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INSTRUCTIONS:
Read the following passage (A) to (F) and answer the
multiple choice questions based on each passage.

Passage (A)

The speed of light depends on
the medium through which it
travelsand trendsto be slower g
in denser media. In avacuum, i
it travels at the famous speed L) (Ve s i‘

sl rem 2 e

c = 3 x 10 m/s, but in the = B
earth’s atmosphere it travels e NS
slightly slower than that, and in glass slower still (about
two-thirds as fast). Fermat’s principle in optics states that
light travels from one point to another along the quickest
route. This observation enables us to predict the path light
will takewhenit travelsfrom apoint in one medium (air, say)
to apoint in another medium (say, glass or water).
Let usfind the path that a ray of light will follow in going
from apoint A in a medium where the speed of light is cl
across a straight boundary to point B in a medium where
the speed of light is c,.
Solution: Sincelight travelling from A and B will do so by
the quickest route, we look for a path that will minimize the
travel time. Assume that A and B lie in the xy-plane and
that the line separating the two media is the x-axis. In a
uniform medium, were the speed of light remains constant,
‘shortest time’ means consist of aline segment from A to a
boundary point P, followed by another line segment from P
to B. From the formula distance equal rate timestime. We
distance
rate
from A and Pistherefore.

{ = AP _Va’+ X
l_Cl - C1 .

FromP and B thetimeis t, =

have time = . The time required for light to travel

_Vb? + (d—x)?

2 C
Thetimefrom A and B isthe sum of these
_val + x? vb? + (d—x)?
= Cl + Cz
Equation expresses t as a differentiable function of x
whose domainis [0, d], and we want to find the absolute
minimum value of t on thisclosed interval. We find

dt _ X (d—x)

B

t=1 +

dx cva? + x2 c,Vb? + (d—x)?
Interms of theangle 6, and 6, infigure,
dt _ sin6, siné6,
& © T T T

We can see from the equation dt/dx < 0 at x=0 and dt/
dx > 0 at x = d. Hencedt/dx = 0 at some point X, in

between. Thereis only one such point because dt/dx isan

_ ) _ i . sin@, sin6,
increasing function of x. Atthispoint, =— = —
1

The equation is Snell’slaw or the law of refraction.

2

1

From format's principle, we can show that

(a) angle of incident is not equal to angleof reflection

(b) incident ray, reflected ray & normal to the reflectory
surface lie in the same plane

(c) light is awave phenomenon

(d) no change in wavelength takes place in reflection

In case of refraction, which we can’t prove by using for-

mulaprinciple

(a) ratio of sine of angle of incident to sin of angle of re-
fraction remain a constant and independent of angle of
incident

(b) light travelsfaster in raser medium

(c) refractive index of a substance does not depend upon
wavelength

(d) incident ray, refracted ray and normal to the refractory

surface remain in same plan.
. c n sin@
Formet’s principle show that =- = L = —1
C, n, sing,
particular ray or n sin® = constant. Keeping thisin mind
what will be the path followed by aray which istravelling

through amedium in xy plane and whose refractiveindex is

for a

given by \/1 + = for y> 0. At acertain moment it passes

through P (50, 25) making an angle of 225° with thex-axisin
anticlockwise direction. Then the path traced by the ray
will bea

(a) ellipse (b) straight line

(c) parabola (d) cycloid

Choose the correct statement in context of question no: 3
(a) ray will cross x-axistwo points

(b) ray will only touch x-axisat origin

(c) ray will cross x-axis at only one point

(d) ray will right touch nor cross x-axis

X-axis refractive index can't be expressed by \/1 + gyf

otherwise certain fundamental behaviour of nature will be
violated

(a) light has both particle nature and wavelength

(b) frequency of light does not change in refraction

(c) speed of light is maximum in vacuum

(d) whenlight isrefracted from denser to lighter medium no
phase shift take place.

