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12 (D)

GM

(C) Gravitational potential at Y = P

uw.xmpmuwx (~8) = -4k kg™t
Change in gravitational potential from Xto Y = (—4) — (—8) = 4k kg™

Change in gravitational potential energy of 2 kg moved fromXtoY =2 x4 =8 kJ

13 (B)

There is still heat flow, but the net heat flow is zero.

14 (D)
A:pV =nRT = T « pV, (pV), = 8000, (pV)p = 18000, so temp of B > A, so internal energy changes
B: gas expands, so work is done by gas
C: From A, average k.e. forB > A

D: g = AU — w = +ve ~ (—work done by gas) > 0

15 (B)
A: only true for ideal gas system

C: During change of phase, i.e boiling, internal energy increased but temperature remained constant.

D: U=KE +PE
16 (A)
© F= I% = —gradient of E, — r graph
Power = Work done/time = Fs/t = Fv
17 (B)
C) .
A 2 v=fA
= mrw? = 2m3) =N
F = mrw? = (2)(5)(21/3) 5 Lo e
400
26 _ o2
©) 2 08
n
Let third particle be x from M;. Ap = .N.En
GM;m GM,m x d—x d.M;
= = = S x=

@ i i, i,
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29

30

©)

ratio of diameter of nucleus to atom should be small for most of the alpha particles to pass through
undeflected.

(A)
alpha: few cm of air, about 1 mm of aluminium
beta: few mm of aluminium (about 5 mm)

gamma: a few cm of lead, thus several more cm of aluminium
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(a)

(b)

(c)

(d)

()  point which weight of ship

appears / seems to act

M1 4 (@
A1

(i) water pressure on lower surface greater than air pressure on upper surface of ship B1

upthrust = weight
1030 Vxg=220x10%x g

volume = 2.14 x 10° m®

c1
A1

(i) vertically downward arrow for W at G, vertically upward arrow for U at B and length of W

and U approximately equal

(ii) weight (or W) and upthrust (or U) forms a couple
which gives anticlockwise torque (or moment)

to right / correct the roli / tilt of the ship

B1

(b)

M1

A1

labelled weight through higher c.g. and labelled upthrust that produce overturning torque B1

weight and upthrust forms a couple that give clockwise torque (or moment) to overturn ship B1

[Turn over

-1
R

]

. . 1 1
(i) effective resistance across BN = Amw +2ir

) -1 -1
effective resistance across AM = (== + — v = Amn 4L
2R R+Rpn 2R R+R

=R

-1
. . 1
or effective resistance across AM = w7t I : G
TAMM x;v

(i) use potential divider principle, Vau = mm XV = w<

Vo=V =Vy—0="Vyy, 50V =3V

(i) Vp uw_\nuwxw_\m nwxwﬁ uwxw<
Vo=V
either  Rp = —=— (= 10000)
Rq = 530 (= 20000)
Run = Amﬁm+%VL = 6670
or p.d. across MN =6V

total current=6 + 3=9 mA

6

R=w——
9x10~3

=667 8

M1
AO

(M1)

M1
A1l
C1
A1
C1
C1
A1

(C1)
€N

(A1)
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(a)

{v)

(c)

{d)

(e

7
A photon is a quantum (or packet/ discrete bundle) of electromagnetic radiation (energy) B1

Each quantum has energy equal to Af where h is Planck constant and fis the frequency of the
electromagnetic radiation B1

1 . i =Eg+-mv
) 1. E=E+imv?
2. p;=pscosf+mvcosg

(ii) electron gain kinetic energy after colliision, so scattered photon has lower energy than

incident photon (refer to (b)(i)1.) B1
energy of photon inversely proportional to wavelength M1
so, wavelength of scattered photon larger than incident photon A1
calculation for Ax M1
4,110 m A,/102 m gi° AL/102 m

191.92 193.27 57 1.35

153.30 154.65 57 1.35

965.04 966.84 75 1.8
valid conclusion comparing 1;, 8 and AA for the three sets of data e.g. A1l

- compare first two sets of data, AX independent of incident photon wavelength for same
scattering angle

- compare third set of data with the first two, AA dependent on incident photon wavelength
for different scattering angles

cos 70° = 0.342, cos 75° = 0.259, cosB0® = 0.174 C1
either A(cos 8) = 0.342 — 0.259 = 0.08
or A(cos8) = 0.259 — 0.174 = 0.09
or Acos8) = wﬁo.wéw —0.174) = 0.08 C1
cos@ = 0.26 + 0.08 (or +0.09) A1

