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Pymble Ladies' College

Physics

2001

Trial Examination

General Instructions
* Reading time — 5 minutes
» Working time — 3 hours
= Board-approved calculators may be used
« Write using black or blue pen
» Draw diagrams using pencii

Section I Total marks (75}
This section has rwo parts. Part A and Part B

Part 4 Multiple choice Total marks {15)
» Antempt Questions 1-15
« Allow about 30 minuies for this part

Part B Extended Answers  Total marks (60)
» Attempt Questions [6-30
» Allow about 1 hour and 45 minutes for this part

Section 11 Total marks (25)
* Attempt ONE question - Question 31
* Allow about 45 minates for this section



Physics

2001
Trial Examination

Multiple Choice Answer Sheet

Select the alternative A, B, C or D that best answers the question.

Fill in the response space completely. H you think you have made a mistake, put a cross through
the incorreet answer and fill in the new answer.

If vou change vour mind and have crossed out what you consider to be the correct answer, then
indicate this by writing the word correct and drawing an arrow.

2
=
]
i

Question

-

=N -T I B =T~ B R R U Y )

-
]

[
[

-
h=

13

14
i 15 . |

A A N O A e e
Sl I B T T R B B R = R A R
anoa|aolaoglaiajaio | ajolja|a|ala
UU.UI:J Vo |9 |¢ e |wie o |g | d




Section | Total marks (75)

This section has two paris, Part A and Part B

Part A Multiple choice Total marks (15}
+ Atterpt Questions 1-15
« Allow about 30 minutes for this part

Question 1

Jill has 2 weight of 550 N on the earth. What is her weight on a planet with half the mass of earth and

half the radius of earth?

A

B

C

D

69N
273N
550N

1100 N

Question 2

Which of the following factors does not affect the escape velocity of an object from earth?

A the mass of the object

B the mass of the earth

C the radius of the earth

D the gravitational constant (&
Question 3

A satellite in orbit at a distance R from the centre of the earth has a period of 12 hours. What is the

pericd of a satellite orbiting at a distance 3R?

A

B

4 hours

21 hours

36 hours

62 hours

Question 4

Which of the following is an inertial frame of reference?

A a rocket just after takeoff

B a deep space probe without fuel

C & satellite in geostationary orbit around the earth

D a sub-orbital rocket at the point of maximum height in its trajectory
Question 5

Trainee astronauts could have the experience of ‘weightlessness’ by flying in a plane that is travelling
in vertical, circular path, as shown in the diagram below.

What is the radius R of the veriical circle if the plane is flying at a constant speed of 20 m.s” and the
astronauts feel ‘weightless’ at the top of the circle?

A 20m
B 40 m
C 80 m
D 160 m
Questicn 6

Who was the scientist who discovered that an electric current could be induced by moving a magnet
near a coil of wire?

A

B
C
D

Ampere
Lenz
Faraday

Tesla



Question 7
The diagram below shows a current carrying wire in a magnetic field.

X X X X X

X X X X X
X X X X X
X X X X x

In which direction will the wire tend to move?
A up

B down
C into the page
D

out of the page

Question §

Two straight current-carrying conductors are placed paralle] to each other, 4 cm apart. One has a
cuirent of 2 A travelling through it and the other has a current of 5 A travelling through it. Both
currents travel in the same direction.

2A

SA
What is the force on | m of the 5 A wire due to the 2 A wire?
A 5x10°N towards the 2 A wire.
B 5x10°N away from the 2 A wire.
C 5x107N towards the 2 A wire.

D 5x107N away from the 2 A wire.

Question 9

The square loop shown in the diagram below has sides 50 mm x 50 mm and is supported on a central
axle, parallel to the sides AB and CD. It carries a current of 5 A and is in a uniform magnetic field of

20x102T. :

What is the torque experienced by the loop when the plane of the loop is lying parallel to the magnetic
field as shown?

A 0 Nm

B 25x10%Nm
C 5.0% 10° Nm
D

2.5 Nm

Question 19

Which of the following methods is used to reduce energy losses in electrical transmission wires?