In question number 3, if at P (50, 25) the ray is rotated by
90° in anticlockwise direction, then new path followed by
the ray will be a curve which can be found by shifting the
earlier curve by

(a) 100 unit of theright
(c) 25 unitsto theright

(b) 50 units of the right
(d) 50 unitsto the left
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Passage (B)

The acceleration of abody undergoing circular motion with
constant speed is entirely radial, directed inward toward
the center of rotation. Itisgivenby a, = =V¥r = —rw
Thus, the force producing this acceleration must be given
by F, = ma, = —mv3r = —mrw? and Fy,q,=0. A simple
physical example is a car rounding a curve on a flat
(unbanked) road, with the frictional force between thetires
and theroad providing F,. The maximum valuethefrictional
force can have before breaking away is (W)sN = (1)gmg.
Note that it is the static coefficient of friction which is ap-
propriate here. Thewheelsarerolling in the theta-direction
and stationary (instantaneously) in the r-direction. So the
Newton's Second Law equationis F, = —(U)smg = —mv/r,
or (W)sg = v4/r. The equation defines the maximum velocity at
a given radius or the minimum radius at a given velocity
that the car can have and still negotiate the curve without
skidding. On a banked road, F, can be provided by the
component of the normal force exerted on the car by the
road intheradial direction. [Remember that the r-axis points
away from the center of rotation, not up the bank]. Note
that the result (without friction) defines the only value of
v2/r for agiven value of the banking angle that the car can
have without sliding up or down the bank. For acceleration
speed on circular path, note that acceleration will be

V22 . .
\/[TJ + ar? were ar israteof chargein speed.

2
Vectorially VT component of acceleration is perpendicu-

lar to a;.

In the passage, what is 0 direction ?
(a) parallel to r direction (b) parallel tovertical line
(c) tangent to circular path (d) none of these

On perfectly smooth and curved road a car is running at a

constant speed of V. Radius of the curved portion of the

roadissay r. Then

(a) road must inclined up towards the centre with angle of
inclination tan™

(b) road must incline up towards the centre with angle of
inclination tan v/rg

(c) road must incline down towardsthe centre of the curved
portion with angle of inclination tan-v?/rg

(d) none of these

A car isrunning on arough horizontal curved road whose
radius of curvatureis r for theinner sideand R for the
outer side. Car is in the middle lane running at maximum
possible speed in the lane. Air resistance and necessary
centripetal force both are negotiated by the friction present
between the car and the road. Then what the car can’t do ?
(a) todecreaseits speed aslong asit remainsin the sameline
(b) to stop as long it is the on the circular path

(c) istogointoinner lane (d) all these are wrong

A bike is moving with speed 10 m/s on a curved road. Air
drag is opposing his motion and is roughly a constant at
300 N. Bike can keep going at this speed in a horizontal
circular path whose radius must not be lessthan 25 m. After
negotiating the curve it comes to straight road with other
conditions same.

11

If brakes are applied to the maximum, in how much time
should it come to rest (mass of the bike being 100 kg)

@ 2s (b) 1:5s (c) 1:25s (d) 1.05s
Essence of circular motion isthat if abody is moving on a
curvilinear path it can have two components of accelera-
tion. Along the motion, is a; and perpendicular to motion
is VZR. Soif abody is moving on a curvey = 10 sin TiX
with constant speed, the point nearest to the origin which
has greatest acceleration will have the co-ordinates as

(a (10,1/2) (b) (20,2)
(o) (1/2,10) (d) (1,10)
Passage (C):

Pappus's Theorem for Volumes (Theorem 1)

If a plane region is revolved

once about alineintheplane * —
that does not cut through the
region’sinterior, then thevol-

ume of the solid it generatesis

equal totheregion;sareatimes 1

the distance travelled by the [ e B i e i i)
region’s centroid during the 7w sl e s that iis
revolution. If p isthedistance [ i o B e e
from the axis of revolutionto e
the centroid, thenV = 2mpA. 777
We draw the axis of revolution
asthe x-axiswith theregion R in thefirst quadrant. Welet L
(y) denote the length of the cross section of R perpendicu-
lar to the y-axis at y. We assue L (y) to be continuous. By
the method of cylindrical shells, the volume of the solid
generated by revolving the region about the x-axisis

d
vV = J 21t (shell radius) (shell height) dy

They-co-ordinate of R’scentroidis

d d
y = L )%A _ L y;(y)dy

d
Sothat, [ yL(y)dy = Ay

Substituting Ay for the last integral in equation 1 gives
V- 2myA. With p equal to 'y, wehave V = 2mpA.

