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SECTION A
Answer all the questions.
1 This question is about estimating small dimensions.

A stack of paper, shown in Fig. 1.1, forms a cube. It was measured, using a standard metre
ruler, and found to have a side length of 7.60 + 0.05 cm.

Fig. 1.1
(a) (i) Suggest why an uncertainty value of + 0.05 cm is reasonable when using a standard
metre ruler.
Uncer J('o.m{ o - \fml& ..... S M@U@x‘l’ SCC»LN. .....................
LdWisien..o m' ..... i e e W LN []

(ii) Calculate the volume, V, of the stack of paper.

Ve = 76 - +39

VIR [ 5 cm® [1]

(iii) Show that the percentage uncertainty in the volume of the pad is approximately 2%.

%0 w L = 3:§6x 0o =0-658

i e RIS
[21
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(b) The individual sheets from the pad were laid out, side by side, on a flat surface, to form a

square. The length of the side of the resulting square was found to be 152.00 + 0.05
cm.

(i) Explain why dividing the volume of the pad by the total area of sheets when laid out
flat gives the thickness of a single sheet.

Volome. . remauns.... L

(ii) Calculate the thickness, t, of a single sheet of paper using this method and include
\ = A 4 o o t -V/, A
- 43a/i52* = 0-O190

o[() =0 0-05 . 0
% Uy =2 7 il ivvilie 0-0658% t= . Q:0190.....omt 2w

0/,,()t . 0-0658 + 197 = 2-0%4%
(ili) Suggest an alternative method to find the paper thickness that reduces the
uncertainty in the result.

MQQ)uul+94c~LH\ld2nesscwcloﬁuw‘&b ..........
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(c) An experiment to estimate the size of an oil molecule was first carried out in 1899 by
Lord Rayleigh.

The diameter, d, of a small drop of oil held on a wire loop is measured using a hand lens
and a millimetre scale as shown in Fig. 1.2

card

wire

lens

Fig. 1.2

The oil drop is placed on a clean water surface lightly dusted with talcum powder. The
drop spreads over the surface, pushing back the talcum powder, producing an almost
circular patch, diameter D, on the water surface as shown in Fig. 1.3
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(i) Show that the thickness of the oil film, ¢, is given by

V= S r-d '324;2 Vv=Tr

=

\/:TEth

+
s 3
- _‘t d. B /lc B % - t ] 4~T[ d3 = ’Z.d 1]

6 & 6TUD: 3D

(ii) Rayleigh suggested that the oil would spread over the water surface until the patch
was one molecule thick. The thickness of the patch is therefore an estimate of the
size of an oil molecule.

-

KD %
L 7 P
TL; 3 3

s
wi
i

M

Suggest how the uncertainty in the values of d and D might be minimized and
explain why this is essential if the uncertainty in ¢ is to be reasonably small.

Measue.. ... sevevek..dwections. and.
cakcu\w‘cca. ...... Me.al..... Docevkaamh  a. XL

...................................................................................................................................

m.QQ\.S.U.'\Q« ..... (_ijmg ....... M\L«QSLQQ.Q ........ ...\ mm«&avxlﬁ
M. XL s V. d.3~ ............................................................
................................................................................................................................. [3]
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2  Fig. 2.1 shows the layout of the apparatus required to observe the superposition of light from

two sources.
screen
two slits:
1 mm spacing
single slit |
lamp O I I
2m 3m
Not to scale

Fig. 2.1

(a) In a laboratory experiment a vertical filament optics lamp and single slit were used as the
light source placed 2 m away from a pair of slits. The slits were produced by painting a
glass slide black and then scraping two lines in the paint using a pin.

(i) Suggest how the double slit spacing could be determined.
....mlc,.w.s.as:ﬂ).e, ....... Lt %t@!i.s.cg\&...Q.ﬁgdg ..... Sl‘dﬁs .........
&

....................................................................................................................................
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(b) Fig. 2.2 shows the arrangement used to create the interference pattern on the screen.
The slit separation is d and the distance from the slits to the screen is L. Point O shows
the position of the central maximum and the distance to the adjacent maximum at point

Pis x.
screen
P
two slits
[ | x
Ak £ 3 5 S — )
\L = L
2 S Not to scale
Fig. 2.2
Use the diagram to explain why
Xw &
b
For small © OR  wim
In r&dlcuns @ s /
' d' - Q ” L
Sun AL
2 = 2]
-

Fov Srv\(}lk Q su O= ‘{7(1""9
= ad O =6,
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(c) Fig. 2.3 shows the pattern of light observed on the screen placed 3 m away from a pair of

slits spaced 1 mm apart. The total width of the pattern shown was measured to be
1.3 cm.

55
L5 .
Ix 75 »
- O \q"\ E™M
= | 4lmm
( 78mm
k> ‘ Width=1.3cm=75-mm‘¢
Fig. 2.3

Use data from Fig. 2.3 to estimate the wavelength, A, of the light used in this experiment.

