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Ql.
X-rays are electromagnetic waves used to obtain images of bones.
An x-ray machine produces x-ray waves with a frequency of 1.25 x 108 Hz.

(a) Calculate the time period of these x-rays.

time period = ... S
(b) X-rays have a speed of 3.00 x 10% m/s in air.

Calculate the wavelength of these x-rays.

wavelength = ..., m

(Total for question = 5 marks)

Q2.
(a) This is an incomplete Hertzsprung-Russell diagram.

Absolute 7
magnitude

Temperature

(i) Which of these is in the shaded area of the diagram?

L1 A black holes
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[ B main sequence stars

[1 € neutron stars

[l D protostars

(ii) On the diagram, draw the area to show the position of white dwarf stars.

Label this area WD.

(iii) On the diagram, draw the area to show the position of red giant stars.

Label this area RG.

(iv) State what is meant by the term absolute magnitude.

(b) The Sun emits various parts of the electromagnetic spectrum.

(i) Which part of the electromagnetic spectrum causes damage to human surface skin cells?

A microwaves
B radio waves

ultraviolet

O 0O 0O O
)

D \visible light

(ii) Which of these increases the risk of damage to human surface skin cells?
[l A sunbathing

[l B using protective sun cream

I € very cloudy weather

[0 D wearing sunglasses
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(Total for question = 7 marks)

Q3.
(a) A student investigates a sound wave with a frequency of 25 000 Hz.
(i) Calculate the wavelength of this sound wave.

[speed of sound = 330 m/s]

wavelength = ..., m

(ii) The oscilloscope trace represents the sound wave.

Oscilloscope settings
y direction: 1 square =5V

x direction: 1 square = 0.01 ms

Determine the amplitude of the oscilloscope trace.

amplitude = ... \Y,
(b) (i) Diagram 1 shows a coil of wire wrapped around a cardboard tube.
The coil is fixed to the cardboard tube.

On diagram 1, draw field lines to represent the magnetic field produced when the current is in
the direction shown.
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Diagram 1

(ii) Diagram 2 shows a model of a loudspeaker that uses the coil and the cardboard tube.

The cardboard tube is fixed to a thin piece of card, which is clamped at both ends.

cardboard tube

< = coil

i

to alternating
current supply S

D bar magnet

LRRLRR,

Diagram 2
The student holds a bar magnet near the bottom of the cardboard tube.

Explain why this causes the loudspeaker to produce a sound.

STEMUP.CO.UK
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(iii) When the frequency of the alternating current is 10 kHz, the student hears a sound.
The student increases the frequency of the alternating current to 25 kHz.

Explain why the student cannot hear a sound now, even though the card is still vibrating.

(iv) Suggest a change to the apparatus that would increase the loudness of the sound when the
frequency of the
alternating current is 10 kHz.

(Total for question = 14 marks)

Q4.
A sonometer is a piece of equipment used to investigate the frequency of waves on a string.

The photograph shows a sonometer.
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bridge string

The string is under tension. When the string is plucked it vibrates to produce a sound wave.

(a) Describe how an oscilloscope should be used to measure the frequency of the sound wave
from the sonometer.

(b) A student investigates how the frequency of sound from the sonometer varies with the
length of the string.

This is the student's method.

apply a constant tension force to the string

pluck the string and measure the frequency of the sound wave produced
move the bridge to change the length of the string

pluck the string and measure the new frequency of the sound wave produced

Repeat the method for different lengths of string.

STEMUP.CO.UK
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(i) Give a control variable for the student's investigation.

(ii) The table shows the student's results.

String Frequency in Hz

length

incm Test 1 Test 2 Test 3 Mean
20 105 104 108 106
40 53 54 52 53
60 36 32 35
80 25 28 26 26
100 22 20 21 21
120 20 17 18 18
140 15 15 14 15

Calculate the mean frequency for a string length of 60 cm.

Mean freQUENCY = ..

(iii) Plot a graph of the mean frequency and string length data on the grid.

(iv) Draw the curve of best fit.
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(v) Determine the string length needed to produce a sound wave of frequency 75 Hz.

