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2015 A-Levels H2 Physics Suggested Solutions

Paper 1
1 A The amount of substance is a base quantity, and the mole (mol) is its Sl unit.
The other three quantities (charge, energy and force) are not base quantities.

2 D total distance travelled = area under the curve
:%x’|8><30+40><18+%x(18+24)x50+%><24x30=24OO m

2400

average speed = total distance travelled / total time = 16ms”

3 C The horizontal component of the velocity is 40 m s~', which is constant in time.
The vertical component of the velocity after 3.0 seconds
=Uu+gt=0+9.81x3.0=29.43=30m s’

_ 2 2 _ 2 2 -1
Vfin - \/Vhorizontal + Vvertical - \/30 + 40 - 50 m s

4 A The acceleration, given by (net force/mass), increases, since the net force
(equal to the propelling force) is constant, whereas mass decreases due to the
leakage.

Note that, since the water is leaked vertically down, it does not exert a
horizontal force on the tanker.

5 C Since the collision is elastic, the initial kinetic energy and the final kinetic energy
are equal:
initial KE = final KE

1 5 1 2 1 5 1 2
EmU1 +§mU2 ZEmV.] +EmV2
u’+u,’ =v?+v)}
where, in the last equation, mass m is cancelled because both spheres have
the same mass.

NOTE

If one considers the conservation of momentum instead, option B is also
correct. Note that u1, w2, v4, Vo are speeds, not velocities. In order to apply
conservation of momentum, one has to use velocities instead.

Taking rightwards as positive, the corresponding velocities are u1, —uz, vi, Vva.
Applying the principle of conservation of momentum, one has

mu, + m(-u,)=mv, +mv,

u,—u,=v,+V,
which is option B.

6 A By Archimede’s principle, upthrust on the barge = weight of water displaced,
and by the principle of floatation, upthrust on the barge = weight of the barge.

Combining the above two principles, one has

weight of the water displaced = weight of the barge
Thus, as long as the water level remains the same everywhere, the bridge
supports the same weight, regardless of the position of the barge.
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When the block of ice is fully submerged, the volume of water displaced is equal
to the volume of the ice, hence

upthrUSt = pwaterg\/ice
where we have applied the fact that the upthrust is equal to the weight of the
liquid displaced.
When the ice is floating, the upthrust is equal to the weight of the ice, by the
principle of floatation:

UpthrUSt = picegvice

Hence the ratio between the two upthrust is equal to the ratio between the
density of water and that of ice:

upthrust when fully submerged 0, 9Viee
upthrust when floating PiedV,

ice

When the speed is 20 m s, the driving force F is solved using
power output = Fv

23x10° =F x20

F=1.15x10° N
The frictional force f at this speed is equal to the driving force:
f=1.15x10° N
because the net force on the car is zero.

When the speed increases to 40 m s™' (speed is doubled), because the frictional
force is proportional to the square of the speed, the frictional force increases by
a factor of 4. By N2L, since the velocity is again constant (net force is 0), the
driving force is equal to this new frictional force

F_ . =4f=4x115x10°=4.6x10° N

The new power output is then
new power output = 4.6 x10° x40 =184 kW

For the processes with no volume change, no work is done either on or by the
gas. For the process with increasing volume, work is done by the gas, whereas
for the process with decreasing volume, work is done on the gas (equal to the
negative of the work done by the gas).

Hence
net work done by the gas

work done by the gas — work done on the gas
600(5-3)—-400(5-3)=400J

where the work done in each process is given by

work done = pAV

The force the string acting on the sphere is along the string away from the
sphere. By N3L, the force on the string by the sphere is in the opposite
direction. This condition alone rules out options A, B and D.

The force due to the pole on the string must be equal in magnitude and
opposite in direction to the force due to the sphere on the string. This is
because the net force on the string must be zero. Note that the string is
massless, hence it does not require a nonzero net force (the centripetal force) in
order to undergo circular motion.



11

12

13

14

15

RAFFLES INSTITUTION
YEAR 5-6 PHYSICS DEPARTMENT

The minute hand takes 1 hour (3600 seconds) to complete one revolution. The
angular velocity is then
2
w =
3600
Note that the angular velocity does not depend on the length of the minute hand
(the radius of the circle).

