INDIAN ASSOCIATION OF PHYSICS TEACHERS
NATIONAL STANDARD EXAMINATION IN PHYSICS 2009 - 2010
Date of Examination: 22nd November 2009

Time 09.30 to 11.30 Hrs.

Instructions to Candidates

1

In addition to this question paper, you are given answer sheet for part A and an
answer paper for part B.

On the answer sheet for part A, fill up all the entries carefully in the space provided,
ONLY IN BLOCK CAPITALS.

Incomplete / incorrect / carelessly filled information may disqualify your
candidature .

On part A answer sheet, use only BLUE or BLACK BALL PEN for making entries
and marking answers.

Part A has two parts. In Part A1 (Q. Nos. 1 to 40) each question has FOUR
alternatives, out of which only one is correct. Choose the correct alternative and
mark a cross (X) in the corresponding box on the answer sheet.

Forexample, |Q:Noj a | b | ¢ | d

22

Part A2 (Q. Nos. 41 to 50) has four alternatives in each question, but any number of
these (4, 3, 2, or 1) may be correct. You have to mark ALL correct alternatives and
mark a cross (X) for each, like

Q.No.| a b c d
44

For Part A1, each correct answer gets 3 marks; wrong answer gets a penalty of 1
mark. For Part A2 full marks are 6 for each question, you get them when ALL
correct answers only are marked.

Any rough work should be done only on the sheets provided with part B answer
paper.

Use of nonprogrammable calculator is allowed.

No candidate should leave the examination hall before the completion of the
examination.

After submitting your answerpapers, read the instructions regarding evaluation given
at the end of the question paper.

PLEASE DO NOT MAKE ANY MARK OTHER THAN (X) IN THE SPACE
PROVIDED ON THE ANSWER SHEET OF PART A.

Answer sheets for part A are evaluated with the help of a machine. Hence, CHANGE OF
ENTRY IS NOT ALLOWED.

Scratching or overwriting may result in wrong score.
DO NOT WRITE ANYTHING ON BACK SIDE OF PART A ANSWER SHEET.
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Total time: 120 minutes (A-1, A-2 & B)

PART A MARKS : 180
SUB-PART A — 1: ONLY ONE OUT OF FOUR OPTIONS IS CORRECT

SUB-PART A -1

1) The Schrodinger equation for a free electron of mass m and energy E written in

terms of the wavefunction y is Z(f/ + 8”};?71; w =0. The dimensions of the
X* :
coefficient of  in the second term must be
(a) [M' L]
(0) [L’)
(c) [L™]
(dM'L'T
. . . - mApa*
2) In an experiment to verify Poiseullie’s law [7 = G ] where the symbols have

their usual meanings, the maximum error that enters in calculating the coefficient of
viscosity 7 is due to measurement of

(a) pressure difference 4p.
(b) length of the tube /.
(¢) volume rate of flow V.
(d) radius of the tube a.

3) A uniform rope of length L and mass M partly lies on a horizontal table and partly
hangs from the edge of the table. If u is the coefficient of friction between the rope
and the surface of the table (neglecting the friction at the edge), the maximum fraction
of the length of the rope that overhangs from the edge of the table without sliding
down is

(@) L4
M

(b) £
H+1

©) 1-u

(d) —
M+




4) A thin uniform rod XY of length 2/ is hinged at one end X to the floor and stands
vertical. When allowed to fall, the angular speed with which the rod strikes the floor
is

ORRZA
OREA

© %/

S) A 60 cm metal rod M, is joined to another 100 cm metal rod M; to form an L
shaped single piece. This piece is hung on a peg at the joint. The two rods are
observed to be equally inclined to the vertical. If the two rods are equally thick, the
ratio of density of M to that of M; is

@) 5/3
(b)3/5
(c) 25/9
(d) 9/25

6) The string of a simple pendulum is replaced by a thin uniform rod of mass M and
length L. The mass of the bob is m. If it is allowed to oscillate with small amplitude,
the period of oscillation is

) 27 2(M +3m)L
3(M +2m)g
) 27 3M+2m)L
2(M +3m)g
M +2m)L
2 N T
(©) ”\} (M +3m)g
2(M +m)L
d) 27 |+
@ 2 S0 T 2m)e

7) Two stars each of mass m and radius R approach each other to collide head-on.
Initially the stars are at a distance r (>> R). Assuming their speeds to be negligible at
this distance of separation, the speed with which the stars collide is

(
(

a
b



2R r
©) Gm(% + %)
1 1

8) A nonviscous liquid of density p is filled in a tube with 4 as the area of cross
section, as shown in the figure. If the liquid is slightly depressed in one of the arms,
the liquid column oscillates with a frequency

61 6,

o, +6
Asin| —L—2
I [ 2 J

(@) 2z m

®) _L\/pgA(sinH, —siné,)
2 m

© L\/pgA(sinQ, +siné, )
2r m
| pgAsin[g—_z—szj

d) —

@ 2r m

9) A wax candle floats vertically in a liquid of density twice that of wax. The candle
burns at the rate of 4 cm / hr. Then, with respect to the surface of the liquid the upper
end of the candle will

(a) fall at the rate of 4 cm / hr.
(b) fall at the rate of 2 cm / hr.
(c) rise at the rate of 2 cm / hr.
(d) remain at the same height.