(1)
string length = ... cm
(vi) The student cannot hear the sound from the sonometer for some of the string lengths
tested.
Explain which of the string lengths produce sounds that humans cannot hear.
(2)

(Total for question = 14 marks)
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Q5.
This question is about sound waves.

(a) Describe an experiment to measure the speed of sound in air.

You may draw a diagram to help your answer.

(b) An oscilloscope can be used to determine the frequency of a sound wave.

The diagram shows an oscilloscope trace of a sound wave.

Oscilloscope settings
y direction: 1 square =1V

x direction: 1 square = 0.25ms

(i) Calculate the period of this sound wave.


https://stemup.co.uk

(ii) Calculate the frequency of this sound wave.

freqQUENCY = .o Hz

(Total for question = 10 marks)

Q6.

Magnetic Resonance Imaging (MRI) machines can take scans of the inside of a patient.
(a) There is an electromagnet inside the MRI machine.

Describe the construction of an electromagnet.

You may draw a diagram to help your answer.

(b) During the scan, music can be played through a loudspeaker to the patient.

The oscilloscope trace in the diagram represents a sound played to the patient.
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Oscilloscope settings:
0 y direction: 1 square = 0.5V

x direction: 1 square = 0.5ms

(i) Determine the period of the sound wave.

(i) Calculate the frequency of the sound wave.

freqUENCY = . Hz

(iii) Deduce whether humans can hear the sound wave.

(iv) The current in the loudspeaker is alternating current (a.c.).

Give the evidence from the oscilloscope trace to support this statement.

(v) Draw the circuit symbol for an a.c. power supply.
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(Total for question = 14 marks)

Q7.

Two students do an experiment to measure the speed of sound in air.

They use two blocks of wood that make a loud noise when hit together.

They do their experiment outside in a wide-open space.

(a) Describe how the students should use their equipment to measure the speed of sound in air.

You may draw a diagram to support your answer.

(b) The table shows the students' results.
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Timeins
Distance in m

Trial 1 Trial 2 Trial 3 Mean
50 0.46 0.35 0.49 0.43
100 0.50 0.38 0.62 0.50
150 0.42 0.64 0.57 0.54
200 0.68 0.59 0.60 0.62
250 0.58 0.79 0.75 0.71
300 0.90 0.86 0.84

(i) Calculate the mean time for the last row in the table.

MEAN tiME = L. S
(ii) The students think that some of their time readings are anomalous.

State how the students should deal with these anomalous readings.

(iii) Explain which distance in the table is likely to give the most accurate value for the speed of
sound in air.

(Total for question = 10 marks)
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Q8.

The photograph shows an oscilloscope.

@ dny3d/Shutterstock

An oscilloscope can be used to determine the frequency of a sound wave.

(a) (i) Name the piece of equipment that should be used with an oscilloscope to detect a sound
wave.

(b) Diagram 1 shows an oscilloscope screen when a sound wave is detected.

It also shows the settings of the oscilloscope.


https://stemup.co.uk

Oscilloscope settings

y direction: 1 square =2V
x direction: 1 square=5x10%s

Diagram 1
(i) Determine whether the sound can be heard by humans.
Include a calculation of frequency in your answer.
(4)

(ii) The oscilloscope settings are changed, as shown in Diagram 2.

Oscilloscope settings

y direction: 1 square =1V
x direction: 1 square=1x10"s

Diagram 2

On Diagram 2, draw the wave that would be displayed on the oscilloscope screen if the same
sound wave is detected using these new settings.

(2)

STEMUP.CO.UK
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(Total for question = 9 marks)

Q9.
The refractive index, n, of a material can be calculated using this formula.

_ sin(i)

sinfr)

(a) A student uses this method to determine the refractive index of a material.
e draw around a semi-circular block of material
e shine a light ray towards the centre of the straight edge of the semi-circular block
e use a pencil and a ruler to mark the positions of the incident ray and the refracted ray
e remove the block
e draw a normal where the ray was incident on the block

e measure the angle of incidence and angle of refraction
e calculate the refractive index using the formula

Repeat the method for different angles of incidence.

