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Instructions:

« Answer all the questions.

¢ Write your index number in the space provided in the answer sheet.

« Read the instructions given in the answer sheet carefully. ;

* In each of the questions | to 50, pick one of the alternatives from (1), (2), (3), (4), (5) which is correct |
or most appropriate and mark your response on the answer sheet with a cross (x) in accordance with the !
instructions in the answer sheet.

|

" Physics - |

g=10ms?

1. Among the sets of physical quantities given below, which choice below shows a vector quantity and a
scalar quantity?
(1) Work, Power (2) Electric field intensity, Electrical potential,
(3) Angular momentum, Linear momentum (4) Tensile stress, Strain
(5) Intensity of sound, Intensity level of sound

2. What is the unnecessary characteristic property of the liquid which is used in liquid in glass thermometer?

(1) High boiling point (2) High expansivity
(3) Low specific heat capacity : (4) Not wetting glass
(5) High density A

3. The critical angle of ABC isosceles glass prism is 42°. The total deviation of the ray :
of light incident right angles to the face AB, is, :
(1 0° (2) 45° (3) 90° > | :
(4) 135° (5) 180° | cl

4. The focal lengths of the lenses used in an astronomical telescope are 50 cm and 5 cm. Consider the

following statements. .
A. The lens of focal length 50 cm should be used as the objective. '

B. When the lelesoopc is at normal adjustment, the angular magnification is 10.
C. The final image is inverted.

Of the above statements,
(1) only A is true. (2) only A and B are true (3) only A and C are true

(4) only B and C are true. (5) all A, B and C are true

5. Ifthe dimension of electric current, is I, the dimension of magnetic flux density is,
(1) MIFT?2 QM T 3)MLIT! (4 M LT? LT

6. When a body hits the ground after vertically drops from a height 4, 50% of kinetic energy just before the
impact is lost. What is the velocity of the body with which it bounces?

1y £ @2 N N (SWZgh
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7. Of a body which undergoes simple harmonic motion,
(1) the speed is maximum when the displacement is maximum. )
(2) the magnitude of the acceleration is maximum when the speed is maximum.
(3) the speed is directly proportional to the displacement.
(4) the direction of the acceleration is always constant, '
(5) the magnitude of the acceleration is always directly proportional to the displacement.

8. A body of weight W is placed on a rough horizontal surface. When a force P P
is applied with an angle ¥ to the horizontal as shown in the figure, the body is X}ﬁb_“ \
in equilibrium and the frictional force on the body is . Consider the .
following statements. '

A. F = Pcos¥. ; gL

B. The normal reaction on the body from the horizontal surface is (W — Psind).

C. The body is at the state of limiting equilibrium.

Of the above statements,
(1) only A is true. (2) only A and B are true (3) only A and C are true
(4) only B and C are true. (5) all A, B and C are true i
9. An end of the thin, light, inelastic string is tied to the ceiling and the other end is attached
10 2 40 N weigh cube P of material of density 2500 kg m~3. Keeping a beaker below the
cube, when it is filled with water of density 1000 kg m~3gradually up to the level AB,
the minimum tension of the string would be,
(1)32N (2)30 N (3)24 N
(4)20N (5)I6N
10. As 'sho?m in the figure, the ball A moves with velocity U and collides with the ball B &l /;3\
which is at rest on a smooth horizontal surface. Consider the following statements. R — Y4

A - If only the velocity U is along the direction of the line joining the centers of A 77T

and B, the force on B by A and the force on A by B are opposite in direction.

B - Although the velocity U is acting along any direction before collision, the reduction of
momentum of A towards a certain direction is same as the momentum gained by B, towards the
same direction.

C - The law of conservation of energy does not apply for the collision,

Of the above statements,
(1) only A is true. (2) only B is true (3) only C is true
(4) only A and B are true. (5) only A and C are true
11. A current 3.2 A flows along a wire of cross-sectional area 1 mm2. The electron drift velocit
: -1 : -19 Y
is 2mm s~ . If the charge of an electron is1.6 x 10~1°C, the number of free electrons in a unit volume
of wire is,
(M 1x10%m3  (2)1x10¥m3 - (3)1x102m3 (4) 1.024 x 1023 3 (5) 1 x 1026 m=
12. From a nucleus of radioactive atom, _
A - the atomic number is increased by 1, when a B~ particle is emitted.
B - the atomic number is decreased by 1, when a g+ particle is emitted.
C - the atomic number is unchanged when a y rays are emitted.
Of the above statements, .
(1) only A is true. (2) only A and B are true (3)only A and C
(4) all A, B and C are true (5) all A, B and C are untrye R he SN
—— -
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13. The cross-sectional area of a rubber hose which is used to water a lawn is 2.4 cm 2, There is a shower

connected to an end of the hose and 20 holes of cross-sectional area of each 2 mm? are in the shower.
The water flows through the hose with velocity1.5 m s~ and enters the shower. The speed of water flows

out through a single hole is,
(ND3ms™1 (2)45ms~14.5 3)9 ms™! (4)18m st (5)24ms—1

14. A circular disc is set to rotate freely about a vertical axis through the center in a .3
horizontal plane by means of a string which is wound around the circumference of g
the disc and a constant force F is applied tangential to the disc. The graph which
best shows the variation of angular velocity w of the disc with time t, is,

w o Al
(D (2) 3)

() )

F

15. The figures (A), (B) and (C) show three rods of length [ which moves downwards freely in a uniform
horizontal magnetic field of flux density B. In the instance shown, the time is t = 0. When t = T, if the
induced electromotive forces along the ends of rods in (A), (B) and (C) are e, e, and e., which is correct

among given relationships?
X X X XX X X X

XiXX XX X X X

x ), x xx‘l'oB 2%

(A) (B) (©)
(e, =ep = e e, >ep > e (Be, <ep< e,
@e, >e.> g ' (Se, =e.> e

16. Consider the following co-planner systems of forces which pass through the same point.

P P P | P
1 P
V3p
a) | ®) ©
The system/systems in equilibrium is/are,
(1) only A. (2) only C. (3) only A and B. (4)onlyAandC.  (5)only B and C.

17. A body is projected with an inclination 9 to the horizontal with a kinetic energy 100 J and the kinetic
energy at the highest point of the path of this body is 25 J. The value of 9 is,

-1 1
(1) cos™ < @tan™* (3)tan™? 2 (4) 45° (5) 60°
PhySics | R 7. www.iexamhub.com See next page
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18. Consider a situation that a rocket moves towards the opposite direction of the backward thrust of the
exhausted gas of burning fuel.

A) The acceleration of the rocket increases when the fuel burns with uniform rate and the velocity of
exhausted gas is constant relative to the rocket.