(i) line of best fit assessed by even distribution of points either side of line along full length B1

(i) [Method 1]
AL = k(1 — cos 8) = —kcos 8 + k, so best fit straight line of A\ against cos @ gives M1

gradient equal —k and y-intercept equal k A1l
[Method 2]

obtain values of A1 and cos 8 from a point on the best fit straight line and substitute into
AA = k(1 — cos 8) to calculate for k. B1

[Turn over

(f binding energy of electron less than / about A

8
T 0
L (-0.75, 4.4 x 1072) 11
t AATY
e b “
4.0
3.0
-4 ﬂ
SEXE (0,625, 1.0 x 107%)
- 1,0 H
-1.00 . ~0.78 -0.50 ~0.25 co 0.25 0.50 0.75 1.00
cos @
(iii) read-offs accurate to half a small square in both the x and y directions, gradient calculated
correctly using .>>|m and sign of gradient matches graph C1
k = —gradient and with unit m A1l
OR
k = y-intercept and with unit m (M1)
precision of y-intercept to half the smallest square (A1)
OR
Substitute A% and cos 8 from a point on the line into A1 = k(1 — cos ) (C1)
k calculated comrectly and with unit m (A1)

(k =~ 25%x 1072 m)

10
30000

% 100% uv 0.03% of energy of photon M1

photon energy >> binding energy so assumption of free electrons is valid / justified A1l
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(@
(b)

(c)

(d)

3
series of distinct coloured lines against dark background

photon emitted when electron changes from higher to lower ener

energy of photon proportionat to frequency
each line represents photon of specific / distinct energy
only transition between discrete energy levels leads to specific energies

AE = 1.5 — 0.85 (= 0.65 eV or 1.04 x 107° J)

hc _ 6.63X1073*x3x10°
wavelength = -— =

A= remaom - 191X 10~ m

wavelength is longer than visibie light / infrared, so not visible
(i) waves passing slits spread
waves from each slit overlap

with phase difference 360° / path difference 4

(i) angle of 2 maximum = tan~* X722 (= 17.027° or 0.29718 rad)

sin 6, = sin17.027° x 207 (o, g, = 23.106° or 0.40328 rad)

x-735
240

= tan 23.106°

x=175.9cm

B1
B1
M1

A1l

C1
M1

A1
B1
M1

Al

C1

C1

M1

A1

[Turn over

(a)

(b)

{c)

4

emission of electrons from a metal surface when surface is irradiated with electromagnetic

radiation above threshold frequency
photon has energy dependent on frequency

minimum energy required to remove electron from surface

emission if energy of photon greater than minimum / work function / threshold energy

so, threshold frequency exist

B1
B1
B1
B1

(i) stopping potential is the minimum potential difference to stop the most energetic electrons

from reaching the anode

(ii) for positive values of V, all the electrons emitted from cathode will reach anode

() E=¢p+el;
hf =16X1.6%x107*° +2.4x 1.6 x 1071°

f=97 x10* Hz
(iv) same Vs

saturated current doubled

IIA

~24

v

Vi

B1
B1

C1
A1
B1
B1
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Section B

7 (a) progressive: energy transferred along direction of propagation of wave

B1

longitudinal: particles along wave oscillate along axis parallel to direction of propagation of waves

(b) () amplitude=20x10""m
frequency = 500 Hz

(iiy maximum speed
= wxy = (2 X 500) X 2 x 107**

=63%x10"%ms™!

(ili) maximum kinetic energy = % mv®
1xmx(63x107? = 24 x 107
m=12x10"*kg

(iv) ellipse / circle
with correct axes labels

vims™!

6.3x 1078

-0.02 \\ 0.020

-6.3x 108

y/nm

B1
A1
A1

M1

AO

c1

Al
M1

A1

() (i) energy transferred from beating wings to the ear / eardrum vibrates at same frequency as

beating wing
frequency within audible range of person (20 Hz - 20kHz)

1

o ity o
(i) intensity & Sy

160 _ ( 2.0
1

2
v where I is original intensity
20-x

x=0.42m

B1
B1

c1

C1

A1l

{Turn over

(i)

(iv)

8- ‘
air molecule travels 4 x 5.0 x 107 (= 2.0 x 108 m) each cycle

total distance covered in 1800 beats = 1800 x 2.0 x 10 =3.6 x 105 m
device generate sound at same frequency as buzzing sound

of equal / similar amplitude

and 180° out-of-phase / anti-phase

leads to destructive interference of buzzing sound and the generated sound

that cancels the buzzing sound

C1
A1
B1
B1
B1
B1
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9749/04

1(a)(ii)

Value of raw V with unit in the range 1.0-1.6 V and to nearest 0.01 V.

