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In this experiment, you will investigate the oscillations of a square shape.

(a) {i) Bend the wire to form a square shape so that
approximately 12 cm, as shown in Fig. 1.1.

_—wire

Fig. 1.1

Use the wire cutter to remove any excess wire.

Measure and record L.

(i) Estimate the percentage uncertainty in your value of L.

percentage uncertainty = ...
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3
(b) {i) Place the cork in the clamp and attach the clamp to the stand using the boss.

Hang the square wire from the pin as shown in Fig. 1.2.

tand
_ / s

cark heild in clamp

pin

wire

™ 4]

Fig. 1.2

-Genily displace the sqguare wire and release it so that i oscillates as shown in

Fig. 1.3.

_ /stand

cork held in clamp
-pin
Srocny,
wire
~ | L.
|
S S S
Fig. 1.3
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Determine the period T of the oscillations.

{ii) Calculate T2,

............................................................................................................... 1]
(c) (i) Remove the square wire from the pin.

Form a new square shape from the wire so that L is approximately 6 cm.

Use the wire cutter to remove any excess wire.

Measure and record L.
L T i1

(i) Repeat {b}{i) and (b}(ii).

T S e
T2 = i i
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5

(d) It is suggested that the relationship between Tand L is

2
T = —
where k is a constant.

(i)  Use your values from {a)(i}, (b){(ii), {cXi) and (c)(ii} to determine two values of k.

Give your values of & to an appropriate number of significant figures.

firstvalueof k= _................... .. ...

second value of k=

(ii) State and explain whether the results of your experiment support the suggested
relationship in (d).

Justify your conclusion by referring to your values in {a)(ii).

......................................................................................................... (2]
(e) A value for the acceleration of free fall g near the surface of the Earth is given by
207°
g= K
32
Use your second value of k to calculate a value for g.
TS v ms?[1]

[Total: 14 marks]
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In this experiment, you will investigate combinations of resistors in an electrical circuit.
(a) You have been provided with three identical resistors A, B and C.
Take measurements to determine the resistance of each resistor.
The resistance of resistor A is Ra.
The resistance of resistor B is Re.
The resistance of resistor C is Rc.
R T e
BB S oo
R = i e
(b) Set up the circuit as shown in Fig. 2.1 with resistor A between Fand G.
®
|:]X F G
Fig. 2.1
e,
Record the total resistance R between F and G.
R = e
Close the switch.
Record the ammeter reading J.
T o it
Open the switch.
© DHS 2021 9749/04
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(¢) Use various arrangements of the three resistors A, B and C to provide six other different
total resistances between F and G.

For each arrangement, record R and 7 in a table.

1
include values of (b) and 7 in your table,

(5]
{d) ltis suggested that the quantities / and R are related by the equation
E=1(R+X)

where E is the electromotive force {e.m.f.} of the power supply and X is the resistance
of resistor X.

Suggest how you would use the data collected in {c} to determine the value of X.

[Total: 10 marks]
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\ £
3 In this experiment, you will determine the force constant of a spring. Exam%efs
Use
{a) You have been provided with three identical springs, attached to a ring.
The length of an unstretched spring is S, as shown in Fig. 3.1.
Measure and record S for one of the springs using a vernier calliper.
e S -
| |
| |
' |
| ))
Fig. 3.1
S T [1]
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For

(b) (i) Setup the apparatus as shown in Fig. 3.2. Examiner's
Use
boss | rod of clamp - e boss
rod of clamp -
.
\\\
. —stand
stand —-—
m
bench

Fig. 3.2
The extended length of the double spring is S1 and the extended length of the
single spring is Ss.
The extensions are p and g where
p=3S,—-2Sandg=S5.-S.
(iiy Hang appropriate masses on the mass hanger so that m is 400 g.
(iif) Adjust the a;;?ratus sa that the angle between the springs is 90°.

Measure and record Sy and Sz using a metre ruler.

