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a) A skier of mass m moveown a slope of angle 6 to the horizontal. The skier

experiences a/ 1t resistive force, Fr. At time ¢ they have travelled a distance d down -
the slope. Obtainran expression for F; in terms of the quantities given, and the acceleration
due to gravity g.
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b) A car of mass 1200kg tows a caravan of mass 600kg. The resistive forces acting on the

car and caravan are proportional to their individual weights and their sum equals 900 N.
The vehicle accelerates at 2.0m s on a flat road.

a Wt
5 . : ‘) Sy
(1) What force is exerted by the engine? D - f c 4 g GiteiJo
(11) What is the tension in the tow bar?

(iii) What is the power being converted by the engine after 5 s?
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; New  wile speed vs
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¢) The distance between village A and village B is 50km. Helen and Robert decided to

cycle from A to B.
Robert left A at 8.00 am, with a speed of 12kmh~! and had a break of 30 minutes.

Helen left a did not have a break and reached B an hour before Robert. What

was Helen’s speed
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d) A uniform plank of mass m stands on & smooth floor and leans against s@t an
angle « to the horizontal. It is held in pla rizontal string attache ottom

of the ladder and to the bottom of the wall, as shown in F ig. 1.

What is the tension, 7', in the string in terms of m, g and a?
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Figure 1: Plank on a smooth floor leaning against a smooth wall
held in place by a light string (dotted line).
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e) An object falls under grav1ty The ratio of the distance fallen by the object in the last
second of its fall to the distance covered in the last but one second of its fall is 3 : 2.
(i) Find the height from which the object fell, and
(i) The speed at which it hit the ground.
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f) A mass m is suspended from a horizontal rod by two identical wires of negligible weight,

each at angle 6 = 30° to the vertical when attached to points A and B on the rod as shown
in Fig. 2. The tension in each wire is 7.

Figure 2: A mass suspended from two wires.
(i) Obtain an expression for 7, the tension in each wire, in terms of m and g.

(ii) The wire BC is now cut. At the same instant the tension in wire AC, Tac, will
. . . : .
change as the system is now in motion. What is the ratio —2<9
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g) The resistance of a copper wire 1 m long with a mass of 1 g1s 0.15 Q. Find the length of

a wire of the same material with a mass of 1000 kg and a resistance of 6000 €.
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h) A glass block, with a reflecting lower surface, is shaped as a rectangular slab but whose
left and right sides are curved in the shape of quarter circles of radius R, as shown in
Fig. 3. The base A ray of light enters horizontally from the left and passes out through

the right side of the block at the same height above the base. The length of the top plane
surface is €.
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Figure 3: Light passing through a glass block.

If the depth of the block is 2.0 cm and the refractive index n = 1.46, what would be the
minimum value of ¢ to satisfy this situation?
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i) An 8 W beam of light is shone on a surface at normal incidence. The surface reflects 50%
of the incident light and absorbs the other 50%. | -

(1) What is the average force exerted on the surface by the radiation?
Hint: the momentum of a photon, p, is given by its energy, E, divided by the speed of
E

light,c. ie.p=—
c 2 A

(i) The average wavelength of the light is 600 nm and the beam covers an area of 12 cm?
when it is incident on the surface. Calculate the volume density of photons in the

beam.
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j) A short pulse of 10% neutrons is fired through a vacuum at a target. If the bunch of
neutrons is travelling at a speed v = 2200 ms~! and the half life of a neutron is 880's, how
many neutrons will decay whilst travelling a distance of 11 m towards the target?
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k) A smoothly hinged rod of mass m rests, at angle 6 to the vertical, on a smooth cylinder of
radius r which sits on the floor. The hinge is set on a vertical wall at a height of 3r above
the floor, and the lower end of the rod is at a height r above the ground when the cylinder
is in the corner of the wall and the floor, as shown in Fig. 4.

S
. . ; ( txae 1o 51\\
(i) Determine the value of tan 6. N DA The ’\é;
P 2tan§ LT kdrret 1
It may help to know the identity, tan = ———2 ) TAANGLES |
1 = tan?‘ Q e, ~ P W NP,

2 A

(i1) What is the length £ of the rod in terms of r? Give your answer as a fraction.

(iii) A light horizontal thread is attached to the rightmost point on the surface of the
cylinder and it is pulled slowly to the right until the tension in the thread reduces to %
zero. What is the minimum amount of work that needs to be done by the thread? X

(iv) As the cylinder is pulled away from the wall, the angle € increases from its minimum
value 6y, which is illustrated in Fig. 4, to its maximum value 6y, before decreasing

. ; . cosby .
again. What is the ratio ———2—9
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) An object of mass m slides down tha;;sfm;(;h}loping surface of a wedge of mass m», as
shown in Fig. 5. The angle of the slope is # = 30° to the horizontal. The wedge Sits on a

smoothbhorizontal surface.
N
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Figure 5: A block of mass m; sliding down the smooth face of a wedge
of mass m, that sits on a smooth horizontal surface. }
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(i) Mark on the forces on two free-body diagrams.