Pappus's Theorem for the Surface Areas (Theorem 2)

If an arc of a smooth plane curve is revolved once about a
linein the plane that does not cut through the arc’s interior,
then the area of the surface generated by the arc equals the
length of the arc times the distance travelled by the arc’s
centroid during therevolution. If p isthedistance from the
axis of revolution to the centroid then S= 2rtplL.

IIT-JEE’'06: (PHYSICS)



TOCAB Classes

12.

13.

14.

15.

16.

In theorem 1, axis or line about which plan isto be rotated

has to be

(a) anywhere in the plane of the region

(b) anywhere perpendicular to the plane of the region

(c) anywhere in the plane of the region but it must not cut
the region

(d) anyway inclined to the plane of the region

In theorem 2, choose the correct option

(@) the arc must be a smooth curve

(b) theline about which the arc isrevolved hasto bein the
plane of the arc.

(c) arc must be revolved only once

(d) all the above are correct

A line segment of length | islyinginthe x-y plane with one
end at the origin and making an angle of 8 with x-axis. Itis
rotated about x = —a by one complete revolution. What will
be the area of the surface generated by the line

(@ (2mal + Td2cos 6) (b) @l + Tg—z cos 8

(c) 2mal + 2m2cos O (d) none of these

Usetheorem 1 to find the distance of centroid of semicircle
of radius a from the base. We know that if semicircle is
rotated about base of one completerevolutionit will gener-
ate aspherewhose volumeis 4/3 a3. Distance of centroid
from the base will be

@ 3a  (b) 43—na © %a (d)s%a

4
The area of the region R enclosed byn the semiellipse
y = b/ava? — x? andthex-axisis 1/2 mab and the volume
of the ellipsoid generated by revolving R about the x-axis
is 4/3 ab?. What are the co-ordinate of the centroid of the
region

@ 320 ® 0z © o2 @ ol
Passage (D)

Consider yourself hold-

ing one end of a string,
the other end being, held
tightly by another person

so that the string does  ,,
not sag. If you move the

end of the string up and
down a few times then a
disturbance is created which propagates towards the other
end of the string. Thus, if we take a snapshot of the string
at t=0, and at adlightly later time At, then the snapshot
will roughly look like the ones shown in figurea and b. The
figures show that the disturbances have identical shapes
except for the fact that oneis displaced from the other by a
distance VvAt, where v represents the speed of the distur-
bance. Such a propagation of a disturbance without its
change in form is characteristic of awave.

17.

18.

19.

20.

21

22.

Referring back to figure a and b, we note that the shape of
the string at the instant At issimilar toitsshapeat t =0,
except for the fact that the whole disturbance has travelled
through a certain distance. If v represents the speed of the
wave then its distance is simply vAt. Consequently, if the
equation describing the rope at implies a shift of the origin
by adistance vt. Similarly, for adisturbance propagating in
the—xdirection, if the equation describing theropeat t =0
isy (X) then at alater instant t the equation of the curve
would be y (x + vt).

Equation of displacement of particleson x-axis due propa-
gation of wave along positive x-axis with wave speed v be
y=5sin (Tx) at t = 0. Then, the particle whose displacement
is 5/2 isataminimum distanceof .............. fromtheorigin.
@ 1 (b) 1/2 (c) 16 (d) none

If v = 100then at any timet, displacement y will begiven
by

(@ y = 5sin(x—100) (b) y = 5sin (Tx—100t)

(c) y =5sin(x — 100mt) (d) y =5sin(1x + 1007t)
Particle P (4, 0) will execute SHM with natural frequency,
initial phase and amplitude as

(a) 100, zero, 5 respectively (b) 50, zero, 5 respectively
(c) 200, zero, 5 respectively (d) 50, 1, 5 respectively
Consider apulse propagating in negative and direction with
wave speed V. Shape of the displacement pulseat t=t; is

givenby y = az+)2(_)(0)2.What isthe shape of the pulse
at alater time t.
@y = ; X 2
a+ (X=x)*+ v(t-t)
- b?
by = &+ [x=x,+ v(t =t)]?
— b2
@Y = i+ va- o
b2
dy =

a + [x + vt —x)]?