81 Eon
82 e e
[11
(iv) Calculate p and g.

P

G e

(1]
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For

(c) Varym, obtaining a suitable range of values between 100 g and 400 g inclusive, and | fxaminers
repeat {b)(iii} and (b)(iv), keeping the angle between the springs 90° throughout. Use
[4]
(d} Theory suggests that
2 - EEE 2 2
m gz -4 + K°q
where k is the spring constant of one of the springs and g = 8.81m 5%,
Plot a suitable graph to determine k.
KOS e e [3]
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For

anomalous data or results that you may have obtained. Examiner's

(e) Comment on any
Use

Explain your answer.

(A {i) Suggest one significant source of uncertainty in this experiment.

(i} Suggestan improvement that could be made to the experiment to reduce the
uncertainty identified in (f)(i).

You may suggest the use of other apparatus or a different procedure.
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{g) The force constant k of a spring can be found by ancther method. g,a;?:,e,as

Use

Plan an investigation to find & for a fixed length of a spring in tension.
You would be provided with several masses.

You may suggest the use of any additional apparatus commonly found in a school
physics laboratory.

Your account should include:

« adiagram

« your experimental procedure
s controf of variables

[Total: 19 marks]
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4 Asincident light passes through a glass block, the intensity decreases. This is known as light E,;,,?,r,efs

attenuation. Use

amphtude. o-f-llght tra.nsm|tted-through glass, A i< related to
initial amplitude of light, A,

A student suggests that the ratio
the thickness ¢ of glass and the frequency f of light.

He suggests the following relationship A/Ac = k ¢ PEa

where k, p and g are constants.

Design a laboratory experiment to investigate the relationship between A/As, tand £

You are provided with several identical glass blocks. You are also provided with several
lasers of unknown frequencies and other equipment usually found in a Physics laboratory.

Draw a diagram to show the arrangement of your apparatus. You should pay particular
attention to

(a) the equipment you would use

(b) the procedure to be followed

{¢) how the ratio A/Ao is measured

(d) the control of variables

(e} any precautions that should be taken to improve the accuracy and safety of the

experiment

Diagram

© DHS 2021 9749/04
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Materials and apparatus for Question 1 (per set of apparatus unless otherwise specified)

Stand of height at least 60 cm.

Clamp.

Boss.

Piece of 16 SWG copper wire of approximate diameter 1.68 mm and approximate length 50 cm.
Cork, e.g., from a bottle. See Note 1.

Pin of approximate length 3 cm. See Note 1.

Stop-watch reading to the nearest 0.1 s or better.

30 cm ruler with a millimetre scale.

Wire cutter

LN R WM

Notes

1. The pin should be inserted into the cork along its axis with approximately 1 cm protruding as

shown in Fig. 1.1.

cork

Fig. 1.1

2. The apparatus should be laid out on the bench. if the apparatus is to be used by another
candidate, then it shoyld be restored to its original state. A new piece of 16 SWG copper wire
must be provided.

www.testpapersfree.com




Materials and apparatus for Question 2 {per set of apparatus unless otherwise specified)

-

2 x 2.0 V d.c. power supply.
2 x digital multi-meters
1 x 33 Q resistor.
a. The markings and resistance value of the resistor should be covered.
b. The resistor should be labelled X.
c. See Note 1.
4. 3 x B8 Q resistors. .
a. The markings and resistance value of the resistor should be covered.
b. One resistor must be labelled Ra.
c. Anather resistor must be labelled Rs.
d. The third resistor must be labelled Rc.
e. See Note 1.
5 1 x set of connecting wires (12 wires)
a. 8 x both ends with crocodile clips
b. 4 x one end with crocodile clip and other end with jack connector

6. Switch.

w N

Notes

1. Al resistors should have a minimum power rating of 0.25 W and a tolerance of 5% (e.g. RS
Components stock number 806-6499 for the 33 Q resistor).