B) The magnitudes of the momentum of exhausted gas and the momentum of rocket are same and they
are opposite in direction,

C) The increased kinetic energy of the rocket is gained by the chemical energy of the fuel.

Of the above statements,

(1) only B is true. (2) only A and B are true. (3) only A and C are true
(4) only B and C are true. (5) all A, B and C are true.

19. The cell of electromotive force E and internal resistance r is connected to an ideal voltmeter

V and a resistor R, as shown in the figure. E = 1.8V and r = 0.6 (). The reading of the
voltmeter is 1.5 V. The value of R is

(H1a @20 3)25n0 @30 (5)40

20. The figure shows a part of a circuit of transistor in common emitter
configuration which is used as a signal amplifier. The 4 Re
currents I and I are shown in the figure. What is incorrect among the 3

following statements?

(1) The type of the transistor is npn.
(2) The emitter current is 75 mA.
(3) The current gain is 240.

(4) The base voltage is Vg = Vgg.
(3) Vin = Rplg + Vgg.

21. The graph shows the variation of tension T on a wire with the extension e of it. Consider the following

statements.
A) In the region AB, the wire obeys the Hooke’s law.
B) The young modulus of the material of wire is 7x108N m~2, AWmm
C) When T = 200 N, the energy stored in the wire is % B 4l B
Of the above statements, 3k
(1) only A is true.
(2) only A and C are true. 2+
(3) only B and C are true.
(4) all A, B and C are true. 1+
(5) all A, B and C are untrue. :
] Il s
Ol R TR o
22. Along the plane shown in the figure, the body P slips down with constant velocity. p
The graph which shows the variation of work done W against the friction with time 4
1 is,
e
W w w A
w
t t ey ' N |
’ (1 @) 3) @) (5)
Physics - | " - o o T T See next page
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23. A wave pulse is allowed to pass up from the lower end along the heavy rope which is suspended N
vertically, The graph which shows the variation of the speed of wave pulse ¥ with the distance x
Mmeasured from the lower end is, ®

v 1% v
L Vv A - TX
0 L Ob’( -
(D 2)

3 4 (5)

24. Consider the followin
in the laboratory.
A) 'il‘hc amplitude of the circular wave fronts made by a vibrating point source near the surface of water
diminishes when they are propagating.

B) By moving the vibrating point source along the surface of water in the tank, the Doppler Effect can 5
be demonstrated. :

C) When the height of water in the tank is low, by making two sides of different heights, the refraction
of waves can be demonstrated.

g statements made about the water waves produced in the ripple tank which is used

Of the above statements,

(1) only A and B are true. (2) only A and C are true. (3) only B and C are true.
(4) all A, B and C are true (5) all A, B and C are untrue

25. A beaker is filled with water up to a height h. At the bottom of the beaker a lass |
bright source of light is placed at 0. A height [ above the surface of water, a : S
rectangular block of glass is placed horizontally. When the eye is kept at the

point E, the variation of the apparent displacement d of the image of 0 with | =7
is best representedby, e : h

g ’ r [d [“ ["
~y @ ct ¥ @ 4 0 ! () !

26. Consider the following statements about the production of Laser light.
A) There are more than two energy levels for the medium of Laser light.
B) The polarization of the stimulant photon and the stimulated photon are same.
C) The output of the Laser light can be obtained as continuous beam or as pulses.

Of the above statements,

(1) only A is true. (2) only A and B are true. (3) only A and C are true.
(4) only B and C are true. (5) all A, B and C are true.

27. The corresponding wavelength and the electromagnetic wave of the radiation of maximum intensity
from a person who can be considered as a black body at temperature 36°C would be, (The Wien’s
displacement constant =3x10"°mK.)

(1) 9.7 pm, infrared (2) 9.7 um, visible light (3) 9.7 um, ultraviolet
(4) 108 pm, infrared (5) 108 um, ultraviolet
—Physics -1 | See next page
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relative humidity R. H. of the room with time ¢ is,

29. The figure shows the variation of the pressure (P) and
volume (V) of an ideal gas. In the cyclic process ABCA, the
temperatures at A, B and C are Ty, Ty and T¢. Consider the
following statements.

A]‘ TA = TB > Tc

B) In the cyclic process, the gas has absorbed heat
C) An adiabatic process is shown by CA.

28. There is a large container of water in closed room. In the beginning at time t = 0, the re]atm
in the room is 80%. If the temperature of the room is constant, the graph which shows the variation of

FH% i i R.H% R.H%

80 80 80 80 80

0 > 0 > 0 * 0 — 0 ¢
Q)] (2) (3) 4) (5)

Of the above statements,

(1) only A is true. (2) only A and B are true
(3) only A and C are true. (4) all A, B and C are true
(5) all A, B and C are untrue

30. The figure (2) shows the inputs V;and V, which are applied to the
operational amplifier shown in the figure (1). The frequenciesof
voltage signals of V;and V; are same. Which choice shows the
output V, correctly?

0k
'. R
Wk I
\}' - Ay T ~ = L\‘-. \
| 1 P
A 2 el
s N e i
__L Yy
Vo(V) Vo(V)
A N

x10- m?3)
0.1
i) ¢
ALV N
0.2

a2 .0

e —

% S —
4 (5)
Physics - I See next page
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31. As shown in the figure, two resistors Ry and R are connected in parallel o
The graph which shows the variation of effective resistance R4p with th.g;
change in variable resistor R, is 2

Rap Ra
Ry :
2 R
0 gy
(D (2) (3) (4)
32. A body P of mass (.2 kg is attached to the free end of a 20 cm long light string and &

the other end is connected to the axel of a smooth horizontal circular disc. The disc
is able to rotate freely about the vertical axis through the center O of the disc. The
disc is rotated with uniform angular acceleration 4 rad s~2. If the braking tension of
the string is 400 N, how long does the body P take to move away radially?

(D 15s  (2) 20s (3) 24s 4 25s (5) 50s

. The column of air in a tube closed at far end vibrates with fundamental frequency 660 Hz. The temperature
of air is 27 °C. What is the fundamental frequency of the air in the tube when the temperature becomes
30 °C. (Assume v1.01 = 1.005)
(1) 665 Hz (2) 663 Hz

sl
fad

(3) 662 Hz (5) 660 Hz

(4) 661 Hz

34, When the graph of the image distance V against the linear magnification m is drawn for the real images
formed by a converging lens, the gradient and intercept are G and C correspondingly. By keeping an
identical converging lens in contact with the first lens, the graph of real image distance against the linear
magnification is drawn. The gradient and the intercept of this graph are,

(1) G &C. (2)7&C. (3) 2G &C. (4) G&2C.

