PHYSICS ADMISSIONS TEST
Wednesday, 31 October 2018

Time allowed: 2 hours

For candidates applying to Physics, Physics and Philosophy,
Engineering, or Materials Science

Total 23 questions [100 Marks|
Answers should be written on the question sheet in the spaces provided,
and you are encouraged to show your working.
You should attempt as many questions as you can.

No tables, or formula sheets may be used.

Answers should be given exactly and in simplest terms
unless indicated otherwise.

Indicate multiple-choice answers by circling the best answer.

Partial credit may be given for correct workings in multiple choice questions.

The numbers in the margin indicate the marks expected to be assigned
to each question. You are advised to divide your time according to
the marks available.

You may take the gravitational field strength
on the surface of earth to be g ~ 10 ms™2

Do NOT turn over until told that you may do so.



1. What is the next number in the sequence? 4, 5, 9, 14, 23

2. Which of the curves shown in the figure is not a trajectory in the gravitational
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3. Which combination of units is the odd one out?

4. 90 people enter a maze. At each junction a third will go left and two thirds will
go right. After three such junctions, what is the most likely combination of turns people

will have taken?
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5. A person drinks many cups of tea. The first cup the person drinks is filled com-
pletely. They don’t want to drink too much tea in total so the second cup is filled with
only a fraction («) of the tea in the first cup, the third cup contains the same fraction
a of the second cup and so on. What is the maximum value of « so that the person
drinks no more than 3 times the amount of tea in the first cup however many drinks
they take?
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6. A stationary wave is set up on a string of length L. If the centre and the ends
of the string are held fixed with zero displacement, what wavelengths (\,,) can this
stationary wave have? In the table below m denotes any positive non zero integer.

A B C D E

Am =22 0 N, =L | Xp=& || Aw=mL | A\, =2mL

2]



7. A car of mass m is traveling along a straight and narrow road at speed u. A cat
walks into the road a distance d in front of the car and stops in the middle of the road.
What constant force must be applied to the car so that it does not hit the cat? The
road is too narrow for the car to drive past the cat without hitting it.
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the car cannot avoid hitting the cat

8. What is the value of z for which y has a minimum in the function y = (z—3)(z+1)?

2]



9. What is the equation of the line which intersects y = 22 — 2 at right angles and

at position x = 17 [2]
A B C D E
_ _ 1 _1 1 _ _
y=—3z||y=—g5r+3z||y=3r—5 |y=2|y=2x

10. For which range of z is the inequality 23 — 22 — 2 + 1 > 0 satisfied ?
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r>1l|z<l|lz>landa<-1]| -1<z<1| x>-1




11. A rectangular building with sides 50m and 100 m long has a flat roof on top of
it. The roof has a mass per unit area of 100kg m~2. The walls are 10 cm thick and can
take a maximum stress of S, which depends on the material of the wall. The values
of Sy for five building materials are:

moist wood: S,z = 25.5 N mm 2

dry wood: Sy,.; = 48.3Nmm 2
concrete: Sy, = 300 N mm 2
solid cardboard: S,,,; = 15 N mm ™2
brick: Syu; = 7Nmm ™2
Which materials could be used so that the walls will support the building, assuming
that the mass of the walls is negligible? 2]
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12. A light ray passes through an infinite stack of thin transparent plates. The refrac-
tive index of these plates increases slightly by a constant factor from one plate to the
next. The ray enters the first plate making an angle 6y with the surface normal. The
ray’s angle to the normal changes at each new interface. At the i** interface between
plates the ray makes an angle 6; to the normal. Find the limiting value 6., for the angle
0; when the ray has traversed an infinite number of plates. 2]
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0o = 0o O = =0y || O =0° 0o = 90° 0o = 180°

13. Consider the network of capacitors shown below. All capacitors in the network
have the same capacitance C'. Assume that capacitances combine as follows:

e T'wo capacitors in series combine their capacitance in the same way that two re-
sistors in parallel combine their resistance.

e Two capacitors in parallel combine their capacitance in the same way that two
resistors in series combine their resistance.

Find the total capacitance Cy,; between the points A and B.
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14. Solve the following equation for x: log, 25 = logs(x)



15.

A car is initially stationary. At time tg it starts to move at speed vy for a time

Aty. Immediately after this it moves at speed vo > vy for a time Aty < Aty. After this
time it is stationary again.

(a)

(b)

Using this information sketch a graph of speed v versus time ¢. Label all axes
sufficiently so that the graph is quantitatively accurate.

From your graph determine the average speed (v); of the car while it is moving.
Express (v); as a formula using the symbols vy, Aty, ve, Aty. (v); is known as the
time weighted average. Compute a numerical value for (v); given the following:
vi=1ms™ ', Aty =2s, 10 =2ms !, Aty =1s,t9=0s

Now draw a graph of speed v versus distance s using the numerical values for
speeds and times given in section (b) and label the axes as before.

