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Section A

Answer all questions in this section.

Do not write
outside the
box

A student carries out the procedure shown in Figure 1 and Figure 2.
A metre ruler is pivoted at the 1.0 cm mark and a prism is placed on a digital balance.
The free end of the ruler is raised and the balance is turned on and then set to zero,

as shown in Figure 1.

Figure 1
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This question is about using a digital balance to investigate the force on a wire placed
in a magnetic field when there is an electric current in the wire.

free end of metre
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digital balance
(turned on and then set to zero)

The ruler is then supported by the prism with the apex of the prism at the 30.0 cm
mark as shown in Figure 2. The height of the pivot is adjusted so that the ruler is

horizontal.

Figure 2
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- Deduce the mass of the ruler. from P't‘ﬁt

Pn‘mip(t &F momerks:
JOM momest = M‘(Ttdock\m momel J
weujkf x 0.49m = e m Lmlw\.& X W&H’&"‘Q

[3 marks]

+ %ﬁy 0.0\

. _ mmhhexmeﬁh‘am_&
weight” = 0.4 — (& x0.01)

100

_ 21062029 _ _ '
- 2 3 " l. 247N =0.127hkg

0.49 - (0.0] »O0.

mass of ruler = '27 \/ g

assumpion  The. rwher (s 6F unidorm M,m M‘fk

Question 1 continues on the next page

/7 Mass < :%"‘:7"
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- The student attaches a uniform wire to the upper edge of the ruler, as shown in
Figure 3.

The ends of the wire are connected to terminal blocks P and Q which are fixed firmly
to the bench. A power supply and an ammeter are connected between P and Q.

These modifications cause the balance reading to increase slightly.

A horizontal uniform magnetic field is applied, perpendicular to the wire, between the
85 cm and 90 cm marks, as shown in the close-up diagram in Figure 3.

Figure 3

shaded area shows 47 Y
the extent of th K kY
magnetic field / \

terminal z terminal

block P —; = Reoding has wire
/) [([338.6, e
cu""ﬂ\t
. ,
O———

The balance reading M is recorded for increasing values of current I.
A graph of these data is shown in Figure 4.
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Figure 4 box

238.5

238.4

2383+——
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238.0 1

2379

2378 - )-4lh3p\-\

237.7

237.6 1

237.5

1.0 2.0 3.0 4.0 5.0
I/A
State and explain the direction of the horizontal uniform magnetic field.
[3 marks]

The force on the wirk s adim
"ﬂ\Qc,tArMﬂrUI‘("\Qwut ts w&ftﬁ

mﬂd‘/ (a5 it s clockuise inthe circuit)
+The magnetic fidd is actim uitd the poge /

Question 1 continues on the next page
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Do not write
outside the
- It can be shown that B, the magnitude of the magnetic flux density of the horizontal box
uniform magnetic field, is given by
5.
3L

where o= change in force acting on the prism per unit current in the wire
L = length of the region where the magnetic field cuts through the wire.

‘FURQW\ N

Determine B. M
etermine g = /I ! i %“ﬁ“ [3 marks]

0':3%5:- 9(—1 710 3

g - o _ 3(-22\7&(0"*) _ 9.38Ix (-z8l7xlo4)
- 3L 3L - 3x0.05

v
*AT > 2.0A = —0.0184T

- 0.018% -

0 6 IB/M/Jun18/7408/3A
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- The experiment is repeated with the ruler pivoted at the 99.0 cm mark.

Nothing else is changed from Figure 3.
fore  upre
r /

This arrangement is shown in Figure 5.

Aoment = Sz x perprdicser dstorce. = BLL— g oF

Figure 5 (.w%‘c H::“:;h“\ Mr\

horizontal uniform 5&3

C’\M’e ‘F"" zqa,. > Gqcm magnetic field \,\’_“

/\ horizontal pivot moved

L ] to 99.0 cm mark

terminal terminal
block P block Q

Tick (v') one box in row 1 and one box in row 2 of Table 1 to identify the effect, if any,
on the magnitude of the forces acting on the apparatus as a certain current is passed
through the wire.

Tick (v) one box in row 3 and one box in row 4 of Table 1 to identify the effect, if any,
on the graph produced for this modified experiment compared with the graph in

Figure 4.
[3 marks]
Table 1
Reduced | No effect | Increased
1 Force acting on the current-carrying wire \/ /
due to the horizontal uniform magnetic field

> Force acting on the prism due to the \/ J
pivoted ruler

AM \/

i

A%

4 | Vertical intercept of the graph \/

3 | Gradient of the graph =

Question 1 continues on the next page
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Do not write
outside the
- Figure 6 shows the balance being used to measure the forces between two wires. box

The connections joining these wires to the power supply are not shown.