(S)G&—g.

35. The figure shows a combination of three tubes of lengths L, lyand [,
which are connected at the point P. The radii of them are R,ryand r;
respectively. A steady, streamlined viscous fluid flows along the tube,
entering from the end A. The pressure at the points A, B and C are
2Py, P, and P,. The pressure at the common junction P of the tubes,
A) depends on the co-efficient of viscosity.

B) depends on the lengths of all the tubes.
C) depends on the radii of all the tubes.

Of the above statements,
(1) only A is true.
(4) only B and C are true.

(2) only A and B are true. (3) only A and C are true.

(5) all A, B and C are true.

The ratio between the acceleration due to gravity on the

36. The ratio between the radii of two planets is Kj. be '
locities of them is,

surfaces of them is K. The ratio between the escape ve

K Kz K
(1) VK, K, )K; K (3)(K1K2)? e ® fi
See next page
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37. Infinitely long three straight conductors are placed on the plane of the
paper so as they pass through the points A, B and C without touching
one another and, so as, ABC is a regular triangle. O is the center of
the triangle and A0 = 20 cm. The conductors carry currents of 24
towards the directions shown in the figure. The magnetic flux density

produced at O is, (o = 4mx107'T m A™%) 2A
(1) 2x107° T and out of the plane of the paper at right angles to the
paper.
(2) 4x1075 T and out of the plane of the paper at right angles to the
paper. emeen /
(3) 4x107° T and in to the plane of the paper at right angles to the o B
paper. 4

(4) 6x107° T and out of the plane of the paper at right anglgs to the paper.
(5) 6x107° T and in to the plane of the paper at right angles to the paper.

38. Two point charges +@Q, and + Q, are placed at the points A and B B o] b
on a flat surface. The electric field intensity at the point C is zero. A ;"E B
Consider the following statements. ®
A)Q; > Q,.

B) At the mid-point D of AB, the direction of electric field intensity is towards AB.

C) The point with the maximum electric field intensity is D.

Of the above statements,

(1) only A is true. (2) only C is true. (3) only A and B are true.

(4) only A and C are true. (5) all A, B and C are true.

39. In the following setup of capacitors shown in the figure (1), the area of each plate P, Q, R and S is A.
The gap between each couple of plates is d. The capacitance measured in between X and Y is C.

. - hd P
3 d A A O._
~ :
Q d
X ! | Y -
Y d ; B
l}d ” i
S §
Figure 1 Figure 2

In the setup of capacitors shown in the figure (2), the area of each plate P/, Q", R' and S' is A. The gap
between each couple of plates is d. The capacitance measured in between A and B is,

(1) 05C 2) C (3)133C @1scC 5)2C

40. A current of 1 A flows into the circuit shown in the figure. The reading of the ideal voltmeter 512V .
The resistance of the resistor R is, '
(1) 20
(2) 120
(3) 159 .

4) 180 ' Q

(5) 360 1A
sf;r,.
m'\

Physics - 1 See next Page
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41. Three liquids A, B and C are at temperatures 30°C, 40°C and 50°C respectively. Same masses of these
liquids are mixed in a container and stirred well. These liquids mix with one another and no heat loss to
the surroundings. The final temperature of the mixer is 35°C. The specific heat capacities of A, B and C
are Sy, Sg, and S¢ respectively. The relationship among S, S, and S is,
(1) Sa+8Ss=Sc (2)Sa + Sp =2Sc (3)Sa=Sp + Sc
(4) Sa=Sp+2Sc (5) -Sa=Ss+3S8c

42. The length [ and the cross sectional area of the rods AB and
BC are same and they are connected at the end B. The
curved surface of the combination is lagged to prevent heat
loss. The thermal conductivity of AB is twice of that of BC. e T
The ends A and C are maintained at100 °C and 0 °C
respectively. The distance from the end A to the point at which the temperature is 50 °C, when the
combined rod becomes the thermal equilibrium, is,

(1)0.75 ¢ ) 1.20¢ (3)125 ¢ (4) 1.50¢ (5) 1.60¢

43. As shown in the figure, two sound sources move with same velocity u towards BC, along the line BC
emitting a sound of frequency f. When the sources are at B and C, a person is at the point A and ABC
makes a regular triangle. If the velocity of sound in air is V, due to the sources, the person at A,

A
1. does not hear beats.

2. hears the beats of frequency

uvf
wZ—y2

3. hears the beats of frequency 2ur,

2u-y2
uvf
4v2—u?

4. hears the beats of frequency
U U

— L]

5. hears the beats of frequenﬁy *::‘iiz B e

44. A beam of electrons accelerates from rest under a potential difference V. The mass and charge of an
electron are m and e respectively. If the plank constant is h, De Broglie wavelength of the beam is,

(4)JI .

2h h n
(1) 7=p @ Gmev G) Frmev 2meV O 5w

‘ Im »A
Bo— ----------------------- —a +2Juc
+1pe

45. A body P of mass10~3 kg and charge+1uC is kept at the point B, 1 m away from a fixed body at A of
charge +2uC. The body P is allowed to move. If — = 9x10°m2N C~2, the speed of P gained after
3 o

moving a large distance would be approximately equal to,

M3ms=t  @)4ms-? G)VI8 ms™*  @)V30 ms™'  (5)6ms™?

L

100°C A Ie cc

Physics - 1 ~ See next page
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time t is,

A £

another uniform magnetic field of flux density B out X
of the QRS horizontal plane. Bothe fields are at right
angles the planes. The XY conducting rod is placed
very close to PR at the time t = 0, and is moved
towards QS with constant horizontal - velocity, The
graph which shows the variation of electromotive
force e induced in between the ends of the rod with Y

46. The figure shows a region of a uniform magnetic field
of flux intensity B into the PQR horizontal plane and

A Al

: o\
S C

(1) )

AN N

3)

N

(C))

) |

47. A meter ruler is made of a material A and it is accurate at 0 °C. When it is used to measure the length of

| a metal.rod B at 30 °C, the reading is 50 cm. The linear expansivities of A and B are a,°C~ and a,°C™1
| respectively. The actual length of the rod B at 0 °C is,

50 (1430ex,)
1+3DK2

(1

(4) 50(1+30e<,)

in the space in between the tubes is,
(1 h

dh
@)=

dh
) d
rh

@

T
rh 1

S

r+d

50 (14300¢,)

(2: 1+300y

(5)50(1-30ex,)

2r
ArT

__ ¢

(3) 50(1+30e¢y)(1+300c¢5) .

