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SECTION A

Answer all the questions.
1 This question is about the determination of the specific thermal capacity of aluminium.

An electrical heater is used to raise the temperature of a 1.0kg aluminium block in the circuit
shown in Fig. 1.1.

The switch is closed, switching the heater on for ten minutes before the switch is opened, which
turns the heater off.

The temperature of the block is recorded at one minute intervals for fifteen minutes.

digital thermometer

i

s

i

1.0kg aluminium block

heater

Fig 1.1

Readings are taken of potential difference across the heater and current through the heater every
two minutes. The results are shown in the table.

Time ¢t/ minutes | Potential difference V/V | Currentl/A Power P/ W
0 R+ 6| 2.30 19.8
2 8.67 2.35 20.4
4 8.74 2,2 20.3
6 8.75 2.42 21.0
8 8.69 2.39 20.8
10 8.70 2.41 2.(-0
P=1IV
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(a) (i) Complete the missing values in the table. [31]

(ii) Calculate the mean power. Include the uncertainty in the value.

Meam = 20-6
Uncerbauty = Ynge [ = (21-0-182)[2 = £0-6

mean power = 20'6 + O'é ....... W [2]
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Fig. 1.2 shows a graph of temperature against time.
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Fig 1.2

(b) (i) Use data from the first ten minutes of the graph and your answer to (a)(ii) to show that
the specific thermal capacity of aluminium is about 1000Jkg~"K-".

E = Pt = mcAB

& e ,Pt, . 20-6x 0% 60 =070 T}Z;K-\
mAb | 52 = 17:6) \
[31
(i) Use Fig. 1.2 to estimate the maximum rate of cooling when the switch is opened.
. Rl s~ 3%
qvadlent = TR
maximum rate of cooling = ....... ol O.q-q_ ............ K min~ [2]

(‘-O“i‘l o - 0-4‘7)
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(c) The total percentage uncertainty in the investigation is found to be 5%. The accepted value
of the specific thermal capacity of aluminium is 897 J kg K.

Calculate the percentage difference between your calculated value from (b)(i) and the
accepted value and use this to comment on the accuracy of the investigation. Suggest
reasons for the difference between the investigation value and the accepted value.

Dldevene. = 1070 897 P . S

---------------------------------------------------------------------------------------------------------------------------------------------------

*Lz‘e&%e}c, ............................................................................ [4]
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2  This question is about investigating the terminal velocity of paper cupcake cases.

A paper cupcake case is dropped from a height of 2.0m and the time taken t to fall to the ground

is recorded using a stopwatch.

Fig. 2.1 shows a dot-plot recording the values obtained for .

| | 1 Il
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| i} | |
e e e e —
Yo} o Yo} o Yo} o n (=] n o Yo} o n o
- ~ - - - L o - -~ L = - (oY) (s} N

time /s
Fig. 2.1

(a) Suggest a practical reason for the outlying result of 2.07s.

Zhe.... &Pn@uwkt\o Mwuuommm\'amlq ........ -

(b) Fig. 2.2 shows a sketch graph of velocity against time for the cupcake case.
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Fig. 2.2
E = MS
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(i) Explain the shape of the graph. Refer to the forces acting on the cupcake case in your
answer.

The.... sn&m&o&cd@vdwnzg'z ..... Oms...an.

3vo.~/ﬁ¢3\>'\'(fé.ow‘ - — astindes.. AS .........
veflaqij‘mammjﬂjowfmamda ....... %ﬁ.....ms.u.kam&

LINCRASES.... wduwgh ..... w.{ulﬂfamf(jmc.e ....... and..
..... ) ;mmaz,........mc.g;f.ﬁxg;#.\bn...~.......Ak......a«o.um!.........Q:.ﬁs......
Mo g esiskand.... \a...eqpok...and. ...

....... off?osJ'ef“\'O‘J'Lo(betg‘\JchMw
Qe &&l%am*da@wdﬂavelouﬁ ..............

IS oY 12 1 o S,

(i) The mass of the cupcake case is changed by inserting a second case inside the first.
Draw a second graph on Fig. 2.2 showing how the velocity of the cupcake cases changes
with time. [2]
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3 This question is about an experiment to determine the Planck constant using LEDs.

Fig. 3.1 shows the circuit which is used in a school laboratory.

S

74

e

Fig. 3.1

The voltage across each LED is increased until the light emitted from the LED is just visible. This
voltage V, recorded. V, is found for seven LEDs emitting light of different wavelengths.

(a) V,forared LED is measured as 1.35V. Calculate the energy change of an electron passing
through the LED.

E=va = 135 x [6x107"
energy change = 1\6"‘0- ................. J[1]

(b) Fig. 3.2 shows a graph of V, against 1/2 with uncertainty bars. The line of best fit has been
drawn through the points. The gradient of the line is 2.0 x 1075,

3.0 / 30— 128
: (l‘é—l-*‘)x \o ¢

Go Pk 28 ' i
2.6 8 = |-¢3x0 T

EN

1.4 / 16 * 438 2.0 2.2 2.4 2.6
1/A1x108 m™ 0= 0-02

3-0-1-0 -6
: : = 299x<0 T
@22~ 1- SO Fig.32
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(i) Using the energy-frequency relationship for photons show that the gradient of the line
represents

he

q

where h is the Planck constant, ¢ is the speed of light in a vacuum and q is the charge on
the electron.

