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For this paper you must have:
e apencil and aruler

® a scientific calculator

e a Data and Formulae Booklet.

INSTRUCTIONS

Use black ink or black ball-point pen.
Answer ALL guestions.

You must answer the questions in the
spaces provided. Do not write on
blank pages.

Do all rough work in this book. Cross
through any work you do not want
to be marked.

Show all your working.
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INFORMATION

® The marks for questions are shown
In brackets.

e The maximum mark for this paper is 45.

® You are expected to use a scientific
calculator where appropriate.

e A Data and Formulae Booklet is provided
as aloose insert.

DO NOT TURN OVER UNTIL TOLD
TO DO SO
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SECTION A

Answer ALL questions in this section.

0|1

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.

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 iIs placed on a digital
balance. The free end of the ruler iIs
ralsed and the balance is turned on and
then set to zero, as shown in FIGURE 1.

0 4



FIGURE 1

free end of
metre ruler
raised

] .
1

/\ digital balance
' —— (turned on and
9 | 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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metre ruler
supported
Hoo|9| by the prism
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O(1].|1

Deduce the mass of the ruler.
State ONE assumption you make.
[3 marks]

mass of ruler =

assumption

‘Turn over]
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O(1].]|2

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.

0 8



FIGURE 3

shaded area shows
the extent of the
magnetic field .
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terminal oo\
block P ... terminal
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The balance reading M iIs recorded for
Increasing values of current 1.

A graph of these data Is shown In
FIGURE 4.

FIGURE 4

Mg
238.5

238.4|
238.3|  \
238.2
238.1
238.0
237.9
237.8 \
237.7
237.6 :

237.5
1.0 2.0 3.0 4.0 5.0
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State and explain the direction of the
horizontal uniform magnetic field.
[3 marks]

‘Turn over]
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O[1.]3

It can be shown that B, the magnitude of
the magnetic flux density of the horizontal
uniform magnetic field, Is given by

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.
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Determine B. [3 marks]

[Turn over]
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O[1].]|5

FIGURE 6 shows the balance being used to
measure the forces between two wires.
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]

1 8
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FIGURE 6
(A) Sanl
I\/ N
wire Y
L,
wire X T
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terminal/ — I — \pan
block i ]
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O[1|.|6

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

by

~kI2L

AR

where
kis a constant

dis the perpendicular distance between
Xand Y

| Is the current In the wires
and
L is the horizontal length of wire X.

A student wants to measure k using the
arrangement in FIGURE 6.

2 0
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The student iIs told that the following
restrictions must apply:

e | Is fixed
e | must not exceed 5.0 A

e the result for Kk must be obtained using a
GRAPHICAL METHOD

e the experimental procedure must involve
ONLY ONE independent variable.

Explain what the student could do to
find K. [5 marks]

There are answer lines for this question on
the following page.

[Turn over]
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0|2

This question Is about an experiment with
a retractable steel tape measure.

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 y, the horizontal and vertical

displacements of the free end of the tape,
as shown in FIGURE 7 on page 24.

[Turn over]
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FIGURE 7
retractable

steel tape
measure

O

steel tape

floor
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0(2].]|1

Describe a suitable procedure the student

could use to measurey.
You may add detail to FIGURE 7 to illustrate

your answer. [2 marks]

Turn over]

2 5




20

0[2].]2

By changing the extension of the tape, the
student obtains further values of x and .

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 5.7

2 6
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Suggest why the student chose to make
ALL measurements of X greater than
7/0cm [1 mark]

[Turn over]
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0[2].]3

The data from the experiment suggest that
y = AX"where nis an integer and
A IS a constant.

These data are used to plot the graph In
FIGURE 8.

Determine n using FIGURE 8. [3 marks]

n =

2 8
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FIGURE 8

log(y/cm)
1.8

1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8

0.7
1.851.90 1.95 2.00 2.05 2.10 2.15

log(x/cm)
[Turn over]
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0(2].|4

Explain how the numerical value of A can
be obtained from FIGURE 8. [3 marks]

30
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0[2].]5

Estimate the order of magnitude of A.
You should use data for x and y from any
ONE row in TABLE 2 on page 26.

Give your answer with an appropriate unit.

[3 marks]

order of magnitude of A =

unit

‘Turn over]
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0|3

This question Is about an experiment to
estimate absolute zero.

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

| water bath H
) (hot water)

-
3 2
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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 9Db.

FIGURE 9b

— _water bath C
J (room temperature)

[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

3 4
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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

_ | water bath C

> 4

[Turn over]
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O[3].]1

Explain why the volume of the air in the
flask In FIGURE 9c is less than the volume
of the air in the flask iIn FIGURE 9d.

[2 marks]
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0[3].]2

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]

[Turn over]
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O[3].]3

The flask Is removed from water bath C
and the valve and stopper are removed.
The volume of the water Iin the flask is V4

The flask Is then completely refilled with
water and the valve and stopper replaced.

The volume of the water now In the flask
1S V2

The volumes V; and V, are shown by the
shaded parts in FIGURE 10.

FIGURE 10

volume V; volume V,

S )

Explain how V; and V, can be determined.
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In your answer you should
e Identify a suitable measuring instrument

e explain a suitable procedure to eliminate
possible systematic error. [3 marks]

‘Turn over]
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0[3]. (4

Plot on FIGURE 11 points to show the
volume V and the temperature @ of the air in
the flask when

e the flask Is as shown in FIGURE 9a
e the flask 1s as shown in FIGURE 9d.

The temperature of the hot water bath is
86 °C
Room temperature is 19 °C

V=48 cm3
V2 = 255 cm?3
[3 marks]

O[3].[5

Add a best fit line to your graph in
FIGURE 11 to show how V should vary
with @ according to Charles’s Law.

[1 mark]
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FIGURE 11
V/cm3

41

0 20
0/°C

[Turn over]

4 1

40

60

80

100



BLANK PAGE

4 2

42



43

O[3].]|6

Determine the value of absolute zero in °C
using your graph in FIGURE 11. [3 marks]

value of absolute zero =

°C

END OF QUESTIONS
IR
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