=1.75x102 rad s™

The meteorite initially has zero potential energy (since it is at a large distance
from the planet, where ¢ is zero). The final potential energy of the meteorite is
m(¢e at R), which is negative, since (¢ at R) is negative. The corresponding
positive value is given by m(magnitude of ¢ at R).

By conservation of energy,
Gain in KE =Loss in GPE
= m(magnitude of ¢ at R)-0
= m(magnitude of ¢ at R)

Note that the mass of the planet, M, should not appear in the expression, since
it is built into the potential function ¢.

The net force acting on the satellite is equal to the difference between the

gravitational attraction due to the Sun (GI\;im , the larger force), and that due to
GM.m

r2

the Earth ( , the smaller force).

The net force acts as the centripetal force, which points towards the Sun
(assumed to be stationary at the centre of the circle). The radius of the circular
orbit of the satellite is R, hence

GM;m GM.m

R2 r2

centripetal force = =mx Rw?

For simple harmonic motion, one has
acceleration = — @?xdisplacement
which fits the graph (a line with negative gradient passing through the origin).

The KE at the centre position (the equilibrium position) is the maximum KE,
which is given by

Max KE:%mvo2 =%><2.5><1.22 =1.8J

which rules out options C and D.

Between options A and B, the columns for GPE are identical. The decrease in
GPE from top to bottom is given by 3.7 —(-3.7)=7.4 J. By conservation of

energy, elastic potential energy should increase by the same amount (because
KE is zero for both top and bottom). Option A satisfies this condition, while
option B does not.
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The first law of thermodynamics is
AU=Q+W
where AU is the increase in internal energy of the system,
Q is the heat absorbed by the system,
W s the work done on the system.

Translating the options into equations using the above symbols, one has
A: Q=AU-W
B: Q=AU+W
C:W=Q-AU
D: W=AU+Q

Only option A is consistent with the original first law equation.

Method 1: ideal gas equation
Before the tap is open:

For flask X, according to the deal gas equation, p,V, =n,RT, n, = PI;\;_x
. B PV

Similarly, for flask Y, p,V, =n,RT, n, = =T

Thus, one hasn, +n, _ PVt ey (1)

RT
After the tap is open:
By conservation of mass and the ideal gas equation, one has
pV
n,+n,=— (2
xthy = or (2)
Combining Equations (1) and (2), one has

pV=p\V, +p,V,.

Method 2: internal energy
For an ideal gas of fixed mass, the internal energy is proportional to
temperature: internal energy o« nRT = pV. (For monoatomic gas, the constant of
proportionality is 3/2.)
Thus, by conservation of energy,

internal energy in X + internal energy in Y = total final internal energy

pV =p\V, +p,V,

The pulse reaches point O after 1 s. At point O, the wave is reflected, after
which it undergoes a phase shift of 7 (meaning that the downward displacement
becomes upward and vice versa), and travels to the left.

At 1.5 s, the reflected pulse reaches point P, and at 2.0 s, the reflected pulse
leaves point P.

Note that the small-displacement part of the pulse reaches point O first, so in
the reflected wave travelling to the left, the small-displacement part is on the
left. Hence, the small-displacement part of the pulse passes through point P
first. The displacement of the small-displacement part was downward in the
original wave. In the reflected wave it becomes upward, due to the m-phase
shift. Similarly, the displacement of the large-displacement curve changes from
upward in the original pulse to downward in the reflected pulse, and passes
through point P after the small-displacement part.

4
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The intensity at 1.0 m from the source is

intensity = Lz =0.199 W m™
47 x1.0

It is known that the intensity is proportional to the square of the amplitude.

Hence
1 m from source } 1 m from source
1 m from source / 9
‘I m from source A - - 1 8 :um
1 w

One of the conditions for stationary wave to form is that the two waves need to
travel along the same line in opposite directions. Line PQ satisfies this condition
(and all other conditions, please refer to lecture notes), whereas RS does not.

v
4L

For 3 harmonic, L = 31 —f=3 L
4 41

For 18t harmonic, L =i =f=

For 5" harmonic, L _%: f= 5( v j

For 7" harmonic, L = 7—/1 =>f=7— v
4 4L

Thus the ratio of the first 4 frequencies must be in the ratio of 1:3:5:7

niA=dsing
_ni _(2)(590x10‘9)
siné sin(21.5°)

=3.2 ym

Q

4reyr

g9 v
4re,r=

V:

Since the constant vertical electric force acting on the particle is increased, the
vertical acceleration on the particle increases, resulting in a greater deflection of
parabolic path and also a greater final velocity of the particle.

