wherev and A represent the speed of water stream and itsareaof cross section, respectively. Wearegiven
that

vi =1.0m/s

A;=10"4m?

v, =Vvelocity of waterstreamat0.15mbel owthetap
Ap=?

Calculating v,, from the expression

vZ=u®+2gy

weget, v3=(L0m %)?+2010m ?)(0.15m)=40m%s 2 or v,=20ms?

_ ViA; _(L0ms™h) (107 m?) CEx 10517

Hence, A, :
V2 (20ms ™)




Choosethe correct option(s), ONE or morethan ONE option may be correct.

A particle of mass mis projected with avelocity V making an angle of 45° with the horizontal. The magnitude of
the angular momentum of the projectile about the point of projection when the particleis at its maximum height h
is

mv 3 mv 3 mv
b) —— - d —
(@ zero (b) 4 ng () &g (d) 2

(b) Angular momentum = (momentum) x (perpendicular distance of the line of action of momentum from the
axis of rotation)

Angular momentum about O

mv,
LZE h )
2qn2 2
Nm,h=m=v— [q=45] ...(ii)

29 49
From (i) and (ii)

L= %(ZJg—h)h = my[2gh°

_mv, vZ_mv®
Also From (i) and (ii) L_f 49 vz

Choosethe correct option. Only ONE option iscorrect.
There is an infinite wire grid with cells in the form of equilateral triangles. The resistance of each wire between

neighboring joint connectionsis R ;. The net resistance of thewhole grid between the points A and B asshownis
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@ R 0 3Ro © 3Ro @ ZRo

(c) Sincenet resistanceisto be found between A and B. So let acurrent | enter at A and then exit at B. When |

I .
enters at A then by symmetry a current 5 must flow in the branch AB from A to B.

For current | to exit from B, a current l6 must flow inthe branch AB from A to B. Superimposing thetwo, we

(e .
conclude that a current 8% + 62 must flow in the branch AB from A to B.
e [}

According to Thevenin’stheorem we have

lR_Op Req:

Wk

_ _1Rg
ItotaIReq =VaB = 3 =] IReq = Ro



6. Choosethecorrect option(s), ONE or morethan ONE option may be correct.

The moment of inertia of athin square plate ABCD, Fig., of uniform thickness about an axis passing through the
centre O and perpendicul ar to the plane of the plateis

n4 1
A B

>3

D C

z
where I4,1,,13andl, arerespectively the momentsof inertiaabout axis 1, 2, 3 and 4 which arein the plane of the
plate.

6. (ab,c) Tofindthemoment of inertiaof ABCD about an axis passing through the centre O and perpendicular to the
plane of the plate, we use perpendicul ar axistheorem. If we consider ABCD to beinthe X-Y planethenwe

know that
n4 1
A B
>3
D C

N)Y

\ gy =l +lyy

I, =l +1, ()

Also, |, =l3+1, ()
Adding (i) and (ii), 2I,, =1 +l,+I3+1,
But I; =1, and I3 =1, (by symmetry)

\ 21,z'= ]+ |+ b+ k=2l +2l5

P =l +l

7.  Choosethecorrect option(s), ONE or morethan ONE option may be correct.
Thetorquet onabody about agiven pointisfoundto be equal toA x L where Aisaconstant vector, andL isthe
angular momentum of the body about that point. From thisit follows that

dL

(a) o isperpendicular toL at all instants of time.

(b)  thecomponent of L inthe direction of A does not change with time.
(c)  themagnitude of L does not change with time.
(d) L doesnot changewithtime
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- _dL
t=—
(ab,c) ot

Giventhat t =A" L b

2|2
1
>|
(|

dL
From cross-product rule, o is always perpendicular to the plane containing A and [

By the dot product definition L.L = L2

—dl - dl d
Differentiating with respect to time o +L m =2L—
dt dt
o oodL . _dL_ _ .
Since E is perpendicular to LpP E =0P L=constant b a, b, ¢ gre correct option.

Choosethe correct option(s), ONE or morethan ONE option may be correct.
A solid cylinder isrolling down arough inclined plane of inclinationg. Then
(&) Thefriction forceisdissipative

(b)  Thefriction forceis necessarily changing

(c)  Thefriction force will aid rotation but hinder translation

(d)  Thefrictionforceisreducedif qisreduced

(c,d) Asshowninthefigure, thecomponent of weight Mgsing tendsto slidethe point of contact (of the cylinder
with inclined plane) along its direction. The sliding friction f acts in the opposite direction to oppose this
relative motion. Because of frictional forcethecylinder rolls. Thusfrictional force aidsrotation but hinders
translational motion.