In question 17, particle at origin will be displaced to the
maximum at atime.

(8 22

X — vt
0 0
(© 2

X, + vt
(b) 2—2

(d) none of these

In question 17, maximum displacement of any point will be
(@) bla (b) b¥a? (c) b? (d) none

Passage (E)

B-Particle: These are high energy electrons emitted by cer-
tain types of radioactive nuclei such as potassium-40. The
beta particles emitted are aform of ionizing radiation also
known as beta rays. The production of beta particles is
termed beta decay. They are designated by the Greek | etter
beta (B). There are two forms of beta decay, ~ and 3+,
which respectively giveriseto the electron and the positron.

IIT-JEE’'06: (PHYSICS)
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[~ Decay (electron):
Unstable atomic nuclei with an excess of neutrons may un-
dergo b— decay, where aneutron is converted into aproton,
an electron and an electron-type antineutrino (the antipar-
ticle of the neutrino):

n - p+e+ v
The electron and the antineutrino are emitted from the
nucleus.
B+ Decay (positron):
Unstable nuclei that are deficient in neutrons may undergo
b+ decay, where a proton is converted into a neutron. The
proton consists of two up quarks and a down quark, one of
the proton’s up quarks decays to a down quark, doing so, it
will emita W particle, which isunstable and decays further
into a positron, and an electron neutrino:

Pp - n+e+y
The positron and the neutrino are emitted from the nucleus
p(uud) - n(udd) + W* - e* + v,

The neutrino and conservation of energy:

Due to the presence of the neutrino, the atom and the beta
particle do not usually recoil in opposite directions. This
observation led Wolfgang Pauli to postulate the existence
of neutrinos in order to prevent violation of conservation
of energy and momentum laws. Beta decay is mediated by
the weak nuclear force. Beta particles may be stopped by a
few mil (1/2000in.) of aluminium. A beta particle’sflightis
ten timesfarther than an alpha particle, although it ionizesa
tenth less than an alpha particle.

Choose the wrong statement

(a) B particles are charged particles with mass

(b) B particles can have both positive and negative charge
(c) energy of B-particles are equal to these of neutrons
(d) protons and neutrons both are unstable particles

A particle x isdesignated as x (uud) thenitisa
(a) neutron (b) neutrino

(c) proton (d) none of these
During decay of W* which does not remain conserved
(a) mass (b) total energy

(c) total charge

For a nucleus which is neither deficient in protons nor in

neutrons will not undergo any evident beta decay. But via

weak nuclear forces neutrons get converted into protons

and protons into neutrons. This implies that

(@) e and e" must annihilate each other

(b) Ve and v must annihilate each other

(c) if e ande* annihilation if emits energy then Ve and ve
annihilation must absorb energy

(d) optionsa and b are correct

(d) linier momentum

Passage (F)

A travelling harmonic waveisadisturbancein any physical
quantity of theformf (x,t) = f . cos(kx — wt + @) or

number.

27.

