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2017

11. (a) State what is meant by the term electric field strength. 1

(b) A, B, Cand D are the vertices of a square of side 0-12m.

Two +4-0nC point charges are placed at positions B and D as shown in

Figure 11A.
A
0-12m 0-12Zm
D B
+4-0nC +4-0nC
C
Figure 11A

(i) Show that the magnitude of the electric field strength at position A
is3-5 x 10°NC". 3

(i) A+1-9nC point charge is placed at position A.
Calculate the magnitude of the force acting on this charge. 3

(iii) State the direction of the force acting on this charge. 1

(iv) A fourth point charge is now placed at position C so that the
resultant force on the charge at position A is zero.

Determine the magnitude of the charge placed at position C. 4
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2017
12. A velocity selector is used as the initial part of a larger apparatus that is
designed to measure properties of ions of different elements.

The velocity selector has a region in which there is a uniform electric field
and a uniform magnetic field. These fields are perpendicular to each other
and also perpendicular to the initial velocity v of the ions.

This is shown in Figure 12A.

ion ‘
source

Figure 12A
A beam of chlorine ions consists of a number of isotopes including 3Cl".
The magnitude of the charge on a 3>Cl" ion is 1-60 x 107"°C.
The magnitude of electric force on a **Cl* chlorine ion is 4-00 x 107'>N.
The ions enter the apparatus with a range of speeds.
The magnetic induction is 115 mT.

(a) State the direction of the magnetic force on a **Cl* ion. 1

(b) By considering the electric and magnetic forces acting on a *Cl" ion,

determine the speed of the 3°Cl* ions that will pass through the
apparatus without being deflected. 3

() *Cl" ions that are travelling at a velocity less than that determined in (b)
are observed to follow the path shown in Figure 12B.

[+ + + + + + +|

ion

x
x

source L x %
x x X % x
x  x x

Figure 12B
Explain, in terms of their velocity, why these ions follow this path. 2

(d) ¥CI* ions are also present in the beam. *’CI** ions have a greater mass
and a greater charge than *Cl* ions. Some *’C>* ions also pass through
the apparatus without being deflected.

State the speed of these ions.
You must justify your answer. 2
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2015 Revised Advanced Higher

10. (a) A reacher investigates the electric field between two parallel metal plates X and
Y using the apparatus shown in Figure 10A.

-

power supply ov +5-0kV

metre stick

//,_ flame probe

gas supply

Figure 10A

The plates are connected to a 5-0kV supply and are separated by a distance 4.

A calibrated flame probe and voltmeter measure the potential relative to
plate X. The probe is placed at different points between the plates. The
distance from plate X and the potential at each point are measured.

The results are used to plot the graph shown in Figure 10B.
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Figure 10B
(1) The electric field strength in the region between the plates is considered
to be uniform. Explain the meaning of the term uniform electric field.

(1) Using information from the graph, determine the electric field strength
between the plates.

(i11) Calculate the separation d of the plates.

(iv) In theory the best fit line for this graph should pass through the origin.
Suggest why the line on the graph in Figure 10B does not pass through
the origin.
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{6) In an experiment to investigate the deflection of alpha particles in an electric

11.

field a potential difference is applied across two parallel metal plates.
An alpha particle moving horizontally enters the region between the plates.

The alpha particle i1s deflected vertically by a distance s as shown in
Figure 10C.

‘nﬁ'

ulph.a o
particle

+% -
Mot to scale

Figure 10

The separation of the parallel plates is now increased. An alpha particle enters
the electric field at the same point and with the same velocity as before.

What effect does this have on the magnitude of the deflection s?

You must justify vour answer. 2

(8)
2015 Revised Advanced Higher

Marks
A geomagnetic reversal is a change in polarity of the Earth’s magnetic field. On
average this happens every 300000 years. Reversals can take in excess of 1000
vears to complete. During a previous reversal, the strength of the Earth’s magnetic
field dropped to 5% of its present value.

Figure 11 shows a computer simulation of the Earth’s magnetic field during a
reversal.