E:V:‘/ )3 E-‘-"\& s ‘k=c//\

(
" h(. L \/___ h

C

e TV O % A
(c§) a= m = “
(i) Hence show that h is found to be about 1.1 x 10733 Js.
qudieat = 5 he g
; -6 . |. = -33
e 72-0x |0 |-6x< 10 = l_‘ =15 Te "

2 x 108

(iii) A worst-fit straight line is one which represents the steepest or least steep possible
straight line to pass through all the uncertainty bars. Draw a worst-fit straight line on the
graph and calculate a second value for the Planck constant.

. b b= 519 -3
|+3‘<\0 < 1-6x<10 & 7“6" ‘O ¢ TS

1< 10¥
OR -14
e . : -33
2.94< 10 < |-6x10 : —_
. - \ & % |0 35
2~ |03 3]
(iv)* Compare the calculated valu@for h with the accepted value (6.6 x 10~34Js) and
comment on the accuracy of the expegment. Describe the inty inthe
experiment and suggest improveme [c]
he...o0ver. baws... Gk R SW0GL.... 0F... 70 6. 0.lb.
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SECTION B

Answer all the questions.
4  This question is about the attenuation of gamma radiation as it passes through lead.
Fig. 4.1 shows the experimental set up using a Geiger-Miiller tube to detect gamma radiation
emitted from a sample of cobalt-60. Different thicknesses of lead sheet are placed between the

source and the Geiger-Miiller tube and a counter is used to measure the number of counts per
minute (cpm).

Geiger-Mller tube lead sheet gamma source
N
e
Fig. 4.1

(a) Describe the safety precautions necessary for handling the gamma source.
Hamdle....dhe.... AN SO LEL..... LA:\J’..\{.\.....‘.[’.QM).C&S..- .....................

o 1 iy C
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(b) The values in the table below have been corrected for background radiation.

thickness of | Intensity
lead x/ cm I/cpm
0.5 890
1.0 651
1.5 442
2.0 310
25 222
3.0 154
3.5 112

(i) Explain why it is important to correct for background radiation.

....Gad?ﬁs{g%@\...ﬁ@iﬁkbm’ﬁ..Ls ........ u)«seo.t)s ....... q)wx/»}r ............

ond.. oS s.?.\afbla:;ka\ ........ do...lewmadb.. .., R
ﬁﬁg’xemw}weww\ ............................................................................

........... x(eﬁr}wmc%mfamﬁs) 2]
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Fig. 4.2 shows a plot of 7 against x.
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o= 0-0§
Fig. 4.2

(ii) The half-thickness is the thickness of a shielding material required to halve the intensity
received by the Geiger-Miiller tube. Use the graph to calculate a reliable value for the

half-thickness of lead.

1200 4o 600 = |-06-0-10 = 0-95 cm e SR
goo 4o ¥O0 * 1 65- 065 = 1-00cm
toa dv-300 + 205~ 145 = B0 wA

half-thickness = .............. O 'qg ................... cm [3]
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(c) The attenuation of gamma radiation in lead can be described by the equation:
I=Ie™

where: I'is the intensity of radiation reaching the Geiger-Miiller tube
I, is the intensity of radiation with no lead sheet
x is the thickness of lead in cm
uis the attenuation coefficient in cm™.

(i) Show that this equation can be written as
In (7) = —ux + In (I). )

JalE) 4 \n (Ioe:/‘“‘) o Ay \"\C[c\*’ \“(Q‘/Mt
= \V\(‘[c\ "/U\'_cﬁ,

The table shows the data with the values of In (Z/ cpm) calculated.

[

thickness of lead Intensity 7/ cpm In (I/ cpm)
x/cm
0.5 890 6.79
1.0 651 6.48
1.5 442 6.09
2.0 310 5.74
2.5 222 5.40
3.0 154 5.04
3.5 112 4.72

(i) Plot a graph on the grid provided in Fig. 4.3 of In (I/ cpm) against x. Three points have
already been plotted. Draw a line of best fit through the points. [2]

(iii) Calculate the gradient and intercept of the line of best fit and use your answer to (c)(i) to
determine 1, and p.

qediens = wALC: Al A i oo

4-0
Intercept = 7.13 = In(Io) Iy ussoaons 1250 ........ '. ............. cpm
Ioze 713 P T 0'70 ....... an:]
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7.50

. -..4.‘
713 7.00

6.50 =

6.00 5

[n (chpm

5.00

4.50 / %.35

0=0-05

4.00
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

x/cm o o S
= -0
Fig. 4.3

(d) (i) Use the value of u calculated in (c)(iii) to calculate the half-thickness of lead.

|n2 In2
/LL ) X, - 0-70 i DR o
gL, &"
T -y
—— e o
I, half-thickness = .....cccoveeceevecieeenn. qu ....... cn@ (7
\n({\ B o
2 = ;%
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(d) (i) Suggest and explain which of the methods used, in parts (b)(ii) and (d)(i), to determine
the half-thickness is the most reliable.
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