In one sense a travelling harmonic wave is just a string of
harmonic oscillators with position dependent phase. You
can show this easily by writing cos [k (x, + X) — wt + q]
= cos[kx, — wt + @(X)], where @(x) = @+ kx. Sothe
‘oscillator’ at x, + x isthesame asthe‘oscillator’ at x,, but
with kx added to its phase. The rate of change of phase of
the oscillators with distance along the x-axis is just
(d/dx) @ (x) = k. Aswith aharmonic oscillator, the temporal
period of the oscillator at afixed point in spaceis given by
217w. But the wave is also periodic in space at fixed time
with aperiod, called thewavelength, of (2m)/k. Therelation
between the maximum values of the function and its time
derivatives (for fixed x) are the same as for a harmonic
oscillator, for fixed X, (df/dt)max = Wimax and (d,f/dt?) max
= w (df/dt)max = W2 f o It isimportant to realize that what
istravelling (propagating) in atravelling wave isthe value
of the quantity being represented by the wave. As time
progresses, every value of the function moves down the x-
axis with constant velocity. The entire wave movew as a
unit. If every value travels a distance dx in an amount of
time dt, we must have f (x + dx, t+ dt) = f (x, t), or cos
[K(x + dx) —w(t + dt) + ¢], forall valuesof t and x. The
only way this can be true is if the arguments of the cos
functions at the two times and places are the same: k(x + dx)
—w(t + dt) + @ = kx —wt + @. Collecting termswe have
that the speed with which any value of the wave moves
along the x-axisisgivenby dx/dt = w/k = vp, where v, is
called the phase velocity or velocity of propagation of the
wave. Thisresult for the phase vel ocity of atravelling wave
ispurely kinematical, a property which any physical quan-
tity undergoing ‘harmonic travelling wave motion’ must
have. The value of the phase velocity of areal, physical
wave depends on the Physics of the process. We have so
far dealt with harmonic waves in the one dimension, but it
will be useful to generalize this to three dimensions by de-
fining avector k. If wewritethe position vector as r = rpy
+ T perps where rpg isthe component of r parallel tok, and
M perp isthe component of r perpendicular to k, we see that
kr = krIoer has the same value at any point on the plane
perpendicular to k which contains the point at r. We will
writethewaveas f = f ;5 cos(k.r. — wt + @) and not that
the argument and therefore, the value of the function (for
fixed t) isthe same as every point on the plane. Such awave
istherefore called aplane, travelling, harmonic wave propa-
gating inthe direction of k. Inthe same way, it will also be
useful to define spherical and cylindrical waves in three
dimensions, although the mathematics is somewhat more
complicated. The meaning, however, issimilar. Inacylindri-
cal wave, all points on the surface of a cylinder at a fixed
time have the same value of the wave. In a spherical wave,
all pointson the surface of asphere at afixed time have the
same value of the wave.

Two point separated by a distance x along x-axis while a
plane wave is propagating along y-axiswill have phase dif-
ferent of

f max SiN (kx — wt + @). The quantity w is the angular @ 2?11 X (b) 2711
frequency or the wave, which we have just encountered in
harmonic oscillators. The quantity k is called the wave (€) kx (d) zero
IIT-JEE’06: (PHYSICS)
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28.

29.

3L

32

Spatial period of awaveiscalled
(8) wave number (b) wave length
(c) timeperiod (d) none of these

Ratio of maximum particle speed and pahse velocity will be
if maximum displacement be 5 cm, and wave be
defined in particlevelocity V = 5sin (5x — wt). Where all
the quantities in this equation are in S.l unitsand w is
unknown which isto be determined from other data.

@ 1:4 (b) 4:1 (c)5:1 (d 1:5

A plane wave is travelling in space such that each and ev-
ery point on the plane x +y + z = V3 has same phase.
Displacement amplitude of the waveis 2 cm, wavelength of
the @ wave is2 cm, wave length of the @ waveis 6 m
whileitsangular frequency w is 1001t At t = O, displace-
ment the point at the origin is 2 cm. Then what is the dis-
placement of the particleat P(0,3V3,0) attime t = 5s is
(@ 1cm (b) v3cm  (c) zero  (d) 1/2cm

Question No: 31 to 60 are multiple choice questions.
Choose the correct alternativel/s in each

The amplitude of a wave disturbance propagating in the

positive x-directionisgivenby y = o0 attimet =0
- 1 -
andby y = Tr 1y D) at t= 2 seconds, where x and y

are in meters. The shape of the wave disturbance doesn’t
change during the propagation. The velocity of the wave,
inm/s.

(& 1.0 (b) 0.5 (c) 0.8
Two parallel light raysareinci-

dent at one surface of aprism — @ K
of refractiveindex 1.5 (seefig-

ure). What isthe angle between ~—————
the rays as they emerge ?