(i) Name the independent variable in this investigation.

(ii) The table shows the student's results for an angle of incidence of 40°.

Angle of refraction 1 (°) = Angle of refraction 2 (°) Angle of refraction 3 (°)

22 23 67

Calculate the mean value for the angle of refraction.

MEaN angle = ... degrees

(iii) Describe how the student could improve their method to get a more accurate value for the
refractive index.
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(b) Diagram 1 shows a ray of light refracted by a transparent block of material.

|
|
82° | |
i air
|
i material
|
|
|
|
Diagram 1
(i) Calculate the refractive index of this material.
refractive indeX = ...
(ii) State the formula linking critical angle and refractive index.
(iii) The refractive index of a different material is 1.7
Calculate the critical angle of this material.
critical angle = .. degrees

(c) Diagram 2 shows a ray of light travelling through an optical fibre.

The optical fibre is made of a material with a refractive index of 1.7

Diagram 2

Explain the path of the ray in the optical fibre.
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(Total for question = 12 marks)

Q10.
Sound waves with a frequency above the range of human hearing are known as ultrasound.

(a) State the frequency range for human hearing.

(b) The frequency of ultrasound waves can be determined using an oscilloscope.

(i) Give the name of the piece of apparatus that could be connected to the oscilloscope to
detect the ultrasound waves.

(ii) The time period of the ultrasound waves must be measured to determine their frequency.

Describe how the oscilloscope is used to measure the time period of the ultrasound waves.
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(c) The diagram shows the oscilloscope screen when an ultrasound wave is detected.

The oscilloscope settings are also shown.

oscilloscope settings:
y direction: 1 square =2V

x direction: 1 square =5 x 105

(i) Determine the time period of the ultrasound waves.

time period = ... S

(ii) Calculate the frequency of the ultrasound waves.

freqQUENCY = i Hz

(Total for question = 10 marks)

Q1l11.
A student investigates the speed of sound in air.

(a) The student sets up two microphones, A and B, as shown in Diagram 1.
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microphone A microphone B

source

of sound @ @

to datalogger

Diagram 1
The microphones are connected to a datalogger.
A sound is made to the left of microphone A.
The datalogger records the time when the sound wave reaches each microphone.

The student uses the data to calculate the time taken for the sound wave to travel from
microphone A to microphone B.

(i) Describe how the student could determine the speed of sound in air using his calculated
value of time taken.

(b) The student investigates how the speed of sound in air varies with temperature.

He places several Bunsen burners in the space between the microphones, as shown in diagram
2.
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microphone A microphone B

source

of sound @ @

P11 11

heat heat heat heat heat heat

to datalogger

Diagram 2

He uses this method
e light all the Bunsen burners on a low heating flame
e measure the air temperature in three places between the microphones using three
temperature sensors
e use the datalogger to record the time taken for a sound wave to travel from
microphone A to microphone B
e determine the speed of sound

The student repeats this method as the air temperature increases.

(i) Suggest why it is important for all the Bunsen burners to burn the same amount of gas each
second.

(ii) The table shows the student's results.

Temperature in °C e Speed

sensor 1 sensor 2 sensor 3 mean in ms in m/s
203 20.2 199 201 4.37 344
29.9 313 30.0 304 4.29 350
39.7 41.0 39.0 399 422 358
51.0 50.2 493 50.2 4.15 362
598 61.5 58.6 4,08 368

Calculate the mean temperature for the last row in the table.

Give your answer to a suitable number of decimal places.
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mean temperature = . ... °C
(iii) The student plots his results and draws the line of best fit.

Draw a circle around the anomalous result.

370 =
360 =
+
Speed
in m/s
350 =
340 T T 1 | 1
20 30 40 50 60 70

Mean temperature in °C

(iv) State how the student should deal with the anomalous result.
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(Total for question = 13 marks)

Q12.
(a) Describe an investigation to determine the speed of sound.

You may draw a diagram to help your answer.

(b) A microphone is connected to an oscilloscope.
A sound is detected by the microphone.