= =3
Ix 10° x |-4|*10

A N =
/\-T- 7 = 4-/< 10

Allos ¢ ©°136 4o 014G cm

N 453- 497 om
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(d)* Some changes were suggested to improve the experiment:
Increase the distance between the slits and the screen to increase the fringe spacing.
Increase the slit width to increase the intensity of light reaching the screen.

Reduce the distance between the light source and the slits to increase the intensity of
the fringes.

CIOXCIS)

Use coloured filters to enable the wavelengths of specific colours to be measured.

Comment on each of the proposals, pointing out any difficulties that may result from the
changes mentioned. ..........cccccevvviriiniiiiniiinnecnnee e, B s v Tnssavs e iis s AR s A SRS SRS TR e s B v

............................................................................................................................................

............................................................................................................................................

@vagqa ........ hvighder.... bk mes..... sp.w_ao.l ..... ank.....
‘H‘g‘j ..... n omlc‘ﬁ)Mq’ch_\)thd4u ......

.......... mc\&w&«x"‘l.egsct&’/ﬁ.dmwMeoxclnsu‘

............................................................................................................................................

(3)....Less.....dskang.. do..... l.l:ﬁ)\a‘:....\t.q ..... sexwdow ..... guan
..... lsk...Sh¥.. so.... oub&\sl&m ok e
.G).u.ll ilomunghed - mmlvxﬁ ..... V4o sk naweLan

whandh....... oveyfow+hSLuVma}2€lm'}€MSvL‘3\ow

ivﬂev\s'dnj ull be  moch loser. N\ab not ke
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+  See markscheme
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Level 3 (5-6 marks) v v
Addresses all four points with reasoned comments
regarding practicality and disadvantages.

There is a well-developed line of reasoning which is clear
and logically structured. The information presented is
relevant and substantiated.

Level 2 (3-4 marks) v v
Addresses each point but may not appreciate the
associated difficulty in some cases

There is a line of reasoning presented with some structure.
The information presented is in the most-part relevant and
supported by some evidence.

Level 1 (1-2 marks) vv
Comments on at least two points with a least one difficulty
described.

The information is basic and communicated in an
unstructured way. The information is supported by limited
evidence and the relationship to the evidence may not be
clear.

e.g. Increasing the distance between slits and screen will
have the desired effect of increasing the fringe spacing but
the intensity of the fringes may become so low that fewer if
any are clearly visible, making measurement difficult.

Increasing the slit width to increase the intensity of light

reaching the screen will allow more light to reach the screen
but the larger slits will allow less diffraction to occur at each
slit so the waves from each slit are less likely to superimpose
and fringes will not be formed.

Reduce the distance between the light source and the slits
to increase the intensity of the fringes. More diffraction at
the first slit will be required in order for both the secondary
slits to be illuminated. Therefore narrower slit required and
lower light intensity will result.

Use coloured filters to enable the wavelengths of specific
colours to be measured. A useful improvement but filters will
reduce the intensity of light reaching the screen so the
fringes may not be visible.
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3 This question is about the behaviour of transformers.

In an experiment to verify the relationship between the primary and secondary voltage and the
number of turns on the primary and secondary windings, some pre-wound coils were
assembled onto a laminated iron C-core as shown below.

To oscilloscope

FromA.C.
supply

(a) The voltages were measured using an oscilloscope. The y axis was set to 5 volts per
division and the x axis to 10 milliseconds per division. The voltage gain and time base
settings remained constant throughout the experiment.

The trace shown below was obtained with a secondary coil of 300 turns.

15

10

Tl

-15

(i) Mark with an X three points on the trace where the flux in the transformer core is
zero.

(1]
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(ii) Show that the maximum rate of change of flux in the core is about 3 x 10% Wb s™.

- Nad e £ B »
BN U S R

(1]

(ili) Explain why the peak flux in the core is unlikely to exceed 0.17 mWb.

Flox..comnet.exceed  max. AYQAL  Limes.....

= 0-165m bb
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(b)* Describe the experiments, using the same apparatus, which would need to be performed
in order to verify the equation that links the primary and secondary voltages with the
numbers of turns on the primary and secondary coils for an ideal transformer. Include
how the data gathered would be analysed in order to see if it was consistent with the

BOUBHON. . (-3 L v s ssscinsansossnsdizsnsesonss s EamsssussasemasEusesss o mserlaphpteean s mssdnss msan ogitass

............................................................................................................................................

........................................................................................................

..........................................................................................................................................

...........................................................................................

....................................... Pd' an ":'3%“"“"’\'&'"‘;V\'Ol'(-'CCX)k")

.......................................................................................................

..........................................................................................................................
............................................................................................................................................

.........................................................................................................................................

.................................................................................................................... s e B
" e geckan holds

.....................................................................................

........................................................................................................................................

+ See W\ap&sc‘ncﬂv\e
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Level 3 (5-6 marks) v'v

Experiments V; against V, and V; against N, both described
in detail, including graphs expected and the interpretation
of them leading to the expression V¢/V, = NJ/N,

There is a well-developed line of reasoning which is clear
and logically structured. The information presented is
relevant and substantiated.

