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Data

speed of light in free space
permeability of free space

permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant

acceleration of free fall

¢ =3.00x10*ms”’
py = 4xx 107HmM™
£, =8.85 x 107 Fm™
(1/(36m)) x 10°Fm™
e =160x107%C
h=8663x10Js
u=1.66x 107 kg
m. = 9.11 x 107 kg
m, = 1.67 x 107" kg
R = 8.31JK " moi™
Na = 6.02 x 10%mol™
k=1.38x102JK’
G =6.67 x 107" Nm?kg™

g=981ms™
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Formuilae
uniformly accelerated motion S =uf+ -_}atz

v? =u®+ 2as
work done on/by a gas Wa=paV
hydrostatic pressure P = pgh
gravitational potential @ =~Gmir
temperature TIK =TI°C +273.15
pressure of an ideal gas . o= —;—%{-ﬂ_ <¢>
mean translational kinetic energy of an ideal gas molecule E= g—k?’
displacement of particle in s.h.m. X = Xpsinet
velocity of particle in s.h.m. v = V008wl

=@ A xl~ x*

electric current I=Anvg
resistors in series Ra=Ry+ Ry .

resistors in parallel VR=1R;+ 1R+ ...

electric potential Vo= Q
e,
alternating current/ voltage ’ . X:xgsinwz‘ .
: : . . o]
magnetic flux density due to a long straight wire B= ond
T
: . : . HNT
magnetic flux density due to a flat circular coil B= S
.
magnetic flux density due to a long solenoid B =upnl

radioactive decay

decay constant
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Answer all the guestions in the spaces provided.

1 Abeam is clamped at one end and an object X is attached to the other end of the beam, as
shown in Fig. 1.1.

oscillation
of X
S NN N

clamp beam object X

Fig. 1.1
The object X is made to oscillate vertically.

The time period T of the oscillations is given by

M3
T=K ‘
E

where Mis the mass of X,

1is the length between the clamp and X,

£ is the Young’s modulus of the material of the beam and the unit is kg m”s?
and K is a constant.

(a) Determine the S.I. base units of K.

Sl base units Of K .o (2]
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(b) Data in S.1. units for the oscillations of X are shown in Fig. 1.2.

guantity value uncertainty
T 0.45 +2.0%
[ 0.892 +0.2%
M 0.2068 +0.1%
K 1.48 x 10° + 1.5%
Fig. 1.2

Calculate £ and its actual uncertainty.

[Total :6]
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(a) (i) Define linear momentum.

(i) State the relation between force and momentum.

(b) A projectile of mass 300 g, initially at rest, is fired from a cylindrical barrel of cross-
sectional area 2.8 x 107 m? by means of compressed gas. The variation with time t of the
excess pressure p of the gas in the barrel above atmospheric pressure is shown in
Fig. 2.1.

p/x10°Pa

F

30}

20}

10}~

v

0 1.0 2.0 3.0 t/ms

Fig. 2.1
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{i) Calculate the maximum acceleration of the projectile due to the force exerted
by the compressed gas on it.

maximum acceleration = ... .. ms? [2]

(i)  Using Fig. 2.1, estimate the total change of momentum of the projectile due to
the force exerted by the compressed gas on it.

change in momentum = ..__.................. .. .. . kgms' [3]

{iii) The excess pressure exerted on the projectile is now higher than that shown in

Fig. 2.1 fromt=0msto {=3.5ms. Explain how the final speed of the projectile
will change.

[Total: 9]
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3

(a) A body moving with uniform speed v in a circle of radius r experience an acceleration a.

(i}  Explain why the acceleration is directed towards the centre of the circle.

(2]
(i} Write the expression of the acceleration a in terms of vand r.
[1]
{b) The Mars helicopter, Ingenuity, completed its first flight outside Earth on 19 April 2021.

To understand the difficulty of this flight, we will consider a simple model of Ingenuity
comprising of a pair of rotating blades and a body, as shown in Fig. 3.1

1.2m

body (engine,
sensors, efc)

moving air
speed v

Fig. 3.1
The mass of the model is 1.8 kg.

