3 B 2017 PHYSICS EXAM

Ouestion 3 3 {1 Y v
Two large charged plates with equal and opposite charges are placed close together, as shown in the diagram below.
A distance of 5.0 mum separates the plates. The electric field between the plates is equal to 1000 N CL,

) -V
b=

J= Ed

- - |00 x0.005

5.0V

+ +F + + + +
!

—
-

Which ane of the following is closest to the voltage difference between the plates?
& 50V

B. 200V

C. 5000V

D, 3000000V

Use the following information to answer Questions 4 and 5,

Students doing a VCE Physics practical investigation use a step-down transformer with 240 Vi AC to
12 Vs AC.

Question 4 8 l/ %

Which one of the following best gives the ratio of the number of turns, Ny’ Neceondary”
A, 14 v 240
B. 1:20 Ljﬁ P = =201

C. 41 Me e 1
@20:1

— 4
Question 5 ﬁ ’{ /
The transformer delivers 48 Wpyyg to a tesisior. Assume that the transformer is ideal.
‘Which ong of the following best gives the peak current in the secondary coil?

A 02A -
B 404 P .. = Veus dpus
574 N LYY
D, 1134 e J .%A-; 17
WL
._I/muc 2 "IEMB
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Qucstion 6 5' o'

The graph below shows the change in magnetic flux (@) through a coil of wire as a function of time (£).

1))
-

Which one of the foilowing graphs best represents the induced EMF (g) across the coil of wire as a function of
time (£)7

A, B.
€

v
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P o
b

v
v
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Question 2 S marksy & [ 7 ay. b 7
According to one model of the atom, the clectron in the ground state of a hydrogen atom 1noves around the
stationary protomn in & circular orbit with 2 radius of 53 pm (53 x 10712 1),

a.  Show that the magnitude of the force aciing between the proton and the electron at this separation
is oqual to 8.2 x 107¥ N. Take & = 9.0 x 10° N m? C2 and the magnitude of the electron and proton

charges as 1.6 x 1071 C. Show all the steps of your working. 2 marks
- 2
- I
/— - K r? )
Z
-4

b, Using 8.2 x 1078 N as the value of the magnitude of the force given in part a., calculate the speed of
the electron in its circular path. Take the mass of ihe electron to be 9.1 x 102! kg, Show your working. 3 marks

54’ 79 a\). l¢7

— ;,;I"','j*" lﬁ? ) ($2vio 53 7o~ 7
Py VeV V- 9./¥(3"
-/
U:2.2 %0 ms

2.0 mgt
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¢
Question 3 (5 marks) £/ 7 qv. 2. /
Figure 2 shows a schematic diagram of a simple DC motor,

[t consists of two magnets, a single 9.0 V DC power supply, a split-ring commutator and a rectangular coil
of wire congisting of 10 loops,

The total resistance of the coil of wire is 6.0 Q.
The length of the side JK is 12 cm and the length of the side KI..is 6.0 cm.
The strength of the uniform magnetic field is 0.50 T.

A
B
F C
E
b
splitring commutator
+ -
1 DC power supply
Figure 2
a.  Determine the size and the direction (A-F) of the force acting on the side JK. 3 marks
7 = -R\{ = g’ = A 5 A

F=nbll
F240x @5 xl.5x0 /1

Fzotw

09 o

Direction 9/ own

SECTION B -~ Questwn:i continyed
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Question 5 (8 marks)

The alternator in Figure 3 has a rectangolar coil with sides of 0.30 m x 0,40 m and 10 tarns. The coil rotates
four times a second in a uniform magnetic fteld. The magnetic flux through the coil in the position shown is
0.20 Wh,

oulput via slip rings

Figure 3

a.  Caleulate the magnitude of the magnetic field. Include an appropriate uanit, 6 74 av.Z. Z 3 marks

P-pAcos® o’
b :f; Q__-Z- = '{77

0.2

L4 +

g

(7 1
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b.

¢

Calculate the magnitude of the average EMF () generated in 2 quarter of a turn, Show all the steps of
yourworking, 43 %, aqv 1. 6 3 marks

nty
E:hgw
0. ¢

- L4
= [0 0.06%

. 32V

39 v

Figure 4 shows the oulput EMI () versus time graph of the alternator for two complole cycles, €5 %

av. ¥
EMF (&) ¢
0 5 T 5T P time (s)
y NS NS

Figure 4

The two slip rings in Figure 3 are now replaced with a split-ring commutator,

On the axes provided below, sketch the EMF (g) versus time graph of this new armangement for two
complete cycles. 2 marks

EMF (5) &

NN N N\
0 ? \4/ \ - time (s)

2T
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Question 6 (4 marks) 7 O v, Y. l.5
Figure 5 shows a generator at an clectrical power station that gencrates 100 MWy of power at

10 kVypyg AC.