(8 19° (b) 30° (c) 37° (d) 45°

Two pipes (both closed at one end), when set into vibra-
tions produce 6 beats per second. |, and |, denote there
lengths respectively. On changing the length of one of them
it was seen that the beat freqeuency increases. If |, > |,
initially then it may be said that

(@ |, wasincreased (b) I, wasincreased

(c) |, was decreased (d) none of these

The power convex lens placed in con-

tact with a plane mirror as shown in L

the figure is P. If the space between

the mirror and the lensisfilled with water, the power of the
new combination now formed will be

(&) morethan P (b) lessthan P

(c) P (d) may be any of the above

White light is used to illuminate the two slits in Young's
double slit experiment. The separation between the slitsis
b andthescreenisat adistance D fromtheslits. At apoint
on the screen directly in front of one of the dlits, the
wavelength(s) which will exhibit maximais (are)

(a) d¥2D (b) d¥D

(c) 2d%D (d) none of these

(d) 1.5

37.

39.

41,

42,

. | A tuning fork whose frequency is given by a manufacture

as 480 Hz. is being tested with an accurate oscillator. It is
found that the fork produces a beat frequency of 4 Hz
when the oscillator reads 480 Hz, but produces a beat of 6
Hz when the oscillator reads 478 Hz. When the oscillator
reads 482 Hz, the beat frequency will be

(@) 2Hz (b) OHz (c) 6Hz (d) 8Hz
A wall hastwo layers A and

B, each made of different ma- 4 / B
terials. The thickness of both . ]

the layers is the same. The
thermal conductivity of A, K, = 3 Kg. The temperature
acrossthewallsis 20° C inthermal equilibrium

(a) thetemperature difference across A = 15° C

(b) rate of heat transfer across A is more than across B
(c) rate of heat transfer across both is same

(d) none of these

The energy radiated per second by a spherical black body
will be doubled if its

(a) radiusisincreased by nearly 41.5%

(b) radius is doubled

(c) temperature (T) isincreased by nearly 41.5%

(d) none of these

Steam at 100°C ispassedinto 1.1 kg of water containedin
acolorimeter of water equivalent 0.02 kg at 15° C till the
temperature of the calorimeter and its contentsrisesto 80°
C. The mass of the steam condensed in kilogram is

(a) 0.130 (b) 0.065 (c) 0.0260  (d) 0.135

I'n an adiabatic compression process performed on a2 mole
of monoatomic gas, the percentage change in volume is
0.1%. The percentage change in temperature for this pro-
cess is

(a) 0.66 (b) 0.44  (c) 0.88 (d) 0.22

The meter is defined as 1, 650, 763.73 wavelengths of the
orange light emitted by alight source, containing Krypton-
86 atoms. The corresponding photon energy of thisradiation
() 1.80eV (b) 25eV (c) 1.99eV (d) none

A photocell is operable with visible light. There are four
different metallic surfaces with the following work function
metal given in the options. Which of the metal can do this
whose work functions are

(@) 4.2eV (b) 45eVv  (c) 25eV (d) none

Which level of the 5 5 0 |
doubly ionized lithium ;
(Li*Y) has the same
energy as the ground
state of hydrogen ?

@1 (b) 2 (c) 3 (d) 4

In the circuit shown, if the point B is grounded, the poten-
tial at the point D will be................ volt

(& —-44VvV  (b) =24V  (c) —-40V (d) +20V

A wheel with 10 metallic spokes each 0.5 m long is rotated
at a speed of 120 rev/min in a plane normal to the earth’s
magnetic field. If the magnitude of the field at the placeis
0.4 x 10T, theinduced emf between the axle and the rim of
the wheel is

(a) 6.28x10°V
(c) mx10°V

(b) 4.56% 105V
(d) TW2x 102V s

IIT-JEE’'06: (PHYSICS)
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A d.c. voltage of 10 V is swithched on to a coil whose
inductanceis L =0.5H andwhichisin serieswith aresis-
tance of 10Q. The voltage across the inductor is propor-
tional to