Figure 11

Use your knowledge of Physics to comment on the possible effects of such a
reversal. (3)



2015

10. (a) Two point charges Q, and Q, are separated by a distance of 0-60m as

shown in Figure 10A. The charge on Q, is —8-0nC. The electric field
strength at point X is zero.

—8-0 nC
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Figure 10A

(i) State what is meant by electric field strength. 1
(ii) Show that the charge on Q, is =2-0nC. 2
(iii) Calculate the electrical potential at point X. 5

(b)

0-40 m

- e
0-40 m ' 0-20m |
Figure 10B

(i) Calculate the electrical potential at point P. 3

(ii) Determine the energy required to move a charge of +1-0nC from
point X to point P. 4
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Revised 2014

Marks
12. Two students conduct a series of experiments to investigate electric and magnetic
fields.
The students measure the electric field around a positive point charge Q. They
measure the electric field strength E and the electric potential 7 at pomnts Xand Y
as shown in Figure 12A.
Q X Y
. 2 &
positive
point charge
Figure 12A
The results of one set of measurements are shown in the table,
X Y
E/NC! 36
/v 7-2 36
{a) The first student predicts that the electric field strength at Y will be 1-8 N C ™,
the second predicts it will be 0-9NC ™.
Which student has made the correct prediction?
You must justify your answer. 2
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Revised & Traditional (Q7.) 2013

11. In a nuclear power station hguid sodium 13 used to cool parts of the reactor.
An electromagnetic pump keeps the coolant arculating. The sodium enters a
perpendicular magnetic field and an electric current, I, passes through it. A force
15 experienced by the sodium causing 1t to flow in the direction shown in
Figure 11.

crosse=section showing

ligquid sodium

I e ' direction of flow of
RS (R P AIOBL Ahqu)d sodlum

Figure 11

The magnetic induction B 1s 0-20T. The current [ in the sodium s 2-5 A and s
perpendicular to the magnetic field.

(@) Calculaste the force acting on the 0-40 m length of sodium within the magnetic
field. 2

() The pump s moved during mamtenance and as a result the direction of the
magnetic field s changed so that it s no longer perpendicular to the current.
What effect does this have on the rate of flow of sodium passing through the

pump?

You must justify vour answer. 2

(¢) An engineer must install a long, straight, current carryving wire close to the
pump and 13 concerned that the magnetic induction produced may interfere
with the safe working of the pump.

The wire is 750 mm from the pump and carres a current of 0-60 A,
Show by calculation that the magnetic induction at thas distance 1s neghgble. 2
(6)
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Revised 2013

Marks
12. A student 15 mnvestigating the electrical potential around a point charge Q. Pont P
15 at a distance of (0-65 £ 0-02)m from Q as shown in Figure 12. The potential at
pomnt Pis (2-1 £0-1) V.
Point charge Q P
e x
' '
1 J
. .
1 .
1 '
‘ '
;-._ (0-65 £ 0-02)m _.-:
Figure 12
(@) Calculate the value of the pomnt charge Q. 2
() Calculate the absolute uncertainty in the charge. 2
4)
Traditional 2013
8. In 1909 Robert Millikan devised an experiment to investigate the charge on a small
oil drop. Using a variable power supply he adjusted the potential difference
between two horizontal parallel metal plates until an oil drop was held stationary
between them as shown in Figure 8.
[//(////////////////J
+
16mm @ oil drop /T 20kv
/
(2 ZFZ 7P T I T ETIFT T FFI]
Figure 8
(a) What was Millikan’s main conclusion from this experiment? 1
() Draw a labelled diagram showing the forces acting on the stationary oil drop. 1
(¢) The parallel plates are fixed 16 mm apart. In one experiment the charge on the
oil drop was found to be 2:4 x 10™"* C.
Calculate the mass of the oil drop. 3

(5)



Traditional 2013

9. The charge O on a hollow metal sphere is (=15-0 £ 0-4)uC. The sphere has a
radius r of (0-65 £ 0-02) m.

Figure 9
(a) Calculate the electrostatic potential at the surface of the metal sphere. 2
(b) Calculate the absolute uncertainty in the electrostatic potential. 2
(¢) State the electrostatic potential at the centre of the sphere. 1