The diagram shows the oscilloscope trace.
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Oscilloscope settings
y direction: 1 square = 0.1V

x direction: 1 square = 5.0ms

(i) Determine the period of the sound wave.

(ii) Calculate the frequency of the sound wave.

freqUENCY = . Hz

(Total for question = 10 marks)

Q13.
The photograph shows a security camera.

The camera detects light waves and sound waves.
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(a) State two differences between light waves and sound waves.

(b) The camera detects infrared waves, which allow the camera to record videos in the dark.

(i) Which of these electromagnetic waves has a longer wavelength than infrared waves?

A gamma rays

B microwaves

C  ultraviolet rays

D visible light waves

(ii) Which of these is another use for infrared waves?

A fluorescent lamps
heating lamps

C satellite transmissions

O O O O
w

D sterilising medical equipment

(iii) Which of these is a harmful effect of infrared waves?

0 A blindness
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1 B cancer

[J € internal heating of body tissue

[l D skin burns

(c) The grid shows the oscilloscope trace for a quiet, low-pitch sound wave.
The security camera has an alarm that produces a loud, high-pitch sound.

On the grid, draw a trace to represent the sound wave produced by the alarm.

(Total for question = 7 marks)

Q14.
(a) A student uses an oscilloscope to determine the speed of sound.

The diagram shows the oscilloscope trace produced by the sound wave.
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Oscilloscope settings
y direction: 1 square = TmV
x direction: 1 square = Tms

The student uses two microphones and a ruler to determine the wavelength of the sound wave.
He finds that the wavelength is 1.4 m.

(i) State the formula linking the speed, frequency and wavelength of a wave.

(ii) Use the oscilloscope trace to calculate the speed of the wave.

(b) Another student uses this method to determine the speed of sound.

Step 1 The student stands 50 m away from her teacher, measuring the distance with a metre
ruler.

Step 2 The teacher makes a loud sound and flashes a light at the same time.
Step 3 The student starts the stopwatch when she sees the flash of light.
Step 4 She stops the stopwatch when she hears the loud sound.

The speed of sound is calculated using the formula

dist
speed of sound = Stance

time taken

Evaluate whether this method could produce an accurate value for the speed of sound in air.
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(Total for question = 11 marks)

Mark Scheme

Q1.
Question Answer Notes Marks
number
(a) substitution OR rearrangoment; ?
ovaluation; -1 for POT ermor
o.g.
1.25 =« 10" =1/T OR T=1/f
(T =) 8.00 = 107" {s) allow 8 » 1077 (s)
{b) useof v="~F = A; sean as a formula or implied 3
by working

allow v, c, s for spoed
allow A for waveloength
substitution OR rearrangement;

ovaluation; -1 for POT ermor

o.g.
wv=Ffxh

300 <108 =1.25 = 10"« OR A=v/f
(A =) 2.40 = 1019 (m) allow 2.4 = 1079 (m)
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Q2.

Q3.

Question

number

Answer

Notes

Marks

(@ ()

(i
(i)

(iv)

B - main sequence stars;

A is not correct as black holes do not appear on the
HR diagram

C is not correct as neutron stars are not part of the
main sequence.

D is not correct as protostars are not part of the
main sequence

bottom left area of the HR diagram;

top right hand area of HR diagram;

red giants

main sequence

white dwarfs

a measure of brightness/luminosity;
idea that a star would be at a standard distance (10
parsecs/32(.6) light years);

unlabelled scores 0

unlabelled scores 0

accept power
ignore lack of or
incorrect value for
distance

() ()

(i

C - ultraviolet;

Ais not correct as microwaves cause internal
heating

B is not correct as radio waves do not give skin
burns

D is not correct as visible light cannot harm skin
cells.

A - sunbathing;

B, C and D are not correct as all reduce the
absorption of UV by skin.