Above 0.6 V, the ratio, R :% decreases.

Note: from —1.5 V to 0 V, notice that there is a very small non zero current, thus
option B is false.

using current divider rule,
current flowing through 13 Q resistor = % x4=0.4A
total current flowing through battery =0.4+1.3=1.7 A
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P =%
r= 1—72 ~0.588235
1.7
. . vV 20
resistance of unknown resistor = T = 17 =1.17647 Q
e.m.f. of battery = IR, =(1.7)| 0.588235 +1.17647 + % -82V
4713
;(13x10°)(7)( - )(30)
R=£ - 100 _g94x102 0
A 05
L 2
1000
V=IR

-1
total resistance =3 + (% + %) =6Q

current flowing through battery = % =20A

current in ammeter = %x 20=10A

From graph, read off values of V for both resistors at 0.3 A
e.m.fofcell =1.0+1.5=25V

In parallel, potential difference across each of the resistors is 2.5V
From graph, read of values of currentwhen V=25V

current in cell

=05+05=10A

By right hand grip rule, direction of magnetic fields due to the 3 coils can be

attained (as seen in figure above).

In region 5, field lines are all pointing into the paper, while in region 2, field lines

are all pointing out of paper.
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As the electrons enter the velocity selector, they experience an upward electric
force.

Using Fleming’s Left Hand rule, the direction magnetic field must be in the
direction of B in order for the magnetic force to be downwards.

As the North pole approaches the coil, there is change in magnetic flux linkage
and thus induced e.m.f. in the coil.

When the magnet is halfway through the coil, there is no change in magnetic
flux linkage and thus no induced e.m.f.

As the magnet leaves the coil, South pole moves further and further away. By
Lenz’s Law and Right hand grip rule, the direction of induced e.m.f is in the
opposite direction and thus negative.

V = IrmsR

rms

when V, is doubled, V. is doubled
thus 7 is doubled
F)O VOIO
e Ty T T
since [, is doubled, I, is also doubled,

thus mean power increases by factor of 4

I
J =0
rms [2
2
5.0
P —J 2R:[— (10)=125 W
ave rms ’2)

When white light passes through a diffraction grating, a coloured spectrum is
seen. Since the white light passes through the sodium vapour, the electrons in
the ground state of sodium vapour absorbs photons with energy equal to AE
thus forming the dark lines.

Both p and x must be in the same direction.

25U+ gn— "Ba+ xZ+2(n
x=235+1-144-2=90

y =92 -56 =36

no of neutrons =90 — 36 = 54
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40 B C=Ce™
61.6-8.3=(77.3-8.3)e **"

A1=9.22x10"
,_In2
t‘l
2
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Paper 2 Structured Questions

1 a
(@) Energy stored =%Fx OR (Area under graph x g)

_ %(0.450)(9.81)(0.70 ~0.40)

=0.662175
=0.662 J

(b) (i) Atthe point of release (I = 40 cm), the mass has maximum gravitational
potential energy and zero kinetic energy and elastic potential energy.

As it falls from / = 40 cm to / = 60 cm, the gravitational potential enerqy is
converted into kinetic energy and elastic potential energy.

From [ = 60 cm to the lowest position, the gravitational potential energy and
Kinetic energy are converted into elastic potential energy.

At the lowest position, the mass has minimum gravitational potential enerqy,

zero Kinetic energy and maximum elastic potential energy.

(ii) By the principle of conservation of energy, from =40 cmtol=70 cm,
Loss in GPE = Gain in KE + Gain in EPE

(0.300)(9.81)(0.300) =%(o.3oo)(v2 ~0)+0.662175

v=121ms"
(iii) F =kx
_ (0.45)(9.81)
~0.30
k=14715Nm"

Let h be the distance fallen by the mass
By the principle of conservation of energy,
Loss in GPE = Gain in KE + Gain in EPE

(0.300)(9.81)h =0+ %khz

h=0.400 m
2 (a) : 250-1.25 1.25
gradient = =
12.0-6.0 6

using y = mx + ¢, and substituting (12.0, 2.50) into the eqn,
2.50 = (%j(m.op c

c=0
Since y-intercept is zero and the graph is a straight line, 7 is proportional to V.

