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1 Fig. 1.1 shows a bar magnet attached to a spring.

spring
N
bar magnet
S
Fig. 1.1 G
The bar magnet is displaced a distance x from its equilibriu and released. It then
oscillates vertically. \

A student investigates how the maximum induced ele x force (e.m.f.) E in a coil placed
below the magnet depends on x.

It is suggested that the relationship between E a

E=@aBN -

where B is the magnetic flux density @of the poles of the bar magnet, N is the number of
turns on the coil, k is the spring con is the mass of the magnet and « is a constant.

Design a laboratory experi
Explain how your result

e relationship between E and x.
e used to determine a value for a.

You should draw a
account you ul
ESA

s the procedure to

n page 3, showing the arrangement of your equipment. In your
lar attention to:

* the measurements to be taken

*  the control of variables

e the analysis of the data

* any safety precautions to be taken.
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2 Astudentinvestigates the discharge of a capacitor through a resistor as shown in Fig. 2.1.

E
—— b

C
[ |
I

R

()
A1

Fig. 2.1
The student initially closes the switch and charges the capacitor. The swi then opened and a
stop-watch is started. The capacitor discharges through the resistor. nt times t the current
I is measured.
L/
It is suggested that I and t are related by the equation *\

I= Re (RC)
where E is the e.m.f. of the power supply, C % apacitance of the capacitor and R is the

resistance of the resistor.

(a) Agraphis plotted of InI on the y-axi st t on the x-axis.

Determine expressions for the

=0 (R) AQ

InL= -t /e)
pe

nt and the y-intercept.

/nc)/

"0’

WLl =

/
J

+¢ - n/E gradient = ..o f S S e,
&’ R N “( /R\ y-intercept = \r\[E/R') ..................................
M S

Y
m
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(b) Values of tand I are given in Table 2.1.

ée
Table 2.1 vse 35F for "‘w‘;_z sF For
[ wneerboinitly
t/s I/uA In(I/uA)
in (49)- In (44)
0 46 + 2 383 + 004 | & 0-04
12 40 + 2 3-¢9 £ 0°0S
1 ¥ 005
24 34 £2 353 + 0-06 In(36) —\n (34)
& 00§
36 28 + 2 2.33 + 003
48 24 +2 318 45008
60 2042 23400 * 01
Calculate and record values of In (I/uAj) ih 'I{éblé 21.
Include the absolute uncertainties in :iE (I/uhA). 2]
(c) (i) Plota graph ofIn(I/uA)a .
Include error bars for In [2]
(ii) Draw the straight Q st fit and a worst acceptable straight line on your graph. Both
lines should be clearlylabelled. [2]
(iii) Detengi gradient of the line of best fit. Include the absolute uncertainty in your

answgé,
Gradient of Line of Best Rt
PintS 1 o 3.%1) ( 45,3:2)

Groicnt oF ling oF Ubrst Gt -
bints (b, 3-79) (38,339

M = 3'35-'3'?“3__ = =0 01529
Mmys 32~ 3% _ - 0-0/45% W 35-0
45-\0

Yognity = Gradient of line of Best At — Gradient oft tine of werst it
O\mhj - _o-04a5F - (- 5 -OlS}3)

= + p.003 gradient= =..0- 6146 % 0-003

unedy
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(iv) Determine the y-intercept of the line of best fit. Do not include the absolute uncertainty in
your answer.

y-intercept = 396 ............................................ [1]

(d) (i) Using your answers to (a), (c)(iii) and (c)(iv), determine the values of C and E. Include
appropriate units.

Data: R = 150kQ |
et = — _o-60146 = —| c= __—
ke CR C X 15 0x = -00140 X156 x'ng’

L = 4-566x10™
unt s X O &4y x0T

In[XL)= 9"
R
\n[’E/Q = 396 C= .. 457'7(\()4CV\ ............

E =¢ )(\(56>(|50Xl03 = .12 E='...‘::}.'..\2.-...\l. .........................................

(ii) The percentage uncertainty in the resistarniée R'of the resistor is 5%.

Determine the absolute uncertainty ixe ?,

) Oncrkainity = 0°05 %\Cdmnfy 9""""’* X\00

\)

0-0l46
25-557

0 g (§+ 0003
gradden

Abse lute unc = Cx 7 uAgttuinty
: = - -)
. absolute uncertainty in C = ,I"}X,D ......... C\J ..................... [1]

determine the value of I after the capacitor has discharged through the

(e) Using yougr
resistorfor2.0

S.

2X€0
t 12 - (lfb)ao;)( 4-57x:o"')
I= Ee‘ (ﬁ) I-= . X &

R (56 X103
= 8-244 X\0

[Total: 15]
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