1 o)
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48. The capillary tube A of internal radius r and the thickness of the glass wall d is immersed vertically in a
liquid of zero contact angle. Then the liquid rises to a height h. Another capillary tube B of internal radius
2r is immersed in the liquid so as the both tubes are co-axel as shown in the figure, the height of the liquid

See next page
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49. The voltages shown in the figure (2) are given for the A and B inputs of the S-R flip-flop shown in the

figure (1). The input 1 of the NAND gate is binary 1. (voltage 5V) Which choice below gives the output
F?

i . Input A
I

Input B

(1)5\' (Z)S\r—l—l— (3] Sy

(4} S5v I (5) 5v

50. A uniform magnetic field of flux density B = 1.7 T acts into the plane P « —>
of the paper at right angles to it. A proton P enters the magnetic field W]
from W, right angles to WX and leaves the field from Y, right angles to
XY. WXYZ is a square and the length of a side of it is 1 cm. An electric
field of intensity E = 1.7x103N C~* acts at right angles to XY alonga 7
length L. The proton P moves in the electric field within a time of 10 us. 1em
The mass and the charge of a proton are 1.7x107%7 kg and +
1.6x10~19C respectively. The length  is equal to,

F

lcm

A

' Y

(1) 2m (2)4m (3)6m (4)8m 512m

"k

S

Lo
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‘ Use the extra reading time to read the paper, select questions, and organize questions to prioritize when writing T

«*  Instructions:-.

**  Use of calculators is not allowed.
Acceleration due to gravity g= 10 ms~?

« Part A —Structured Essay

Answer all the questions in this section in this paper itself,
% Part B — Essay

% Answer only four questions from Section B.

You are allowed to take only section B of the question paper out of the examination hall.

( Examiners use only )
Part Question No Marks
1
2 Fi !
A inal Marks

3
4 (In words) ]
5 (In Figures)
6
7 .
8 i

9 A/B |

10 A/B

Total
Percentage
L_________

A
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Part A — Structured Essay

1) A student uses a meter scale (M), a weight (B) of 100 g, a knife edge (N), a block of wood (L) and light
inclastic strings to find the mass (m,) of a metal cube (P)

CP/AL/2026/01/E-TI
CF

€ ¢
Xd-——bY‘i——z—b i i 40

AV
P L QB

Horizontal table
O A AT A AT A G T T LA AT CEAEATE

Figure 1 (1)

(a) First, the meter scale should be balanced horizontally on the knife edge (N). Write down the method
to be followed to do this.

---------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------------------

(b) After the step in (a), the student suspends B and P from the meter scale by the strings and again the
meter scale is balanced horizontally. Look at the figure 1(1). Y is the center of gravity of the meter
scale. The meter scale readings at X, Y and Z are 8.0 cm, 50.0 cm and 80.0 cm respectively.

i. Calculate the mass of P. Round off your answer to the first decimal point in grams.

..................................................................................................................................................................

ii. Find the reaction force (in Newton) on the Knife edge at Y. The mass of the meter scale is 120 g

SEsssssissms e ann

e

(c) In order to find the volume of the material of the cube P, the length (a) of a side of the cube is measured
by a Vernier calliper. The appearance of the main and venire scales are shown in the figure 1(2), when

the length is being measured. (Scale is enlarged)

5 v 10
Figure 1(2)
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i, What is the relevant part of the vernier C‘W :
which is used to keep the cube in place?

L T T L PR
Erssesan
O

SeRssEdissnnmsanans

;i What is the least count of the vernier callipers';“' A —— "
i If there is no zero error, find the value of a? AL . !

(d) i. Give the volume of the metal cube to the nearest integer in cm?

sasnEas
T L L L LT T T
sassnmn

ii. Find the density of the material of the cube to the nearest integer in S. I. unit

(¢) In order to find mo by plotting a graph applying the method mentioned in (b), the quantities to be varied
are marked as [;and [, in the figure (1).
i Draw the expected graph of l;and I, in the following system of axes.
A £ 1 Jeme

(0,0) i fg /em

ii. If the minimum reading of the meter scale is 1 mm, for less than 1% of percentage error of the

readings of [z, find the minimum value of 13.(Liin)-

ssambasesEssasEREEEE Py T FLEE L L L bt

sssssanidsnspan s iisssnsainnn

T T T L semmsnanane sssunetassdisrasasnnnned --.*o--..-------.--.-.-...-..,.a--...-.-...-....,--a---

by the graph in (e)(i) is 70 g, what is the possible maximum value of

P T T TEL L b Lt

iii. If the value of m obtained
l,? (lnax)

asssasssssssEsEipRsaRs

samen --.----q.--.n-o--c--4--c--u--o--..--.-.-.--.oc---o---o.--co----ca----u-.-......
T T T L L L Lt

.".'-".".._.,,.......|.--.011--¢-rrlt-o-.n|r et T T T LT R DAL AL L
wwae

smssasspegEiERasann

.-.-.--l--.uoo-..-la..--.-a-‘--. T

iv. With the values of lmin and Lnax» S1at€ six suitable readings for [, to plot the graph.

ssssssassEsInsns.

ssasesssssniidsassasees P TT T LT L ks

--p---.-.-q,..--‘----..----.-1c---u-.-t.---..--.

P ————— T T T T L i

. .
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2) A student has been asked to find the specific heat capacity (C;) of Thermomete
coconut oil using the method of cooling. For this, he uses a copper

calorimeter equipped with a lid and a copper stirrer. An incomplete
diagram of the experimental setup, along with other necessary items,
is shown in Figure 2(1).
(a)
i. State the item that is not shown in the diagram and the measuring
instrument required to take the necessary measurements.

Strings

B

e El ect.l'ic fan

ltem
Measuring Instrument

———l
ii. What is the use of the item you mentioned in above a (i)?

Figure 2 (1)

(b) To perform the experiment, water heated to 70°C must be poured into the calorimeter.
i. What is the mass measurement (say m,) that the student must obtain before pouring water into the

calorimeter?

T
T L L L L T e e R L E

ii. Up to which level among the three levels marked as A, B, and C in Figure 2(1) should the water be
poured? Give reasons for your answer.

e T e T T T T Tl L L T

e L L L Ll T

iii. Temperature measurements of the water must be taken after pouring it. What actions should be taken
prior to taking those measurements?

SEdssdsbdasEsssREsana b N tassssssssssnns

iv. What is the other measurement that must be taken simultaneously with the temperature

measurements?

v. What is the mass measurement (say m;) that must be measured after taking the measurements

mentioned in b (iv) above?

T

(c) A!’ter the activity in (b), the student removes the water and dried the calorimeter and then filled it
with coconut oil at temperature 70° C. Then he uses the setup in 2(i) and follows the steps according
to (b)(iii) and (b)(iv).

i. Up to which level that the coconut oil is poured to the calorimeter? Explain your answer.