(5)

Traditional 2012

Marks
5 (o) An uncharged conducting sphere 15 suspended from a fixed pomt X by an
insulating thread of neghgnble mass as shown in Figure 5A. A charged plate 15
then placed clise to the sphere as shown in Figure 5B
W ) o T T Y Y _
X X .
msulating + charged
thread [+ plate
L+
n
e +
I-r.
Figure 5A Figure 5B
Explamm why the uncharged sphere 1= attracted to the charged plate. You may
use a diagram to help explam yvour answer. 1
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() The sphere 1= now given a negative charge of 140nC and placed between a par
of parallel plates with a separation of 42 mm as shown m Frgure 5C.
pLRLES

@ 140nC

42 mm

insulating base

Figure 5C
When a potential difference s apphed :: the plates the sphere s deflected

through an angle 8 as shown 1in Figure 5D.

+3-0kV
+

D3 I b o O a% JIX ¢

Figure 5D

(1) Calculate the electric field strength between the plates. 2

(1) Calculate the electrostatic force acting on the sphere due to the electric
field. 2

(iii) The mass of the sphere is 40 x 107 kg
Calculate the magnitude and direction of the tension T in the supporting
thread. 3
(¢) The plates are now moved a short distance to the night without touching the
sphere. The distance between the plates 1s unchanged.
Does the angle 8 increase, decrease or stay the same? Justify your answer. 2
(10)



Traditional 2011

Mariks
5. A hehumafilled metal fial balloon with a radius of 0-35m 13 charged by

induction. The charge (0 on the surface of the balloon s #120pC. The balleon
1% considered to be perfectly sphernical.

—

0 = +120pC

Frygure 5A

(er) (1) Using dugrams, or otherwise, describe a procedure o charge the
balloon by induction so that an evenly distributed positive charge s left
on the balloon. 2

{u) Caleulate the electnic field strength at the surface of the balloon. 2

(i) Sketch a graph of the electric held strength aganst distance from the
centre of the balloon to a pomt well bevond the balloon’s surface.
No numerwcal values are requared. 1

() Two parallel charged plates are separated by a distance d. The potential
difference between the plates s 1.

Lines representing the electne field between the plates are shown
Figure 5B.

[+ + 3+ + 5+ 3+ 3+ + + 5+ 3+ 32+ + |+

Frygure 5B

{1} By considenng the work done in moving a paoint charge g between the
plates, derive an expression for the electnic held strength E between the
plates in terms of 7 and J. 2



\?

shown in Figure 7A.

Traditional 2011

Marks
7. (a) Two very long straight wires X and Y are suspended parallel to each other
at a distance r apart. The current in X is I, and the current in Y is I, as

I,

(1) State the direction of the magnetic force acting on wire X. Justify

Figure 7A

your answer.

(i1) The wires are separated by a distance of 360 mm and each wire carries
a current of 4-7A. Calculate the force per unit length which acts on
each wire.

(b)) A student investigating the force on a current carrving wire placed
perpendicular to a uniform magnetic field obtains the following

measurements and uncertainties.

Force (N) 0-0058 0-0061 0-0063 0-0057  0-0058 0-0062
Scale reading uncertainty * 1 digit
Calibration uncertainty * 0-00005N
Reading 1-98A
) Absolute uncertainty +0-02A
Reading 0-054m
Lengthils) | . Rbseibste uncerisie + 0-0005 m

(1) From this data, calculate the magnetic induction, B.

(i1) Calculate the absolute uncertainty in the value of the force.

(111) Calculate the overall absolute uncertainty in the value of the magnetic

induction.