Total for Question : 7 marks
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Sl Answer Motes Marks
number
(a) (i) | recall of equation: speed = frequency x allow use of standard 3
wavelength; symbols e.g. v=Ff =i
condone s for speed
reject w for wavelength
substitution or re-arrangement;
correct evaluation;
correct answer = 0.013 (m) answer to 3sf is 0.0132 (m)
e.g. speed = frequency = wavelength
wavelength = speed + frequency
wavelength = 330 + 25000
wavelength = 0.0132... (m)
(ii) | amplitude corresponds to 2 squares; 2
2 squares gives 10V for amplitude; ecf incorrect number of
squares for amplitude
e.g. 4 squares giving 20V
scores 1 mark

(b) (i) | field lines outside of coil appear to loop from

end to end;

no overlapping field lines;

(ii) | any THREE from:

MP3. card vibrates;

(ifi) | idea that 25 kHz is outside the range of human

hearing;

(iv) | increase current (amplitude)/

arrow directions self-consistent;

MP1. idea of force on coil from magnet;

MP2. idea of alternating force on card;

MP4. idea that card forces air to vibrate;
MP5. longitudinal wave formed;

upper limit of human hearing is 20 kHz;

increase strength of (bar) magnet/
increase number of turns on coil;

allow field lines
approximately uniform
through solenoid

condone incorrect poles

allow idea of interaction
between fields of bar
magnet and coil

allow idea of series of
compressions and
rarefactions

ignore reference to 20Hz
or lower limit

allow increase density of
turns on coil

condone change card for a
different material

allow change size or shape
of card

allow moving magnet
closer to the coil

allow higher order answers
in terms of resonance

Total for Question: 14 marks

Q4.
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Q5.

Question

Answer Notes Marks
number
(a) any 4 of: ignore references to 4
wavelength, amplitude,
finding number of
waves passing a point
MP1. connect oscilloscope to microphone;
MP2. adjust the oscilloscope to get a steady trace
[ eq;
MP3. adjﬂst time base / oscilloscope to give a
minimum of 1 complete cycle {on the
screen);
MP4.  measure number of squares for a number of | allow ‘use oscilloscope
complete cycles / waves; to measure/find the
MP5.  multiply number of squares by the time time period / time for
base / eq. (to find T); one wave' if neither
MP4 or MP5 scored
MP6., usef=1/T;
(b) (i) | any 1 of: 1
MP1.  force / tension (on the string);
MPZ2. material string is made from;
MP3. diameter / thickness of the string;
MP4.  tomperaturo;
(ii) | correctly calculated mean; 2
given to nearest whole number; mark indepandently
o.g.
34.3_. gains first mark
34 gains both marks
(ifi) | suitable linear scale chosen (»>50% of grid used); ignore orientation 3
axos labolled with quantities and unit;
all plotting correct to nearest half square; ignore point at 60cm
(iv) | accoptable curve of best fit drawn; i.o. smooth curve 1
within 1 small square of
ocach point
ignore parts of curve
outside plotted points if
oxtrapolated
{v) | string length in range 26-31cm; allow ocf from 1
candidate’s line
(vi) | both 120cm and 140cm strings / eq; allow correctly read 2z

(because) humans cannot hear frequencies lower
than 20Hz;

string length from graph
for 20Hz frequency
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Question
number

Answer

Motes

Marks

(2)

Any FIVE from:

MP1. measure time for a set distance;

MP2. realistic values suggested for
experiment to work;

MP3. suitable measuring instrument named;

MP4. further detail of setup;

MPS5. idea of repeats AND average;

MPE. speed = distance / time;

A fully labelled diagram can score
all the marks.

allow measuring wavelength for a
known frequency

e.g.

+ atleast 1m for microphones

and oscilloscope method

+ atleast 100m for seeing and
hearing a clap method

+ atleast 50m for wall and echo
method

« wavelength measured at least
10cm

e.g. stop clock, stopwatch, ruler,
tape measure, oscilloscope, trundle
wheel, timer

e.g.