2. The apparatus should be laid out on the bench. If the apparatus is to be used by another

candidate, then it should be dismantled and restored to its original state.
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Materials and apparatus for Question 3 (per set of apparatus unless otherwise specified)

2 x retort stand (with boss and clamp)
1 x metre rule

1 x vernier calliper

3 x 100 g slotted masses

1 x 50 g slotted mass

1 x 100 g mass hanger

3 x identical springs

1 x set-square

1 x metal ring

OCONDO R WN -

Notes

1. The apparatus should be laid out on the bench. If the apparatus is to be used by another
candidate, then it should be restored to its original state.

2. The springs and ring need to be connected together.

www.testpapersfree.com
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Mark Scheme for Practical

to smalier % errar

Gn Marking Point Marks
Raw L5to the ne rest 0 1 cm and flnai value in the range 11 5-—12 5.cm. '_ 1.
EPercent__ geu ertamty based on an absolute uncertamty AL
Ju repeat feadlngs_ have'been taken then the absolute uncertalnty can be half 1
‘the range. (but not zeroy if the working is: clearly shown.’ . :
G Correct method of calculation to obtain percentage uncertainty. - -
1(b)(i) | All raw times meas_ured either to the nearest 0.1 s or ali to the nearest 0.01 s. 1
"Evidence of measurement of nT repeated where n7 > 10.0 s. 1
Vatue of Tintherange 0.5s < T 1.0 s. 1
1(b)(ii) | Calculation of T2 correct. 1
1(b)ii) | Justification of the number of significant flgures in terms of the number of 5.1, 1
in (raw) time only.
1{c)(i) | Raw L to the nearest 0.1 cm and final value in the range 5.5-6.5 cm. 1
T(c)ii) | Second value of T < first value of T. 1
1{d)(i) | Calculated correctly two values of k with unit and recorded to the least no. of
sfamong 7 and L. The final k values must not be fractions. 1
Unit: cm?®s7  or equivalent 1
T(d)(ii) | Justification of Relationship
Note: The given relation is valid for a compound pendulum.
A
O Calculated correctly %Kkuncertainy = —— x 100%
kave
OR qfokuncertainty = X 100% 1
smaller
r Ak=lk,-k;] OR Ak=ik,-kj|/2
" Chose a criterion from the value in {a){ii). Dy,
4 Concluded that results do not suppert the suggestion if 1
Yo Kuncertainty > the criterion chosen.
OR
Concluded results support the suggestion if
Y% Kuncertainty < the criterion chosen. {Expected)
1{e) | Correct calculation of g using candidate’s second k and
inrange 9.0ms?< g<11.0ms? 1
_. Ui ;1 timefern osan, 32 fs| Tis|Lim|k/msai|g fonsi2|%f1 Cemment _
{B){i)/ | ) ABS5 o 0734|0120 0.459 9.81 1.7 |this should be the more
{b)iiii} [ T e appropriate 2nd value
: of k used to find g due

[<hiii)

modnsa2l0.060| oas 5.5 33

For internal use orly

DH52021

www.testpapersfree.com




' Fig. 1 Excel-Generated Theoretical Table for Q1

‘ Total 14
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: Qn | | Marking Point | o ; Metks_

2(a) . . . L v
R measured while resistor is in operation i.e., R = T 1

Value of Ra, Rs and R with unit in the range 64 - 72 Q. 1

V /V|I /mA|R Johm Nominal / ohmMuitimeter / ohm

R_A203]| 299 | 679 | - 682

(R_B[ 202|301 67.1 678

{R_C| 2.02| 30.2 | 66.9 A
: 67.3 680 678

Fig. 2a Excel-Generated Theoretical Table for Q2a

2(b)(i) | Value of / with unit in the range 30.0-50.0 mA. 1

.'2(50)'; Seven sets of readings of R o ' T - RN
- |2270.3400,4530,68.00, 1029 136(1&2040 e

SlxsetsofreadlngsofR e L ..: -. .. o 1

Coiumn headings: I -
“..-3| Each column heading must contam a quantlty a unlt and a separatmg mark
‘where aPproprlate

