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Section A

Answer all questions in this section.

Lof1][1]

A stroboscope emits bright flashes of white light.

The duration of each flash and the frequency of the flashes can be varied.

Table 1 shows information about the stroboscope.

Table 1
Minimum Maximum
Duration of each flash / us 60 300
Frequency of flashes / Hz 1 150

The duration of each flash is 7.
The time from the start of a flash to the start of the next flash is 75.

The duty cycle of a stroboscope is defined as

53

What is the maximum duty cycle of the stroboscope?

Tick (v') one box.

6.0 x 107

3.0x 1074

9.0 x 1073

4.5%x 1072

[1 mark]

N -2
Towex _ 300X10°_ 4 exio
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@ Figure 1 shows images produced in an experiment in which a bouncing ball is
illuminated by a stroboscope.
The stroboscope flashes at a constant frequency.

Figure 1

floor n= l7

Suggest why 7| must be very short for this experiment.
[1 mark]

NI %/ e bl are wk blumed./

Question 1 continues on the next page

Turn over »

03

IB/M/Jun23/7408/3A

Do not write
outside the
box



Figure 2 shows the first six images starting with n = 0, where # is the image number.
Figure 2

n=0image

n =15 image

H o

h for n =5 image

floor

The images are used to determine:
H, the vertical distance from the bottom of the ball to the floor when n =0
h, the vertical distance from the bottom of the ball to the floor for each non-zero
value of n.

The n = N image is produced at the instant that the ball hits the floor for the first time.
For n between 0 and N it can be shown that

where
u, is the vertical velocity of the ball when n =0

g is the acceleration due to gravity
fis the frequency of the flashes.

H-Wk _ Ko : a'“' v/
“w £
Hh ¢ N4 —o

gt f

s W Xt (
&
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H-
El In order to find g, a graph is plotted with values of h
n

on the y-axis.

Suggest what is plotted on the x-axis.
Go on to explain how g is determined from this graph.
[3 marks]

H-W
Pk —— 8@\..-»* 1:‘3
W x A§* /

The following data are recorded.

H=1550 mm
f=31.0Hz

The graphical analysis of data from Figure 1 gives g as 9.79 m s2.

E Determine u,,.

H-l - “;“ o X (?)" 5 marks

\how Wa0 0= 17 (o F\’al)

&
) uoxl'l q-74 17 /
l§§0~0 i 31-0 ' CE (3| )

U, = 0-142

w= 0-14%/ ms

Question 1 continues on the next page
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Do not write
outside the
Figure 3 shows positions of the bottom of the ball for n =40 to n = 66 box
In this range of positions, the ball makes contact with the floor for the second and third
times.
Values of /4, the vertical distance from the bottom of the ball to the floor, are plotted on
the y-axis.

Values of s, the horizontal displacement from a point on the floor below the centre of
the n = 0 image, are plotted on the x-axis.

Figure 3
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E Determine, in mm s~', the horizontal velocity of the ball between the second and third
contacts of the ball with the floor.

s _ 2660-2200
t 0 -240

[2 marks]

v/ "
Vs = 1S96 mm¢

L.
£ 30

t= {x
-’

= 0-210¢
310

S&-43 horizontal velocity = lgqo \/ mms !

El Determine the time between the second and third contacts.
Annotate Figure 3 to show your method.
[3 marks]

Y 1586

time = OﬁS/ S
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Figure 4 is a plot of current-voltage data for a filament lamp L.

Figure 4
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The current / was measured as the voltage V across L was increased at a
steady rate.

These data were obtained using a current sensor and a voltage sensor connected to
a data logger.

The logger recorded data at a rate of 2.5 Hz.

|I| Determine, in V s, the rate of increase of V.
[2 marks]

L. 1 p.40¢ 17 towe iemls
5 2s bon Jiax & loit
At : 7xT:=17%0-90 = £.9¢

sz “'4-5-" 0-73-: l.g7q'
At 6-€

rate of increase of V' = l ) 6 ‘/\/ Vs

IZ| State two advantages of using data logging for this experiment.

[2 marks]

1Mmhu‘w¢a\l%mtzy

Question 2 continues on the next page

Turn over »
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10

. Figure 5 shows two circuits that can be used to collect current—voltage data.

Figure 5

p--| ——

7]

current
sensor L
(A) X
N—1
voltage
sensor
W)
vV V H
data logger
circuit 1

current
sensor

L
(A1

voltage
sensor

O

v Yy

data logger

circuit 2

The dc supply has an emf of 12 V and negligible internal resistance.
The current sensor and the voltage sensor behave as ideal meters.

In circuit 1:

e X is used as a variable resistor with a maximum resistance of 14.9 Q
¢ when X is set to maximum resistance, the resistance of L is 2.3 Q.

In circuit 2, X is used as a potential divider.

10
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11

Discuss, with reference to circuit 1 and circuit 2, whether either circuit can produce all
the data shown in Figure 4.
Support your answer with a calculation.

Gruk 1 Ryguey® 440
RL < 1'3 J\a

Ry + Rz 14 +3717:20

[4 marks]

Re (wae)”

. LV R 0. 720A/
- Tuia R‘r(um\ 7.2

On F\'a,‘l', Tinz 036 € Toin & wrunk 1
Ciruik 4 comet poduae ol s daes/

(iruwik L : P)\amm \M';LCou be
voied \mx\m OV axd 1AVV/.. ik can

13&)"& W Fld, 4. '\/

Question 2 continues on the next page
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Table 2 shows some values of V' that are plotted on Figure 4 and corresponding

results for  and for the power P dissipated in L.