Past Paper Questions

3.1 Fields
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Traditional 2010

Muarks
6. A hollow metal sphere, radius 1 -0 mm, carries a charge of —1-92 x 1072 C.
{a) Caleulate the electric hield strength, E, at the surface of the sphere. 2
{#) Four studenes sketch graphs of the vamnation of electric field strength with
distance from the centre of the sphere as shown m Figure 6A.
Et==<j-=—q===x==== E+-——¥-—-——q-——————=
—l:_h Student A T._H Student B
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2 z
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ER =T — 3
I T =
] ]
Ihstance from cemire (mm)
E - E < ———gmm———————
-rd_h TH Student [
o o
2 z
= =
= =
= &
> 5 EN-
= =
= =
S & BS54
= Eft- = Eft-
= - I I I
5 & : TR
= Ef167 =
™ o—t—F+—+—
1 2 3 4
Distance from cemfre (mm) Dhstance from cemtre (mm)
Figure 6A
(1) Whach student has drawn the correct graph? 1
(1) Give Iwo reasons to support vour cholce. 2
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Marks
6. (continued)

(¢) Four point charges, Q,, Q,, Q; and Q,, each of value =2-97 x 107 C, are held
in a square array. The hollow sphere with charge —1-92 x 107C s placed
30-0mm above the centre of the array where 1t 15 held stationary by an
electrostatic force.

The hollow sphere 1s 41-2mm from each of the four charges as shown in
Figure 6B.
-1-92 x 1073C hollow sphere

=297 x 107*°C

Figure 6B

(1) Calculate the magnitude of the force acting on the sphere due to
charge Q|- 2

(11) Calculate the vertical component of this force.
(m) Calculate the resultant electrostatic force on the sphere due to the

whole array. 1
(1v) Calculate the mass of the sphere. 2
(12)
[Turn over
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Traditional 20094
4. {a) A pomnt charge of +3-0pC 15 shown in Figure 4.

+4-0pC

O

Figure 4A

(1) Copy Figure 4A and drow the electrnie beld lnes around thes poant
charge. 1

l_i.i.} A |:|-|:|int 1:|'|.a:|.|:h'_-|: of —E{I'|.l|: 15 oW phcl.-d. at a distance of 0-10m from
the first d‘l.ﬂ.rg'l: as shown FLH_LLL'-E 4B.

Frgure 4B

E:||:|:||a.i.r.| wh}' the electric freld :I:'l:riul]'l is nol zero at any pn-:int
between these two charges. 2

(m) Pomt P s 0-24m o the nght of the second dharge as shown m
Frgure 4C.

+4-0pC =2-0pC

° o

010 m I 0-24 m
Figure 4O

Caleulate the electric field strength at point P 3

(&) Two like charges expenence a repulsive electrostatic force.

Explain why two protons in a nucleus do not fly apart. 2

Past Paper Questions 3.1 Fields 16



Traditional 2009

Mourks

% A student uses a probe to measure the magnetic mduction near a long straght
current carrying conductor PO, as shown in Figure 84,

Q
1] magnetn
o probe Lo maduction
g meter
I
P
Figure 8A
The followmyg data 15 obtamed.
hstance rfm Aagnetic mducton BT
0-25 1-7 x 107
{a) Caleculate the current in the conductor PO 2
() The unit of magnetic inductwon 1s the tesla. Define one tesla. 1

() A second long stranght conductor RS carrving a current of 2 A 15 placed at a
distance of 0-25 m from the first conductor PO), ax shown in Figure 8B

Q 5

Figure 8B

Calculate the magnitude of the force per metre acting on conductor RS, 2

(3

[Turn over
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Traditional 2008

Marks
5. (a) Two point charges (), and (), each has a charge of —4-0UC. The charges are
0-60 m apart as shown in Figure 7.
—4-0pC —4-0pC
Q0 X hQ,
- > >
0-30m ’ 0-30m
Figure 7
(i) Draw a diagram to show the electric field lines between charges ()
and (},. 1
(1) Calculate the electrostatic potential at point X, midway berween the
charges. 2
(b} A third point charge (), 1s placed near the two charges as shown in Figure 8.
—8-0pC
Q%
0-40m
—4-0pC —4-0pcC
Q& " =Q;
0-60 m
Figure 8
(1) Show that the force between charges (), and (515 1-2 M. 2
(1) Calculate the magnitude and direction of the resultant force on
charge (}; due to charges (}, and (Q,. 2
(7)
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Traditional 2008
Marks
. {a) Two protons are separated by a distance of 22 pm.