» ftwo microphones on bench
connected to oscilloscope

+ start timing when see a clap and
stop when hear it

+ clap by wall and time how long
for clap to come back

« moving @8 microphone until
waveforms line up on
oscilloscope

¢ For echo method, idea time and
distance is “there and back”

allow speed = frequency x
wavelength for appropriate
methed
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(b) (i) | Measurement of one period on oscilloscope; 3
Use of x-scale;
-1 POT error
Evaluation of period in s; Allow 1 5F answer
e.g. Condone period = 0.0005 (s) or
Period = 4 squares 0.002 (s) or in standard form for 2
Period = 4 x 0.23 (ms) marks MAX,
Period = 1.0 x 10°3(s)
(i) | Substitution into given equationf=1/T; Allow ECF from b (i) 2
Evaluation:
e f=1/1.0x10%
f = 1000 (Hz)
Q6.
e Answer Motes Marks
number
(a) roference to a coil or solenoid; all marks can be scored 4

reference to a core;

refaronce to a current;

iron or steol

reference to a named magnetic material; i.o. (soft)

by a labelled
diagram(s)

allow reference to
‘material that
magneotises and
demagnetises casily’
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(i) | period given as 4 squares;

correct use of x scalo:

ECF candidate’s reading
subsequent correct evaluation of period; of period in squares
correct answer: 0.002 (s) -1 for POT error

Accopt 2(.0) ms
o.g. period is 4 squares
period = 4 x (0.50 = 1000)
=2(.0) = 107 (s)

(ii) | substitution into given oquation; allow ECF from (i)

-1 for POT error from
evaluation; candidate’s answer
correct answer: 500 Hz from (i)

o.g.

frequency = 1/0.002
frequency = 500 (Hz)

(iff) | statement of at least one frequency boundary of condone 25 Hz for lower
human hoaring; boundary

valid comparison of answer to (if) with relevant
frequency boundary;

(iv) | (trace) goes both positive and negative/eq;
frequently/continuously/oq;

{v) | symbol with two clear terminals and (sine) wave;

— Py O

STEMUP.CO.UK
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Question

Answer Motes Marks
number
(a) any five from: allow alternative 5
approach using echoos
from a wall
MP1. idea that students stand a large distance allow stated distance if
apart; 50m or greater
allow a large distance
from a wall (at least
25m)
MPZ. measure distance with tape meoasure / ignore ruler
trundle wheeol;
MP3. start timing when see blocks hit together; allow idea of setting of
a rhythm if wall method
usad
MP4. stop timing when hear sound from blocks allow dividing total
being hit together; time by number of hits
if wall method used
MP5. meoasure time with stopclock / stop watch; ignore timer
MP6. take repeats and determine mean; allow take ropeats to
identify anomalios
MP7. use of speed = distance / time; allow use of speed =
2xdistance / timeo if
wall method used
MP8. uso of a distance-time graph to find speed
from gradient;
(b) (i) | mean calculated corroctly; 2
axprossed to 2 decimal places; DOP
o.g.
(mean time =) 0.866... (s)
(mean time =) 0.87 (s) 0.86 scores 1 mark only
(ii) | idea of ignoring or repeating the anomaly; ignore ‘ropoat the 1
oxporiment’
(iii) | 300m distance chosen; allow greatest distance 2
allow 200m only if
justified with a speod
of sound argument
idea that reaction time is likely to be loss allow idea that it givos
significant at groater distancos; a speed closest to the
true value
allow idea that readings
from trials show least
variation
Q8.

STEMUP.CO.UK
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QO.

Sl Answer Motes Marks
number
(a) (i) | microphone; 1
{ii) | measure number of squares for a number of complete condone ‘find number 2
cycles / waves and find average number of squares for of squares for one
one cycle; cycle’
accept ‘period’ for
‘cycle’
multiply number of squares for one cycle by the time
base / eq;
condong use of
‘wavelongth’ for
‘period’ or ‘cycle’
ignore reference to T =
1/f
(b) (i) | evaluation of time period of wave;

substitution into f =1 = T;
ovaluation of frequency;
conclusion consistant with frequency valuo;

o.g.
time period = 41073
f=1=:4x10°

f = 25000 (Hz)

greater than 20000 Hz)

(if) | wave has amplitude of 4 squares;
wave has time period of 4 squares;