ﬁ:c;:: conventton eg RIQ, HmAand ?! m/ﬂ\1

E Con5|stency of presentation:. ' AL b
T All raw values of  must be gwen to O 1 mA or ali to 0. 01 mA EREE T A

Stgmﬂoant ﬁgures

ik AII values of ; must be grven to the same number of sf as the number ofsf e

”'*f. m raw i

le :”léul_a_t‘ie_h:. Values bf_}} are Correct

For internal use only
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2(d)

/'/,—‘

) ViV tfmA | R [ohm |1/l fmAN] |

L R_Aonlyl 276 | 409 | 675 0.0234  |(b}
R _AandR Bin parallel 2.07 61.3 33.8 0.0163
"R_AR BandR_Cin parallell =~ 165 73.6 22.4 0.0136
- R_AandR _Binseries| 332 245 135.5 0.0408
~ R_AR_BondR_Cinseries 356 175 | 203.4 0.0571
. R_AandR_B in seriesw R_Cin parallel - 2.36 52.7 448 0.0190
R_Aand R_B in paraliel w R_Cin series; 311 307 | 1013 0.0326

Fig. 2b Excel-Generated Theoretical Table for Q2c

T

£ is determined by the inverse of the gradient.
X is determined by product of y-intercept and E.

Stated appropriate graph G against RW to be plotted.
/

Total 10
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DHS2021

www.testpapersfree.com



Marks

Z;Value of S wnh unitin the___ange 4" 0 ::“:'5 5! cm:’

| 3(b)(iii)

Measurement and Observatlon

Recorded twe values of S and two values of S, and their averages to 1
nearest 0.001 m (i.e., 0.1 cm).
3(b)(iv) | p and g calculated correctly, and recorded to nearest 6.661 m (i.e. 0.1 cm). 1
3(0)' - Six (or m‘ore’)s'e‘-ts of readings of 7 including m= 100 g and m = 4009 - : 1
COh”nnheadmgS : : G T S
Each column heading must contasn a quantlty a unat and a separatmg mark
where appropriate. =
The presentation of quantmj and unlt must conform to accepted scnentlf ic
convention, e.g. o v 1
mig, Si/ crn, Sz / cm plem, q:f::cm,fn?g'-}': N and ?
] Consnstency of presentation
1
b Stgnlfcant f|gures """ g : el R R
" | Ali values of mg must be glven to th ame number;of s.f. ag the numberof sf. | . -
in raw m. B ; . T . o RN L
. s S : 1
LAl values‘ of i + q must be given to the least no. of s.f. among p a'n'd' q
:'3Cal_culatibni'7 ' S : - '
| Values of mg ar’fd_ JE g% arecomect. .
mig|511femisz? lfcm [ g_avefoem|mg /N . {ipn2)fa+q 72405 / cm
g ' S o 130 39 i5.8
E 16 3. 115 3.4 137
y | 225 ' 100 29 11.8
8.2 35
6.5 7.4
3.4 3.8

For internal use only
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©3(d). )
{GRAPH} | '

| e Axes must be labelled with the quantity which is being p!ot’_[ed.

0 Sensible scales must be LiS'éd'. Awkward scales (9., 310)are not
“allowed. Scales must be chosen so that plotted points occupy at least half -
the graph grids in both x and y directions. 3

* Straight line of best fit- j.udgé-'by_'scatter of points about the candidate's
" line. No curved lines affowed.

| o There must be an even distribution of points on either side of the fine _
© along the full length.

e Allow maximum (correctly identified) one anomalous point if clearly
indicated on graph i.e., circled or labeiled. There must be at least five .
. points left after the anomalous point is disregarded.
‘e Lines must not be kinked or thick. No hairy lines. (No curved lines

allowed). .

All observations in table must be plotted.
Work to an accuracy of plot £ 0.5 small square.