R T T T e TR L L L I T T T T L LR R LTI T

L B0 8 0 o N e 0 a s 000 o m e ams b o e om0 e e T PN PR SRS A RSN NS RN dsasssassnsannas
L LT T
ELELIT]

ii. What is the measurement of mass (say m3) to be taken afier taking the readings of temperature of

coconut 0il?

B e -
LCETTT

——e
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(d) Based on the measurements obtained by the student, the cooling 4 Temperature (°C)
curves for both liquids were drawn on the same graph. The two
resulting curves are shown in Figure 2(2).

The specific heat capacity of coconut oil is less than that of
water. The specific heat capacity of water is 4200.J kg 'K The
values obtained from the experiment are given below:
my=110g; my=290g my=254g:

The gradients of the tangents drawn to the curves at points P and

. graph B
Q are 6°C min' and 3°C min' . The specific heat capacity of
copper is 400 J kg K/ . Calculate the specific heat capacity of | N
coconut oil. . time
Figure 2(2) (minutes)

e T T e e P L

3) You are provided with an apparatus consisting of a uniform
tube containing a piston P and a piston rod, which can slide
smoothly back and forth, as shown in Figure 3(1). You are T
asked to find the velocity of sound in air (V). The piston is in p% )

tight contact with the walls of the tube. For this experiment,
tuning forks with frequencies of 512 Hz, 426 Hz, 384 Hz, '
341 Hz, and 320 Hz are provided. Let the length of the Figure 3(1)
resonating air column for the fundamental tone with a tuning

fork be L.

(a) An additional item is required to conduct the experiment properly. A measuring instrument is also
required to take measurements. State what they are:

[tem: -

-------------------------------------------------------------------- dsssasisansaas

Meaiaring HBITUMBIE < ooammninmiessonisssnstsssssssssmantassassssass

sasmsssesnnea

(b) It is appropriate to first take the tuning fork with the highest frequency, measure ! and then select the

remaining tuning forks in descending order of frequency to vibrate the air column and find the
corresponding values of I. Give the reason for this.

(c) In the diagram provided below, draw and mark the position where the piston P should initially be placed
inside the tube before obtaining the very first resonance length.

—

Physics I

?
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(d) After placing the piston as described in (c) above, state the experimental procedure followed to obtain
the resonance length [ for the tuning fork with the highest frequency.

(¢) Assume that the corresponding length [ is obtained for all the tuning forks. Draw the wave pattern formed
inside the tube during a resonance state in the space provided below. Mark the length [ and the end
correction e on your diagram.

(f) () If the frequency of the tuning fork used in the instance mentioned in (e) above is f, derive a
relationship between V, f, [, and e,

..................
............................................................................................................................................

.................................................................................

............................................................................................................................................

L U Ve oo e

(g) A student performed the experiment and plotted a graph as mentioned in f(ii) above. The gradient and
the intercept of the resulting straight line expressed in their respective S.I. units were 82.5 and —0.015
respectively. Calculate V and e.

.....................................................................................................................................................................

...........................................................................

(h) Another student performed the experiment using the same tube and the same set of tuning forks, and

plotted the graph as mentioned in f(ii). The gradient and intercept he obtained in S.1. units were 83.2 and
—0.015 respectively.

(i) What is the reason for the intercept remaining unchanged?

-------------------------------------------------------------------------------------

(ii) What is the reason for obtaining a higher value for the gradient?

(i) The thickness of the piston P inside the tube mentioned in Figure 3(1) is | em. The length over which P

can be moved is shown in Figure 3(1). Show that the first overtone state cannot be obtained using this
tube for any tuning fork in the given set.
Physics I1 ] www.iexamhub.com age
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+4) i I Eo \\

v 5
A l
i ) iy L B |
(1]
0.
A |
E
A |
5 M=t
Figure 4(1)

An incomplete circuit diagram that can be used to find the value of a resistor Ry using a potentiometer is
shown in Figure 4(1). AB is the potentiometer wire of length L. R is a resistance box. S is a sliding key.

(Jockey). The other components are represented by standard symbols. E, is an accumulator with ne gligible
internal resistance.

(a) (i) Complete the diagram above using standard symbols to show the components that must be
connected between terminals P and Q for this experiment.

(ii) Sthtf. the purpose of those components and the instances in which they are used.

................................................................................................

.....................................................................................................................

(b) After making the connections mentioned in (a) above, closing the switches §; and S, how do you test
the accuracy of the circuit setup?

(c) By varying the resistance R of the resistance box, the corresponding balancing length £ measured from

A must be obtained. ‘ ’
(i) Choosing values for R that result in small lengths for £is avoided. Give two reasons for this.

(ii) Assume that the sliding key S is touching point C on wire AB when the deflection in galvanometer
G is zero (not shown in the figure). Why is the potential drop per unit length k equal across both
sections AC and CB? Write an expression for k in terms of Eq and L.
k=_... i eiisessssssssessessassanrrsarerasye S T P T TR T S

lectromotive force E of cell P, Eo, R, R o, k, and the balancing

(iii) Derive a relationship among the e . .
into the linear form y = mx + ¢ in order to plot

length £ at equilibrium. Rearrange this relationship
a graph. Take the internal resistance of cell P as zero.

sammwn . &
.
samnanes
o
wnw
STTTE R LA N
EEEEL
sus
.......................... e —
ssusessassennssssteanEe P L LT e T T
.......
................... sans
...................................
- - .
sussas
& es
i ssase

: : See next page
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(d) A student obtained corresponding values of ¢ by varying R and plotted a graph as derived in C(iii)»
which is shown below. The Y-axis has been plotted using relevant S.1. units

A

i g
38 Fr T TR

ST FeEstieab Rhas S b

AR HTE 1“{ T-i‘k.:.‘:.“]ti"-"l
3o i

il Gl |

L‘ i.{ T ﬁ%l"'i'ﬁ'. '
2g et T H

Foas e d i)k ...11..__1,.:.

: R D

e S
2:0 f33 'H{L%-H:k

14 FHsEatRaaRans

‘h ._1_1]. n 4

1
4 R(Q)

() State the coordinates of the two points you would select on the straight line to calculate its gradient
(m), and find m. State its units as well (Do not use data points)

(i) What is the value of the intercept on the ZrAPR? ..oovv.vooeoeerseereseooeoo oo
(iii) Calculate the value of resistance R,.
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Part B - Essay

-Answer only four Questions.