Transformer 7' steps the voltage up to 500 kVyy .« AC for trangmission through transmission wires that
have a total resistance, Ry, of 3.0 £). Transformer 77, steps the voltage down to 50 KV AC at the
substation, Assume that both transformers are ideal,

{;  (ransmission wires 7,

genaralor g E Rp=3.00Q g E substation

100 MW at 10kV 500 kv 50 kV

Figure 5

a.  The current in the transmission lines is 200 A,

Calculate the total ciectrical p?wer loss in the transmission wires, 2 marks
= 200 ¥ 3
- 7200004/

120 xw

b.  Transformer 7'y stepped the voltage up to 250 KV AC instead of 500 k Vi AC. g5 Z0 av. /
By what factor would the power loss in the transmission lincs increase? 2 marks
Vi2 = 1 ¥2 a3 Peconst
Ity

/Oxb/

Facterod 4
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SECTION B

Instructions for Section B

Answer all guestions in the spaces provided, Write using blue or black pen.
Where an answer box is provided, write your final answer in the box.
If an answer box has 4 unit printed it it, give your answer in thai unit,
iIn questions whete more ihan one mark is available, appropriate working must be shown.
Uniess otherwise indicated, the diagrams in this book are not drawn to scale.

Take the value of g to be 9.8 m 52,

Question 1 {5 marks)

Data

An electric field accelerates a proton between two plates. The proton cxits into a region of uniform magnetic field at
tight angles to its path, directed out of the page, as shown in Figure 1,

mass of profon

1.7 x 107 kg

charge on proton

+1,6 % 10719 ¢

accelerating voliage 10kV
disiance between plates 20 cm
strength of magnetic field 2.0 x 10727

proton source

Figure 1
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a.  Calculate the strength of the electric field between the plaies, J 4 1 mark
co00
ﬁ - 'ﬁ" - [Di—?"* T S0000

SO Qe Vvl

[~ | v Iv z-
b, Calculate the speed of the proton as it exits the electric field. Show your working. 57 2 matks
Ve MY
?f 2 s T Exrm (T &
v L9 V- |J2 s Ty 08%0 Ty g

LA Xp "27

4 %(0"ns

¢, With a different accelerating voltage, the proton exits the electric field at a speed of 1.0 % 10°m s,

, | , Ly
Calculate the radius of the path of this proton in the magnetic field. Show your working. ¢S54 a v marks
. md
gub = & -27 6
v MY o LTe x (L oxfo ~ <0 5
r: g ¥ T rgal exloT
©53 m
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Question 2 (6 marks)

A square loop of wire of 10 turns with a cross-sectional area of 1,6 x 10~ m? passes at a constant speed
into, through and out of a magnetic field of magnitude 2,0 x 102 T, as shown in Figure 2.

The loop takes 0.50 s to go from position X to position Y,

direction of motion

|~

@Z side-on view
S

{
1
i
i
i
1
1
i
i
1
1
1
1
1
1
1

X X X X
X X X X view from above

XX XX

X X X X
l 1
1 I
i |
I
l |
) — |
iposition X i
i |
i ' !
i iposition Y f
! 1 1

Figure 2
a.  Calculate the average EMF induced in the loop as it passes from just outside the magnetic field at
position X 10 just inside the magnetic field at position Y. Show your working. 72 7+ 3 marks
-no P ay 2.4
6 = ’7 T 4 ~7
< (D L5 Xl ¢ </o=>
£~ ©-5
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Skeich the EMF induced in the loop as it passes into, through and out of the magnetic field. You do not

need to inclnde values on the axes. (/ 2 /e @y |, Lf 3 matks
EMF

A ] 1 E 1
= | e
i e — p time

loop outside | loop entering ! loop inside ! loop leaving ! loop outside
field 5 field i field i field i ficld
I E a
: : ; i
loop at loop at
position X position Y
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Question 3 (5 marks)
Students build a model of a simple DC motor, as shown in Figure 3.