(@ g5t (b) 20t (c) et (d) 15t

A charge Q isplaced at one of the corners of acube. The
electric flux through the shaded face of the cubeis

@ 2280 (b) %%
Q Q
© Zge, @ ¢,

The mean free path of amolecule of diameter ‘d’ isgiven by
=31 , where n, isthe number of molecules per unit

AV2d?n, 0

volume. Then

(&) mean free path will increase on increasing the tempera-
ture

(b) mean free path decreases on increase of temperature

(c) mean free path doesn’t depend in pressure and tem-
perature

(d) none of these

A rectangular loop carrying a .

current i issituated near along

straight wire such that the wire

is parallel to one of the sides of -+

the loop and isin the plane of the loop. If a steady current

| isestablished in the wire as shown in the figure, the loop

will

(a) rotate about an axis parallel to the wire

(b) move away from the wire

(c) movetowardsthewire (d) remain stationary

Two bulbs of equal wattage, one having carbon filament
and other having a tungsten filement, are connected in se-
riesto the mains. After sometimes

(a) both bulbs glow equally

(b) carbon filament bulb glows more

(c) tungsten filament bulb glows more

(d) none of these

A particleof mass m isprojected withavelocity v making
an angle of 45° with the horizontal. The magnitude of the
angular momentum of the projectile about the point of pro-
jection when the particleisat its maximum height h is

(a) zero (b) mVv3/ (4v2g)
© r\r;\; (d) mV V2 gh?
9

A resistor lengthisin the shape of atruncated right circular
cone. Theendradii are r, and r, (r, > r,) andthelength
is I. If the taper is small, then the resistance between the
plane faces of this resistor is

(@ XL () KL
T[rl T[r2
KTtr,r
(©) (d) ——al2
T[rer I

53.

57.

59.

A stone of mass m, tried to the end of a string, is whirled
around in ahorizontal circle. (Neglect theforce dueto grav-
ity). The length of the string is reduced gradually keeping
the angular momentum of the stone about the centre of the
circle constant. Then the tension in the string is given by
T=Ar", where A isconstant, r istheinstantaneous radius
of the circle, then thevalue of n is

@ 2 (b) -1 (c) -3 (d) -4

A cylinder of mass M andradius R isrestingin ahorizon-
tal platform (which isparallel to the x-y plane) withitsaxis
fixed along the y-axis and free to rotate about the axis. The
platform is given a motion in the x-direction given by
X = A coswt. Thereisno slipping between the cylinder and
the platform. The maximum torque acting on the cylinder
during itsmotion is

(@ 1/2MRA ? (b) 32MRA ?

(c) 5/2MRA ? (d) MRA «?

A satellite moves around the earth in a circular orbit of
radius r with speed v. If mass of the satelliteis m, itstotal
energy is

(8 1/2mv? (b) —1/2 mv?

(c) 5/2mv? (d) none of these

A mass suspended from a massless spring stretchesit by a
distance x. The time period of oscillation of the spring is
proportional to

(@ vx (b) 1/Vx (©) x (d) x¥

A massive circular loop of radius r oscillatesin its own
plane about a horizontal axes at a distance x above the
centre of the loop. The period of oscillation is minimum
when x equals

@r (b) r/2 (c) r/3 (d) zero

A uniformrod AB of mass m andlength | isat restona
smooth horizontal surface. Animpulse P isappliedto the
end B. The time taken by the rod to turn through right
angleis

(@ 2n’ (b) 2m =
CRE () TE

The maximum power delivered by aforcein SH.M (x=A sin
wt) isat

@ x = A/2 (b) x = AIV2

(c) x = 314A (d)x=0

Two equal negative charges —q arefixed at the points (0, a)
and (0, —a) on the y-axis. A positive charge Q isreleased
from rest at the point (2a, 0) on thex-axis. The charge Q will
(a) execute SHM about the origin

(b) moveto the origin and remain at rest

(c) movetoinfinity

(d) oscillate out not simple harmonically
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