When the motor is switched on, the air moves with a speed v in a uniform cylinder of
diameter 1.2 m.
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(i)  The density of air on Earth is 1.2 kg m™.
Determine the speed v of the air when the model is hovering at a constant height
from the surface of the Earth.

Vo ms™ {3]

(i} The density of air on Mars is 0.020 kg m~ and the gravitational field strength near
the surface of Mars is 38% that of Earth.

When the model operates on Mars, the same blades will need to rotate at a2 much

higher angular velocity than in (bXi). The blades are therefore subjected to a larger
amount of stress.

Explain why the blades

1. need to rotate at a higher angular velocity,

2. experience a larger stress by referring to your answer in {a).

(2]

[Total 9]
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10

A ripple tank is used to demonstrate the interference of water waves.
Two dippers D1 and D2 produce coherent waves that have circular wavefronts, as illustrated in
Fig. 4.1.

B D2

Fig. 4.1 (not to scale)

The lines in the Fig. 4.1 represent crests.

(a) (i} 1. Explain what is meant by coherent waves produced by the dippers.

(1]
2. Describe how the apparatus can be arranged to ensure that the waves from
the dippers are coherent.
..................................................................................................................... 11
(i) State one other condition that must be satisfied by the waves in order for the
 interference pattern to be ohservable.
(1]
{b) Light from a lamp above the ripple tank shines through the water onto a screen below the
tank. Describe one way of seeing the illuminated pattern more clearly.
............................................................................................................................................ 1]
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{c) Fig. 4.2 shows the water level at one of the dippers.

3] T
5
F.8 Y ¥, raY
4 iy 4 1
1 1 } X Fi
d/mm 1 i i1 ] X
3 I 11 i 1 i
1} I i 7 1}
2 A, i N
1
0 - : '
0 g2 0.4 0.6 0.8 1.0 1.2
s
Fig. 4.2

The speed of waves is 0.40 m s,
Show that the waves have a wavelength of 8.4 cm.

[2]

(d)  Fig. 4.1 shows a point X that lies on a crest of the wave from D1 and midway between
two adjacent crests of the wave from D2.

" For the waves at point X,

(i}  determine the path difference,

path difference = .......... ... ... .. cm [2]
(i) state the phase difference.
phasedifference = ..................................... ¢ it

(e) OnFig.4.1, draw one line, at least 4 cm long, which joins points of the interference pattern
where only maxima of path difference equal to two wavelengths are observed. (1]

[Total: 10}
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(a) State Coulomb’s law.

(b) Two charged metal spheres A and B are situated in a vacuum, as illustrated in Fig. 5.1.

6.0cm

sphere B

|
sphere A X

Fig. 5.1

The shortest distance between the surfaces of the spheresis 6.0 cm.

A movable point P lies along the line joining the centres of the two spheres, a distance x
from the surface of sphere A.

The variation with distance x of the electric field £ at point P is shown in Fig. 5.2.

EH03vm!
M
54
0 Himnascsanan
s 1 2 3 Lans 5 3]
xfom
-5 S
-10 1 - A
1
~ 35l
Fig. 5.2
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(i) Use Fig. 5.2 to explain whether the two spheres have charges of the same, or
opposite sign.

............................................................................................................ [2]
(ii) A proton is at rest at point P where x = 5.0 cm.
1. Use data from Fig. 5.2 to determine the magnitude of the acceleration of the
proton.
acceleration = .................... .. ms? [3]
2.

Use data from Fig. 5.2 to estimate the speed of the proton at x = 3.3 cm.

maximumspeed=............ ... ... . ms? [3]

[Total: 9]
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(a) Fig. 6.1 shows a battery of negligible internal resistance connected with a thermistor in
parallel with an ohmic resistor of resistance 1200 Q.
i
Uls

1200 ©

Fig. 6.1

The current in the 1200 Q resistor is measured to be 5.0 mA.
(i} The thermistor has a resistance of 4700 Q2 at room temperature.

Determine the current in the thermistor.

current= .................mA [2]

(ii) The temperature increases.
State how the currents in the resistor and the thermistor change.

