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1 An elastic band was loaded and then unloaded. Table 1.1 shows the extension e of
the elastic band as the load F was changed.

Table 1.1
F/N 0 1.96 3.38 5.91 7.85
Loading e/cm 0 4.2 9.4 15.0 16.0
Unloading e/cm 0 2.0 6.2 12.6 16.0

(a) On Fig. 1.1, plot a graph of e against F and draw two smooth curves through the
points, one for loading and the other for unloading.

Mark your points clearly usinga ® ora +.

(b) The energy converted to heat in the process of loading and unloading the elastic
band is given by the area enclosed between the two curves. Estimate the energy
converted to heat.

Area of | cm? on the graph = 0.5 N x | em = 0.5 x 0.0] = 0.00S 7
Number of cm? enclosed between the curves (counted) = 30 cm?

Evergy = 30 x 0.005S 7 = 0.5 J

Energy = 0.5 J [3]

13098

*12SPH3202*

JT‘ © ]T Q) H\ ) l‘ (¥) JT‘ (?) ]‘ \) ]ﬁ \) ‘H

()

i

\
\

Q) ‘J‘}w Q) ‘% () J‘w ) “LY () Jﬁ\ () &‘ ) ‘%‘ () ‘]j“ (@) ‘%\ ‘\j\ Q) ) ‘zﬁ» ) “%‘ \j\ ‘% ‘\j\ J“ ()


https://stemup.co.uk

8
[8]

[Turn over

et

/
F/N

/
/
Fig. 1.1

AU A AACR AR
*12SPH3203*

A

16
14
12
10
g
6
4
2
0
13098

O W)z



https://stemup.co.uk

2 When an object moves through a fluid it is acted on by a drag force F given by
Equation 2.1.

F, = %pACsz Equation 2.1

p is the density of the fluid, A is the area of the front face of the object that is
moving through the fluid, v is the velocity of the object and C is a constant called
the drag coefficient.

In testing, the drag force F on a cyclist is measured as the velocity v of the cyclist
changes. A graph of F, against v2 has been plotted on the grid of Fig. 2.1.
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(a) Determine a value for the gradient of the graph and give the unit of the gradient.
If there is no unit write ‘no unit’.

Large triangle: (40, $.9) and (240, 36.1) on the line
gradient = AFp / A(?) = (36 — $.9) / (240 — 40)

=30.2 /200 = 0.S

Gradient=__ 0.$ Unit= N w2 s [4]

(b) (i) The area A of the front face of the cyclist is 0.22m? and the density of the
air through which the cyclist is moving is 1.23kg m=3. Use your answer to
part (a) to calculate the value for C, for the cyclist.

Gradient = Y5pACp, so Cp = 2 x gradient | (pA)

o = (2 x01s1) /(.23 x 0.22)
Cp =1
Cp = 1.l [3]

(i) Express the newton in base units and use this to determine the unit, if any,
for Cp,. If there is no unit write ‘no unit’.

N = kg m s
Co = 2Fy | (pAVD): kg m s72 | (kg m™3 x m? x m? s72)

All units cancel, so Cp has no unit.

Unit of Cy = 1o unit [2]

[Turn over
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3 The fundamental frequency f of an oscillating stretched string depends on the length

13098

L of the string, the tension T in the string and the mass per unit length p of the string
as shown in Equation 3.1.

1 /T

fo— |—
2L\

Equation 3.1

A metre rule was used to measure the length of the string. The value of the length
was recorded in Table 3.1.

To find the mass per unit length, one metre of the string was placed on an electronic
balance. The reading on the balance is shown in Fig. 3.1a.

A newton-meter, with a scale range from 0 to 15N, was used to measure the tension
in the string. The reading on the newton-meter is shown in Fig. 3.1b.
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¥ )

L (@) (i) Insertthe two missing values in Table 3.1 and include their units. [2]
cE

lor= (ii) State the uncertainty for all three of the values in Table 3.1. [3]
V=)

ce Table 3.1

ce Measurement Value Uncertainty
=)

= Length 0.750m + 0.000 m

CE
2T Mass g.q, 9 * 0‘0’ g

CE
2, Tension 8S N 0S5 N

ceE

ce (b) Calculate a value for f and the absolute uncertainty in the f value.
; W = 3.9/ g per metre = 3.9] x 1072 kg m™
2 f=0/0Q x0750)) x L35/ 3.9 x103) = 31.08 Hz ~ 3] Hz

cE
- % uncertainty in L = (0.00] / 0.750) x 100 = 0.13%

ce % uncertainty in T = (0.5 / 8.5) x 100 = 5.9%, % x $.9 = 2.9%

P % uncertainty in w = (0.0 / 3.91) x 100 = 0.26%, Vs x 0.26 = 0.13%
2, % uncertainty in f =013 + 29 + 013 = 3.2%

cE
- Uncertainty in f = 0.032 x 3].) = 1.00 Hz, so * | Hz

ce f=3%|Hz

/5:‘
=)

cE
- f= 3l Hz
)

ce Uncertainty in f = t Hz [7]
ce [Turn over
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4 Aninsulated strip of copper of length 0.60 m has one end maintained at a constant
temperature above room temperature. Points have been plotted on the grid of
Fig. 4.1 showing the temperature 6 of the strip at various distances along its length I.
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(a) Draw the best fit straight line for the plotted points. [1]

(b) Determine the difference between the temperatures at each end of the
copper strip.

Show your working out clearly.
At ] = 0: 8 = 79 °C (y-intercept of best fit line)
At ] = 0.60 m: 8 =17 °C (read from best fit line)

Difference = 74 — 17 = §7 °C

Difference in temperature = 57 °C [3]

(c) Use your graph to obtain a value for the percentage uncertainty in your answer
to part (b).

Extreme fit line (steepest acceptable line through the points, dashed):
At =0:0=76° atl=060m®6-=16°°

New difference = 76 — 16 = 60 °C

Uncertainty = 60 — 57 = 3 °C

% uncertainty = (3 / §7) x 100 = $.3%

Percentage uncertainty = 5.3 % [5]

[Turn over
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5 Apivotis placed under the centre of a non-uniform wooden pole and the pole tilts as

shown in Fig. 5.1.

Fig. 5.1

(@) (i) How can you tell from the diagram that the pole is non-uniform?

It does not balance when pivoted at its centre.

[1]
(ii) On Fig. 5.1, mark a possible location for the centre of gravity of the pole.
Label this point X. [1]
(iii) Describe how the position of the centre of gravity could be located.
Move the pole along the pivot until it balances horizontally.
The point of the pole directly above the pivot when it balances
is the centre of gravity. 2]
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%/

o (b) Assume the position of the centre of gravity of the wooden pole is known.
A Using a mass of known value and the arrangement shown in Fig. 5.1,
2, describe an experimental procedure that uses the principle of moments to
lor= obtain an accurate value for the mass of the pole.

) With the pivot not at the c.0.9., measure the distance d, from the
N pivot to the centre of gravity with a metre rule.

= )

ceE Place the known mass m on the pole on the other side of the pivot
%/:/

o from the c.0.9. and slide it until the pole balances horizontally

) Ceguilibrium).

cE

f Measure the distance d, from the mass m to the pivot.

ce Principle of moments: Mg d, = mg d,, so the mass of the pole M =
%“/

ce m 0’2 / 0’[‘

) Repeat for several different pivot positions and take the average value
CcE

> of M. [5]
CcE

CE

e THIS IS THE END OF THE QUESTION PAPER
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