(1} Show by calculatvon that the gravitational force between these protons
15 neghgnble compared to the electrostatic force. 4

(1) Why iz the strong force neglynble between these protons? 1

&) A partcle of charge g travels directly towards a fixed stationary particle of
charge {1
At a large distance from charge () the movimg particle has an mmatal velooty o

The moving particle momentanly comes to rest at a distance of closest
approach r_as shown in Frgure 13.

Figure 13

Show that the mitial velocity of the moving particle 12 given by

where the symbaols have therr usual meaning, 2

(£} An alpha particle 12 fired wowards a target nucleus whech 1= foced and
stationary. [he mital velocity of the alpha E-.a.rti.-l:le is 963 x 10°ms™ and

the distance of closest approach is 1-12 x 107 m.

(1} Caleulate the charge on the target nucleus.
(u) Caleulate the number of protons in the target nucleus.

(i) The target 15 the nucleus of an element. Identfy thes element. 1
(13)
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Traditional 2007

SNLATRE
5. {ﬂ'} F:igu.r: 5 shows a '|:mi.1.1.'|: d‘l.u.rg': of +5-1 nC.
+5-1nC A B
@ ' ¢
Wmm 300 mm
Figure 5
Point A 15 a distance of 200 mm from the pomnt charge.
Point B 13 a detance of 300 mm from pomt A as shown m Figure 5.
(1) Show that the potential at pomt A s 230V, 1
l:i.i.} Calculate the p-ul:l:nl:ial difference between A and B 2
{5 A conducting sphere on an insulating support 13 some distance away from a
negatively charged rod as shown in Figure 6.
conducting
sphere
charged
rod
msulating
sup-part
Frgure 6
Using diuagrams, or otherwise, desceribe a procedure to charge the sphere
'p‘LHi.'ti'l.‘EI.‘_l.' |:|!.' mduction. 2
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Traditional 2007
Marks
6. The shape of the Earth’s magnetic field 1s shown m Figure 8.

Figure 8

At a particular location in Scotland the field has @ magnitude of 5-0 x 107°T
directed into the Earth’s surface at an angle of 69° as shown in Figure 9.

Figure 9

(a) Show that the component of the field perpendicular to the Earth’s surface
is 47 % 10°T. 1



Marks
6. (continued)

() At this location a student sets up a circust containing a straaght length of
copper wire lying horzzontally i the North — South direction as shown in
Figure 10.

Figure 10

The length of the wire 1s 1-5 m and the current in the circuit 1s 3-0 AL
(1) Calculate the magnitude of the force acting on the wire due to the
Earth’s magnetic field. 2
(11) State the direction of this force.
{¢) The wire is now tilted through an angle of 69° so that it = parallel to the
direction of the Earth's magnetic field.
Determine the force on the wire due to the Earth's magnetic field. 1
(d) A long strmight current carrving wire produces a magnetic field. The
current in this wire 1s 3.0 A,

(1) Calculate the dstance from the wire at which the magnitude of the
magnetic field 1s 5-0 x 107°T.

(11) Describe the shape of this magnetic field. 1
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Traditional 2006

Marks
5. {a) A charged metal sphere has a diameter of (0-36m. The electrostatic
potential at the surface of the sphere 18 +2-8 % 10°V.

(i) Show that the charge on the sphere is 456 x 107 C. 2
{11} State the electrostatc potential at a point 0-10m from the cenire of
the sphere. 1

(m) (A} Calculate the electric field strength at the surface of the sphere.

(B) BSketch a graph of the electric field strength against distance from
the centre of the sphere o a point well beyond the sphere’s
surface. No numerical values are required. 3

{b) Two identical spheres, each carrying a charge of 456 x 107°C, are now

placed as shown in Figure 8,
:P
0600
. S
E‘ 1-2m -l
Figure B
Pomt P 15 0-60m vertically above the mid-point of the line joiming the
centres of the two spheres,
Determine the magmitude and direction of the electric field strength at
point P, 4
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Traditional 2006

Marks
6. The print head of an ink-jet printer fires a tiny drop of ink of mass
1-2 x 10"'%kg as it scans across the paper. The drop carries a charge of
=16 % 107"*C and enters the space between a pair of parallel plates at a speed of
20m s, as shown in Figure 9.