FE SISO oot e e e e e e
BREITISION - o oo e e e et e e ]

(b} Fig. 6.2 shows an illumination level sensor circuit used to send a voltage signal Vou to
another processing circuit.

50 V_'u Vom
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The minimum and maximum resistances of the light-dependent resistor is 0.7 k and
4.5 kO over the range of illumination level it is expected to operate in.

(i)

(i)

Determine the minimum and maximum V,y the processing circuit is expected to
receive,

minimum Vow= ... vV
maximum Vow = ....................... VvV o[3]

The processing circuit processes the Vou signal to calculate the relative illumination
levels measured by the illumination level sensor circuit.

Itis recommended that the resistance of the resistor be comparable to the range of
resistances of the light-dependent resistor.

Explain the limitation if the resistance of the resistor is very small compared to the
range of resistances of the light-dependent resistor.

(31
[Total: 9]
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An electron having charge — g and mass m is accelerated from rest in a vacuum through a
potential difference V.

The electron then enters a region of uniform magnetic field of magnetic flux density B, as
shown in Fig. 7.1.

uniform magnetic
field into plane
of paper

path of
electron

Sy

Fig. 71

The direction of the uniform magnetic field is into the plane of the paper.
The velocity of the electron as it enters the magnetic field is normal to the magnetic field.
The radius of the circular path of the electron in the magnetic field is r.

{a) Explain why the path of the electron in the magnetic field is the arc of a circle.

........................................................................................................................................... (3]
{b)  Show that the magnitude p of the momentum of the electron as it enters the magnetic
field is given by :
p=.J2mgV
(2]
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(¢}  The potential difference V is 120 V. The radius r of the circular arc i57.4cm.
Determine the magnitude of the magnetic flux density B.

B= e T [3]

[Total: 8]
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Read the following article on the Millikan Oil Drop experiment then answer the questions that
follow.

In 1909, Millikan and Fletcher performed the oil drop experiment to measure the elementary
electric charge - the charge of the electron. Millikan received the Nobel prize in Physics due to
the results of this experiment. .

Fig. 8.1 shows the important features of the apparatus used by Millikan to measure the electron
charge by observations on charged oil droplets.

atomizer

light
SouUrce

microscope

Fig. 8.1

The apparatus consists of a pair of horizontal metal plates A and B separated by a distance d.

The microscope is focused on the illuminated space under the hole through which oil droplets
can enter.

The atomizer introduces a mist of ¢il droplets through the hole in the top plate that is ionized by
X-rays, making them negatively charged.

When electric field is applied across plates A and B, the potential difference between the plates
can be adjusted until a particufar oil droplet is suspended. The value V that suspends that
specific oil droplet can then be measured.

By repeating the experiment multiple times with differently sized oil droplets and recofding the
~ potential difference used, the charge of each oil droplet can be determined as small integer

multiples of a certain base value of electronic charge. It is proposed that this base value is the
elementary electric charge q.

Charge of oil droplet, Q=Ng

where N is an integer
and g is the base value of electronic charge
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(a) (i) A particular oil droplet suspended at rest with potential difference V, has a weight W
and carries a charge Q. Assuming the upthrust of the air is negfigible, show that

o-ufy)

(1]
(i)  State and explain which plate, A or B, is at higher potential.
................................................................................................................................... 2]
(i) Explain why it is reasonable to neglect the upthrust.
.................................................................................................................................. 1
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{b) When the electric field is removed, the suspended oil droplet will start to fall. The oif
droplets quickly reaches terminal velocity. The terminal velocity of the falling droplet can
be measured.

The weight of an oil droplet is found by timing its fail at terminal speed over a standard
distance, when the potential difference across the plates is zero.

Fig. 8.2 shows the relationship between the weight W of oil droplets and the time T taken
by the oil droplets to fall 1.00 mm in air.

10
W/107* N

g

o

" Fig.8.2°
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The results shown in Fig. 8.3 were obtained with a Millikan apparatus.

For each oil droplet, the experimenter measured V across the plates at which the droplet
was observed to be stationary. The distance between the plates was 4.42 mm.

The experimenter also measured the time T for the droplet to fall 1.00 mm in air at terminal
speed after switching off the potential difference across the plates.