(You can also use two sets of readings and show that Vi = % )

1 2
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(b)

(a)

(b)

(c)

(i)

(ii)

(iii)
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resistance of X =B =£ =48Q
| 2.5
12
1.1, =—2  _ —-133A
A8 4.0+5.0
2. - 12__160A
48+27
3

Ry = Ri =300

potential difference acoss AC, V,. =3.0x1.33=3.99V
. potential at pt C, V, =12-3.99=8.01V

potential difference across X, V,, =4.8x1.6 =7.68 V
-.potential at pt D, V,, =12-7.68=4.32 V

potential difference between CD, V,, =8.01-4.32=3.69 V

For electrons to be emitted from M, each photon of electromagnetic radiation
must lose its energy (E = hf) completely to an electron and this energy must be

equal to or more than the minimum enerqy required to release an electron from

M, i.e. the work function.

(i)

(ii)

The electrons are emitted from M with a range of kinetic energies.

In order to reduce current to zero, a minimum potential difference, Vs is
needed to convert the kinetic energy of the most energetic electrons into
electrical potential energy before they reach C.

Note (not required in answer):
At all pd > Vs, there would still be some electrons reaching plate C

When V is positive, all the emitted electrons are attracted to electrode C.
Hence the current is at a maximum and there is no further increase in
current.

Note (not required in answer):

Current depends on rate of emission of electrons from plate M only. Even if
V is made more positive, the number of electrons emitted per unit time
remains unchanged as it depends on the intensity of the incident radiation.

From Fig. 3.2, |Vs|= 2.20 V

hf =g +eV,

6.63x10* xf=1.8x1.6x10"" +1.6x107" x2.20

f=9.65x10" Hz

10



(d)

(a)

(b)

(a)
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The maximum current should be doubled. —B1
Minimum Vs remains the same. — B1

a,=ro’
5 3 2z :
=(4.22x10°x10°)| ———
1.53x10
=0.712 ms?

B L P PSSP PE R ppe my ) o
IR AR TR TN S R T A S 1% I I I I
P -4 - - + 4+ lr- I LR I 1 [
+1+:- + S R e R 1 R R + 4+ 4 -
T ——t + : — : : . o
+44 42ttt rr-t1-s--F- s ] + 35+t + tt -t
bidedrirateivrds il 1 TR P RN D
-+ 1—' B / PR + + 44 IEEEE EEE RS K K]
+ ~ttt+rt -~ rd i o + ¢4 44 I EE R +
o I + — +— -t + i+ —+ I T
+ = tt+ T '.t".,‘.'}é ++ + t 4 + 4 + L I o)
4+ S ik e thd 44t + + 44 + + ttT ot
+ 1 LRI SR 4 suie SRR I e T+ o+ t4+41 + IR R
4 + + LY AL L2 B I + 44 tt+tqt +
} 1 -y 4 i iT! e !I
4 - PR XY A R Ry + +4 4 LR SRR I O Y
+v- + A-.- -13;(4 + 114 slordidyy
Ft- £ + 1+ Gl IR S o SR ST + tt- T4 4
1 s T/*":-/r*g-* i PR
+ T i"(‘ +1 44 i +ho 1!
1 _+,#+i- F1+4 : Fprbet +
+1r7-'-+ bttt ettt + Frdt-+ 1
+ d {TA + - i T+tv+-- +
L - L c H L i i L

(i) At the position of the moon, the gravitational force due to Jupiter is the only
force acting on the moon. Hence, the gravitational force acts as the

centripetal force of the moon. Hence, Fs = Fc.