S) Figure 1(1) shows, the lefi-hand gate ABCD of a pair of P 3 B
gates installed on the front parapet of a land of a house. T
Two cylindrical rings (P and Q) are welded to the gate zx
The weight of the gate is W=600N and the width and ,'
height of the gate are 1.5 m and 2.0 m respectively. The
center of gravity of the gate is at the mid-point G of the
plane of ABCD. Rings P and Q are welded to the gate at "‘ [

C

I
]
!
: .G |
|
]

a distance of x from the top and bottom edges, '

g 5 . parapet|| | I x
respectively. (see the figure).The horizontal (reaction) Q!I
forces exerted by the wall on rings P and Q are R, & R; !
respectively. The vertical (reaction) forces exerted on P v
and Q are F, & F, respectively. Ry, Ry, Fy, F, & W all Figure 1(1) !
lie in the same vertical plane.

(a)

p——— p—
1.5m

Draw the free body force diagram for reaction F, of Ry & Fy, reaction Fg of R; & F; and the weight

|
W. | ‘ ,

ii, Draw a diagram showing the positions of Ry, F, R, & F; and the force W instead of using the ‘
resultant reactions F, & Fj. |
Show that R;=R; and find the value of R;.(Assume x = 25 cm) ‘
If Fy=Fz, find the value of Fj. ‘
|

iil.

iv. | |
v. If F;=F; find the angles that the forces F, and Fo make with the horizontal.
(b) The gate must be rotated 180° around the XY axis to

bring the top horizontal edge AB to positionl AB,. See
the figure 1(2). To rotate the first 150° and bring the top
edge to position AB,, a horizontal florce F, alu:'ays.at
right angles 10 the gate must be apphed_at the midpoint
E of edge BC. Afterward, the force Fy is rcmoved: z!nd
the gate is allowed to come to resl.l over the remaining
30° under the influence of the frictional torque actmg.on
and Q. The frictional torque opposing the rotation

rings P

of the gate at P and Q is 10 N m each. The moment (?f C
inertia of the system including the gate about the XY axis
s 45 kg m*. The effect of the weight W on the rotational _—
motion can be neglected. ‘ igure 1(2)
(Round off the final mathematical answers in the following sections 10 two decimal places.)
. Find the angular deceleration during the final 30° of the rotation. =
ii. Find the value of the angular velocity @' when the top edge reaches position AB, . (Take  =3).)
See next Page
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iii. Calculate the force F.
iv. Find the total amount of work done to open both gates in this manner.

6. (a) A telescope consists of two converging (convex) lenses with focal lengths of 10 cm and 100 cm. Thig
! telescope is set in the normal adjustment position to observe a distant object.
i. Draw a ray diagram showing how a beam of light coming from the

object, which is not parallel to the common axis of the lenses, travels l
toward the eye during the observation. Indicate the position of the final
image.

1. What is the angular magnification of the telescope? What is the distance
between the two lenses?

iii. 1fthe object observed through the telescope is a distant flag and flagpole
as shown in Figure 6(1), draw diagrams to show how the image formed
by the objective lens looks, and how the final image looks. Clearly label
the diagrams as "Objective Image" and "Final Image". Drawing the Figure 6 (1)
diagrams to scale is not required.

iv. To view the final image upright, a convex lens with a focal length of f;, can be placed between the
objective lens and the eyepiece of the telescope. Draw a diagram showing how this lens should be

- placed so that the angular magnification of the telescope remains equal to the value calculated in
part a(ii) above. Include the positions of the objective and eyepiece lenses in your diagram. Mark
the focal points of the objective and eyepiece lenses as Fyand F, respectively. Now, write down an
expression for the distance between the objective lens and the eyepiece in terms of f;.

Flag

(b) Instead of viewing the image upright as shown in a(iv) above, two isosceles prisms can be used as
shown in Figure 6(2) below. Here, a ray incident perpendicularly to the hypotenuse of the prisms
emerges from prism Q without deviation. This prism arrangement is called "Prism Binoculars™

Vertical

Horizontal

&
Q
Figure 6 (2)
i. Find the minimum value of the refractive index that the prism material
| must have for the ray to travel as shown in Figure 6(3).
The prism binoculars are placed between the image | formed by the
objective Jens in a(iii) and the eyepiece, as shown in Figure 6(2) below.
Does the inversion (rotating the image by 180°) of the image | by prism
P occur vertically or horizontally?
ii. Does the inversion of 1 by prism Q occur vertically or horizontally? L
iii. When the prism binoculars are placed inside water, will it still provide an upright image as In btlj'];
Explain the answer Take the refractive indices of the prism material and water to be |.44 and .33, |
respectively.

Figure 0 (3)

|
—

i ——— A R TN
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(c) In the following Figure 6(4), a ray is incident paralle] to MN onto the
" I T

face LM of an isosceles right-angled prism ma p

: e of glass wi
refractive index of V2. glass with a
i. Find the angle of refraction r at the face LM,

ii. Show with reasons that the ray emerges from the
to MN,

face LN parallel

Figure 6 (4)

7) |

(a) A layer of oil with a coefficient of viscosity 7 is spread on a horizontal * |

table, and a cube of side length a is placed on top of it. This creates an oil
layer of thickness x between the cube and the table. See Figure 7(1).

i. Write an expression for the force Fyneeded to pull the cube with oil |

constant velocity V, using the given symbols.

ii. Draw the sketch of velocity using arrows to show the variation of
velocity within the oil layers between the cube and the table.

S

Figure 7 (1)

(b) The inner walls of a very tall vertical tube are coated with the oil mentioned in (a) 1 X Jf—?: K dL'Q
above. A cylinder X made of a material with density p, radius r and height h is g  © S
placed at position P inside the tube and allowed to fall downwards. See Figure 7(2). :
The thickness of the oil layer between the cylinder and the tube is d.

i. Write an expression for the viscous force F acting on X when the cylinder
moves downwards with a velocity V, in terms of r, h, d, V and 1.
g ii. Draw the sketch of velocity using arrows to show the variation of velocity - - ,
across a diameter of the tube within the oil layers when the velocity of the =3 -
cylinderis V. ‘
iii. Why does the oil not exert an upthrust on X? '
iv. The upthrust exerted by the air can be neglected. Obtain an expression for the |- - ‘
terminal velocity V; acquired by the cylinder in terms ofr,p,d,nand g. k
v. When the cylinder moves down with the velocity V, the speed of air through z
a hole in the sheet Z at the bottom is V; . Obtain an expression for the speed
V, in terms of n, 7, V, and 1. Where n is the number of holes in the sheet Z
and 7, is the radius of a small hole in the sheet. Assume the air is i;mompress;ble.
bounces with ;‘- Is the velocity of the cylinder |
I

Figure 7 (2)

vi. After the cylinder hits the sheet Z with velocity Vi, it

3% ; ; Ve .
bounces at the second collision with the same velocity as =-? Explain.