Applying F,, = maaong the direction of inclined plane,
we get Mgsing- f =Ma,,

where a. = acceleration of center of mass of cylinder

\ f =Mgsing- Ma, ....(i)

sin sin 2 .
But 8 = —2 Iq =9 2 ==gsing .....(ii)
14 e . MR?/2 3
MR?2 MR?2
Mgsin
From (i) & (i), | =%

If q isreduced, frictional forceis reduced.
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10.

Match theitemsgivenin Column | with theitemsin Column I1. Anitem of Column | can match with morethan one
item from Column Il. Choosethe correct option from the SI X options given below :
Column | Column 11
(A) Solid sphere (P) Rotational Kinetic Energy £ (Trandationa Kinetic Energy)/2
(B) Hollow sphere (Q) Rotational Kinetic Energy > (Trandational Kinetic Energy)/2

2
(©) Circular disc (R) Moment of Inertiaabout diameter <

MR?
(D) Circular ring (S Moment of Inertia about diameter 3

mEOR® ® POR®Y® CEPOERY® o EER®

@ A-PR;B-Q,S;C-P,R;D-Q,S
A — P, R; Rotational Kinetic Energy (E,),= 40% of Translation Kinetic Energy (E),

About diameter : | = E;EEQM R?
ed5g

B—Q,S; (B), =66% of (E), ; About diameter : | :(?%QM R?
es3g
. MR?2
C—P,R; (E), =50% of (E),; About diameter: | = 4

MR?2

D—Q.S; (B),=(E), Aboutdiameter: | =

Match theitemsgivenin Column | with theitemsin Column I1. Anitem of Column | can match with morethan one
item from Column I1. Choosethe correct option from the SI X options given below :

Column | Column 11
(A) Orbital velocity of satellite (P) radius of orbit of the satellite
(B) escapevelocity (Q) radiusof earth
(C) Time period of satellite (R) gravitational constant

(D) Value of gravitational acceleration due to earth (S) density of theearth

APERE® ® PORY oPORE® oEOR®

(b) A-QiRls; B'Q,R,S; C'P, D'QnR;S
A-Q, R, S; orbital velocity of satellite

SoV, dependsuponG,R&r.

GM
B-Q, R, S; Escape velocity = /20R = 2? _

So Vo u Gr andR
C-P; (Time period of Satellitey? u (radius of orhit)?

D-Q,R, S, Vaueof g = or g depends upon G, R andr




11. Matchtheitemsgiven in Column | with theitermsin Column I1. Anitem of Column | can match with morethan
oneitem from Column |l. Choosethe correct option from the SI X options given below :

Column | Column |1
(A) A body ismoving with uniform velocity (P) Newton'sfirst law
(B) Thereisarecoil inthe gun when bullet isfired (Q) Newton’ssecondlaw
(C) Wefall downinamoving buswhen driver (R) Newton’sthird law

applies brake upwards
(D) When we throw aball upwards from amoving (S) Law of conservation of momentum
train, ball falls back into our hands

WwEOR® ® PERE® PR mEER®

11. (¢) A-P,S;B-R,Q,S;C-P,Q,S;D-P,Q,S
A -P, S; Asthe body continues to movein astate of uniform motion — First law. Asthe velocity do not
change so momentum is conserved.
B- Q,R,S; Onfring, the bullet moves forward and the gun moves backward (recoil) — Third law. Law
of conservation of momentum isvalid. l1Ind law is applicable as force is required to provide the motion.
C-P,Q, S; Aswetend to bein astate of motion when the brakes are applied — First law. Asthe driver
applies brakes, i.e. external force — hence I1nd law. Again the momentum is conserved.
D-P,Q,S; Astheball isininertiaso Ist law is applicable. The body requires gravitational force to come
back, so second law. Again the momentum is conserved.

12. Matchtheitemsgivenin Column | with theitemsin Column 1. Anitem of Column | can match with morethan one
item from Column I1. Choose the correct option from the SI X options given below :
Column | Column 11

m pl
(A)4)_/7\+ () BE2Z
| 0 | a

np pl

Q) B>4—pg

(R) Normal to the plane of paper down ward

(D) ‘? (S) Normal to the plane of paper upward
a

HwEOR® ® PER® PR oEER®Y
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@ A-P,S;B-Q,R;C-Q,R;D-P,S
A-P, S; Thereisno Field at O dueto the horizontal wires as they pass through O.