Table 2
VIV I/A P/'W
3.30 1.07 3.53
5.17 132 -3V
7.69 1.59 12.2
9.58 .77V 170/
11.47 1.94 223

E Complete Table 2.

P=Vv1

[3 marks]

12
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E Plot on Figure 6 a graph of P against V. box

You should use only the data in your completed Table 2.
[3 marks]

Figure 6

as

P/W
/ JIS

VIiv

Question 2 continues on the next page

Turn over »
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@ L is connected to a 12 V power supply of negligible internal resistance.
L then dissipates its rated power P, .

A second lamp, identical to L, is now connected in series with L.

Determine the percentage of P, that is dissipated in this circuit.

P 2%V (pam Fy € & 12V)

[2 marks]

I sedes | \/ay Sewond \auq's = 60V
L e ,)&( P& gov: 85w/

P P percentage = 7' \/ %
+ —_—
%z ————

X100
-

_aAxes
A

x100 = 70-€ %
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Figure 7a shows the front view of a vertical coil mounted on a circular frame.

Figure 7b is a side view showing a section through the frame and coil.
A constant direct current in the coil produces magnetic flux represented by the
magnetic field lines on this diagram.

Figure 7a Figure 7b
circular
frame w
< 2 «
Q

v

o 4
<
4
w )
coil
front view side view

Point Q is at the centre of the coil.
A sensor placed at Q detects By, the horizontal component of the magnetic flux

density.
The effect of the Earth’s magnetic field at Q is negligible.

El Discuss whether a search coil is a suitable sensor to detect By;.

A Seardh wil weds £ ke ok

g Pux? lw Hs case o
S tow = wo  ywdmced egﬁ:.\/ So &'
WX sudakle.

[2 marks]

Question 3 continues on the next page

Turn over »
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By is measured at Q with the coil vertical.

The coil is now rotated about Q through 25° as shown in Figure 8.
The current in the coil does not change.

Figure 8

A new measurement of By; is made with the coil fixed in this new position.

@ Determine the percentage change in By produced by this rotation of the coil.
Show your working.

K- B usAs’
B4

X100

% By =

4-37

percentage change = 1 . 4" \/

[2 marks]

(1~ tes 2S)*100.

%

Do not write
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box
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17

. Figure 9 shows a protractor being used to measure the angle through which the coil
is rotated.

Figure 9

25° enlarged view of divisions
on protractor scale

shaded area shows
the position of the frame

Estimate the percentage uncertainty in this result.
Justify your answer.
[3 marks]

o/o umfkw‘ka s %XlOO = 407

AlsA)e M@.‘- y i 0=1° , due t
0-S°/in eadr % “"u_ o

readiug) /(X
0° aud 2S°).

percentage uncertainty = 4’ O ‘/ %

Question 3 continues on the next page

Turn over »
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Do not write
outside the

Figure 10 shows an arrangement of two vertical coils. box
Four experiments are done using this arrangement.

Figure 10
r |
new position
r of the sensor
P N R
<« X 5

coil 1 [@} [@} coil 2

Coil 1 and coil 2 are identical and have a radius r.

The coils are separated by a distance » and have a common axis PR.
Q is at the centre of coil 1.

The four different experiments investigate how By, varies with x, the displacement of
the sensor from Q along PR.

In experiment 1, the current in coil 1 is 225 mA and the current in coil 2 is zero.

In experiment 2, the current in coil 1 is zero and the current in coil 2 is 225 mA.

18
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Figure 11 shows the results of experiment 1 and experiment 2.

x / mm

E During experiment 1, By; is measured with the sensor at Q.
The sensor is then moved along PR until the value of By; is halved.

The distance from Q to the sensor is x s

Determine *os

Xoc & u/2 = 0.665/220.3325 2%+ S2umV

BI‘I n* Q: O“S'MT

r= bQun Xos_ S2.05.7¢47

68

Xos

Figure 11
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experiment 1
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[2 marks]

v 0-76/
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In experiment 3, the current in both coils is 225 mA so that the magnetic fields
produced by coil 1 and coil 2 are combined.

The resultant By; has a constant maximum value in the region between x = 2 and

E Deduce, in mT, the value of By in this region.
s e Sawe Jor al lad % = 2X0-47

[2 marks]

By = Qigs/\/ mT

@ State two characteristics of the magnetic field lines in this region.

21\“8 are w&d s'ouul.\/

[2 nivarks]
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. In experiment 4, the current in coil 2 is reversed so that the direction of the magnetic box
field produced by coil 2 is also reversed.
The magnitudes of the currents in coil 1 and coil 2 are still 225 mA.

Sketch a graph to show how By varies between x =0 and x = r.
The x-axis has been provided for you.

Your graph should include numerical values on your By; axis that correspond

tox=0andx=r.
[3 marks]

Frdde coucel oF wudpo:
0-43 VMee 3= r/2 W

RH/MT A{ X=0 8“’ gl‘l'- Rl'\a
0-66S - 0-235
0-43 T/

/ |

1

q (//%\/ r

N

-0

END OF QUESTIONS
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There are no questions printed on this page
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