» i 3 p= 2
(c) In the cylinder mentioned in (b) above, = 2 ¢m,d=02cm, p=2600kgm3, n= 5x102Pas.

i Find the terminal velocity V¢.
ii. Find the maximum downward _
iii. Plot the variation of velocity V with 1l
until it collides with Z for the second time.

acceleration of the cylinder. N
h time t from the moment the cylinder moves from position P

See next page
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8) Read the following paragraph and answer the questions asked.

The Van de Graff generator, invented in 1929, is a high-voltage electrical generator.
A simplified model of it is shown in the figure. There is a hollow metal sphere S
mounted on top of a hollow plastic cylindrical tower T. There is a rubber belt D that
runs around rollers Pyand P;. When the lower roller P,is rotated by a motor, friction
between the roller and the rubber belt causes electrons to move from the rubber belt
to the roller P, making the rubber belt positively charged. As the belt moves upward, D
electrons from the upper roller Py move toward the belt and then as a result, Py is
charged. After some time, ionization of air occurs near the sharp tips of electrodes E4 T T
and E; . Electrons flow from the sphere 8 to the belt through E,. When those electrons
reach the belt, they are discharged to the ground through E,. Due to this process, S
can be charged to a very high positive potential. When the electric field intensity on
the sphere reaches the breakdown value of air, 3x105 Vm-!, corona discharges occur. Pz@ E E
The high voltage of the Van de Graff generator was used for high-speed particle i
accelerators, X-ray generation, the Bertozzi experiment conducted in 1962, and
Rutherford's scattering experiment.

(a) What is the physical property that caused the rubber belt to become positively charged?
(b) What are the types of charges received by the rollers P, and P,?

(¢) What is the approximate value of the electric field intensity inside the sphere S? Give reasons for your
answer.

(d) Why is chamber C earthed?

(e) Define "corona discharge".

(f) State three practical applications of a Van de Graff generator.

(2) Assuming that the charge on the rubber belt resides only on its surface and the surface charge density
is 1 uC m2 , find the electric field intensity near the rubber belt. (Take the permittivity of free space as

| £ =9x107" C>*m™ N~ . Will a corona discharge occur from the rubber beli? Explain your answer

[ (h) The radius of sphere S is 12 em. Calculate the maximum charge that the sphere can acquire. And find

|

|

|

the electric potential of the sphere at this instance, (Take n= 3)

! (i) The effective resistance between the end of the hand and the feet of the human body is about 1000 Q.

' If a current greater than 50 mA passes through this path, it may damage the organs. Show that touching

‘ the above charged sphere by hand is not safe.

: () Consider, after the charge of the sphere becomes the maximum value calculated in (h), it discharges
with a rate of 4 x 1078C s™*. Find the speed of the belt with which it should be moved in order to
supply the charge to the sphere with the same rate of discharge. The width of the belt is 5 cm.

9) Answer either Part (A) or Part (B) only.

1
1

(A)(a) Aitémating voltage is used for long-distance power transmission. The electrical power supplied to
households in Sri Lanka is 230 V, 50 Hz. The variation of voltage (V) with time (1) is sinusoidal, as
shown in Figure 9 (A) (1) below. 230 V is the root-mean-square (rms) value of the voltage.

\l'
i. Find the value of peak voltage ¥, and the period T for V, /,—\ F5

this voltage. V2 = 1.41). | NPT LT e

Figure 9A (1)
Physics 11 See next page
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ii. Figure 9A (2) shows a section of a household circuit containing a 5 A fuse. Consider an instance

where the switch S is closed and a rice cooker with a power consumption of 1 kW is connected

«to the plug socket. Calculate the maximum power that the bulb can have such that the fuse does
not blow in this situation. b

fuse

Live wire (L) @_ﬁ_
T —stitch (S)
2.5

230 v

v Neutral wire (N) bulb (B)

Plug socket

Figure 9A (2)

(b) Consider an instance where a filament bulb marked 230 V, 100 W is connected as bulb B in the circuit
shown in Figure 9A(2) above. (take this bulb as C.) When the bulb glows at its rated power of 100 W, |
the temperature of the filament is 1000 °C.

i.  Find the resistance of the bulb filament when it glows at its rated power. !

ii. At the room temperature 30° C, the resistance of the filament is 115 Q. Calculate the mean

temperature coefficient of resistance of the filament material. (Give the answer in scientific
notation correct to two decimal places.)
iii. If the cross-sectional area of the filament material of bulb C is 5x1074 mm?, and the resistivity |
of the filament material at 30°C is 5%10-8 Q m, calculate the length of the filament. '
iv. At the instant the switch is closed, is the electrical power drawn by bulb C equal to, greater than,
or less than 100 W? Explain your answer.

v. Consider an instance where no other electrical appliance is connected to the plug socket in the
circuit shown in Figure 9A(2) above, and only bulb C is connected. Find the electric current
flowing through the fuse when the bulb glows at its rated power.

vi. When the current calculated under b(v) above flows through the fuse, the power generated by
the fuse is entirely dissipated into the environment. If the resistance of the fuse in this state is
9x1072 Q, find the rate of heat loss from the fuse under steady-state conditions. |

(c) In long-distance transmission of alternating voltage, the voltage is first stepped up to a high voltage ’
such as 66,000 V at the power station using the T transformer and transmitted through transmission |
lines. It is then reduced to a voltage of 11,000 V and finally stepped down to 230 V using the Tz!
transformer to be distributed to houses. See Figure 9A(3). [

T| T: l
66000V L M to houses

N N

]

Power station

Figure 9A (3)

i. Identify the type of transformers Ty and T, as step-down, step-up, or isolation transformers.

ii. State three heat-generating processes that cause the efficiency of these transformers to decrease.
Oil circulation is utilized around transformers like T,. State the reason for this. Give two physical
properties that this oil should possess.

iii.

Physics 11 See next page
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T that can be used to light up a Light Emitting
r tank in a house reaches the level XY, T,
D lights up. When the LED lighys
led above the level XY, Assyme

(B) (a) Figure 9B (1) shows a circuit using a silicon transistor
Diode (LED), when the water level of an overhead wate
transistor is used such that it reaches its saturation state when the LE
up, the voltage across it is 2V. Consider a case where the water is fil

water is an ideal electrical conductor.
—e Vee=+5V

] tank

Figure 9B (1)

1. What is the maximum possible value for the collector current, Ic?
1. If the direct current gain of the transistor is 150, what should be the minimum value of the base
current Rg?