For the semi-circle, B = 4@p_l ; acting normal to the plane paper downwards
p a

B-Q, R ; For thecircle, B= 4@@ ; acting downwards
p a

. . . m 2| .
For the horizontal line at adistance of afrom O, B= 4—p; acting upwards

Total magnetic field= B = 4ﬂl[ 2p-2|= 4.284ml ; Normal to the plane paper downwards.
pa pa

C-Q, R; Magneticinduction at the point O dueto circular portion of the wire
B.= -3 p; directed upwards
4pa 2

Magnetic induction at O due to upper straight wire will be zero since it passes through O.
Magnetic induction at O dueto the lower infinite long straight wireis

_my . _ myi P,y
B, =—=[sinf, +sinf ,] =——[sin0+sSh=] = —.
2 4pa[ 1 2] 4pa[ 2] ; directed upwards

4pa

Net Magnetic fieldat 0= B = By=0 - 25 110 570 ™ | ards
4pa g I} 4pa

D-P, S; Magnetic field due to the straight portionsis 0. Magnetic field due to the semi-circular portions will
be in opposite directions because current passesin opposite directionsin them.

13. Read thefollowing passage and answer the THREE questionsthat follows (only ONE option correct) :

@)

A uniformdisc of massmand radius R is projected horizontal ly with velocity v ; on arough horizontal floor so that
it starts off with apurely sliding motion at t= 0. After t, seconds, it acquires a purely rolling motion as shown in
figure

Vs
~ Vo 3
, S
t=0 t=t

Assuming the coefficient of frictionto bem
Calculate the velocity of the center of mass of thediscat t,.
Myt
(@ noty (b) 2mgt, (c) 4nmgty @ =4
(b) Initially the motion is purely sliding motion.The sliding friction acts on the body in the opposite side of
motion to stop the relative motion of the point of contact.
f=pN=pmg
Dueto thisatorque will act on the disc and the disc starts to rotate

_fR_pmgR _ 2ug

1
I 2 R2

t=la=f"Rb a
R

t=0 t=t,

Let after timet, , the velocity of centre of mass be v. At thisinstant if the disc attains rolling motion then

-V v 2
v=Rw P W= AlsO w,=0a W=, t=tya =22

2
Using, W =Wp +at:%:0+?ng' toP v =2nut,



(i) Cdculatethevaue of thetimet,,.

(a % (b) V_n; (c) 3\;!% (d) Noneof these

(i) (c) Fortranslation motion

U=Vvy, V=V, a=F=- ny, t=tg

\ Using v=u+athP v=vg-not, ()
Using the value of v in (i),
3 2
V:vo-n’g'LD —V:VOD V:ﬂ
2ngy 2 3

\' Vo

Putting the value of v, int,, clculatedinQ. 1, o :E —%

(iii) Calculate the work done by the frictional force.

2 2 2
@ _% (b) -% © -TO (d) Noneof these

(i) (a) Work doneby frictional force = Kinetic energy at timet, —Kineticenergy att=0

1 1 1
==mv? +=1w?- —mvg
2 2

2
1 2ngt
But V =vg - ngtp, I=—mR2,W=at0= 0
2 R
. .2
1 2 lad 202Nytg 6 1 >  mnoty
W=—m[vg - +—c=MR* : - - =mhvg =——— -2
\ > [Vo - moto] 2$2 <R 5 2™ > [3mgto - 2vo]
e . < 2
mng eevg 6€. , &vy O u_ mvg
o, W=—=¢—=8mW ¢+ Vou=- —
2 &gs ~ &g g 6

When the body has attained rolling motion, the sliding friction will cease to exist. There will only be rolling
friction which isvery small.

14. Read thefollowing passage and answer the THREE questionsthat follows (only ONE option correct) :
A car accelerates from rest at a constant rate a for sometime, after which it decelerates at a constant rate b to

cometorest. If thetotal time elapsed ist,
(i)  Themaximum velocity acquired by the car is

abt a+hb 2 4+ p? a?- b2
(a) (b) ( )t (c) a” +b” (d) ——t
a+b ab ab ab
0 @ vhe ,_, nHeb
— 1 o o
A B C
u-o V=V

\
ForAtoB,V = at; or tl=g

vZ=u?+2as b S =V?/2a
ForBtoC,0= v- bt, or t,=V/b
0=V2.2bS, or S,=V2/2b

(a +b) o V = ab

t=ty +t, =V/a+V/b=V _(a+b)t




(i)

(i)

(iii)

(iii)

15.

