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SECTION A

Answer all the questions.

1 Afirework, mounted on the ground, ejects a packet vertically at an initial speed of 35ms~". The
packet explodes into many glowing fragments when it reaches its highest point.

(not to scale)

(a) Show that the height reached by the packet is approximately 60 m, assuming that air
resistance is negligible and that the packet was fired from ground level.

[2]

(b) The glowing fragments travel initially horizontally at a speed of 15ms™".
Calculate the distance of one fragment from its launch site when it reaches the ground,
assuming no air resistance.

diStance = ... m [2]
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(c) Calculate the angle 6 with the horizontal at which the fragment hits the ground.
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The signal below is a microphone recording of a pure sound wave of frequency £ ..
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The signal is to be transmitted by radio at a frequency f._ . = 91.5MHz.

radio

f_.
(a) Calculate the ratiofraﬂ
sound

f

f“‘"ﬂ e [2]

sound

(b) A more complex sound signal is a sum of musical notes with a frequency range 18Hz to
24kHz. It is to be encoded as a digital signal before transmission.

Calculate the lowest rate at which the sound signal should be sampled to avoid distortion.

lowest samplingrate = ......cccccvvvviviiieiiiiiiieene, samples s~ [1]
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3  The voltmeter in the circuit below has a very high resistance.

Q) o
i

45V

(a) Calculate the p.d. recorded by the voltmeter.

Assume that the internal resistance of the battery is negligible.

(b) Without calculation, state and explain how the voltmeter reading would differ from the
answer to (a) if the battery internal resistance were not negligible.
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4 Aconverging lens forms a real image I of a point object O as shown in the ray diagram. This ray
is refracted in the region marked A.

region A

36cm 18cm

(a) Calculate the power P of the lens.

(b) The diagram below shows the light ray in region A. Two wavefronts to the left of the lens are
shown.

Draw wavefronts on this diagram to show how the shape and spacing of the wavefronts
change as the light passes into the lens and back out on the right. [3]

© OCR 2022
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A cylindrical steel wire of diameter 1.2mm and length 3.5m hangs from a high ceiling.

(a) Calculate the stress in the wire if a load of mass 25kg is attached to the bottom of the wire.

SIrESS = o, Pa [2]

(b) Calculate the elastic strain energy stored in the wire by the 25kg load.
The Young modulus of elasticity of steel is 2.1 x 10" Pa.

energy stored = ... J[2]
(c) The yield stress of this steel is about 15% higher than the value calculated in (a). Explain

why the 25kg load, once attached to the end of the wire, should be lowered gently into its
final position rather than allowing it to drop into place.
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(a)
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SECTION B

Answer all the questions.
question is about using remote sensors to make measurements on the planet Mars.

In February 2021, the rover Perseverance landed on the planet Mars. Fig. 6.1 shows a
simplified diagram of the last stage of this landing, using a ‘sky crane.’

sky crane rocket

cable attaching
Perseverance

to sky crane
Perseverance

rover

Fig. 6.1

The sky crane used its rockets to hover a fixed distance above the ground. It lowered the
rover slowly at a steady speed until the rover reached the ground. Once the rover was
securely on the ground, the supporting cable was cut and the sky crane flew off to crash
some distance away.

The graph in Fig. 6.2 shows how the upward force F produced by the rockets on the sky
crane varied during the time it was hovering at a fixed height.
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Fig. 6.2
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(i) Describe and explain the shape of the graph in Fig. 6.2.

(ii) Use Fig. 6.2 to calculate g, the acceleration due to gravity on the surface of Mars.

Mass of Perseverance rover = 1030kg

(b) Perseverance has a pair of high-resolution cameras to aid navigation and to investigate the
surroundings.

(i) The CCD sensor in each camera consists of an array of square pixels. There are
1600 x 1200 square pixels in an area of 1.05 x 10~#m?2. Show that the length of an
edge of one pixel is about 7 um.

[2]

(ii) When the camera records an image of a distant object, the image distance v from the
lens to the CCD sensor is 19.5mm. Show that the camera can resolve two points less
than 5cm apart on an object 100 m from the camera.

[2]
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The full-colour images recorded by each camera are encoded at 11 bits pixel~!. Suggest
why more than 8 bits pixel~! are needed and calculate the number of images that can
be stored in an 8 Gb (8 x 10%bit) memory unit.

SUGGESTION: . o

number of IMAages = ......ooovvviiiiiiiiiiiieeee e [2]
As much of the data recorded by Perseverance on its 8 Gb memory unit as possible
must be sent to Earth. Artificial Intelligence programs on the rover can check each
image to select those which seem most useful.
Method A. Perseverance can transmit directly to Earth. This can be done for about
6 hours each Martian day, when Earth is ‘visible’ to the rover. Data can be sent in this
way at a rate which varies between 500 bits per second and 3200 bits per second
depending on the atmospheric conditions on Mars and how high Earth is above the
Martian horizon.
Method B. There is a series of satellites in orbit around Mars. Perseverance can
transmit to one of these satellites at a rate of 256 000 bits s~1, and the satellite then
transmits directly to Earth at a rate of 2 Mbit s~1. This method of transferring data can be
done for about 8 minutes each Martian day. 1 Martian day is about the same length as
an Earth day.
Use the information above to decide whether method A or method B, or a combination

of the two, should be used to transfer Perseverance’s data to Earth. Use calculations to
justify your answer.
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7  This question is about refraction of light.
(@) Fig. 7.1(a) shows plane wavefronts of monochromatic light travelling in a vacuum

approaching a glass block and Fig. 7.1(b) shows the situation at a time 4T later, where T is
the period of the wave.

