2015 PHYSICS EXAM N -

Question 7 (11 marks)

Students in a Physics practical class investigate the piece of electrical equipment shown in Figure 5. It
consists of a single rectangular loop of wire that can be rotated within a uniform magnetic field. The loop

has dimensions 0.50 m x 0.25 m and is connected to the output terminals with slip rings. The loop is in a
uniform magnetic field of strength 0.40 T.

output

Figure 5

a.  Circle the name that best describes the piece of electrical equipment shown in F igure 5. 1 mark

44 .
DC generator DC motor AC motor

b. i, What is the magnitude of the flux through the loop when it is in the position shown in F igure 59 1 mark
§2 7
0 Wb

ii. Explain your answer to part b.i.

1 mark

Plane of the Loop (s paralil to magueti Lol €7%
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* SECTION B - Question 7 — continued
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Question 3 (6 marks)

Electron microscopes use a high-precision electron veloci

perpendicular to a magnetic field, B.

Electrons travelling at the required velocity, v,
or faster than the required velocity, Voo

a.  Show that the velocity of an electron that travels straj

E
VO:‘E‘

S

-
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-

Figure 2

/:e/eefr.r = F maqn etie

ty selector consisting of an electric field, E,

exit the aperture at point Y, while electrons travelling slower
hit the aperture plate, as shown in Figure 2.

aperture plate
X
== Y aperture
Z
aperture plate

ght through the aperture to point Y is given by

1 mark

H6 '/
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Y=z

~ SECTION B - Question 3 — continued
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i. At which of the points — X, Y or Z — in Figure 2 could electrons travelling faster than v, arrive? 1 mark
{ j 72 7.
{0 v,

ii. Explain your answer to part c.i. 2 marks
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Question 6 (6 marks)

Two Physics students hold a coil of wire in a constant uniform magnetic field, as shown in F igure 5a. The
ends of the wire are connected to a sensitive ammeter. The students then change the shape of the coil by
pulling each side of the coil in the horizontal directio » as shown in Figure 5b. They notice a current register
on the ammeter.

X X X X X X X X X X X X Q
X X X XX X X
X X X X +— X X e f
X X X X X X |X X x x
X X |Ix x| x x X X |x x| x x

ammeter ammeter

Figure 5a Figure 5b

a.  Will the magnetic flux through the coil increase, decrease or stay the same as the students change the
shape of the coil? 1 mark

¢lv.

’ Area clecrease So jllux cloerecse

Pecrecc,

b.  Explain, using physics principles, why the ammeter registered a current in the coil and determine the
direction of the induced current. 3 marks

Flux decreqced (/MI) So CCCCOr&/!‘IdﬂQ‘ £o 227
FCZI_TCO/[C/Y/.S LQIU CU/"/’euf W/.L( Ae C.MO/L{C@O/.

/”aaq’neffc ;Ffa/o/ 08 into z%e/,occdqe cmo{w £ /oc{ clecrece ed

8 g & ( f
S0 cuduced M;?ﬂ&fff 7(/‘@./5\”/ x nf/ze//ﬁfe7e.(/wg}
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¢.  The students then push each side of the coil together, as shown in Figure 6a, so that the coil returns to
its original circular shape, as shown in Figure 6b, and then changes to the shape shown in F igure 6¢.

X X X X X X X X X X X x X X X X
X X X X X §_X
X X
X X X X X
X X X X X

ammeter ammeter ammeter

Figure 6a Figure 6b Figure 6¢

Describe the direction of any induced currents in the coil during these changes. Give your reasoning. 2 marks

haticlockwise thou clockwis e //»q// =5

Flux jucreccies thea o/eerea.seg(lm)

e e sféTidNﬁﬁr:cc;ntm "
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Question 2 (8 marks)

An electron is accelerated from rest by a potential difference of V. It emerges at a speed of
2.0 x 107 m s into a magnetic field, B, of strength 2.5 x 1073 T and follows a circular arc,
as shown in Figure 2.

