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The formulae below may be of use to you.

AEp=mgh
o, =0 +ot
1
w? :wf+2a9
:(a)i+a)f)t
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0=aw.t+2ot
i 2

I A
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v = Aw cos ot v =—Aw sin ot

a=-Ao’sinwt a=-Aw’ coswt

AE =Vq
P=VI
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QUESTION ONE: THE RAILWAY WAGON

Acceleration due to gravity = 9.81 m s
A railway wagon full of sand is released from rest at point C. The wagon oscillates on a vertically

curved track between A and C with simple harmonic motion of period 60.0 s. The effects of friction
can be ignored.

B

3.00 x 10° m

(a) (1) State the conditions that must apply for the motion to be simple harmonic motion.

(ii)  Show that the maximum speed attained is 15.7 m s~'.

(b)  When the wagon is halfway between B and C, calculate its approximate height above B.
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(c) (i) The wagon has a small hole from which sand leaks onto the rail track at a steady rate.

Sketch a height profile of the sand on the graph below and explain the shape of the
profile.

State any assumptions made.

Height

—150 m 150 m

(1) When the wagon arrives back at C, the remaining sand is suddenly dumped from the
wagon.

Explain what effect this removal of mass will have on the physical parameters of the
wagon’s motion.

(d) The track A to C is an arc of a circle.

By first calculating the radius of the circle, discuss whether the original assumption that this
motion is simple harmonic motion is valid.
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QUESTION TWO: INTERFERENCE

(a) State the conditions for stationary interference fringes to be produced by two sources of light
a distance d apart.

(b) Two narrow slits separated by a distance, d, are illuminated by light at an incident angle ¢, as
shown below. Light from the two slits produces an interference pattern on a screen a distance,
L, away. Assume that L is much greater than d.

Diagram is
NOT to scale

screen

If d =1.00 x 10~* m, and the wavelength is 633 nm, calculate the smallest angle ¢ that will
give an intensity of zero at the point P on the screen as shown in the diagram.
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Another way to produce an interference pattern is to illuminate a small wedge-shaped air gap T
as shown in the diagram below. When viewed from above, alternate bright and dark fringes are

observed. The horizontal distance to the nth dark fringe is x, and at this point the thickness of the air
gap is equal to 7.

Note that when light travelling in air reflects off glass, it undergoes a 180 degree phase change.

b2

Glass

o\ ¢ _— Slip of paper

_I—Glass

A

X

v

(c) From directly above the position marked A on the diagram, a dark fringe is observed.

Explain why this occurs.

(d) Light of wavelength 550 nm is incident normally on an air gap of angle 3.5 x 107 rad.

Calculate the number of dark fringes observed per metre.

(e) Ifthe angle of the wedge-shaped air gap, 0, becomes too large, no fringes are observed.

Explain.

®)
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QUESTION THREE: ELECTRONS EVERYWHERE

Mass of the electron

~9.11 x 103! kg
Charge on the electron =-1.60 x 10719 C
Universal gravitational constant = 6.67 x 107! N m? kg~
Coulomb’s constant

=8.98 x 10° N m?C~
(a)

Show that the force of gravitational attraction between a pair of electrons is about 10 times
the force of electrostatic repulsion.

The force of electrostatic repulsion is given by the following equation: F =k

449
Coulomb’s constant, ¢ is the charge, and r is the separation.

°+, where k is
.

(b) An experimenter is given a black box with two electrical terminals. The experimenter knows
that inside the box are exactly one inductor, one capacitor, and one resistor, but does not know
the combination of parallel and series connections inside the box. Using an AC generator with

variable frequency and fixed voltage, the experimenter measures the magnitude of the AC
current as a function of frequency, and obtains the following graph:

o [ ]
current A |e

frequency Hz

Assuming that the circuit elements are ideal, describe how the three components are
connected.

Explain your reasoning.
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A resistance of 4.0 Q is connected across a cell of internal resistance 7, as shown below.
The 4.0 Q resistor dissipates energy at 16 W.
The 4.0 Q resistor is replaced by a 1.0 Q resistor, which also dissipates energy at 16 W.

[ :

Initially R = 4.0 Q
then R=1.0 Q

Show that the source voltage must be 12 V.

Explain in detail the key underlying physics of the emission spectra of the hydrogen atom.
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QUESTION FOUR: SPRINGS

(a)  Aspring of length L and spring constant k is cut into two parts of lengths L, and L, with
spring constants k, and k,, respectively.

Show that l:i+i.
k k, k,

Consider the situation shown above with two springs of spring constants k, and k, connected
together and linking masses m, and m,, which sit on a frictionless surface. The equilibrium lengths
of the springs are L, and L,, respectively, and the centre of mass of m | lies at x, and the centre of
mass of m, lies at x,.

(b) Mass m, is held fixed while a force F; is applied to mass m, in the direction of m,.

k +k
Using the result of part (a), show that the change of position for mass m, is Ax, = F, ;{ e 2
| )
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Both masses are now released simultaneously. The values for the masses and spring constants are
m,=2.0kg k, =50Nm", m,=3.0kg, k,=10 N m, and the force F, = 2.0 N. Assume the mass

of the springs is negligible compared to m, and m,.

(c) Describe in detail the resulting motions of masses m, and m,,.

(d) Show that the maximum velocity reached by mass m, is = 0.40 m s

(e) Explain how the motion of the system would be altered if the mass of the springs was not
negligible compared to m, and m,,.
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QUESTION FIVE: CAPACITORS AND DIELECTRICS

(a) Describe the electrical properties required for a material to act as a dielectric.

Dielectric

(b) A capacitor containing a dielectric is initially charged and then disconnected from a battery.
The capacitor then has its dielectric removed, as in the diagram above.

. .. . . . -1
(i)  Show that the minimum work required to remove the dielectric is %CFVFZ [L]
£

where Cy is the capacitance of the capacitor with the dielectric removed, V. is the final
potential difference, and £ is the dielectric constant.

(i1) Explain why work has to be done to remove the dielectric.

(c) Ifthe capacitor is still connected to the battery when the dielectric is removed, as in the
diagram below, the energy stored in the capacitor will decrease.
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Despite this reduction in energy, work must still be done to withdraw the dielectric.

Explain this apparent contradiction.

If the charged capacitor is held just touching the surface of a liquid dielectric, the dielectric

will be drawn up into the capacitor.

+ A+

S

(i)  Explain why the capacitor voltage decreases when this phenomenon takes place.

L

+

)

(i1)) Explain why the liquid dielectric is drawn up into the charged capacitor.
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