ViV T/s W/10" N Q/107"°C

770 11.2 2.9 1.66

230 10.0 3.4 6.53

1030 9.4 3.7 1.59

|~ 470 76
820 6.9 59 3.18
395 6.2 7.0 783 |
Fig. 8.3
Complete Fig. 8.3. (2]

It is suggested that the drag force Fp on a small sphere of radius r moving with
speed v through a viscous fluid is given by

Fo=6anrv
where 7 is the coefficient of viscosity of the fluid.

If the coefficient of viscosity of air at room temperature is 1.8 x 10° kg m' s, estimate
the radius of the oil droplet for the first row of Fig. 8.3.

radius =
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(d)

22

It is thought that, when the potential difference between the plates is zero, the weight W
of an oil droplet varies with time 7 of its fall (at terminal speed over a standard distance)
according to the equation

W =ar? —- (1)
where « and b are constants.

Some data from Fig. 8.2 are used to plot the graph of Fig. 8.4
Ig(T/s)
6 0.7 0.8 0.9 10 1.1 12 13 1.4

-13.0

-13.1

132

-13.3

lg (W/N) 134

-13.3

]
b
(8}
0

-lJ
I
=

-14.0

(i) Use Fig. 8.2 to determine Ig (W / N) for a time T of 8.0 s.
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(i) OnFig. 8.4,
1. plot the point correspondingto T=8.0 s [1]
2. draw the line of best fit for the points. [1]

(iif) Use the line drawn in {(d){ii) to determine the constant b in equation (1}.

(v) Deduce, from your value of b in (d){iii), how the weight W of oil drop would depend
on its terminal speed v.

[2]
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(e}

(®

24

The Millikan experiment is said to provide experimental evidence for the guantisation of
charge. Suggest what is meant by quantisation of charge.

............................................................................................................................................ [1]
An early experimenter, working in non S.1. units, obtained the following six values for the
magnitudes of the charges on smalt oil drops.
Q/10°units 6.86 444 837 539 197 296
Use these results to find the magnitude of the largest possible basic electronic charge as
measured in these units.

basic electroniccharge = ...................... units  [3]

[Total: 20]

- END OF PAPER -
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Paper 2 Solutions

(@) |unitsof T''s, . m and M kg [2]
KE=TE/M
hence units: s’kg m™'s7?/ kg® (= m) C1
ffor correct substitution of units of T, I and M,
allow omission of square/square root but do not allow e.g. 571
units of K: m= Al
(b) | E=[(1.48 x 10°2 x 0.2068 x (0.892)3] /{0.45)2 4]
= 1.588 x 10" B1
% uncertainty in E = 4% + 0.6% + 0.1% + 3%
=7.7% C1
7.7% of E=1.22 % 10° (allow ecf) Al
OR
Emax = [(1.48 x 10%) (1.015)] [0.2068 (1.001)] [0.892 (1.002)]*/ {0.45 (0.980))*
= (150220) (0.2070068) (0.893784)% / (0.441)?
=1.715 x 100
Emn = [(1.48 x 10°) (0.985)]° [0.2068 (0.999)] [0.892 (0.998))° 1 [0.45 (1.020))
= (145780) (0.2065932) (0.890216)° / (0.450)?
=1.470 x 1070 C1 (Emax or Emin correct)
AE =% (Emax - Emin) or Emax — E or E - Emin A1 (=1.22x 109
E=(1.6 £ 0.1) x 10"°kg m~'s? (allow ecf) Bt
(award this mark if absolute uncertainty is in 1 sf and actual value follows the dp of the
uncertainty}
(a} {i} preduct of mass and (linear) velocity | B1
(i) | force equal rate of change of momentum or change in momentum per unit time B1
(b) (i) | maximum pressure = 55 x 10° Pa o
maximum force = 55 x 10° x 2.8 x 10~ = 15400 N Ct
maximum acceleration = 15400/ 0.300 = 5,13 x 10 m g2 A1
{ii) : momentum change = area under graph x cross-sectional area of barrel M1
evidence of correct estimation of area under p—t graph M1
18kgms'<Ap<20kgms! A
{iii} | either excess pressure or force > original, so larger momentum change or impulse
or excess pressure or force > original, so larger (average) acceleration
or force > original, larger work done so larger increase in kinetic energy M1
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| final speed of projectile > original 1 Al
{a) | (i) | (constant speed, so) acceleration (is always) normal / perpendicular to velocity B1
velocity tangent to circle (at any point), so acceleration is directed towards centre B1
(i) | =2 B1
- T
(b} | () | force on rotating blades = ff X v
am _ Yy = 2
— plrr?)v =1.2xn x 0.6 x v c1
force on blades equal weight when hovering
12x 7% 0.6 xvxv=18x981 Mt
p=361ms’ Al
i) | 1. provide sufficient upward force in lower air density by having a higher air speed, so
as to move larger mass (or volume) of air per unit time B1
2. higher angular velocity so higher linear speed, centripetal acceleration higher (at
every point on blades) B1
centripetal acceleration (or force) provided by tension / tensional force in blades
B1
s0, larger stress in the blades
(a) {i} 1. constant_phase difference (and does not vary with time) between the waves 81
{produced by the dippers})
BA