e > \\t
® ® @
source
B=25x%x103T
b.  Explain why the path of the electron in the magnetic field follows a cirzular arc. 2 marks
ce g

tie 4 t tron é
Naaqﬂé (e fore qc Luaq on e[e& ron e coulteu t

Magnituole and a (ways perpenelic ular to veloet
(Im) L of electron(|wm)

SECTION B - continued
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Question 5 (9 marks)

Figure 5 shows a stationary electron (¢”) in a uniform magnetic field between two parallel plates. The plates
are separated by a distance of 6.0 x 10~3 m, and they are connected to a 200 V power supply and a switch.
Initially, the plates are uncharged. Assume that gravitational effects on the electron are negligible.

magnetic field \ e . b
Coe e e e +200 V
° ° ° e e ° ° :: 6.0 x 10—3 m
° ° ° ° ° ° ° ; k
Figure 5
a.  Explain why the magnetic field does not exert a force on the electron. Justify your answer with an
appropriate formula. 2 marks
/‘(adcmez‘fc’force F=0uB L//a4) 334

4
As Y=o force (S D (/NZ

_—

~ SECTION B — Question 5 — continued
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| The switch is now closed.

b. Determine the magnitude and the direction of any electric force now acting on the electron. Show your Q

working. . 3 marks :
F=¢f E=7 - S |
200 x é)((D
[ QLV i fvlr\"'3 (IM)

= e Sx/D /5/\/ /[M)
Direction clown (zm) as ne%z‘/ue eloctrou
attractec! to /99511‘;\/€p/cu‘e E/eefrff -.Cie/ﬂ (S ap.

5.. 5)(/0 15 N Direction DOW”

€. Ravi and Mia discuss what they think will happen regarding the size and the direction of the magnetic
force on the electron after the switch is closed.
Ravi says that there will be a magnetic force of constant magnitude, but it will be continually changing
direction.
Mia says that there will be a constantly increasing magnetic force, but it will always be acting in the
same direction.

Evaluate these two statements, giving clear reasons for your answer. 4 marks

Ravi (s correct apowt Cﬁawqp 0+ a’szdﬁW wW/sroung 7%
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Question 5 (2 marks)

A bar magnet is moved towards a single closed loop of conducting wire with the bar magnet’s south pole
closest to the loop, as shown in Figure 3. The loop is stationary.

NV

Figure 3

The area and the shape of the loop remain constant and the magnet is not changed.

Explain, in terms of magnetic flux, how a current is induced in the loop.

Frele! Creafw/ b/y Mng’ﬂ@f RS qu-umj{O/‘M. 745
Maguet moves cloipr -Flmr through tHhe éoop will be
d ad
L%C/’eaﬁamd@ /46@0)'0/1%7 1‘0 Faraclay's éau/ EMF
8 luduced. E= /U

SECTION B — continued
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SECTION B

Instructions for Section B

Answer all questions in the spaces provided.

Where an answer box is provided, write your final answer in the box.

If an answer box has a unit printed in it, give your answer in that unit.

In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are net drawn to scale.

Take the value of g to be 9.8 m s72.

Question 1 (5 marks)

Figure 1 shows four positions (1, 2, 3 and 4) of the coil of a single-turn, simple DC motor. The coil is
turning in a uniform magnetic field that is parallel to the plane of the coil when the coil is in Position 1,

as shown.

When the motor is operating, the coil rotates about the axis through the middle of sides LM and NK in the
direction indicated. The coil is attached to a commutator. Current for the motor is passed to the commutator
by brushes that are not shown in Figure 1.

Position 1 Position 2 Position 3 Position 4

uniform magnetic
field

Figure 1

a.  When the coil is in Position 1, in which direction is the current flowing in the side KL — from K to L or
from L to K? Justify your answer. 2 marks

Forece en KL s u//j. {lsiug RHSR (1“4) Wi
Current (5 jﬂ/"m/t K to L //“"/

'SECTION B — Question 1 — continuec
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Question 4 (6 marks) 7/,

A square loop of wire connected to a resistor, R, is placed close to a long wire carrying a constant current, /, in the
direction shown in Figure 4.