75 % 10 m

Figure 9

The length of the plates is 75 x 10~ m and the electric field strength between
them is 2-5 x 10° N CL.

(@) Calculate the magnitude of the electrostatic force acting on the ink drop as
it passes between the plates. 2

(b) Show, by calculation, that the gravitational force acting on the drop is
negligible compared to the electrostatic force. 2

(e} Calculate the deflection 5 of the drop as it leaves the region between the

plates. )

() Calculate the number of excess electrons on the ink drop. .
(10}

[Turn over
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Traditior@‘Lg&QOS

5. (@} Two pomt charges with values +4-0pC and ~6-0pC are placed 5-0mm
apart. Point X lies on the line between the charges as shown in Figure 7,

+40pC ~6-0pC
. X L
i 5 5
:_' 3-0mm v 20mm |
Figure 7
(1} Calculate the magnitude of the electric field serength at point X, 2z
{ii} State the direction of the electric hield at point X. 1

(& A hollow uncharged metal evlinder 15 placed midway between two parallel
plates which are connected to a d.c. power supply as shown in Figure 8.

—_——

hollow + doc. power
IBILLWI
cylmder - Py

Figure &

(1} Copy and complete the above diagram showing:

(A} the electric freld lines i the space between the parallel plates; 2
(B) the charge distmbution induced on the cylinder.

i

() Coaxial cable consmsts of a central wire surrounded by a metal mesh, as
shown m Figure 9.

| central wire

insulation

puter msulation

Figure 9

Explain why coaxial cable s designed in this way. 1



Traditional 2004

Marks
6. (a) (i) Define the term electric field strength.
(i) Two parallel plates are separated by distance d. The potential
difference between the plates is V.
Derive the expression for the electric ficld strength E between the
plates in terms of Vand 4. 3

(3) The electric field pattern between two parallel metal plates is shown in
Figure 6.

+ + + + + +

Figure 6

An uncharged, conducting sphere is placed between the plates as shown in
Figure 7,

+ + + + + +

Figure 7

(1) Copy and complete Figure 7 to show the electric field pattern between
the plates.
(1) On your diagram, show the charge distribution on the sphere.
(i) State the value of the electric field strength inside the sphere, 4
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Traditional 2004

Marks
1} State Coulemb's law for the electrostatic force between two point charges. 1
) The two identical conducting spheres R and 5, shown in Figure 8, are
initially uncharged. w

thread

Yy

Figure B

SUpPOrT

Deescribe how sphere R can be given a positive charge and sphere 5 an equal
negative charge by induction, using & positively charged insulating rod. 2

) Two identical conducting spheres X and Y shown in Figure 9 have equal
and opposite charges.

5

10 mm ) mm
P
e
positively " negatively
charged charged
Figure 9

(1) The force between the spheres is 30 x 107N,
By considering the spheres ws point charges separated by o distance of
40 mm, show that the charge on each sphere s 2 Inl.

(i) Calculate the electrostatic potential at point F, 10mm from X, as
shown in Figure 9,

Past Paper Questions 3.1 Fields 27



7. (¢) (continued)

(i) In reality, the spheres are not point charges.
Draw a sketch to show how charge is distributed on cach sphere when
the spheres are in the positions shown in Figure 9. 6

(d) Sphere Y has mass 25 x 107" kg and hangs at an angle a to the vertical, as
shown in Figure 10. The horizontal force acting on the sphere is 30 x 10°°N,

3.0x10°°N

Figure 10

The mass of the thread s neghgible.
(1) Calculate the tension 7 in the thread.
(1) Calculate the size of angle a 4
(13
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Traditional 2004