Since the gravitational force is due to the gravitational field strength

(Fe = Mg) and the centripetal force causes centripetal acceleration

(Fc = Ma), g = ac, i.e., both gravitational field strength and centripetal
acceleration have the same magnitude and direction.

i GM
i), _g_Gh
P
2
)] _[%
&)
fo _ |9 _ 3.87
r, g, 0.712
=2.33

(i) FonAdue to field — QAE
=2(1.6x1049)(1.5x105)

=48x10™ N
(. _ Q.0
onAduetoB 471'8()"2

[2(1.6x10™)]

" 4ng, x(4.0x1072)2
~5.75x10° N

11
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(a)

(b)

(a)
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The electrostatic force on B due to A is equal and opposite to that on A due to B.
Hence they add up to zero.

Also, since A and B carry charges of equal magnitude but opposite in sign, the
force on both charges due to the external electric field are also equal and
opposite. Hence, there is no net force on the molecule due to the field.

Resultant force on the system of two charges =0+ 0 = 0.

Torque = Fx d
=4.80 x 107 x 4.0 x 1072 x sin 60°
=1.66 x 1072° Nm

128
54 D
cC=C,e™
—20002
CtzZOOOS — €
-60004
CI:GOOOS e

In (ﬁj — 20004 —(~60002)
28

=40004

4000[51_2}
Y

t% =1512s
~1510 s

(i) If kK, Mand b are constant and s = -3, then

-3 3
Yo (9 _ (@j =1.728
y, \d, 6.00

For/=0400m, Yt -2021_4 75
y, 0.012
For/=0600m, Yt -9073 _4 74
y, 0.042
For/=0000m, Yt - 9257 _4 74
y, 0.148
Since LA 1.728 for all three values of /, we conclude that s = -3.
Y
(i) In(ys/m) In (I/ m)
-3.170 -0.693

(iii) Correct plot
Correct best fit line

12
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(c)
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(iv) Using points, (-0.12, -1.40) and (-0.80, -3.52)
-3.52 - (—1 40)
-0.80-(-0.12)

Gradient = =3.12

(v)  From the given expression y = k Mg I' & b™
Iny=rinl+In(kMgdb)

The graph supports the expression since it is a straight line graph where the
gradient is r and y-intercept is In (k M g d®° b™").

(vi) r=gradient = 3 (nearest integer)
Using (-0.12, —1.40)
Iny =rin/+In(kMgd=>b™")

k(0.500)(9.81)
(5.00x10°)(3.00x10°2)’

(~1.40) = (3.12)(-0.12) +1In

k(0.500)(9.81)

~1.0256 =1In - 1
(5.00 x1o-3) (3.00 x10-2)

k(0.500)(9.81) _ o 10256

(5.00x10° ) (3.00x10°2 )1
k=27x10" ~3x107"

(i) Since b, k, M, d, [, s and r are all constant, The equation given shows that
the acceleration of the load is always directly proportional to the
displacement and is opposite in direction to the displacement.

The motion is therefore simple harmonic.

-, (2_;sz 3.00x107
(3x107°)(0.500)(5.00x10°%) * (0.600)’

T
T-0584s

13
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Paper 3 Structured Questions

1

(a)

(b)

(a)

(b)

(c)

(a)

Resultant force acting on the system is zero, i.e., translational equilibrium.

Resultant torque/moment on the system about any axis is zero, i.e., rotational
equilibrium.

(i) A ball falling vertically with constant speed experiences zero acceleration.
Therefore, the resultant force acting on the ball is zero.

So the ball is in_equilibrium.

(ii) For the satellite to perform circular motion around the Earth, the satellite must
experience a centripetal acceleration (toward the centre of the Earth).
The centripetal acceleration is provided by the gravitational force between the
Earth and satellite.
Therefore, a resultant force acts on the satellite and hence it is not in

equilibrium.
Since x = Q
a
;L:x_a: 1.4%x107°x0.95x107
D 2.1
=6.33x10" m

As the light from the two slits have unequal intensities, their amplitudes are not the
same.

At positions of constructive interference (bright fringes), the resultant amplitude will
be smaller than before due to the decreased amplitude of the dimmer slit. Hence,
the bright fringes become less bright.

At the positions of destructive interference (dark fringes), there will not be complete
cancellation due to the unequal amplitudes of the light from the two slits. Hence,
the dark fringes are not completely dark.

Hence, the contrast of the fringe pattern will be reduced compared to the original
one.