The square loop is moved three times in the following order:

* Movement A — Starting at Position 1 in Figure 4, the square loop rotates one full rotation at a steady speed about
the x-axis. The rotation causes the resistor, R, to first move out of the page.

° Movement B — The square loop is then moved at a constant speed, parallel to the current carrying wire, from
Position 1 to Position 2 in Figure 4.

* Movement C — The square loop is moved at a constant speed, perpendicular to the current carrying wire, from
Position 2 to Position 3 in Figure 4.

Position 1
X-axis ~---- [Cmf == e —— bl'
L R |
constant 4 l
current, /
Position 2 Position 3
—
{ R | L R |
Figure 4
R  SECTION B — Question 4 — continuec
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Complete the table below to show the effects of each of the three movements by:
o sketching any EMF generated in the square loop during the motion on the axes provided (scales and values are

not required)
« stating whether any induced current in the square loop is ‘alternating’, ‘clockwise’, ‘anticlockwise’ or has
‘no current’.
Movement Possible induced EMF Direction of any induced current
(alternating/clockwise/
anticlockwise/no current)
A Must be Lin graph
EMF (V .
UL AL | Alternat 7 iy
rotation about
x-axis
7 P time (s)
(1u)
= EMEF (V)
A
moving from
Position 1 to
Position 2 cuwrréun ZL
e === t{ime (S) A/O 4
(1)
( Loy )
C EMF (V) Cﬁi’d /9@ QMX c/eerfﬂ-g/.uj
A tine . Horizouta L

moving from
Position 2 to
Position 3

prfed Bl e
» time (s)

//wt]

Clockwise
(La/
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o welwc ed/
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" SECTION B — continued
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Question 2 (3 marks)

A positively charged particle carrying a charge of +1.5 x 1078 C enters a region between two large, charged
plates with opposite charges, as shown in Figure 2.

The potential difference between the plates is 2.0 kV, and the kinetic energy of the charged particle as it
enters the hole is 2.8 x 1073 J. Ignore gravitational effects and air resistance.

- +
- +
v - +
—
+o
- +
— +
- +

Figure 2

Ariel and Jamie discuss what they think will happen to the particle after it enters the region between the two
equally but oppositely charged plates.

Ariel says that the particle has insufficient kinetic energy to reach the positively charged plate and will travel
part of the way before returning towards the negatively charged plate.

Evaluate Ariel and Jamie's statements, giving clear reasons for your answer,

Ek = Q; U wh ev pa r%{'ﬁq[é__ﬁ'_ftf? (j __.I
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B o /
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Question 3 (3 marks)

Two thin, light aluminium tubes, A and B, are supported in a vertical wooden rack, as shown in Figure 3.
Both of the aluminium tubes rest horizontally on wooden pegs.

wooden pegs

DC power supply wooden rack

Figure 3

The two thin, light aluminium tubes form a series circuit with a DC power supply. It was observed that one
of the tubes jumped upwards when the DC power supply was switched on.

Identify which tube jumped upwards and explain why this occurred.

/
Aluminium tube A ( I /

)d]f; ﬁi{{‘ﬁ?xt’f {‘m__ qéé"& ¢L !I'/l ’(Lfl{ /:;pﬂ.ﬁi"[&é?
oirections | they will ff/ff c{us Meywer‘-a f.ff[dj

are o’rwiffiﬁ?cf cuto LLfLe ug;z .sojp,ﬁtf @ A
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SECTION B - continued



Question 4 (4 marks)

13

2023 PHYSICS EXAM (NHT)

Two electrons, €, and e,, are emitted, one after the other, from point P in a uniform magnetic field, as shown

in Figure 4.