The block’s acceleration can be resolved into two components; one is down the slope,
which would be the case if the wedge was fixed, and a second horizontal component so

that it remains in contact with the accelerating wedge.

d;

(ii) Resolve the forces on the sliding object normal to the slope.
(i) Hence or otherwise, obtain an expression for the acceleration of the wedge in terms
of mq, my and g.
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m) Two ships, A and B spot each other at the moment ship B is due south of A with a range
of 2.0 nautical miles. Ship A is travelling on a bearing 090° at 5.0 knots, and ship B on a
bearing of 030° at 20 knots. What is their distance of closest approach?

1 knot = 1 nautical mile per hour. \§

) A bearing is an angle measured clockwise from 0° as due north.
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A steel tube of 4.0cm internal diameter and 30cm long, with a wall 0.25cm thick,
is covered externally and lined internally with copper tubes 0.20cm thick. The three
concentric tubes are firmly connected. This compound tube is placed under tension bya
load and the stress produced equals 6.2 x 107 N m™2. Determine

(1) The extension of the tube g SL
(ii) The stress in the copper tubes 6c
(iii) The load carried by the compound tube T

%&;w« s Sechey
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Young’s Moduli: Steel 200 GPa
Copper 110 GPa
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0) A thin wire of mass m = 6.0 g and length L = 1,2mds stretched to a tension T between
two fixed supports. The wire is excited so that th¢ third harmonic standing wave is formed
of maximum amplitude Apnax. In such a wire, the total KE and elastic PE are equal.

The tension is T = 45N and A, = 1.8 cm.

(1) Sketch a graph of the maximum kinetic energy of the particles in the wire against
their position along the length of the wire in the range 0 to L. Draw a line on your
graph to show the the total energy of the particles along the wire from 0 to L.

(ii) Calculate the frequency of vibration of the wire.

(iii) Calculate the total energy due to the vibration of the wire.

Hint: The speed of a wave v in a stretched wire is given by v = , /[— where y is the mass
u

per unit length of the wire.
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p) A cell of emf & with an internal resistance  is connected across two resistors Ry and R,
in parallel, as in Fig. 6. Resistor R, is variable, whilst R, is fixed.

11“ 11 \/il

Figure 6: A circuit with two resistors connected in parallel with a cell.

Obtain expressions for

(i) the current I flowing through the cell in terms of &, R, Ry, 7,
(ii) the current I, flowing through R; in terms of /, Ry, Ry,

(iii) the power P, converted in R; in terms of &, Ry, Ry, 7.

(iv) By considering the term 7 or otherwise, determine an expression for R, in terms

2 .
if Ry and r such that the power P, converted in R, is a maximum.
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q) Three capacitors, Cy, C, and C3 are shown connected to a pair of cells of emfs &1 and &3
as shown in Fig. 7. Obtain an expression in terms of the capacitor values and the emfs
for the potential across Cs.

It is important that you write down your initial equations clearly.

Gy

Cy

| |
| | -
@) L9
) L e

81_::_21, | Q“

Figure 7: Three capacitors and two cells in a circuit.
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1) A uniform rod, of length 2a, floats partly immersed in a liquid, being supported by a
string fastened to one of its ends, the other end of the string being attached to a fixed point
A, as in Fig. 8. The density of the liquid is a factor 4/3 times that of the rod. Determine

(1) the fraction of the rod’s length that will be submerged, and
(ii) the tension, T in the string. A (A " ‘)Q,LMS\(
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s) Two balls A and B of masses and volumes i, V4 and mg, Vy respectively are attached to
the ends of a light thread. The thread is hung over a freely moving pulley above a beaker

of water. The pulley 1s lowered so that B is fully submerged and ball A floats on the water.
Va = 1000cm?, my = 500g, Vg = 50cm? and mg = 390 g.

(1) Sketch a diagram showing the forces on each object in the system.

(ii) What fraction f of the volume of A is submerged below the water surface?

Suppose that a short section of the thread is replaced by a spring of negligible mass of

spring constant k = [00 Nm™!.
(iii) By how much is the spring extended?

Density of water p = 1.0 g cm™3
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2 A o
t) A vertical wooden pole with a circular cross section of diameter 30 cm has its footing
embedded in a concrete block. A loose steel guy wire, A, is fixed to the ground a distance
b = 2.4m from the base of the pole, and is attached to the pole at a height 7 = 12m
above the ground. It is subject to a pull to the right by tension P in a cable, attached at the
same height, as shown in Fi _This causes the wooden pole to bend a small amount to
the right in theg‘k&wf a circle of radius r with r f?‘ 1.\The loose steel guy wire, A, then
becomes tight and prevents the pole from bending any further. The bent pole stretches
on one side and compresses on the other, with a neutral line down the centre of the pole.
The pole has a maximum stress of 4000 N m™2 at one side when bent.

(i) Calculate radius » and the angle of the circular arc formed by the bent pole when
the neutral line remains unstressed.

(ii) Draw a diagram to show how this angle can be used to calculate the length of the
guy wire, A, when it is tight.

(iif) Calculate an approximate value for the length of slack in the guy wire when the pole
is unloaded and straight and vertical.

You may assume that the bend is small enough so that the height of the pole when bent
is not changed significantly.
Young’s modulus for wood is 14 GPa.
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