The diffraction of light passing through the wider slits decreases.

There is little or no overlapping of the diffracted light such that no interference
takes place. Hence no fringes are observed.

Using E =IR,,, ,
E =1(R; +1500)
Rearranging,

R; =£—1500=L073—1500 =2250 Q
/ 1.60x10
From the graph,
t=14.0°C

14
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(b)

(a)

(b)

(c)
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As temperature increases, the resistance of the thermistor decreases as seen in
Fig. 3.2.

This causes an increase in the current as the total resistance of the circuit
decreases.

As a result, there is an increased heating effect through the thermistor which would
eventually damage it

Comment:
The cooling fins are employed to improve heat dissipation so that thermal
equilibrium with the surrounding is attained at a lower temperature.

One tesla is the uniform magnetic flux density which, acting normally to a long
straight wire carrying a current of 1 ampere, causes a force per unit length of
1N m™" on the conductor.

(i) Inside the magnetic field, the particle experiences a magnetic force that is
always perpendicular to its velocity. The force causes an acceleration which
changes the direction of motion of the particle but the speed remains
constant.

Since the magnitude of the force (dependent on speed) remains constant, the
radius of curvature of the arc is constant.

(i) Since the particle travels in a circular arc,
2

Bqv =

Rearranging,
mv = Bqr

=0.24x1.6x107"° x0.062
=2.38x10?"N's

path of original
region of particle

uniform
magnetic field i

Fig. 4.2

1. Opposite in direction
2. Arc of larger radius
3. Smooth, straight path outside magnetic field

15
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(a)
(b)

(c)

(a)

(b)
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A photon is a quantum of electromagnetic radiation or energy.

(i) Change in energy of photon

Ag e _he
PR
:6.63><10"34><3.00><108><( LI —wj
96681072  965.0x10
~-3.84x107°J

(ii) By conservation of energy, the gain in kinetic energy of electron equals the
loss in energy by photon,

E, =3.84x107°
So momentum of electron
p=+2mE,
—/2%x9.11x103" x3.84 x10"®
=8.36x10* Ns [shown]

The total momentum of the system at right angles to the direction of the incident
photon is always zero due to principle of conservation of momentum.

So the magnitude of the upward momentum of the photon is equal to the
downward momentum of the electron.

h
—-sin75°=psin
7 psina

Rearranging,
a =sin™ (i -sin 75°j
pA
. 6.63x107*
=Sin 25 12
8.36x10™° x966.8 x10

-sin 75°J
=52.4°

(i) Acceleration is the rate of change of velocity with respect to time.

(ii) At positions near the surface of the Earth, the distance from the centre of the
Earth does not change significantly due to the very large radius of the Earth.
Since the gravitational field strength g at a point is inversely proportional to
the square of the distance of the point from the centre of the Earth, g is
approximately constant for distances close to the surface of the Earth.

The acceleration of free fall at a point is numerically equal to the gravitational
field strength at the point. Hence, the acceleration is constant.

Comment
The rotation of Earth is ignored as geographical location was not mentioned.

(i) The steel ball is very small and has a small cross sectional area and surface
area. Hence, the drag force on it may be neglected.

16



(c)

(d)

(e)

(a)
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(i) 1. Using s=ut+1at?,
0.441=1x9.81x

t= 220441 43005
9.81

2. Displacement of top of the steel ball from point of release is 55.4 cm.

t'= ,/M =0.336 s
9.81

So T =0.336-0.300=0.036 s

So

Percentage uncertainty

AT 100% = 2993 100%
T 0.033

=9.1%

(i) The vertical displacement is less than 44.1 cm.

Hence the time of fall is shorter than that in (b)(ii)1.

(ii) Due to the residual magnetic effect, there is an upward magnetic force acting
on the ball at the beginning of the fall.

So acceleration of the ball a short distance after release is lower than g.
Hence it will take a longer time for the ball to fall to 44.1 cm mark.

When the ball is first released, it does not experience any air resistance and its
acceleration is g.

With increasing speed, the drag force on the ball due to air resistance increases.
As a result, the net force on the ball decreases causing the acceleration of the ball
to decrease.

Eventually, the drag force becomes numerically equal to the weight of the ball.
There is no net force on the ball and its acceleration is zero.