10) A mass hangs at the end of a massless spring and oscillates up and down at its
natural frequency f. If the spring is cut at the midpoint and the mass reattached at the
end, the frequency of oscillation is

(@) V2 f
(b) 2f
©) f/2
) /2

11) The density of a solid at normal pressure is p . When the solid is subjected to an
excess pressure p, the density changes to p’ . If the bulk modulus of the solid is %, then

the ratio I is

p

P
(a)1+k

(b)1+£
p

y4
© p+k

k
p+k

(d)

12) A metal ball By (density 3.2 g/ cc) is dropped in water, while another metal ball
B3 (density 6.0 g / cc) is dropped in a liquid of density 1.6 g/ cc. If both the balls have
the same diameter and attain the same terminal velocity, the ratio of viscosity of water
to that of the liquid is

(a)2.0
(b) 0.5
(c)4.0
(d) indeterminate due to insufficient data.

13) A thin copper rod rotates about an axis passing through its end and perpendicular
to its length with an angular speed w,. The temperature of the copper rod is increased
by 100° C. If the coefficient of linear expansion of copper is 2 x 10 ° / ° C, the
percentage change in the angular speed of the rod is

@) -2 %
(b) —4 %

() —0.2 %
(d) - 0.4 %



14) The internal energy of one gram of helium at 100 K and one atmospheric pressure
is

(a) 100 J.
(b) 1200 J.
(c) 300 J.
(d) 500 J.

15) Volume of a monatomic gas varies with its temperature as shown. The ratio of
work done by the gas to the heat absorbed by it when it undergoes a process from A to

B is v A
B
A
° >T
(a)2/3.
(by2/5.
(c)2/7.
(d)y1/3.

16) A small glass bead of mass m initially at rest starts from a point at height # above
the horizontal and rolls down the inclined plane AB as shown. Then it rises along the
inclined plane BC. Assuming no loss of energy, the time period of oscillation of the
glass bead is

C
A

91 e?.

(a) \/’_(smﬁ +5sin6,)
g
(b) 2 /l4h( Lo, j
sin@, sind,
© \/7(sm0 sin 6, J
1 1
@ \/Sg(smé?, +sm¢92j




17) Water at 20°C (coefficient of viscosity = 0.01 poise) flowing in a tube of diameter
I cm with an average velocity of 10 cm / s has the Reynold number

(a) 500.

(b) 1000.

(c) 2000.

(d) indeterminate due to insufficient data.

18) A billiard ball is hit by a cue at a point distance / above the centre. It acquires a
linear velocity v, . Let m be the mass and r be the radius of the ball. The angular

velocity acquired by the ball is

Sv,h
2
2v,h
3r?

2v,h
5r2

@ 2v(2)h

7

(a)

(b)

(©)

19) Two pipes are each 50 cm in length. One of them is closed at one end while the
other is open at both ends. The speed of sound in air is 340 m / s. The frequency at
which both the pipes can resonate is

(a) 680 Hz.

(b) 510 Hz.

(c) 85 Hz.

(d) none of the above.

20) The work involved in breaking a bigger size spherical oil drop into » smaller size
identical droplets is proportional to

(@) Yn? -1
(b) ¥n

) ¥n-1
() ¥n-1

21) A train moving towards a hill at a speed of 72 km / hr sounds a whistle of
frequency 500 Hz. A wind is blowing from the hill at a speed of 36 km / hr. If the
speed of sound in air is 340 m / s, the frequency heard by a man on the hill is

(a) 532 .5 Hz.
(b) 565.0 Hz.
(c) 516.5 Hz.
(d) none of the above.



22) A convex lens forms a real image with magnification m; on a screen. Now, the
screen is moved by a distance x and the object is also moved so as to obtain a real
image with magnification m; on the screen. Then, the focal length of the lens is

n,
m,

(©) x{m, —m,)
X

(d) m—m)

mZ_mI)

23) Two metal wires of identical dimensions are connected in series. If o, and o, are
the conductivities of the metals respectively, the effective conductivity of the

combination is
(@ o + o,
o +o
(b) 72
2

(¢c) o0,

) 20,0,
o, +0,

24) An alternating supply of 220 volt is applied across a circuit with resistance 22
ohm and impedance of 44 ohm. The power dissipated in the circuit is

(a) 1100 watt.

(b) 550 watt.

(c) 2200 watt.

(d) (2200 / 3) watt

25) If T denotes the temperature of the gas, the volume thermal coefficient of
expansion of an ideal gas at constant pressure is

(a) T.

CF

(c) T?

@ o

26) A coil having N turns is wound in the form of a spiral with inner radius a and

outer radius b respectively. When a current / passes through the coil, the magnetic
field at the centre is
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INSTRUCTIONS TO CANDIDATES:

1.

The answers / solutions of this question paper will be available on our website -

www .iapt.or g.in by 27 th November 2009.

EVALUATION PROCEDURE (NSEP):

2.

4.

Part 'A' Answers of ALL the candidates are examined .

Part B is evaluated of only those students who get marks above a certain "cut off"
marks in Part A. (e.g. NSEP Total marks for Part A are 180. Students getting (say)
100 or more than 100 marks in Part A are identified and their Part B is evaluated.
Thus "cut off" marks are 100 in this example.)

PART B IS NOT EVALUATED OF ALL THE CANDIDATES.

CERTIFICATES & AWARDS

Following certificates are awarded by the I.A.P.T. to students successful in NSEP.
i) Certificate for "Centre Top 10%" students on the basis of marks in part A only.
i) Merit certificates to statewise Top 1% students on the basis of (A+B) marks.

iii) Merit certificate and a prize in the form of a book to Nationwise Top 1% students
based on (A+B) marks.

Result sheets and the "centre top 10%" certificates of NSEP are dispatched to
the Professor in charge of the centre. Thus you will get your marks from the Professor

in charge of your centre by January 2010 end.

TOP 300 (or so) students are called for the next examination -Indian National Physics
Olympiads (INPhO). Individual letters are sent to these students ONLY.

Gold medals will be awarded to TOP 35 students in this entire process.

No queries will be entertained in this regard.
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