Both electrons travel perpendicular to the magnetic field, but in opposite directions. Throughout their
journey, both electrons remain within the magnetic field.

Electron e, travels at twice the speed of ¢,. Relativistic effects can be ignored as both electrons are travelling
at low speeds. Electrostatic effects at point P can be ignored as the two electrons are emitted at different

times.

® ® ® ® ® ®
® ® ® ® b ®
® ® ® ,® ® ©®
«— €1 86 AN
b ® ® ® b2 b
b ® ® ® b2 b2
by ® by ® by by
Figure 4

Which one of the following three outcomes occurs?

 Outcome 1 — Electron ¢, returns to point P in the shortest time.

* Outcome 2 — Electron e, returns to point P in the shortest time.

* Outcome 3 — Both electrons take the same time to return to point P.

e — I— 3

o/
Outcome % L' 7
Explain your answer. ? -
¢ L X e ~ [ ,[ &
FoBl —avdh quixl
4 II L —
MY_ o R v - 29
II,__ = L"‘ a. rﬁ‘ "III'—
2T/ - 25
————————————— ™ — _
| —_ | ] - y i r
( (5 ::1;,).2',5‘,- ;f_..fg,_:(/{'q?i eL£ U

l{, .E-”r—r of {"‘ _(?) i
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Question 8 (7 marks)

Sarah and Raminda construct a simple alternator, as shown in Figure 8.

clockwise rotation

slip rings

Figure 8

SECTION B - Question 8 — continued
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To increase the magnitude of the EMF produced by the alternator, Raminda suggests making

a number of changes to the alternator.

Sarah insists that each change be investigated one at a time.

In the spaces provided, indicate whether each suggestion will increase, decrease or have no

effect on the EMF produced by the alternator.

4 marks

Suggested change

(increases, decreases or has no effect)

Effect on EMF

reduce the resistance of resistor R

increase the strength of the permanent magnets

Mo esqect
v_)'.

—~

e/ eas e’ FT\', o P

-

reduce the period of rotation of the coil to 25 ms

]
T
e

wereases A

)

increase the number of turns of the rotating coil

o

|
lucreases

.

*-':P
£z N %—;

SECTION B - continued
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Question 10 (6 marks)

22

A single rectangular loop of wire containing a cut out section labelled EF moves to the right at a
constant speed of 2.4 m s™!, as shown in Figure 10a. At time ¢ = 0, the right-hand edge of the loop
enters a constant magnetic field into the page.

6.0 cm
D >
A X X X X X X X X X X X X X
1
E ! X X X X X X X X X X X X X
iS.Ocm Bﬁeld
F ! X X X X X X X X X X X x x Intopage
v
> X X X X X X X X X X X X X
v=24ms! D >
12.0 cm
Figure 10a

The induced EMF produced as a function of time is shown in the graph in Figure 10b.

EMF (V)
A

0.04

0.00

—0.04

Figure 10b

» 1(s)

While the loop enters, and is partially within, the field, an EMF is generated between points E and F.

a.  Which point, E or F, is positive? 1 mark
9 2
:L'
- AN\
|
r | G o (4 X |
A -+ P 1‘“‘.l L —/7 k [« r kel = A !
Ma 7d ¢ £iel L :
/ F '] = ] L4 n
- > '8 NP | g M1 (v /C
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4 r = F P - -
b L a f E it S * 8 + /
Cu F¢ I.‘..__/'Tf{ (d The Loc /‘ I:-FE i - To LC 2D & -If { T ww/elt £ £
- E_ I 2 A etolp Cif Cul T CUi fedat Wiet £ [
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SECTION B - Question 10 — continued



23 2023 PHYSICS EXAM (NHT)

b. Explain why the induced EMF is constant during the time period 0.00 s to 0.025 s. 2 marks

As foe;p travels at CQL{,;}'—.QK/I{ cﬁfﬂ@.ﬂﬁf

a0 of cha s e o4 Che ){;z{q/’( axwel s o

(woluced EMF will be co«stay F

SECTION B - continued
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SECTION A — Multiple-choice questions

Instructions for Section A

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correct or that best answers the question.