(therefore) sound cannot be heard (since frequency is

reject if candidate
usos y-axis

allow ocf if frequency
is incorroct

conclusion must be
consistent with
candidate’s frequency
value to be awarded
the mark

Total for Question

= 9 marks



https://stemup.co.uk

Question

number Answer Notes Marks
{a) (i) | angle of incidence; ignore incident ray 1
(if) | recognising 67 (degreos) as anomalous; allow 1 mark if anomalous 2
result included
e.g. 37, 37.3... (degroes)
ovaluation of a moan;
o.g.
mean anglo = (22 + 23) / 2 = 23 (dogroos) allow 22, 22.5 (dogroes)
(1ii) | n calculated for multiple angles; 2
mean value obtained for n;
OR
idea of graph plotted of sin(i) against sin(r);
n found from gradient of (sin(i)-sin(r)) graph;
(b) (i) | substitution into n = sin(i) = sin(r) ; 2
ovaluation; 1.3 scores 1 mark only
o.g.
refractive index = sin(82) = sin(47)
(refractive indox =) 1.4 allow 1.35_..
(i1) | sin(c) = 1/m; allow any correct 1
rearrangaement
(iii) | substitution and rearrangement; 2
ovaluation;
o.g.
c =sin'(1/1.7) = sin”'{0.588_)
(critical angle =) 36 (degroes) allow 36.03._.. (degroes)
(c) light undergoes TIR; 2
(because) angle (of incidence) is greater than
critical anglo;
Total for Question =12 marks

Q1l0.
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Question

evaluation:

o.g.
f=1/3«10%
(f =) 3.3 <10% (Hz)

allow 33333.3.,

33 300, 33 000 otc (Hz)

allow 30 000

Answer Notes Marks
number
(a) units (if given) must be 2
consistent with data
i.e. 20 Hz - 20kHz
20 (Hz);
to 20000 (Hz);
max 1 mark if non-
frequency unit given
(k) (i) | microphone; ignore sound sensor, 1
ultrasound detector
(ii) | any three from: 3
MP1. idea of adjusting oscilloscope to obtain steady | e.g. “frooze the
trace /oq; screon™
MP2. idoa of adjusting time base to display (at
least) one cycle on screen /oq;
MP3. ldoa of evaluating number of squares for full condone referonce to a
cycle /eq; wavelength rather than
a time period or full
cycle
MP4. multiply number of squares (for full cycle) by
time base /oq;
(c) (i) | number of squares for full cycle; 2
correct evaluation of time period from candidate’s | reject answer that
number of squares; clearly uses tho
amplitude scalo for 0
marks
o.g.
one full cycle = 6 squaras
time period = (6 = 5= 10%) = 32 10F (s) allow 30 10® (s)
(i) | substitution into f = 1/T; allow ECF from (c)(i) 2

Total for quoestion = 10 marks

Q11.
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Question

idea of a linear relationship;

rejoct mark if relationship
described as directly
proportional

Answer Motes Marks
number
(a) (i) | measure the distance betwoon microphones; 3
suitable instrument to moasure distanco; o.g. ruler / tape measure
use of spoed = distance = time;
(ii) | idea that time will be very small / too hard to allow idea that human 1
measure by a human; reaction time is an issue
ignoroe spead of sound is very
fast / oq.
(b) (i) | idea that air needs to be same temperature at all allow idea that spoed will 1
points batwoan microphonos; change if tompearature not
constant
ignore “fair tost’
(ii) | correctly calculate average; 2
given to 1 decimal place; DOP
59.9 scoros 1 mark
o.g.
59.97 = 1 mark allow 59.96, 60
60.0 = 2 marks
(ifi) | point at (40, 358) circled; 1
(iv) | repeat it / discard it; allow repeat experiment 1
condone ‘ignoro it’
{v) | line graph suitable for continuous data; allow ‘data is continuous’ 2
both variables are continuous;
(vi) | idea that spoed increases as temperature increases; | ignore positive correlation 2