2. connect dippers to same vibrator/motor
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{i) | overapping waves have similar / same amplitude B1
(b} | any means of ‘freezing' the pattern e.g. use of a stroboscope, video B1
(c) evidence of using 2 2 cycles to calculate period (T = 0.21 s} or frequency B1
A:)%:vT:U.zmxo.zl B1
50, 4 = 0.084 m or 8.4 cm
(d) | (i} | Evidence to deduce distances of X from. source (e.g. X is 34 and 3.54 from D1 and D2, X
on 3 wavefront from D1 and between 3" and 4" wavefronts from D1)
path difference = 3.51 — 3.01 = 0.5 M1
=42cm At
(i) | 180° B1
{e) | draw either lines B1
_ 1
(a) | (electrostatic) force between two point charges proportional to product of charges and inversely
proportional to the square of the distance (or separation) B1
{b) [ (i) | field strengths (between spheres) are opposite directions because
either  positive (before 3.3 ¢m) and negative (after 3.3 cmj} on graph
or £ = 0 at a point between spheres M1
50, same sign Al
@ 11 E=30x10°ym Ct
e C1
a=qE/m=(160x10-19x% 3.0 x-10%/ (1.67 x 10-27) Al
a=29(or2.87)x 10" m g2 R '
2. evidence of correct estimation of AV by area under graph between 3.3 10 5 cm M1
(1.60 x 1019} x AV = 1% (1.67 x 10-27) \2 M1
6.03%10'ms ' <v<664x10'ms" Al
(a)
M | v=50x103x1200=60V c1 [2]
{=6.0+4700=0.00128 A= 1.3 mA or 1.28 mA A1
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(ii) | resistor: (same pd same resistance hence) no change
thermistor: (same pd lower resistance hence) increases B1

(1]

(b}

2.7 2.7

i} | Minimum Vo = —— (5.0) or Maximum Vou = —— (5.0)
C1 - An attempt (with substitution) to use the Polential Divider Rule or V= IR
Minimum Vo= 1.9 or 1.88 V Al
Maximum Vou=4.00or 397V Al

{minus 1 mark if wrong min/max)

(3]

(i} | {according to the potential divider rule,)
potential difference across the resisltor very small fraction of 5.0 V

or pd across LDR =5V

in Vout

instrument/circuit not sensitive enough to detect small changes in Vout
(accept Vou too small to be detected but max 2 marks, cannot score for 2™ mark)

Therefore very low precision of illumination level calculated or high
(fractional/percentage) uncertainty of illumination level calculated or processing

81

Very lowrange of Vo received or Vou = 0 at all ilumination fevel or very small difference

B1

relative

B1

(3]

{a}

(magnetic} force {always) normal to velocity/direction of motion B1
so pravides the centripetal force or a force towards the centre of a circle B1
magnitude of (magnetic) force constant

(accept omission of magnitude if direction of force mentioned above)

or speed is constant/kinetic energy s constant

B1

[3]
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(to balance downward weight or to suspend oil droplets)
hence A is at a higher potential At
{for downward electric field or to atiract negative charges)