The pan of the balance moves a negligible amount during use and it supports a
straight conducting wire X of horizontal length L.

Terminal blocks are used to connect X into the circuit. The weight of these does not
affect the balance reading.

A second conducting wire Y is firmly supported a distance d above X.

Show, by adding detail to Figure 6, the wire connections that complete the circuit.
The currents in X and Y must have the same magnitude and be in the directions

indicated.
[2 marks]
Figure 6
Cay |
® (P
oV
-~ 1\
Iy A
& wire Y l . \/SU‘i-CS
wire X
J L
—
SISl [00]
terminal block % | [ \pan

| .
 — —

0 8
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Do not write
outside the

@ The vertical force F on wire X due to the magnetic field produced by wire Y is given by box

where

and

A student wants to measure Kk using the arrangement in Figure 6.

The student is told that the following restrictions must apply:

e L is fixed

e | must not exceed 5.0 A

e the result for k must be obtained using a graphical method

¢ the experimental procedure must involve only one independent variable.

Explain what the student could do to find k.

S{’mfe:) 2/
Am(as;s 2 \/

+ Curvet s He inc\cpuJMltvuiwuearAmas

=D F 2 (2w
k is a constant

d is the perpendicular distance between X and Y m = kL fz
| is the current in the wires - J

L is the horizontal length of wire X. 3 \
W=m X (+C)

[5 marks]

.m.ss reo«\u\si

F = ’“% \gmvtbttmk \/
el et

reading i3 the JWMHQ v/

+ Gortial, variables : |

—>> These m(qu\s, 50 {’Aeqcan easlfq be
measuwed /'

09
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Do not write

outside the
n This question is about an experiment with a retractable steel tape measure. box

The tape measure is placed at the edge of the bench and about 1 m of the steel tape
is extended so that it overhangs the bench.

The tape is then locked in this position to stop it from retracting.

A student measures the dimensions x and Yy, the horizontal and vertical displacements
of the free end of the tape, as shown in Figure 7.

Figure 7

retractable
steel tape
measure

floor

170
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- Describe a suitable procedure the student could use to measurey.
You may add detail to Figure 7 to illustrate your answer.

[2 marks]

- See okka?w\

+The vertical l\emH’ (s messured with & ru

Mcsm«lz\ﬁtcaiwgasd’w/ "

- By changing the extension of the tape, the student obtains further values of X and y.

These data are shown in Table 2.

Table 2
x/cm y/cm
132.4 61.2
116.8 33.7
105.1 24.3
94.5 15.6
84.3 11.0
73.2 o5.7

Suggest why the student chose to make all measurements of X greater than 70 cm

Abme, reao(inqs é 70cm , H\Q perceﬁbqe W\Ceﬂ;\tﬂi)

[1 mark]

in the x reaoJ(inch will e m'mtk. "V

Question 2 continues on the next page

Turn over »
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- - The data from the experiment suggest that y = AX" where n is an integer and A is a

3md&'_f- / = A 4 alog(x)

AX T o, 27‘5 Lj(‘ﬁ i n (,,ng): to?(A\

constant. L‘j GL) (‘ﬂ(a)'l' Lﬂ')

These data are used to plot the graph in Figure 8. loo ) I)(ag(‘ '
a

Determine n using Figure 8. LO\':\(“)\ - ldﬁ (AIR\ [3 marks]

=335 (3
~ 4 "= 4 v4
(ine C(LCS'(H\/
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log(y/cm)

L3

1.2+

Figure 8

LI

eors)

B

)

21
=

0‘275

1.95

2.00
log(x/cm)

Question 2 continues on the next page

2.05

2.10

2,15
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- Explain how the numerical value of A can be obtained from Figure 8.

(o (A) = y- interzegt /

[3 marks]

Qi 5@‘\ chesn't Show he e q-zhf@teff-

hen lfx) = 2.00, Loq(ub = 1.3] (Slect values of

log(od) and low

1.3] =4 x2.00+ lg(A) (Snl:st‘rﬁt& ifto etfla(’conv

A=A l3"’(4x2 00) - Z Oll'sdo

( A< "6!‘5('5) (ll-;lq(x" for chasen wl».eS) /

- Estimate the order of magnitude of A.
You should use data for X and y from any one row in Table 2 on page 11.
Give your answer with an appropriate unit.
[3 marks]

= 1051 9= 243
A= _g,_ = A= 1.3(5\ log (x)

20 =355 i wed 15(243) ~ el (105.1)
Iy n=3.83i5 '7‘/

-7
A =4.00x(0 = l.qq x(0 ¢m?
Someqrdyé,osn&ﬁ\& \jésm y
\/ actisin om’
-7 s Y
order of magnitude of A = ,O unit > ‘/?