From the second graph find the average speed (v)s known as the distance weighted
average. Again express (v)s as a formula using the symbols v, Asy, ve, Asy, where
As1 and Asy are the distances that the car travels at v and ve. Also provide a
numerical value for (v)s using the values given in section (b)

Which of the two averages (v); or (v)s is equivalent to the conventional definition

of average speed which we assume to be (v). = tOtatloglstgﬁfs gigﬁued ?

State the mathematical operation that should be applied to the curve of v(t) to
compute (v). if we assume v to be any function of time or distance.
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16. Consider the cross section of a pencil, where a concentric circle of radius r sits
at the centre of regular hexagon. If the black area is a quarter of the total area of the
hexagon, what is the length of the dimension x in terms of 7




17. To which order should you expand (1 + )Y in the integral foo‘l(l + x)%dx so that
the approximate integral agrees with the exact result to better than 10%7? [7]



18.

The diagram shows two spheres of mass m suspended from wires of negligible

mass. The length between the pivot points and the centres of each sphere is L. The
two suspension points lie on a horizontal line and are separated by a distance x. The
system is in equilibrium. Take the total acceleration due to gravity to be g.

Hint:

(a)

You may assume that dx < L as well as dz < .

LSS LSS

_Néx:q_
1

A

Show that the small deflection 62 by which the gravitational force F, between the
spheres will deflect them from the vertical is given by:

x <m)2 LmG
or ~ = — -] -
8 8 4dxg
where G is Newton’s gravitational constant. Clearly state all assumptions you
make and show all your workings.

The spheres are now both electrically charged with the same positive charge Q.
How big must @ be so that the wires hang vertically again?

Hint: The force between two spheres, electrically charged with charges Q1 and Q2
is given by:

Q1Q2

Fo=k
Q )

where k is a constant and r is the separation of their centres.

7]
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19.

||
U=100V

A B
% &

Consider the above circuit. The filament lamp A consumes an electrical power
P4 = 100 W when it alone is connected to a voltage of U = 100V. Filament lamp B
consumes a power Pp = 20 W when it alone is connected to a voltage of U = 100 V.

(a) When the switch is closed, which lamp will be brighter and why?
Find the ratio of the levels of brightness of the two lamps assuming their resistances
are constant. Assume further that the brightness of a lamp is proportional to the
power it consumes.

(b) How would your answer change if the lamps were wired in parallel rather than
series?
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20.

In a crystalline material, planes of symmetry are labeled using triplets of integer

numbers of the form (hkl), e.g. (100) is equivalent to h = 1, k = 0, [ = 0. For this
question it is not important how this labeling scheme works exactly or what h, k and
I mean. By performing certain experiments, it is possible to determine these (hkl)
triplets for multiple planes of symmetry. From the knowledge of several such triplets
the microscopic structure of the material can be inferred using the following rules:

o [f for all planes all positive integer values of h, k and [ are possible the material

has a simple cubic lattice.

e If for all planes h 4+ k + I = 2n where n is any positive integer then the material

has a body centred cubic lattice.

o [f for all planes h and k and [ are either all even or all odd the material has a face

centred cubic lattice.

Note: zero is an even number
During the analysis of the data from such an experiment the following four planes of
symmetry were found: (111), (200), (220), (311).

(a)
(b)

What type of lattice did the material in these experiments have?

In a material with some form of cubic lattice the distance d between the planes of

symmetry is given by:
a

Vh2 + k2 + 12
where a is a constant length that is usually of the order of a fraction of a nanometre.

Using the formula for d and the data in the table below determine the best estimate
for a.

d (nm) | Plane
0.224 | (111)
0.195 | (200)
0.137 | (220)
0.117 | (311)

A cube of the material has a length L in each dimension where L = Na and N is
a very large number. Pressure is applied to two opposite sides of the cube. The
volume of the cube remains constant but one of the cube’s dimensions reduces to
a length of L' = %N a. What is the new length of the deformed object in the other
two dimensions?
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21.

A child of mass m stands on a platform which rotates freely at angular speed

w. The child’s centre of mass (COM) is initially at a radius of ro from the axis of the
platform as shown in the figure below. The child now slowly pulls itself closer to the
centre of the platform.

(a)

(b)

State the minimal force F'(r) needed to pull the child closer to the centre as a
function of the radius r of the child’s COM.

Find a mathematical expression for the work done by the child when it has reached
the centre of the platform.

Hint: You may take the work done along a path to be W = [ F(s)ds where F
is the force in the direction of motion and s is the distance. If your expression
contains an integral you do not have to perform the integration yet.

Into which form of energy is the child’s work converted and what will qualitatively
happen to the angular speed w as the child approaches the centre?

The angular momentum J of the system of child and platform is a conserved
quantity during the above process. It is defined to be J = Iw where I is the
moment of inertia of the system which is given by I = mr? + I, where I, is the
constant moment of interial of the platform. Find an expression for the angular
speed w(r) as a function of the radius r of the child’s COM.

Find the total work done by the child when it has reached r = 0.
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22. Determine the area inside the circle defined by:

Py —8r+4y+4 = 0

but outside the triangle bounded by the three lines below.

y = x—7
)
x =7
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23. Given that

[ )

1@ = See 10

Determine the range of x for which f(z) is real and finite.
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