A using good insulation

w

keeping voltage as low as possible

0

keeping current as low as possible

D keeping resistance as high as possible



Question 11

What was the equipment below used for?

induction
coll
receiving
loop
A To demenstrate the photoelectric effect
B Hertz’ experiment with electromagnetic waves
C The first radio
D To demonstrate themmionic conduction
Question 12

The diagram below shows two charged, parailel plates.

+ + + + +

electron ———

An electron is fired into the space between the two plates in the direction shown. The electron will
travel through without being deflected if a magnetic field is also present between the plates. What
would the direction of the magnetic field have to be?

A into the page

B out of the page

C towards the positive plate

) towards the negative plate

Question 13

The resistance (R) of a superconductor is plotted as a function of temperature (T).
Which graph would most closely represent the results obtained?

(A) (B}
R R
T T
() (D)
R R
T T
Question 14

Two charged particles, A and B, are fired into a uniform magnetic field as shown below.

ot X X X
B X X X
| J——

X X X

The initial velocity of particle A is twice that of particle B.
Particle A has a charge of -0.5Q coulombs.

Particle B has a charge of +Q coulombs.

F is the force acting on particle A due to the magnetic field.
Fg is the force acting on particle B due to the magnetic field.

Which of the following statements is true?

A Fa is the same size as Fp.
B F 4 is twice the size of Fp.
C F, is half the size of Fp.
D

Fa is a quarter the size of Fp.



Question 15

The diagram below shows one of the cathode ray tubes that can be used to demonstrate the properties
of cathode rays. Which of the following can be deduced from the effect observed from this particular
cathode ray tube?

rotating wheel

A Cathode rays are negatively charged.

B Cathede rays are fast moving electrons.
C Cathode rays have energy and momentum.
b Cathode rays are electromagnetic.

Part B Extended Answers Total marks (60}
= Attermnpt Quesfiors 16-30
+ Allow about 1 hour and 45 minutes for this part

Question 16: (3 marks)

Describe difficulties associated with effective and reliable communications between
satellites and earth.

Question 17: (4 marks}

A rocket is fired from its launch pad with an initial speed of 80 m.s” at an angle of 35° to
the horizontal.

Calculate:

{a) its total time of flight.

Continued on next page ...

Marks

Marks



Question 19: (5 marks} Marks

Describe a first-hand investigation to determine a value for the aceeleration due to 5
gravity using pendulum motion.
The relevant equation is g =4n%/T"
~ where g is the acceleration due 1o gravity
£ is the length of the pendulum
T is the period of oscillation of the pendulum

Qruestion 18: (4 marks) Marks

A rocket is travelling to the star closest to earth, Proxima Centauri, which is a distance of
4.3 light years away. The rocket travels at a speed of 0.7c and the time taken to
accelerate and decelerate is Negligible. e e

{(a) Calculate the number of years that will pass, as measured by the crew of the rocket, as 2
they travel to Proxima Centauri. e et aeer s et nn st e e e

(b) Calculate the distance to Proxima Centauri, as measured by the crew, in light years. 2




i : (4 ks '
Question 20: (4 marks) Marks Question 21: (5 marks) Marks

Explain how space probes may use planets to provide a slingshot effect. 4
P - & The diagram below shows a generator.

{a) Explain how the generator works. 4

{b) Describe how this generator could be transformed into & DC generator. 1



Question 22; {3 marks) © Marks
Below is a diagram of a square coil of wire attached to a split-ring commutator and a power e eMteveaseeeeaee s eatesarat s seaee st e seenE et e AR 41 AR oS ARS A AL SRS o115 st e
source that provided a current of 2 A. The coil had 250 turn and sides of 4 cm x 4 cm,

%/ Question 23: (3 marks) Marks
apit sing
commutalor

Explain the advantages of induction motors compared with conventional A.C. motors. 3

{:
17

A student placed some permanent magnets at A and B and the motor started spinning.
Attaching a torque meter to the axle, the student was able to determine the torque at various
angles 6 (theta). The student then plotted a graph of torque (Nm) against cosine 8, as shown

below.
1.2
1 - : +
H B emeatestirairestasstemsrsssstesssssssssssessssresessesdieiiiteiietimeersesiETaTeTesbestansTarLtLban s
: : S——— e
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02 | e e
e I
t
0 0.004 0.008 0.012 0016 0.0z
conipe {thata}
Use the graph and the information given to calculate the strength of the magnetic field 3

provided by the magnets. Show all working.