Level 2 (3-4 marks) vV

Experiments Vs against V,and V, against N, both described
or one in detail, including graphs expected and some
interpretation of them leading to the expression V,/V, =
N¢/N,

There is a line of reasoning presented with some structure.

The information presented is in the most-part relevant and
supported by some evidence.

Level 1 (1-2 marks) v'v

Either experiments V; against V, or V; against N, described

Indicative points include:
V; against V, identified as additional experiment.

V; against N, identified as additional experiment.
Statement of variables held constant for each experiment.
Details of graphs plotted :

e.g. V; against V,, showing direct proportion

V; against 1/N, indicating inverse proportion between V; and
N,

Clear link to V¢/V, = No/N,

with some interpretation of results leading to an
appreciation of the relationship, Vs/V, = Ns/N,

The information is basic and communicated in an
unstructured way. The information is supported by limited
evidence and the relationship to the evidence may not be
clear.

0 marks
No response or no response worthy of credit.
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SECTION B
Answer all the questions.

4 This question is about an experiment investigating the relationship between volume of a gas,
V, and temperature, T, at constant pressure. Fig 4.1 shows measurements taken by a student.

TG V/mm®
+1°C +5 mm®
1 115
6 117
10 119
15 122
20 124
25 127
30 130
Fig 4.1

Fig. 4.2 shows the graph for five of the data points.
140

135 i ﬂ o il

130

125

V/mm?

120

0. .5 10 15 20 25. N I

T/°C
o=

Fig. 4.2

(a) (i) Add the two remaining data points to the graph. Include uncertainty bars for the

points and an appropriate line of best fit.
[4]

hoits. wit 1« SO O
M 8/35

"

X ]n’reuuzf\‘ =
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(ii) Calculate the percentage uncertainty for the values of V and T at point (30, 130).

T \/’30 xloo = 3‘30/" Percentage uncertainty in V = 38% '
\/ 5/13(: < loo = 38 0/0 Percentage uncertainty in 7= 3§%
[2]

(iii) The sample contains 4.5 umol of particles. Use data from the graph to calculate the
pressure of the gas, P.

Yoo Gadenk = (-19)< 107w /35 Kk = Sl4x10 MK
T

NkT N
= MMeT 2 i  —
PV— Nel - P &= SVML
-6 1% -23 4
p= 4.Sx 10 x §-02% 107 x |-38x |0 p=.1:27%10. pa
; ¥ [4]
5:1% x 10 727200 fa
Mo wd = 4.-36x IO-' m2 K™ A~ 77000 Pa
e ELHE BB RN CeTeR Fa

MaXx 3vc\¢i
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(b) Fig. 4.3 shows the same data set plotted on different axes. The uncertainties in Tand V
are too small to be shown on this graph.

120
S &
40
20
300 ' 7 2 200 -150- .-100 . 50 0 50
mavK scheme o - o-10

Fig. 4.3

(i) Add a line of best fit to the data points and extrapolate the line so that it intercepts
the x-axis.

State the value of the x-intercept from the graph.

x-intercept = “230 [1]

(i) Describe and explain how the motion of the particles in an ideal gas changes as the
gas approaches and reaches the temperature given in b(i). Compare and explain
any differences in the behaviour of a real gas such as nitrogen as it reaches the

temperature given b(i).

s 4 BM{)QVMdo.US ....... a.u.waﬁ& ..... Ex.. o&‘\daai

auhdmdd/“ ...... sa...rms...sped.. Jalls. ..
jé(.m—h‘( ....... OA’OK ............ E..KO.MQL'S(?V:d'O .............

....................................................................................................................................

B reakaas.wdh condanse. and . then..
drca%z ...... anr....bands... b ek, Ho....malecolen
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(iii) The accepted value of the x-intercept is — 273 °C. Use your answer from b(i) to de-
termine the percentage difference between the experimental and accepted value.

Q73%3~- 230 = 43K ‘()
4'5/175‘ T Lt el

(iv) The uncertainty in the x-intercept is found to be 7%. Use this and your answer to
b(iii) to discuss the accuracy of the investigation.

"o%m(&x& ...... 1Mﬂ®vm ..... P marRschemin

VQL‘Q— ............... L /\Jﬂ&v ........... ... n.of. ..... C.Q.wg..(.t.-. ................ [2
/ﬂ\Q &Gknd@/‘o dO/ a @L 3«5 So nok LeJ\’&h.N «l'o Qx{’vw‘)oi CJQ..

Nes “‘o OK (v) State and explain whether the gas in the investigation can be treated as an ideal gas
in the temperature range used.

B T, m{@v&f" ....... of...2250... ... ek Ve

(vi) The molar mass of N, is 28 g mol™.

Treating nitrogen as an ideal gas, calculate the ratio of the r.m.s speed of the gas
molecules between T= 20 °C and T=-196 °C.

Number of particles in one mole = 6.0 x 10%* mol”

= - 5Kl
q)V: %SNMC_,,L - NKT— % C:L i ™M

= ey e oy 295
v C/’L = f; ra’{,\o, _l/ = 77

\ L
[4]

- 195 |

END OF QUESTION PAPER

© OCR 2016 H557/03