1 4
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Do not write
. . . . . outside the
m This question is about an experiment to estimate absolute zero. box

Figures 9a to 9d show the stages in the procedure carried out by a student.

An empty flask fitted with a tube and an open valve is placed in water bath H containing

hot water. The air inside the flask is allowed to come into thermal equilibrium with the

water.

The valve is then closed, trapping a certain volume of air, as shown in Figure 9a.
Figure 9a

valve closed

./ \/,“M = 1B’

———water bath H
(hot water)

The flask is inverted and placed in water bath C in which the water is at room
temperature.

The air inside the flask is again allowed to come into thermal equilibrium with the water,
as shown in Figure 9b.

Figure 9b

—t1—water bath C
(room temperature)

Question 3 continues on the next page

Turn over »
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The valve is opened and some water enters the flask, as shown in Figure 9c.

Figure 9c

——water bath C

p

The depth of the inverted flask is adjusted until the level of water inside the flask is the
same as the level in the water bath.

The valve is then closed, trapping the air and the water inside the flask, as shown in
Figure 9d.

Figure 9d

— 1 water bath C

- Explain why the volume of the air in the flask in Figure 9c is less than the volume of
the air in the flask in Figure 9d.

+The air pressure is greater in Gc V'
anlesbw dd{kemessmaw\vuﬂme

Mpmwfumlat'dvﬂuuﬁit
't'emmmfwt

[2 marks]

— H\'.Sl\efm dt m%w

16
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- Explain why Charles’s Law can be applied to compare the air in the flask in Figure 9a

with the air in the flask in Figure 9d.
[2 marks]

Charos' (o The wlume of a ﬁw\mmd'idea(%g
is directly propotbonal to ds temperative in Relvin whan

the prossure. is comdad .

’ﬂ\epmcsd\em»/
‘The moss oF air is the sane /

. The flask is removed from water bath C and the valve and stopper are removed.
The volume of the water in the flask is V;
The flask is then completely refilled with water and the valve and stopper replaced.
The volume of the water now in the flask is V;
The volumes V; and V; are shown by the shaded parts in Figure 10.

Figure 10

WRNISCUS
volume V; volume {

=4S =2%car
Volurre oF gus=20cad  Vdume of qas =O

Explain how V; and V; can be determined. - _-T 3

M&S“Mj
In your answer you should cj‘m(’ef 7N

¢ identify a suitable measuring instrument
e explain a suitable procedure to eliminate possible systematic error.

[3 marks]
‘Use a measwmq cq(im‘u & meosure the
w{nnedfﬂd\eb I\
yweqe(swe\m&f[:kd'ﬁamw
Mﬂo’fﬁems Zzaw«l
porsllax epror /

Question 3 continues on the next page

Turn over »
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- Plot on Figure 11 points to show the volume V and the temperature 6 of the air in the box
flask when 2
/—\lw=265m
¢ the flask is as shown in Figure 9a
¢ the flask is as shown in Figure 9d. -
~Vis - 207(1\03
The temperature of the hot water bath is 86 °C
Room temperature is 19 °C
V; =48 cm®
V, = 255 cm®
[3 marks]
Figure 11
%0
290 _ |
V/em3 01— HH A
2790 — : : :
A‘ﬁ: GSw\" :
E [
ax =90
220
210
200 — S
0 60 80 100
0/°C
| |||‘|‘|| ”ll‘a‘lu |||‘ IB/M/Jun18/7408/3A
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- Add a best fit line to your graph in Figure 11 to show how V should vary with 6
according to Charles’s Law.

@ Determine the value of absolute zero in °C using your graph in Figure 11.

VA

/

%90

P )

f —2
obsduke o T(%)

+q0x 2 =
-366.:2z-§‘l-o =

value of absolute zero =

276 92°¢
-277

[1 mark]

[3 marks]

e

 Ntoralive Mt

M‘tawswer n

~— END OF QUESTIONS

‘Usz%a

. Substitute thix ks y=mA +C with o chasen posd
on the lne (xx,9) G find ¢ (the y-citercapt) v
*Use Y=mx +C (vith the calculated Mutm o:\dv}

-ieeept ©) £ Ld e v of x at which y=0

ca(culdti Me&(’

(< 1 -235%) V

3

19
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