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1 A potential difference V was applied to an electron that was initially moving with
constant velocity. It caused the electron to accelerate, reaching a final kinetic
energy E. Table 1.1 gives corresponding values of V and E.

Table 1.1
V/MV 0.08 0.24 0.50 0.86 1.12
E/pd 274x103 | 284 x102 | 720x102 | 1.28x10°" | 1.79 x 101

On Fig. 1.1, plot a graph of E against V and draw the best fit line.
Mark your points clearly usinga ® ora +.
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2 The graph drawn in Fig. 2.1 shows the relationship between the number of
antinodes n along a standing wave on a stretched string and the frequency f of
oscillation of the string.
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Fig. 2.1

(a) The equation of the straight line in Fig. 2.1 is given by Equation 2.1.
n=29f Equation 2.1

State the unit of the constant 2.9 in Equation 2.1.

Unit= Hz"' (ors)
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(b) The relationship between n and f is given by Equation 2.2.

n=-—- Equation 2.2

ce where L is the length of the string and v the speed of the wave that created the
=) standing wave on the string.

(i) Explain how the speed of the wave can be calculated from the gradient of
the graph in Fig. 2.1.

CE Comparing n = (2L [/ v) f with y = mx, the gradient = 2L / v.

Sov =2L / gradient = 2L / 2.9 [2]

cE (if) The length of the string was 1.71m. Use the gradient value to calculate the
speed of the wave that created the standing wave along the string. Give
your answer to one decimal place.

Z) v =2L /gradient = (2 X ’7’) /2.9

) =18 ms!

cE Speed=_ -2 ms™ [1]

ce [Turn over
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3 The graph in Fig. 3.1 shows how the square of the velocity v2 of an object moving
with constant acceleration varies with the distance s it has travelled past a point.
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Fig. 3.1
(a) Use the graph to determine the velocity of the object when s = 0.

Extend the best fit line to s = 0: intercept on v? axis = u> = 2.3 m? s72

Vv=423=152ms"!

1.52

Velocity = ms™’
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(b) (i) Use an appropriate equation of motion to show that the gradient of the
graph is equal to 2a where a is the acceleration of the object.

2

v2 = u? + 2as, compare with y = mx + ¢

y = V% x = s, so gradient m = 2a (and intercept ¢ = u?)

[2]

(if) Calculate the gradient of the graph.

Large triangle from points on the line: (4.0, 5.3) and (20.0, 17.5)
gradient = A(v?) / As = (17.5 = 5.3) / (20.0 - 4.0)

=122 /16.0 = 0.76

Gradient=_ 0-76 m s-2 3]

(iii) Use your value of gradient to calculate the acceleration of the object.

a = gradient / 2 = 0.76 |/ 2 = 0.38

Acceleration = 0-3% m s—2 [1]

(iv) Describe how the absolute uncertainty in the value of the acceleration could
be calculated.

Draw the extreme (worst acceptable) fit line.

Measure its gradient, new acceleration = Y x gradient.

Uncertainty = difference between the two accelerations.

[3]

[Turn over
11970.05R

*16SPH3207*



https://stemup.co.uk

4 (a) A micrometer screw gauge was used to measure the diameter of a wire.
A single value of 3.66 mm was obtained.

(i) State the uncertainty in this measurement.

Uncertainty = 0.01 mm [1]

(ii) 1. Explain why the measurement should have been repeated over the
length of the wire.

The wire may not have a constant diameter along its length

(it may be non-uniform), so one reading may not be

representative.

2. What steps should then be taken to obtain a reliable and accurate value
for the diameter?

Take readings at several points along the wire (and in

different directions), discard any anomalous readings,

then calculate the average (mean) of the remaining readings. 3]

(b) The length of the wire was measured as 5.63 + 0.01cm.

What instrument was used to measure the length?

Vernier callipers [1]
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Use the data given in parts (a) and (b).

(c) Determine the volume of the wire and its absolute uncertainty in cms3.

V=md’l/4g=1x(00366)°>x563/¢4=10592 cm®

5z
CE fractional uncertainty in L = 0.0] / $.63 = 0.0018 (0./183%)

; % uncertainty in d = 0.0] / 3.66 = 0.27%, doubled for d* = 0.55%
% uncertainty in V = 018% + 0.55% = 0.72%

absolute uncertainty = 0.0072 x 0.592 = 0.0043 = 0.004 cm?

V = 0.592 + 0.004 em?

0.592 om?

0.004

O Volume =

Absolute uncertainty =

11970.05R
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5 Equation 5.1 is the lens equation.

+ Equation 5.1

1_1.1
f u v

An experimental arrangement to verify the lens equation is shown in Fig. 5.1.
illuminated

/object :
lens ——>|;

<— screen

T

metre rule

Fig. 5.1

In this experiment the lens was kept in a fixed position at the 50.0cm mark on the
metre rule. The object position P, was initially at the 100.0cm mark on the metre
rule. The screen was moved until a focused image was produced. The position P; of
the screen on the metre rule was recorded in Table 5.1. To get a series of results to
verify Equation 5.1, P_was changed.

(@) What type of lens must be used in this experiment?

Convex (converging) lens [1]
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(b) The results were recorded in Table 5.1.

The raw data in Table 5.1 cannot be used directly to verify the lens equation.
Add any additional necessary columns and appropriate headings to Table 5.1
that would allow graphical verification of the lens equation. Now complete the

row for P,=100.0cm.

You do not need to complete the table for any of the other P values

[4]

Table 5.1
P;/cm

Po / cm 1 5 3 Mean u/ cm v/em |u ) em™ v’/ em™
100.0 28.6 28.8 294 28.9 $0.0 211 0.020 0.047
95.0 27.5 27.2 27.7

90.0 26.0 25.6 25.8

85.0 23.8 24.2 23.5

80.0 20.0 20.5 20.3

(c) Compare the uncertainty in the values of P, and P;. Explain any difference in the
uncertainties of the values.

The uncertainty in P, is greater than in P,

P,: only the reading uncertainty of the metre rule (£ 0.0 em).

Pi: also a judgement of when the image is in sharp focus.

[3]
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6 Alinear air track is a device used to study motion in a low friction environment. Air is
pumped through small holes in a long hollow track. This allows gliders, that are lifted
just above the surface of the track by the air, to move friction-free along the track.

In an experiment to verify the principle of conservation of momentum, two identical
gliders were used, one at rest and the other moving towards it at a constant velocity.
After the collision both moved together along the remainder of the air track.

(a) Suggest how it is ensured that the gliders do not separate after the collision.

Fix Velcro (or Blu Tack, or a pin and cork) to the facing ends of

the gliders so they stick together. [1]

(b) The air track and two gliders, labelled A and B, are shown in Fig. 6.1. Glider A is
moving to the right, glider B is stationary.

N

A B

N

air track
Fig. 6.1

(i) Two light gates, connected to appropriate software, are used to determine
the velocity of the card on top of glider A before and after the collision.

On Fig. 6.1 mark suitable positions for the light gates. Label the positions
1 for the first light gate and 2 for the second light gate. [2]
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(ii) What information must be input to the software to allow the velocity to be
determined?

The length of the card (on top of glider A). [1]

(c) Show how the principle of conservation of momentum is verified from the results.

Momentum before = momentum after: mu, + mous = (m) + my)v

Gliders identical (mass m) and B at rest: mu + 0 = 2mv

so u = 2v, i.e. the speed after the collision is half the speed before.
Compare the velocity from gate | (u) with that from gate 2 (v): if v = You

(within experimental uncertainty) momentum is conserved.

[3]
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