A correct answer scores 1; an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.

Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the value of g to be 9.8 m s72.

Question 1

One type of loudspeaker consists of a current-carrying coil within a radial magnetic field, as shown in the diagram
below. X and Y are magnetic poles, and the direction of the current, /, in the coil is clockwise as shown.

current-carrying coil

The force, F, acting on the current-carrying coil is directed into the page.

Which one of the following statements correctly identifies the magnetic polarities of X and Y?
X is a north pole and Y is a south pole.

B. X s a south pole and Y is a north pole.

C. Both X and Y are north poles.

D. Both X and Y are south poles.

SECTION A - continued
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Use the following information to answer Questions 5 and 6.

The diagram below shows a stationary circular coil of conducting wire connected to a low-resistance globe in
a uniform, constant magnetic field, B.

X X X X X X X X
X X X X X X
B
X X X X X X X
globe

Question 5
The magnetic field is switched off.

Which one of the following best describes the globe in the circuit before the magnetic field is switched off, during
the time the magnetic field is being switched off and after the magnetic field is switched off?

Before During After
@ Off On Off
B. On On Off
C. On Off Off
D. Off On On

SECTION A — continued
TURN OVER
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Question 3 (5 marks)
Two long, straight current-carrying wires, P and Q, are parallel, as shown in Figure 2a. The current in the
wires is the same in magnitude and opposite in direction.

Figure 2b shows the wires as viewed from above.

P
Q p Q
1 A ]
4
Figure 2a — Front view Figure 2b — Top view

a.  On Figure 2b, sketch the magnetic field around the wires, showing the direction of the magnetic field.
Use at least five field lines. 3 marks

b. Do the two wires, P and Q, attract or repel each other? Explain your reasoning. 2 marks

K@pé’—«é

(/{.53'?? RH S R

SECTION B - continued
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Question 5 (3 marks)

Figure 4a shows a single square loop of conducting wire placed just outside a constant uniform magnetic
field, B. The length of each side of the loop is 0.040 m. The magnetic field has a magnitude of 0.30 T and is
directed out of the page.

Over a time period of 0.50 s, the loop is moved at a constant speed, v, from completely outside the magnetic
field, Figure 4a, to completely inside the magnetic field, Figure 4b.

0.040 m i i
D : :
f [ ] [ ] [ ) [ ] [ ] [ ] E [ ] [ ] [ ] [ ] [ ] [ ) E
0.040 m ! i i
i [ ] [ ] [ ] [ ] [ ] [ ] E [ ] [ ) [ ] [ ] [ ] [ ) E
—> | B i B
v i ° ° ° ° ° ° H ‘e ° ° ° ° ° H
Figure 4a Figure 4b

SECTION B - Question 5 — continued
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b.

On the small square loop in Figure 5, show the direction of the induced current as the loop moves into

the area of the magnetic field.

1 mark

SECTION B - continued
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Question 6 (3 marks)

Kim and Charlie are attempting to create a DC generator and have arranged the magnets along the axis of
rotation of the wire loop, J, K, L and M, as shown in Figure 6. They are having some trouble getting it to
work. They rotate the loop in the direction of the arrow, as shown in Figure 6.

£
NE Raet
1

|

|
commutator ; °op /K

3
@7 U axl{

M

north pole )/_’jf south pole

,fx;s: W

Figure 6

a.  Using physics concepts, explain why this orientation of the magnets will not generate an EMF.
. —— . o
?:u__ CP:@/QC@;,& G =70
No chaagy (4 L/4X
¢ /

b. Kim and Charlie decide to move the magnets so that an EMF is generated. On Figure 6, draw the
positions of the magnets to ensure that an EMF is generated. 1 mark

SECTION B - continued
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