Marks
8. A particle of mass m and charge ¢ is fired with speed v into a magnetic field of
uniform magnetic induction 8. The particle enters the field at point X and
follows a semicircular path, before leaving the field at pont Y, as shown in
Figure 11,

Figure 11

(a) Show that the radius r of the sermcircular path is given by

my
rw- q’s o 2
() Using the above relationship, show that the time taken for the particle to
follow the semicircular path in the magnetic field s mdependent of the
speed of the particle, 2

() An electron with speed 240 x 10 ms' ix fired, as shown in Figure 11, into &
magnetic field of uniform magnetic induction 50mT. Cakulate the tme
during which the electron is in the magnetic ficld 2
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Traditiona{20Q03
1

5. (a) State what 15 meant by the electric field strength ar a point.

(6) An arrangement for an electron gun 15 shown in Figure 9.

1
:
]

—
}!ﬂt:f E &Tr'nrn---r.-...
Ce—

i1 5 -{ prLIy =
VRO
H"'-.
cathode & O mnode o T
- + '-...b.
T

Figure 9

The electric field strength between the cathode and the anode has a
constant value of 750N C'. The distance between the anode and the
cathode is 25-0mm.

(i) Show that the acceleration of an electron berween the cathode amd
the anode is 1-32 x 10" ms™,

(1) Assuming that the electrons have negligible velocity at the cathode,
calculate the speed of the electrons as they emerge from the anode. 4
(¢} The relativistic mass of & particle is given by

L4
(0-2

where the symbols have their usual mesnings.
An electron is moving with velocity 1-5 x 100 ms™.
(i) Calculate the relativistic mass of this electron,

{11} Caleulate its relativistic energy. 4
() In u scattering experiment, a beam of alpha particles is fired at & tungsten

target,

The kinetic energy of an alphs particle is 1:17 = 107" ),

A tungsten nucleus has & charge of +74¢.

Calculate the distance of closest approach between the alpha particle and

the nucleus.
Relativistic effects can be ignored. 3
(12)
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Traditionak’003
6. A single rectangular loop of wire 15 arranged vertically in the uniform magnetc
field between the poles of 3 magnet as shown in Figure 10. The loop is free o
spin about axis XY

X
I
|
Al :
H
I -
N| = [ -
I
[
[
Y
Figure 10

Sides AD and BC of the rectangle are 250 mm in length and each i3 35 mm from
the axis of rotation.

The loop of wire carries & current of (-40 A,
The magnetic induction of the field s 0-80°T.

(a) Caleulare the size of the magnetic force scting on side AD. F 4
ih) Figure 11 shows the loop when viewed from above.

N o ..1:5"..-.-..-..:. 5
A B
Figure 11
Calculate the magnitude of the torque scting on the loop. r 4

{€) The loop is wrned through 30° to the position shown in Figure 12.

A
N | X -
g
B
view from above
Figure 12
Calculate the magnitude of the torque now acting on the loop. 2
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6. (continued)
(d) The magnet is replaced by another magnet with the poles shaped as shown
in Figure 13.
N S
S s 1
A X K
view from above

Figure 13

Explain how this arrangement reduces variation in the torgue as the loop turns. 1
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8. Electrons are fired through a vacuum containing a region of uniform electric
and magnetic fields. The fields are at right angles to cach other.

The initial direction of travel of the electrons is shown in Figure 15.

|

X X X
initial direction X X X X X X X
O X X x x x x
- e x
clectrons
X x X X x x x
x X X l X X X

Figure 15
The field strengths are adjusted until the path of the clectrons is a straight hine.

(@) (i) In terms of electric and magnetic forces, explain why the path of
an electron is a straight line.

(1) The electric field strength is 4-2 x 10°'N C™ and the magnetic field hus
a magnetic induction of 2-8 x 1077
Calculate the speed of the electrons. 3

(8) Alpha particles are now fired in the same direction through the asbove
clectric and magnetic fields.

The alpha particles are also found to travel in a straight line. How does the
speed of the alpha particies compare to the speed of the electrons in part (a)?
You must justify your answer. 2

(€) The electric field is switched off leaving only the magnetic field. Alpha
particles and then clectrons with the same velocity are fired, in the same
direction ax before, into this region.