Thedistancetravelled by the car is

@ laeab gtz (b) 1@+b%2
2ga +by 2& ab
2 29 2_ K29
(© L@ +07%2 g 1@ b2
2% ab 5 23 ab p
VZel 16 _.2(@+b) _ _(@b)? 2 (a+h)
) +S, =—(G—+—F=V = t
@ S+s 2 & b 2ab  (a+b)2  2ab

_ 1 ab 2 _ ab tz
" 2(a+h) 2(a +b)
Which of the following graphs would exactly describe the motion of the car.

s / s
(@ (b)
T
(c) i

S
(d)

-
(b) During thefirst part of motion the car accelerates at a constant rate a.

V2 232 {2 _
S = o= tl% :tlTa or Sut? (aparabolaopening upwards)

For the second part of motion, the car decelerates at a constant rate b.

-+ b isnegative so a parabola opening downwards.

Read the following passage and answer the THREE questionsthat follows (only ONE option correct) :

There are some important points regarding power dissipation in electrical circuits.

(a) Whenanumber of resistancesare connected in series, then the current through each resistanceisthe same. In
this case power dissipation through aresistanceis proportional to theresistance. Also potential drop across
aresistanceisproportional to theresistance. Thereforethe power dissipation will bemorefor higher resistance.

(b) Whenanumber of resistance are connected in parallel, then the potential difference acrosseach resistanceis
the same. In this case power dissipation through aresistanceisinversely proportional to the resistance and
current flowing through aresistance is also inversely proportional to the resistance. Therefore the power
dissipation will be more in smaller resistance.

(c) When anumber of bulbs of different wattages (designed for same voltage are connected in parallel acrossa
given source of voltage. the bulb with greater wattage will grow with maximum intensity and will allow more
current throughiit.

(d) When bulbs of same wattages (designed for same voltage) are connected in seriesand if morethan twicethe
rated voltage is applied then the bulb with least wattage will fuse off



(i) A 100W bulbB,, and two bulbs of 60 W B, and B, are connected to a250 V source, asshown infigure. Now W ,,
W, and W, are the output powers of the bulbs B,, B, and B, respectively. Then

Bj@ Bz@
D

250V

—
(& W W,=w, (b) W, SW,>W, (© W,<W,=W, (d) W,<W,<W,
V2
@ @ WeknowthaIR:?
v? v?2
R;=—,R,=—R,:
\ R 100 27 g N3
V2 VR, V2
MR, 27 R,
1 (R1+Ry) 2
250)% . (250)2 250)2
W3 Wy Wl::( ) : (20) 2R2. (250) 2R1
Rz (R1+Ry) (R1+R2)
(250)2 , 60 250% | v? (250)2V 2
v?2 61 107 ,4 60 g1 12 4
é—+_|:l 'e—+—l:| 100
€100 604 €100 604

601007 100” 60° 60, 100" 100° 60 60
" 16071607 60 160”160 100

64:25:15
\Alil ‘“2
Vi TV
_ VR _ VR,
'"Ri*R, 2 R +R,
RS
I —
—250—
V2 (250)2
W3:R :(R)
I3 3
|l
250V

(i)  Three60 W, 240V bulbs are connected across a 240 V mains as shown.

Mains

MAC)

Thetotal power dissipated in three bulbs
(@) 60w (b) 30W (c) 40W (d) 120W



V2 _ (240)°

(i) (c) Resistanceof each buIbR:T =960W
960" 960
i i it = 960 +—— " =1440 W
Total resistance in the circuit " 440
i the cirevit = 240 _1,
current in the circuit = 0 6

, 1.
\" Total power consumed = 127 1440 =§ 1440 = 40W

(iii) A heating coil islabelled 100 W, 220 V. The coil iscut in half and the two pieces are joined in parallel to the same
source. The energy now liberated per secondis
(& 253 (b) 50J (c) 200J (d) 400J
(i) (d) Theheatingcoil iscutintotwo partsand joined in parallel. Therefore the resistance of the coil isreduced to
one-fourth of the previous value. Therefore the energy liberated per second becomes 4 times (V2/R).