(b) Figure 9(B) 2 shows a circuit that can be used to light up LEDs, Dyand D,, corresponding to two
different water levels in the tank. The diodes D, and D,are identical to the diode D mentioned in part

(a) above.
v F
® Vee=+5
Dz cc=+5V
1k [
2= water level
1= water level

Figure 9B (2)

i. Which LED / LEDs will light up when the water level is at level 19
ii. Which LED / LEDs will light up when the water level is at leve] 22
iii. Which LED / LEDs will light up when the water level is below level 1?
iv. Iftransistors Ty and T are identical to the transistor T shown in (a),
RB; and RB, be?

what will the resistances of

“Physics 11 —
Physics See next page
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(c) Instead of detecting the water level using transistors as shown in (b) above, the water level can also
be detected using operational amplifiers (op-amps).

>+, Vo IV
T A Mt sl
v, .___\ 4 /EB
>__. Vo / > V) /v
V; o—— / L1y,

Figure 9B (3)

i. The open-loop transfer characteristic curve of the op-amp shown in Figure 9B (3) is given
alongside. The supply voltage +Vs is +5V and the saturation value V; is equal to V5. The open-
loop voltage gain is 10°,

1. What is the gradient of the section AB?
2. Find the value of V.

ii. 9B(4) shows a circuit that can be used to indicate the water

level using two vertically aligned LEDs; the lower LED R —>_
lights up when the water level reaches Level 1, and both T—

LEDs light up when it reaches Level 2. This is an b
incomplete circuit. The positive saturation voltage of 5V R }

provided by the operational amplifiers is used to light up
the LEDs.

?0 water level
indicator
Figure 9B (4)

1. Copy Figure 9B(4) onto your ariswer sheet and complete the circuit by connecting the other
terminals to the appropriate locations. Mark the inverting terminal of the operational
amplifiers as - and the non-inverting terminal as +.

2. Ifthe current passing through the resistors R is 1 mA, find the value of R. (Neglect the current
flowing into the inputs of the operational amplifiers).

(d) Figure 9B(5) shows a circuit used to light up an LED bulb. The rated operating conditions of the LED
are 2.5 mA and 3V. The forward bias voltage of diode D is 0.7 V. The current gain of the transistor
is 150.

Figure 9B (5)

i. Find a suitable value for R;.
ii. 1fVge=0.7Vand Vy=5V, calculate a suitable value for Ry.

-

Physics II See next page
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(b)

(c)

o
mercury
<

ii.
iii.

V1.

10) Answer either Part (A) or Part (B) only.

(A) (a) To study the thermal conduction of a metal rod, a student arranged the apparatus as shown in Figure

10A(1). Here, AB is a metal rod of length 5 m and radius 3.5 cm. The end A is in contact with Mercury.
A thermometer 7} and an immersion heater H are immersed in the mercury bath. End B is in contact
with water in the metal container C. The initial temperature of water in C is 30°C. (room temperature).
A thermometer T; is immersed in water in the container C. The entire setup is covered with thermal
insulation as shown in the figure.

T,

Tube Q

water

Thermal insulation

Figure 10 A (1)

When the switch of the immersion heater was closed, the readings of thermometers T; and T, rose
and became steady (constant) after a few minutes. The steady temperatures of Ty and T, were 150°C
and 100°C respectively. In the steady state, steam was continuously emitted from the tube Q, and the
mass of steam collected in 5 minutes was 20 g. The latent heat of vaporization of water is
2.25 x 10 %] kg™". Assume there is good thermal contact between heater H and end A.

Find the rate of heat conduction along the rod AB in the steady state.

What is the power of the heating coil?

1). Sketch a graph showing the variation of the temperature 6 with the distance | measured from end

A of the rod in the steady state.

2). Sketch a graph showing the variation of temperature & with distance | a few minutes before

reaching the steady state.

3). Sketch a graph showing the variation of the reading 6" of thermometer T, with time t.

Calculate the thermal conductivity of the material that the rod AB is made of. Give your answer to

the nearest whole number.

If the end of tube Q is closed what changes would be observed in the reading of the thermometer T5?

Explain the reasons for your answer.

When the end of tube Q is not closed, calculate the mean speed at which steam was emitted from the

end of tube Q. The cross-sectional area of the end of tube Q is 3.73 cm?, atmospheric pressure is

1x10° Pa, the molar mass of steam is 18 g mo#™*, and the universal gas constant R=8.3) mof LK1

Assume that steam behaves as an ideal gas. (Take E1§ =0.12)

Consider a case where, instead of the metal rod AB, another metal rod is used which has % of thermal
conductivity of that AB, but is equal to AB in length and cross-sectional area. In the steady state, the
reading of the thermometer T; was 100° C. Find the rate of heat conduction along this rod in the steady
state, and find the steady-state temperature of the thermometer T;.

Show that in this study, the percentage increase in the volume of container C is less than 0.5%. The
initial temperature of C is 30°C. The linear expansivity of the metal material of C is 1.9x10-5 K-,

Physics 11

See next page
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(B) (a) State the Stefan-Boltzmann law regarding black body radiation.

(b) 1) 100 W filament bulb has a filament with a diameter of 0.4 mm and a length of 30 cm. Whén the

bulb is lit at its rated power, its surface emissivity is 0.21. Calculate the temperature of the filament
surface. (The Stefan-Boltzmann constant = 6x10-* W m-2k-* Give your answer to the nearest whole
number.

i) Find the wavelength of the electromagnetic wave emitted by the bulb at its maximum intensity.
The Wien's constant = 2.9x/0- m K.

iii) To which region of the electromagnetic spectrum does the wavelength calculated in part b (ii)
above belongs?
iv) What is the reason for the low efficiency of a filament bulb when producing light?

(c) i. Find the energy, in electron-volts (eV), of a photon with a wavelength of 500 nm emitted by the
bulb mentioned in part (b) above.

Planck's constant h=6.4x1074 ] s
Speed of light in a vacuum = 3x10* m 5!
1eV=16x10"7]

The photons mentioned in C(i) above are incident on three metals, A, B, and C, which have work
functions of 1.90 eV, 2.25 eV and 4.60 eV respectively. Which metal(s) will exhibit the photoelectric
effect? Explain your answer.

ii. Assume the bulb only emits photons of wavelength 500 nm. It falls normally on a photosensitive
surface of area 1 ¢cm? placed at a distance of 1 m from the bulb. If 1% of the incident photons emit
electrons, calculate the resulting photoelectric current. (the charge of an electron is 1.6x10-19C.)

(d) The minimum power required for visual perception in a normal human eye is 3.6x10-'7 W. Calculate
the rate at which photons of wavelength 500 nm must fall on the eye to produce this visual sensation.

o5 e ok
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