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2
Answer all the questions.

Define the moment of a force about a point.

Fig. 1 shows the top of a crane which has an arm AC of mass 1800 kg. The centre of mass of
the arm is at D.

B G

Fig. 1

The arm can rotate about the pivot at A. It is supported by a horizontal cable BC. The
dimensions are as shown on the diagram.

The arm is in equilibrium. Draw and label three arrows on Fig. 1 to represent the three
forces acting on the arm. [3]

Calculate the tension in the cable BC.

TeNSION = eiriiieiieiinienennecnnnns kN [3]
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(c) The arm is rotated about A by shortening the cable BC. The cable is no longer horizontal.
Explain whether the tension in the cable has increased or decreased.
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4

2 A student carries out an experiment to measure g, the acceleration due to gravity, by measuring the
time t for a steel ball to fall a distance s.
The method is shown in Fig. 2.1

break to start contacts

slactromagnat

stesl ball

distance s

break to stop contacts

trap door

Fig 2.1

The break-to-start and break-to-stop contacts are connected to an electronic timer. As the steel ball
is released from the electromagnet, the electronic timer starts. The ball falls a distance s before it
hits a hinged metal 'trap door'. The trap door opens, breaks the circuit and stops the timer.

The student records the following data for a range of distances s, averaging the time t at each
distance over several drops. He intends to plot a graph of s against #>so adds a third column to his
table of results.

s/m mean t/s t2/s?
0.40 0.31 0.10
0.60 0.38 0.14
0.80 0.42 0.18
1.00 0.47

1.20 0.51

1.40 0.55 0.30

(@ (i) Complete the table. Add the final two points to the graph of Fig. 2.2. Draw a straight
line of best fit on Fig. 2.2.
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Determine the gradient of the line. Show clearly your working.

(i)
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(b) The student expected the line to go through the origin and have a gradient of g/2. The timing
device he used measures to within 0.01 s and the distance s was measured to within 0.01 m.

(1) The fact that the line of best fit does not pass through the origin is unlikely to have
been caused by random errors in his measurements. Justify this statement.

......................................................................................................... [2]
(i)  Explain how a systematic error in each of the measured quantities could contribute to

the line not passing through the origin and what effect, if any, each would have on the

gradient of the line.

......................................................................................................... [4]
(iii)  Suggest one source of possible systematic error in the experiment.

......................................................................................................... [1]
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3 Fig. 3 shows a swimmer of mass 65 kg, weight 640 N, being lifted vertically upwards from the sea by a
cable of negligible mass compared to the swimmer.

L |

Fig. 3

The tension T in the cable from the time that she leaves the water at t =0 until t = 1.5sis 670 N.
Att=1.5sT reduces to and remains constant at 640 N.

(@) (i) Use Newton's laws to describe qualitatively the motion of the swimmer for the first 4.0 s of
her ascent.

......................................................................................................... 2]

(i)  Show that at t = 4.0 s her height h above the water is more than 2 m and that she is rising at
about 0.7 ms™,

© OCR 2015 H156/02 v1.1 Turn over



(b)

© OCR 2015

8

The cable is attached to a winch rotated by an electric motor in a rescue helicopter. The
electric supply to the motor has an e.m.f. of 28 V. The circuit has a total resistance of 0.11 Q.
When the swimmer is rising at 0.70 m s the motor draws a current of 30 A from the supply.

Under these conditions calculate:

(i)  the power lost in the electrical circuit

POWEN 10St = tuiviinininirnennnnnnnns W [2]

(ii) the efficiency of the motor

effiCienCy = cvvvviveiiiiniiennennnnnnns [4]
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4 Fig. 4.1 shows part of the | — V characteristic of a silicon diode.
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Fig. 4.1

(a) The graph has three distinct regions, from 0.60 V to 0.65 V, 0.65 V to 0.75 V and above 0.75 V.

State and justify how the resistance of the diode increases, remains the same or decreases in each of
these regions.
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(b)*
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In order to determine the I-V characteristic for an LED, one student connects to the incomplete
circuit X shown in Fig. 4.2(a) and a second student connects to the incomplete circuit Y shown in
Fig. 4.2(b). Each adds an LED with a resistor in series and suitable meters to take the
measurements between terminals A and B.

100
N s
—'."— = g
6.0V 6.0V ! 10Q [+
. 8 ‘s
Incomplete circuit X Incomplete circuit Y
Fig. 4.2(a) Fig. 4.2(b)

Only one of these circuits is suitable to carry out the task.
Draw an LED with a 100 Q resistor in series and suitable meters to complete the correct circuit on
Fig. 4.2(a) or 4.2(b).

Explain why only one of the circuits is suitable to carry out the task and why the 100 Q resistor has
been included.
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5 Inan experiment to measure the wavelength of yellow light from a sodium lamp, a beam of light from a

lamp passes through a pair of narrow slits S; and S,.This produces a pattern of regularly spaced bright and
dark lines, called fringes, on a screen as shown in Fig. 5.1.

A
P
light S,

from ——

sodium ——

lamp A P

W ——

screen B

not to scale
Fig 5.1

(@ A student makes the following measurements:
distance S;S, = 0.8 mm
distance AB on screen = 6.0 mm

distance from slits to screen = 1.6 m

Calculate the wavelength, in nanometre, of the sodium light.

wavelength = .......cccoooiiieiiinnns nm [3]
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(b)* Fig. 5.2 shows a microscope slide, blackened with graphite paint, with the two slits S; and S,
scratched through the paint, very close together, to form the double slit.

Fig. 5.2

Describe how you could reduce the uncertainty in calculating the value of the wavelength of the light
used when carrying out the experiment in part (a).

In your answer, include how to achieve the conditions necessary to produce a visible interference
pattern on the screen and how you would make the measurements to calculate the wavelength,
identifying the measurement which will give the greatest uncertainty.

(© To reduce the uncertainty in the calculated value of the wavelength, one student suggests making a
different slide with a greater slit separation.
Discuss whether you think this change will reduce the uncertainty.
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6 This question is about a photoelectric cell, which is an electronic device that detects photons.
Fig. 6 shows a cross-section through a simple photocell.

path of single photon

path of slectron

ubs
metal plate
Fig. 6

A metal plate A is coated with potassium in an evacuated transparent tube. A photon of high enough

energy, incident on the plate, can cause an electron to be released from the surface towards the collector
rod B.

(@) Potassium has a work function of 3.5 x 10™° J. Show that the longest wavelength of light that the
photocell can detect is about 570 nm.

[3]

(b) There is a potential difference of 12 V between plate A and rod B so that released electrons are
accelerated towards and collected by rod B. B is 5.0 mm from A.
Light of wavelength 570 nm is incident on plate A.

(i) Calculate the speed v of electrons arriving at rod B.

V= mst  [4]
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(if) Estimate the response time of the photocell, that is the time it takes for electrons to
travel from A to B.

response time = ....cvevveenevecneneeeeees S [2]

(©) The photocell is connected to a 12 V supply and a sensitive ammeter which can detect a current of
1.0 x 10° A. Only 5.0% of the photons of average energy 4.0 x 10™° J incident on the plate A
cause electrons to be released. Calculate the minimum light energy that plate A must absorb per
second for the photocell circuit to detect a current.
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