Q1l12.
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e Answer Motes Marks
number
{a) any five from: a fully labelled diagram can score all 5
the marks
MP1. outlines a viable method: o.g.
«  moaasuring time for a known
distance
+« measuring wavelongth for a known
frequency
MP2. realistic values suggosted for o.g.
axporiment to work; ¢ at least 1m for microphones/sound
sensors and oscilloscope/ data
logger method
* at least 100m for secing and
hoaring a clap method
+ at least 50m for wall and echo
method
+« wavolongth measured at least
10cm
MP3. suitable measuring instrument named; o.g. stop clock, stopwatch, ruler,
tape measure, oscilloscope, trundle
wheel, timer
MP4. further detail of setup; o.g.
* start timing when seo a clap and
stop when hear it
+ clap by wall and time how long for
clap to come back
*  maoving a microphone until
waveforms line up on oscilloscope
« for echo method, idea time and
distance is “there and back”
MP5. idea of repeoats AND avorage; allow ropeats AMD identifying
anomalios
MP6. Correct formula for described method; | o.g.
+ spead = distance / time
+ spoeed = frequency » wavelength
(b) (i) | period ropresonted by 4 squares; 3
corract use of x-scale; allow ECF from wrong number of
squares if clear in working
correct evaluation; -1 POT error
answer of 0.01, 0.04 (s) scores 2
marks
o.g.
period = 4 squaros
period = 4 x 5.0 (x107)
period = 20 ms = 2.0 = 102 (s) allow 0.02 (s)
(ii) | substitution into given formula; allow ECF from (i) 2
correct evaluation:
e.g.
frequency =1/ 0.02
frequency = 50 (Hz)
Total for Question = 10 marks
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Q13.

Q14.

Question Answer MNotes Marks
number
(a) any two from: ignore references to 2
frequency and
wavelangth
MP1. light waves are transverse and sound waves
are longitudinal;
MP2. light travels faster than sound; condone ‘different
speads’
MP3. light can travel through vacuum but sound
waves can’t;
(b) (i) |B (microwaves); 1
A is incorrect because gamma rays have a shorter wavelength than infrared
C is incorrect baecause ultraviolet rays have a shorter wavelength than infrared
[ is incorrect because visible light waves have a shorter wavelength than
infrared
(ii) | B (heating lamps); 1
A is incorrect because ultraviolet rays are used in fluorescent lamps
C is incorrect because there is too much interference from the Earth for
infrared to be used for satellite transmissions
[ is incorrect because gamma rays are used to sterilise medical equipment
(i) | D (skin burns); 1
A is incorrect because infrared is not absorbed by the rotina
B is incorrect bacause infrarad is non-ionising
C is incorrect because infrared cannot penctrate into the body to cause
internal hoating
(c) trace drawn with higher amplitude throughout; allow variablo 2
amplitude
trace drawn with higher frequency throughout; allow variablo
amplitude
o.g.
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LD Ll Answer Notes Marks
number
(a) (i) | speed =frequency = wavelength; allow standard 1
symbols and
rearrangements e.g. v
=fxh
(i) | determination of period; 5

conversion from ms to s;

evaluation of frequency;

substitutionintov="Ff = X allow ECF from
incorrect frequency

evaluation of speed:; -1 for POT error
175, 700 (m/s) =3
marks

e.g.

period = 4 squares

period =(4 x 1 =)4 ms allow 0.004 (s)

frequency (= 1/4 x 103) = 250 (Hz)

speed = 1.4 x 250

speed = 350 (m/s)

(b) any five from: ignore descriptions of 5

different experimental

MP1. reference to reaction time;

not be at the same time;

accurate value);

measure this distance;

lengths:;

MP&. idea of zero error on ruler;

MP2. idea of lack of repeats;

measured by a human;

MP2. suggestion that light flash and sound may

MP3. idea that distance is too short (to give

MP4. idea that ruler is not appropriate to

MPS.  idea of mis-counting the number of ruler

MP7. idea of ruler not going in a straight line;

MPS. idea that time of travel is too short to be

methods
allow description of
reaction time issues

allow suggestion that
trundle wheel/tape
measure should be
used

allow ground not being
level

(Total for Question =11 marks)
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