Preliminary Examination — Mark Scheme

BP~929

2022

1(b)i)

Values of p and g with consistent unit, g > p, both values <1 mandp+q=1m

e)

Six sets of readings of R (different values), p and g, including (b){iii), with correct frend (as R increases, g decreases) and without help
from Supervisor

Column headings:
Each column heading must contain a quantity and a unit where appropriate.
The presentation of quantity and unit conform to accepted scientific convention e.g. g/ cm, g/ R (cm Q). No unit given for g / p.

Consistency:
All values of p and g must be given to the nearest mm.

Significant figures:
All calculated values (g / R and q / p) must be given to the least number of significant figures as the raw values.

Calculation: Values of q / p are correct.

1(d)(i)

Axes:
Sensible scales must be used, no awkward scales (e.g. 3:10 or fractions).

Scales must be chosen so that the plotted points occupy at least half the graph grid in both x and y directions. Scales must be labelted
with the quantity that is being plotted.

Scale markings should be no more than two large squares apart.

Plotting of points:
All observations must be plotted on the grid.

Diameter of plotted points must be < half a small square (no “blobs”™).
Points must be plotted to an accuracy of half a small square.

Line of best fit:

Judge by balance of all points on the grid about the candidate’s line (at least 5 points). There must be an even distribution of points
either side of the line along the full length.

Allow one anomalous point only if clearly indicated (i.e. circled or labelled) by the candidate. There must be at least five points left after
the anomalous point is disregarded.

Lines must not be kinked or thicker than half a small square.
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Preliminary Examination — Mark Scheme

BP~930

2022

Gradient:

Gradient sign on answer line matches graph drawn.

The hypotenuse of the triangle used must be greater than half the length of the drawn line.
Method of calculation must be cormect.

Both read-offs must be accurate to half a small square in both the x and y directions.

1(e)

Zero error (both present and absence) indicated, evidence of repeated measurement of diameter and obtain the average.

Diameter is recorded to the nearest 0.01 mm.

Correct calculation of p using the answer in (d){il) and conversion of diameter to m.

Final value of s, to at least two significant figures and in the range 1.0-1.1 mm.

2(a)
Evidence that sx has been correctly calculated from a measurement of at least 10sa.
2(b) Value of F in the range 50-70°.
2(c)(i) | Values of sin F and sin (F — G) calculated correctly.

2(c)(ii)

All points plotted to an accuracy of half a small square.

2(c)iii)

When lines on grids A and B are parallel

F=G=0°

D]
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Preliminary Examination —~ Mark Scheme

BP-~931

2022

3(b)(iii) | e All raw readings of timing stated to 0.01 s. 1
« Value for T given to the correct number of significant figures as timings with unit.
e Tinthe range 0.50 s to 0.90 s.
Evidence that of repeats (at least two recordings of nT 2 15 s). 1
3(c)) | Correct calculation of /. 1
3(c)(i) | Justification of sf. in I finked to s.f. in raw time (or period) and g. 1
3(d)ii) | Value of d=7% 0.050 m. 1
3(d)(iii) | Absolute uncertainty in d in range 2 mm-8 mm (if repeated readings have been taken, then the uncertainty can be half the range (but 1
not zero) if the working is clearly shown).
Correct method of calculation to obtain percentage uncertainty expressed to 1 or 2 s.f.
3(e)(ii) | Value for tin the range 2.0 s-8.0 s. 1
3 Second value of d > first value of d. 1
Second value of ¢t > first value of £. 1
3(g)() Two values of a calculated correctly to at least 2 significant figures with unit kg% s. 1
3(g)ii) Valid comment by comparing the percentage difference of the values of a and percentage uncertainties in d. 1
3(h)(i) | Establish initial extension or length of spring with mass hangar or some initial mass (with ruler) 1
Increase load by adding (slofted) mass, measure new length and determine extension. 1
Plot load against extension and obtain k from the gradient or calculate k = load / extension for each set of data and average. 1
(This mark is awarded only if there is evidence of at least 2 sets of data obtained.)
3(h)(ii) | Atleast two different masses used for each spring.
Clear presentation of the mass added, extension and k. 1
e.g. the use of table or values are listed properly.
k for silver spring 20 N m~ to 25 N m~"and k for black spring 15 N m~* to 20 N m™* 1
3(h)ii)) | Express the unit of the LHS and RHS of equation in terms of S base unit (unit of k° = kg 2, unit of v = kg®S, unit of = s) 1
p=-05, 1
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9749/04 Preliminary Examination — Mark Scheme 2022

3(h)iv) | Atleast one set of measurements with the black spring (m, T, lordand ).