Figure 3

. [
a.  The motor is set with the coil horizontal, as shown, and the power source is applied. 777 a V. Z

Will the motor rotate in a clockwise (C) or anticlockwisc (A) direction? Explain your answer, 3 marks

Clockw 15¢

Currenl ;glou) {FOWV/L/ te G-
RHSR

b.  One student suggests that slip rings would be easier to make than a commutator and that they shoutd

use ship rings ingtead. . 23, a Y, 0. 7
Explain the effect that replacing the commutator with slip rings would have on the operation of the
motort, if no other change was made, 2 marks
‘ - &
Coil will rofate 96
a uc/ S ?.‘op £
7

SECTION B — confinued
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Question 4 (4 marks)
Figure 4 shows a simple AC alternator with the output connected to an oscilloscope and a light globe,
The oscilloscope can be considered as baving a very large resistance. The coil is rotated, as shown in Figure 4,

e~ 0scilloscope

Figure 4
The output on the oscilloscope is shown in Figure 3.
V (volis)
A
10

2L~
6

4 -

2 7 Y 7 N,

0 P time
) ~ A8 IR A N A _/
—4 P
-6
-8

-10
Figure 5

SECTION B— Quesﬁon 4 — continued
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a.  The AC alternator is o be replaced with a battery. S5 7 avl /
What voltage should the battery have for the light globe to light up with the same average brightness
as it did with the alternator? Show your working, , 2 marks
Vpe = yo i

2.8 v

V 4
b. The rate of rotation of the loop is doubled. 387. qv. . 2
On Figurc 6 below, sketch the output that will now be seen on the oscilloscope. The original waveform
is shown as a dashed line on Figure 6, 2 marks
V (volts)
A
10
8 1y T 71
6 H1Y /-3 i __ll \
4 X y AR A AN
f e {2 / 1Y A T O A
o 7 A \ P | T \
7 D \ Ty 5, \ .
Q - - - - » time
5 A I :
- 1\ 1’1 - ‘\\. ":'1[ 1 ~ \ ";’
. TR | EEea—
0 \.-/ \ 1/ \i /7
-8 N/ N
-10 -
Figure 6
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Question 5 (12 marks)

A Physics class is investigating power loss in transmission lines,

The students construct a model of a transmission system. They first set up the model as shown in Figure 7.
The mode! consists of a variable voltage AC power supply, two transmission lines, cach of 4.0 £ (total
resistance = 8.0 Q), a variable ratio transformer, a light globe and meters as needed. The purpose of the
model is to operate the 4.0 V light globe.

Avariable ratio transformer is one in which the ratio of turns in primary windings to turns in secondary
windings can be varied. The resistance of the connecting wires can be ignoted.

variable voltage
powet supply

4.0 Vlight globe

AC

p

transmission variable ratio
lines transformer
Figure 7

In their first experiment, the transformer is set on a ratio of 4.1 and the current in the transmission lines is
rueasured to be 3.0 A. The Llight globe is operating correctly, with 4.0 Vi, ¢ across it.

a.  Calculate the power dissipated in the light globe. Show your working. 44%, av 0. 9 2 marks
L=\ 1= Baow 3x4: ]2 A
Pz4xi2

48 w

b, Calculate the voltage output of the power supply. Show your working, 31 '/o av L "'/ 3 marks

V.3 TR

N -

VL* $3-Fz24vy
V\‘ra;_;}urﬂtr = 5’)( 4/: {é V UOM,# =24+ b :40 vV

vt

oy TN

)

£40 v
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Calculate the total power loss in the transmission lines. Show your working., 75 7 4v L5 2 marks

P T

(oll =
Gl

=3 xf

12w

In a second experiment, the students sot the variable ratio of the transformer at 8:1 and adjust the £ / %
variable voltage power supply so that the light globe operates correctly, with 4.0 Vy, ¢ across it. ay 67

Calculate the total power loss in the transmission kines in this second experiment, Show your working, 3 marks
Jaqcobe =12 A (tg/fJbe Qpara/fﬁﬁ_wr/’&f/ﬂé{)
T 2154
Pross = Il 15%%f

Y2
4 £

17 w

57% avll

Suggest two reasons why high voliages are often used for the transmission of electric power over long
distances. 2 marks

Aﬂ;/ 2 9;{-‘ Reduew Current
Reduce power (osd

Reduw size op wires

Redue voltagt drop
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