(i) 1. Peak potential difference
VO :\/Evrms :\/§X17

=240Vor24V
2.  Frequency of supply
fo@ _380
2r 2«

=60.5 Hz or 60 Hz

(ii) The heating effect in the coil, (P), depends on the root mean square (rms)

2

current, /. ° which is the equivalent value of a steady direct current that

would produce the same average power dissipation in the coil.
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(b)

(c)

(d)

RAFFLES INSTITUTION
YEAR 5-6 PHYSICS DEPARTMENT
<P> = I,mszR
where R is the resistance of the coil.

The average current is zero as the current is alternating in direction. But the
rms current has a non-zero value.

(i) The numerical value of the specific heat capacity of a substance is the
quantity of heat required to raise the temperature of unit mass of the

substance by one degree.

(ii) The intercept on the power axis suggests that there is heat loss to the
surrounding through conduction or radiation.

(Note:
P =mcAT + rate of heat loss
When m = 0, P = rate of heat loss)

(iii) Solution 1:
Since P=mcA6+P,

loss

1 1

m=——~FP - _’Dloss
CcAO CAO
The gradient of the graph of m against P is

1 (3.50-1.80)x10"°

rearranging, we obtained

= =6.30X1075
cA@ 70.0-43.0
Therefore
Cc= 175 =4180 Jkg' K™
6.30x10™” x 3.8
Solution 2:
Since P =mcAf+RP, , then
70.023.50x10_3CA¢9+P|OSS (1)
43.0 :‘I.80><10‘3CA9+PIoss (2)
(1 - (2): 27.0=1.70x103cA@
21.0 =4180 Jkg' K™

C =
1.70x107°x 3.8

A parallel line with a greater power intercept.

(same gradient, larger horizontal intercept because rate of heat loss depends on
temperature difference between object and the surroundings)

(i) The First Law of Thermodynamics states that the increase in the internal
energy (AU) of a system is the sum of the work done on the system (W) and
heat supplied to the system (Q) and the internal energy of a system depends
only on its state.

18
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(i)
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(i)

(i)
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According to the first law of thermodynamics, increase in internal energy AU
is equal to the sum of the work done W on the system and the heat supplied
Qtothe system.i.e. AU=Q+W ,or Q=AU-W

If two identical gases of unit mass are caused to have a unit rise in
temperature, their increase in internal energy AU is the same.

At constant pressure, the heated gas is allowed to expand so that W is
negative and therefore Q > AU .

At constant volume, work done W is zero and therefore Q = AU .

Since specific heat capacity is defined as the energy required to produce a
unit rise in temperature in a unit mass of an object , the specific heat capacity
at constant pressure is higher than that at constant volume.

Simple harmonic motion is defined as the motion of a particle about a fixed
point such that its acceleration is proportional to its displacement from the
fixed point and is directed towards that fixed point.

1.  The graph shows that the acceleration of the ball is always opposite in
sign to its displacement.

This means that when the ball is displaced to the right, it will accelerate
to the left; and when it is displaced to the left, it will accelerate to the
right. Hence, it will be an oscillatory motion.

2. The graph shows that the acceleration of the ball is not proportional to
its displacement from x =0 as it is not_a_straight line passing through

the origin.

1. A longitudinal wave is one in which its particles oscillate in a direction
parallel to the direction of energy transfer.
2. The speed of the wave is the distance travelled per unit time by the

wave front.
1. Period
L
f 835
=1.20x102 s

2. Time interval
t, -t :%T =6.00x10* s

3. Maximum speed
Viax = ©Xg =27x835x610x107°

=3.20x10° ms™
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4.  Maximum vibrational kinetic energy
Epw = 3MV2,, = 1x5.3x10% x(3.20x10°)’

max max

=2.71x107°"J

(iii) The speed of vibration of air particles is much less than the speed of sound

(~340 ms™).

This implies that when sound energy is transferred in a medium, the air
particles themselves do not get transmitted with the wave. The air particles
only oscillate about their equilibrium positions.

Vibration of a surface (e.g. diaphragm of speaker or the surface of a drum).

Pressure differences due to the proximity of air particles as they are made to
oscillate due to the vibration of a surface.
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