(b) | increase in KE =loss in PE or % mv?= gV M1 12]
KE = p’/2m or p = mv with algebra leading to p=Y{2mqv) Al
¢} | Magnetic force provides the centnpetal force [3]
Bagv=m~A/r
mv = Bgror p=8gr M1
(2x9.11x 107 x 1.60 x 1079 x 120)2 = 8 x 1.60 x 10~ x 0.074 C1
B=50x101T A1
{a} | (i) To remain at rest, net force = 0. [1
W = QF or at minimum W = ¢ (g) leadingto @ = W (5) B1
(ii) electric force upwards M1 i2]
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(iie) density of air << density of oil B1 [11
{b) | CorrectW: 5.1 or 5.2 (read off from graph inFig. 7.2at T=7.6s) B1 2]
Correct Q (allow ecf): 4.80 (for W= 5.1) or 4.89 (for W= 5.2} B1
or Q = W{(d'V) calculated correctly for wrong values of W stated
{c) 1 Atteminal speed, netforce = 0 {3]
Substitution of Fo (= W)=29x 10 N C1
{accept substitution of W= Q{V/d) = 1.66 x 10719 (770 / 4.42x10-3)
even though it is not necessary)
Substitution of v (= D/IT) = 1.00 x 103/ 11.2 C1
fallow this mark for erroneous substitution of D e.g. 1.00, 4,42 or 4.42 x 10-%)
{do not allow for any substitution of v using any equation of motion where a * 0)
r=957 x 1077 m (accept 3.58 x 10-7 due to early round-off} A1
)y | (i) From Fig. 7.2, When T=8.0s, W=470or48x 107N, [1]
=>Ig W=-13.33 or —13.32 (2dp) B81
(i} correct point plotted within half a square B1 [2]
hest fit line drawn B1
(iii) W =aTl” = IgW = blgT +Iga (2]
b = gradient
_(-13.14)-(-13.86) 0.72 _ 15
e.q. 0.78-1.28 -0.48
an attempt to calculate gradient or clear working that b = gradient C1
gradient calculated correctly with points chosen on best fit line
at least half the length of the drawn best fit line apart Al
(iv) e [2]
W=aT'® = a(—J
T
i d
Terminal speed v = T
7 v 1.5
=W = aLEJ = v'® since a and d are constants
Substitution of the vaiue of binto W= aT?orlgW=blgT+Iga
orv=0D/T CA
leading to W = -=v'® or W v'? Al
{e) | any electric charge is always an integer multiple of a basic charge [1]
or there is a certain basic charge beyond which the charge is no longer
Bt

divisible inte smaller units
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at least one value of Q divided by another value of Q
or at least one difference between the values of Q determined C1
at least 5 values of Q or differences between values of Q divided by the smallest value of Q
or smallest difference between values of Q or divide 5 other values of Q by Qs/4
- C1

eqg. = Mg Q= Nag Qs= Naq
Qa= Nug Qa= Nsg Qs = Nsg
largest possible g corresponds to smallest possible Ny
{choose to check Qsand Ns since smallest N should be easiest to work with)
Qs = NiiNs =712
Since My must be a positive integer, Ms = 2n where n is a positive integer
Q205 = Nofls = 974 Ns = 4n
QafQs= MallNs = 1714 Ns=4n
QafQs = NafNs = 11/4  Ns=4n
QsfQs = Ns/Ns=11/4  Ns=2n
smallest possible Ns= 4

OR

Q7 10°* units
6.86 {444} B.37 [ 538 | 1.97 | 298
+1.87 (348 225|425 | 274 [ 100|150 e
*+{1.97/2)] 695 | 451 | 850 | 547 | 200 3.1
+{1.97/3) | 10.45( 6.76 | 12.75} 821 | 3.00 | 4 5%

+(1.9714)[13.93] 9.02 [ 16.99[ 10.94] 4.00 [ 601 | s are close to whole numbar

therefore largest possible g= Qs /4= 1.97 x 10-9+ 4 = 4.93 x 10-10 ynits A1

(3]

www.testpapersfree.com




www.testpapersfree.com