/vacuum

glass

9.7°

Fig. 7.1(a) Fig. 7.1(b)

(i) Calculate the wavelength A in vacuum, given that the period T = 1.53 x 10~1%s.

(i) Show that the speed v of the light in glass is about 2 x 108ms~1.

[2]
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(iii) The refractive index n of glass is related to the wavelength A of the light by the equation
n=A+ %
where A and B are constants for the glass used.

Without calculation, use this relationship to describe how longer-wavelength light will
refract differently from Fig. 7.1(b).

(b) A different model of light is that light consists not of waves but of particles, which Newton
called ‘corpuscles’.

Fig. 7.2 shows a corpuscle of light, travelling in a vacuum at a speed 3 x 108ms="!, moving
at an angle of 15° towards a glass block.

Fig. 7.2

(i) Calculate the values of the velocity components of the corpuscle in the x- and
y-directions just before it enters the glass block.

component parallel to the vacuum-glass boundary, €, = ...........cccooiiiiiiiiii ms™"
component perpendicular to the vacuum-glass boundary, G T ms™’
[1]
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(ii) As the corpuscle enters the glass, due to an interaction with the vacuum-glass
boundary it experiences a force into the glass perpendicular to the boundary, as shown
in Fig. 7.3.

force due to interactionI with the boundary

Fig. 7.3
Describe and explain the effect of this force has on the components ¢, and ¢, and of
the magnitude and direction of the velocity of the corpuscle once it has passed the

boundary. You should assume, as Newton did, that the corpuscle is not massless, and
that it experiences zero force inside the glass.

(c) Both the wave model and the corpuscle model can explain Snell’'s Law n = % equally well,
but other predictions of the two models disagree.

The French physicists Fizeau and Foucault compared the speed of light in air with the speed
of light in water and found that light travels slower through water than through air. It was later
shown that light travels slightly faster through vacuum than through air.

Explain what these experiments showed about the nature of light.
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SECTION C

8 Two students are doing experiments to measure the wavelength of microwaves.

Beth uses three sheets of aluminium to construct the double-slit arrangement shown in Fig. 8.1
where d = 8.0cm. She knows that the wavelength A of the microwaves is in the range 1 — 5cm.

slit separation

. a . vertical
5 5 aluminium
sheet
[] il

[
Nclamps to hold aluminium

sheets upright

Fig. 8.1
A microwave emitter is placed facing the double-slit and a sensitive microwave sensor placed

a distance L from the slits on the other side, as shown in Fig. 8.2. The microwave sensor is
connected directly to a sensitive ammeter reading 0 — 100 uA.
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Fig. 8.2
The point O is directly opposite the centre of the double slits. The two points a distance x from O,

and at an angle 6 from the centre line, are the first-order intensity maxima of the double slit
pattern.
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(a) Beth knows that, for small enough values of 6, the grating equation A = dsin 6 can be written

A= de which can be rearranged to x = (%) L.

She measured the distance 2x between the two first-order maxima for a range of values of
L and estimated the uncertainty Ax by observing the range of values of 2x over which the
ammeter reading seemed to stay at a maximum and then halving that value.

Fig. 8.3 shows the data from the experiment.

A
Complete the graph with suitable straight lines and use them to obtain the gradient q and

its uncertainty. Use these values to calculate the wavelength of the microwaves and its
uncertainty, given that d = 8.0cm.

Express your answers to an appropriate number of significant figures.
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Fig. 8.3
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(b) Jack chooses a different method based on single-slit diffraction. He has read that the
diffraction pattern produced by waves of wavelength A passing through a slit of width b has
its first subsidiary minimum at an angle 6 from the straight-on direction, where b sing= A.

Using the same microwave emitter and sensor, he sets up his experiment as in Fig. 8.4,
where the slit width b = 7.5cm.

T —

microwave emitter .

microwave sensor ,
(view from above)

Fig. 8.4

He moves the microwave sensor gradually along the circular arc of radius L shown in

Fig. 8.4, recording the ammeter reading at different values of angle 6, measured with a
protractor of resolution £1°. The graph of Fig. 8.5 shows his ammeter readings as a function
of angle.

ammeter reading/uA
60

X T X
ZS 0 ;

-35 -30 25 -20 -15 -10 -5 0 5 10 15 20 25 30 35

angle 9/°

Fig. 8.5
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Use Fig. 8.5 to determine the wavelength A of the microwaves, together with an estimate of
the uncertainty. Show your working and express your answers to an appropriate number of
significant figures.

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).
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