3(d)
{CALN)

e Equation linearised correctly.
e Plot a sensible graph that allows for straight line to be drawn and kto be

2

determined from the gradient. e.g. mg/ N vs —’Z—Jr q°/ cm.

e Gradient calculated correctly with clear working.

« The hypotenuse of the gradient triangle must be greater than half the
length of the drawn line.

e Read-offs must be accurate to half a small square.

e Kk determined correctly from gradient with unit.

Comments on whether there are any anomalous data - with the anomalous
data clearly identified ..,

“There are no anomalous points as alf plotted points are evenly distributed on
both sides of the best fit line and no point is significantly further from the best fit
line compared fo other points.”

Justifies whether there is any anomalous data based on deviation of the points
from the linear trend e.g.,

“Point (4.300, 7.00) is an anomalous point because point (4.300, 7.00) is
significantly further from the best fit fine as compared to other points.”

3(0)

Difficult to measure angle with reason e.g., hand shakes / curve at bottom /
position of zero uncertain / parallax / holding set square without a stand

3(F(i)

_

Trace on a card / use graph paper / project onto screen and measure angle /
use trigonometry / take photo and measure angle / clamp set square

For internal use only
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c ¥
Length of

Spring, L’

|t for

| diagram -~
-(a) Measure the prowded masses, m' usmg an electromc balance
‘and labelled them.: ' .
(b) Measure the natural Iength ‘of spring CD L’g usmg a metre ruler :
(¢) Set up the apparatus as shown in Fig. 1. .
(d) Record the kniown mass m’. . . L
“(e) Record the angie@ using: a protractor wh:ie keepmg AB
~ ‘horizontal. . " : Lo e
-3(f) ‘Record the ler ngth L’ us:ng a metre ruler Ensure it is constant |t control

d);(e) and (f) while varylng ‘the mass of the load m’ | of varz_abi_es__
it;onal sets of readlngs SR 3 Lo

: 'rces vertlcally, 3
n‘(180° )= k(L' ' D)sme

1111 tor .

7 the tensnon in spring CD and PO | process
the acceleratton of freefall R | and hOW_iO

- determine k-

P}ot a graph of sm@ agamst m g,

whtch |s a straight hne graph through the ongm W|th gradlent

Total 19
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Qn Marking Point

- Marks

4 | Mark Scheme

Defining the problem
A1 identify independent (frequency f of light, thickness of glass t} and dependent

(ratio A/Ag) variables 1
AZ: identify control variable
(e.g. keep distance between light source and sensor constant) 1
Method of data collection
B1: tabelled diagram showing a setup of laser, glass block(s) and light sensor in 1
d line
B2 method to determine the different frequencies of laser (e.g. using diffraction 1
grating and nA = d sin 6 1
B3: method to determine thickness of glass f, using vernier calipers or metre rule
B4- method to measure intensity of light e.g. use light sensor / light intensity meter
connected to datalogger and taking initial reading of /o) 1
B5: determination of 4/ 4, from the formula f « A® 1
B6: identifying 2 runs required (run 1: vary thickness, keep frequency constant) 1
(run 2: vary frequency, keep thickness constant)
Method of Analysis
C1: linearization of relationship
In(4/ 4,)=In(k)+pin(t) + gIn(f) 1
Ccz: -
Run 1: plot In(4/ 4,) against In {t).
straight line with gradient p, y-intercept In(k) + gIn{f)
Run 2: plot In{4 / 4,) against In(f),
straight line with gradient g, y-intercept In(k) + pin(t) 1
Safety =
D1: do not look directly into the light source. 1
Additional details: (max 3)
E1: perform experiment in dark room to reduce noise in the form of ambient light 1
E2: detailed description to determine the angle of diffraction through the grating,
by measuring distances and using trigonometry relations i
E3 measure thickness of the glass blocks at different positions and average t. 1
E4: take preliminary measurements of the intensity with the largest thickness
before the start of the experiment. If the intensity is too low, reduce the maximum
thickness of glass block. 1
E5: ensure light reaches the light meter perpendicularly. 1
MAX 12
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