Sketch the approximate paths followed by the alpha particles and electrons. 2
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6. (a) Calculate the magnitude of the electrostatic force between rwo protons
scparated by a distance of 0-010 mm. 2

(5) Despite the electrostatic force of repulsion, the protons in an atomic
nucleus do not fly apare.

(1) Name the force which holds protons together in 2 nucleus.
(i) Explain why this force has negligible effect on the protons in part (a). 2

(¢) In a Rutherford scattering experiment, an alpha particle with a velocity of
240 % 10°ms™ is fired at a target of gold foil in a vacuum. The mass of an
alpha particle is 6-7 x 1077 kg and the stomic number of gold is 79.

g

alpha particle gold nucleus
Figure 4

Calculate the distance of closest approach for a head-on collision between
the alpha particle and a gold nucleus. 4
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7. In a cathode ray mube, electrons emitted from the cathode are accelerated from
rest through a potential difference of 2-0kV, as shown in Figure 5.

+250V
9
pN |
DS
E -
20kV
path of electruns
Figure 5
(@) Caleulate the speed of the elecrrons as they reach the anode. 2

{b) After leaving the anode, the clectrons pass between two parallel deflecring
plates separated by 20mm. The potential difference hetween the deflecting
plates ia 250V,

The electrons follow path POQR.
(i} By considering the forces acting on the electrons, explain the shape of
the path between:
{A) Pand (Q;
(B} Qand R.
Assume gravitational effects 1o be negligible.
(it} Calculste the acceleration of the electrons between the deflecting plates. [

(e} The moving electrons can also be deflected by a magneric feld.

(i) Explain why electrons travelling perpendscularly 10 & uniform
magnetic held follow a circular path.

(1) Find the magrutude and direction of the magnetic induction required
to balance the electrostatic force on the electrons in part (B), so that
rero deflection would be produced. 4

(12
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5. {a) Two positive point charges, each of magnitude 3-0nC, are situated 0-20m
apart in air. Position X is midway between the two charges and Y is 0-10m
bevond the second charge, as shown in Figure 10.

X Y
——f—————— - ———— - ————— e -
+3-0nC #30nC

L 0= m ',_r =10 m
Figure 10

{1} Calculate the electric field strength:
(A} atX;
(B} at Y
{ii} State what s meant by the term “electrostatic potential at 4 point”.
{mi) Calculate the potential difference between X and Y. 8
(%) The charges on three separute oil droplets are measured as
-45x100%C; -80=107"C; -32x1071°C

Explain which one of these measurements is suspect. F4
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7. In a mass spectrometer, 4 positive jon passes through an electric field between
two parallel plates P, and P, and through a narrow slit 5 as shown in Figure 13.
Thtphtu:ulﬂmmmlnmdﬂumulunﬁmmmmﬂﬁtﬂﬂw
induction B between the plates and in the region beyond the sht

+2-0kV 1 P,
et
i
oV | P,
Figure 13

The ion travels with a uniform speed v in a struight hne between the plates and
moves into a sermicircular path of radus R after it passes through the sliv

(@) State the direction of the magnetic induction 0. 1
(%) Show that the velocity v of the ion s given by

5-0x10"
" H 2

i) (i) Explain why the jon follows a semicircular path in the region beyond
the alit.
(1) Show that the radius R of the semicircular path is given by
f T
BO

where i = mass of the on
and Q) = the charge on the ion.
{ili) The ion resches the point X in the region beyond the slit,
Use the following data to calculate the distance SX.
Mass of the on = 365 x 107% kg
Charge on the jon = +1-6 x 107"C
Magnetic mduction = 0-30°T &
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7. (continued)
(d) A sccond ion, with the same positive charge as the first jon, passes between
the parallel plates and through shit S. The second on travels in 2
semicircular path and reaches the point Y shown in Figure 13,
(1) Explain why the speed of this ion s the same as the first jon.
(11) How does the mass of the second on compare with the mass of the
first ion? Justify your answer. B
(13)
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