Compare value of  for the black spring with the silver spring for the same m. 1

Valid comment based on the values of t.
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9749/04 Preliminary Examination — Mark Scheme 2022

4 Diagram
labelled diagram of workable experiment including method to support the pipe vertically e.g. retort stand with clamps 1
Methods of data collection
M1 Method to measure B e.g. magnetic field sensors with datalogger, hall probe. 1
M2  Method to measure d e.g. use inside measuring jaws of vernier calipers, travelling microscope. 1
M3  Method to measure v 1

o light gate(s) or motion sensor attached to datalogger.

¢ equipment to measure the velocity shown correctly on the diagram e.g. motion sensor a distance away from bottom of pipe
pointing upwards towards pipe or light gates in the path of the magnet exiting the pipe.

M4 Method to ensure that copper pipe is vertical, e.g. spirit level, plumb line. 1
Controlling variables

c1 Use the same magnet when varying d. 1
c2 Use the same pipe when varying B with different magnets. 1
Method of analysis

A1 Plot a graph of Ig v against Ig B to obtain a straight line with gradient = m. 1
A2 Plot a graph of Ig v against ig d to obtain a straight line with gradient = n. 1
Additional details including safety consideration Max. 3

D1 Safety precaution linked to falling magnets/use sand tray/cushion to soften fall.
D2 Adjust magnetic field sensor / Hall probe until maximum reading obtained/perpendicular to field/pole.
D3 either take readings for B at both poles and average

or measure d at both ends / different directions and average.
D4 either repeat experiment with magnets reversed and average
or repeat v for same B and d and average.

D5 Reasonable method(s) to release magnet at constant position / from rest / centre of pipe.
D6 Conduct experiment away from other sources of ferromagnetic material/ external magnetic field.
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Preliminary Examination — Mark Scheme

Preparing the apparatus

1.

(a)

(v)

(a)

b)
(c)
(d)

(e)

Measure the magnetic flux density B of ten different magnets using a

magnetic field sensor connected to the datalogger. When taking readings, |04 stand with
adjust magnetic field sensor until maximum reading is obtained. Readings posses and dlamps ~

are taken at both poles and averaged.

Measure the internal diameter d of ten different copper pipes using the
inside measuring jaws of vernier calipers. Measurements should be taken
at both of the pipe and averaged.

Set up the apparatus as shown in the diagram. Select retort stand and
clamps that are non-ferromagnetic. Ensure that any ferromagnetic material
are sufficiently far from the setup.

Place a tray with loosely packed sand to soften the fali. ggz::;;z

The copper pipe is clamped and use a spirit ievel to ensure it is vertical.

The light gates are set up just below the bottom end of the pipe separated
by a short distance / measured with a meter rule.

counterweight ~

BP~934

2022

magnet

copper pipe

{ =3

distance / between
\ [~ lightgates

3

tray with sand

i R v
K S A el

Vi,

The magnet is held by a second pair of clamps above the pipe. During the experiment, the clamp is loosen to allow the magnet to drop through the

centre of the pipe from the same position.

Experiment 1: Vary magnetic flux density B

3.

4,

Use the pipe with the smallest value of d and clamp the magnet with the lowest value of B.

Start the datalogger to collect the data. Release the clamp so that the magnet drops through the pipe.

Record the time t taken for the magnet to fall between the two light gates from the datalogger. The terminal velocity v=1/t¢

Repeat step 4 and 5 to obtain another value of v and determine the average v.

Repeat step 4 to 6 with the remaining nine magnets using the same pipe throughout the experiment.

Plot a graph of Ig v against Ig B to obtain a straight line. The gradient of the straight-line graph will give the value of m.
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Experiment 2: Vary internal diameter of the pipe d

10.
11.
12.
13.
14.

Use the pipe with the smallest value of d and clamp the magnet with the lowest value of B.

Start the datalogger to collect the data. Release the clamp so that the magnet drops through the pipe.

Record the time t taken for the magnet to fall between the two light gates from the datalogger. The terminal velocity v=1/t.
Repeat step 10 and 11 to obtain another value of v and determine the average v.

Repeat step 10 fo 12 with the remaining nine pipes using the same magnet throughout the experiment.

Plot a graph of Ig v against Ig d to obtain a straight line. The gradient of the straight-line graph will give the value of n.
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