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Solutions

Question 1

(a) Kinetic energy, potential energy and heat energy

1
Ekin = 5771212 ) Egrtw = mgh

(1)

(b) The initial velocity is given by vg = 6.7 ms~! and the angle is given by o = 45°.

x = vg cos(a)t (2)
1
y = vp sin(a)t — §gt2 (3)
The vertical height distance is 1 m, therefore we get
. L 5
1 m = vgsin(45)t — §gt (4)
%vo sin(a) £ \/;igvg sin?(a) — 4%
= t= =0.483s+0.171s (5)

2

This describes a parabolic curve and since we are looking for the situation when
the ball moves downward, the larger solution is the one of interest, t = 0.654 s.
During that time the ball has travelled the following x-distance

x =1vpcos(a)t =3.1m (6)
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(c) Since energy has to be conserved we have

1
Smv; = §mv? + mgh (7)

= vp = /v} —2gh = 5.03 ms™* (8)

OR
(a) The equation of conservation of momentum in both spatial directions are given by

mug + 0 = mwuy cos 01 + 2musy cos Oy for p, (9)
0+ 0 = muwq sin 1 — 2mws sin for p, (10)

and the equation for the energy is given by

1 1 171

§mv% + §2mv§ =3 [imv(ﬂ (11)
(b) From the equation for the energy we know
4vf = v3 — 0% and from the question (12)
4v2 = v2 — 2ugvy cos by + v3 (13)
Equating the right hand sides gives therefore
3v? = 2ugv; cos 0 (14)
2 23V2 2V/2

N _z g, = 22V 2, = 222 15
v = gupcosy = =9 = —="p (15)

(c) From the equation given in part (b) we get

A2 = v2 — 2y Y 2y 22 1
vy =0y — 2u0——t0—¢ TR (16)
24 8
2
= - = 1
o < 5+ 25> (17)
9
= 257 (18)
= v i1) (19)
2 = 150
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Question 2

(a) The inward force given by gravity has to be compensated be the outward force due

to radial acceleration )

mgsin @ = ma, = m— cos 6 (20)
r

The angle is therefore given by

02
6 = arctan (—) =T77° (21)
gr

mgsin 0

[3 marks]
(b) The friction force, Fr, compensates partly for the gravitational force

mgsing — Fr = ma, (22)

and is given by
FR = ,uRN (23)
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Therefore )
mgsinf — pur(mgcos ) = m—=> cos 0 (24)
r

R \/ ro(sind —preost) oot Zot0kmnt (25)
cos 0

(c) Conservation of energy means that energy can neither created or destroyed. In the
case of a car this means that its kinetic energy is transformed into heat energy via
the friction of the tires on the ground.

OR
(a) (i) The stone makes 0.4 revolutions per second, which corresponds to 2.51 radians
per second

Vian = Tw = (0.75 m)(2.51 rad s7') = 1.9 ms™! (26)

(i)
w=uwy+at (27)
251 rad s~ =0+ (2 s) = o = 1.26 rad s> (28)

(iii)
ae = rw? = (0.75 m)(2.51 rad s71)? = 4.73 ms 2 (29)

(b) The string breaks when

mrw® =11 N (30)
(1.3 kg)(0.75 m)w? = 11 N (31)
w=3.36 rad 5! (32)
Therefore the time is given by
w=wy+ at (33)
3.36 rad s™! = 0+ 1.26 rad s~ 2¢ = t=267s (34)

(c) The angular momentum is given by
|L| = |r x p| = |r x (mv)| = m|rv|sinf = 1.85 kg m? s! (35)

where 8 = 90° is the angle between the radius vector and the tangential velocity
vector.

4 of 6

[4 marks)]

[3 marks]

[4 marks]

[3 marks]

[3 marks]



Question 3

(a) The expression for a simple harmonic, traveling wave in one direction is given by
y(x,t) = Asin(wt — kx + ¢) (36)

where A is the amplitude, ¢ is the phase, w is the frequency and k is the
wavenumber.

(b) Dispersion means that the speed of a travelling wave depends on its frequency
w 27 w
v=12=(5) <?>_E (37)

(¢) The superposition principle says that two waves impinging on one point have to be
added.
Yy =1y1 +y2 = Asin(wt — kxy + @) + Asin(wt — kzg + ¢) (38)

The conditions for constructive and destructive interference are

1
(x1 —x2) = <n + 5) A destructive (39)
(1 —x2) = nA constructive (40)
Source 1 X, point of
¢ interference
X

Source 2

OR
(a) The First Law of Thermodynamics is given by

AQ = AU — W = AU — p(AV) (41)

and it describes the fact that the change in internal energy is given by the heat
added to the system minus the work done by the system.
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(b) The average kinetic energy and the temperature are related by

3
(Bxin) = 5 NkpT = 6.21 x 10724y (42)

2By
v =4/ — 1367 ms~! (43)
MHe

(c¢) The equipartition theorem says that the internal energy of a particle is divided
equally between all degrees of freedom. A diatomic molecule has 7 degrees of
freedom: three spatial, two rotational and two vibrational.

and the average velocity
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