11. The first ten energy levels of an atom are labelled n = 1,2, . . ., 10. Assuming all transitions are possible,
find the maximum number of unique photon energies correspondmg to transitions between n = 10 and n = 1.
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12. A body, initially at rest, explodes into two fragments of masses m and am where @ > 1. The total
kinetic energy after the explosion is E. Find the kinetic energy of the larger mass.
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13. The pressure p exerted on two closely spaced parallel plates due to quantum effects is dependent only
upon Planck’s constant h, the speed of light ¢ and the plate separation r.

Find the proportionality relation between p and r.
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14. A thin unfécular biscuit of radius b is balanced horizontally on the thin circular rim of a teacup,

which has radiu§ 3b/2/ positioned as far as possible from the cup’s centre. It is then slowly pushed inwards
towards the centi the teacup. What is the maximum distance it can be pushed before it falls?
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15. An insulated cup contains 500 g of water at 20°C. Identical ice cubes, each of mass 25g and at 0°C,
are added to the cup. What is the maximum number of cubes that can be added so that, at equilibrium, the
mixture is entirely liquid?
Specific heat capacity of water = 4 x 10° Jkg™' K™* &
Specific latent heat of fusion of ice = 3 x 10° Jkg™* L
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16. A ray of light is incident on a glass cube of side length @ and refractive index /2. The angle of incidence
is 30°. Find the time taken for the light to travel to the opposite face.
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17.  An uncharged, isolated parallel plate capacitor has capacitance C'. Monochromatic light of frequency
[ is incident on one of the metal plates, which has threshold frequency fo. Emitted photoelectrons are then
captured by the other plate. Once the capacitor charge has reached a steady value, how many electrons have
been transferred between the plates? (h is Planck’s constant and e is the magnitude of the electron charge.)
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18. Two particles are projected from ground level at the eed v, but at two different angles to the
horizontal: (§ + «) and (1 — «), where « itself is a sm4ll angle in fadians.
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o
19. The half-life of a radioactive substance is T. What is the time taken for one third of the substance to
decay?
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20. Jerk is defined as the rate of change of acceleration with respect to time, j = %.

A bungee jumper attached to a slack rope falls from a height. Once the rope is taut, it acts as an ideal
spring which subsequently brings the jumper to instantaneous rest. Which of the following graphs shows the
magnitude of the jerk j as a function of time ¢, up to this moment?
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21. A light inextensible-string is attached to one end of a rigid rod of negligible weight and of length ¢, with

its other end freely hinged at O. The other end of the string is attached to the ceiling, so that the string is
vertical, and the rod makes an angle of 30° to the horizontal. A small @ing of mass m is released

from rest at the upper end of the rod and slides downwards along it. : \ N - s 1
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Given that the tension in the string T at time ¢ (while the ring is in motion) is 7' = mg(1 — kt?), select
the correct expression for k.
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22. A conical pendulum consists of a bob attached to a light inextensible string of length ¢, with the upper
end fixed. The bob moves in a horizontal circle so that the string makes an angle of 30° to the vertical. By
what factor must the angular frequency be increased for this angle to double to 60°?
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23. The resistance R of a light-dependent resistor (LDR) depends on the light intensity 7. A logarithmic
plot relating these variables is shown below.

1 log(R/$2)

3 -k

log(1/Wm=2)
0 4

1.8

A point light source placed a distance d from the LDR illuminates it, and its resistance is measured to be Rj.

Which of the following is a good approximation for the LDR resistance when the distance to the light source
is halved?

A 0.1R, C 0.5R, D 0.7R, E 09R,
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24. A uniform ladder of mass m rests against a wall in static equilibrium at an angle of 45° to the vertical.
The base of the ladder is pushed a small distance a towards the wall. Which of these options gives the best
approximation for the change in gravitational potential energy of the ladder?
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25. Consider the arrangement of 12 identical resistors below. The equivalent resistance is measured between

the following pairs of points: PR, PS, PU, QS, QT. Which measurement gives the median (middle value)
resistance?

A PR B PS C PU D QS E QT