Continued on next page ...



Question 24: {4 marks) Marks
Question 25: (5 marks) Marks

Two magnets are brought near 10 a spinning aluminium disc, as shown in the diagram
A transformer has 300 turns in the primary coil and 10 turns in the secondary coil.

below,
The primary voltage is 240 V AC and the primary current is 2 A.
{a) Calculate the secondary voltage in the transformer. 1
(b) Explain why an experimentally observed value might be different to your answer to part 1
{a) Explain what happens when the magnets are brought near. 2 (@)?

(¢) Explain why some electrical appliances in the home that are connected to the mains 3

domestic power supply use a transformer.

{b} Explain how this effect could be reduced. 2




Question 26: (4 marks)

Outline Thomson's experiment to measure the charge/mass ratio of the electron. 4 Question 27: (7 marks)
"""""""""""""""""""""""""""""""""""""""""" a) Discuss the ability of the wave model of light to explain the photoelectric
effect.

b} Explain the photoelectric effect using Einstein's model for tight.




Question 28: (3 marks)

With reference to the two types of doped semiconductors, explain what the term
doping means.

Question 29: (2 marks)

Evaluate one current or possible future appiication of superconductors.

Question 3¢ (4 marks}

The diagram below shows a thermionic device called a diede valve.

anode (plate}

\T f direction of electron flow

cathade

(-3
a) State what the term "thermienic” means when used for this type of diode. i
b) Compare and contrast the equivalent semiconductor device to the thermionic 3

diode.




Section I Total marks (25)

Allow about 45 minates for this section.
Answer Question 31 on the writing paper provided.
Extra writing paper is available.

Question 31 — From Quanta fo Quarks (25 marks)

a) Carbon-13 is one isotope of the element carbon, With reference to Carbon explain
the term "isotope".

b) i) By considering the various forces within the nucleus explain why there must
be a strong nuclear force.

ii} State one property of the strong nuclear force.
¢} i) Compare and contrast a controlled and uncontrolied nuclear chain reaction

if) Explain how a controlled nuclear chain reaction is maintained in a nuclear
reactor.

d) Write an equation for the nuclear reaction that occurs when Plutonium-241
undergoes o decay.

e} A typical fission reaction is
o+ BU — UBa + UK+ 3l

Calculate the amount of energy released in this reaction.

1409141 u

Data: 'n  1.008665u " Ba

WU 235.043925u LKr 91,9250 u

Question 31 continued on next page

Marks

Question 31 confinued.

f

g

The graph below shows the relative number of beta particles emitted by a
radioactive source as a function of the beta particle's kinetic energy.

f Energy equivalent

of mass lost by

Qng nucleus

N S I N R N S N E |
0 0.2 0.4 06 G8 LO({1.
INF
Electron energy (MeV) ’

Relatve nuimber of efectrons

{)Exptain the difficulty in understanding this pattern of energy distribution when it
was first observed.

ii) Describe how this difficulty was overcome.

An experiment was done in which an aluminium barrier was placed between a
radioactive source and a detector. The radioactive source emitted o particles
and the number of counts during a 10 second time interval was recorded. The
diagram below shows the experimental arrangement. When the radioactive
source was removed, the detector registered 4 counts in the 10 second interval.

radioactive aluminium
source barrier detector
4l .
- »
fem

In the experiment 2 number of different thicknesses of aluminium were used.

The graph of the experimental results is shown below.



Question 31 continued on next page.

Question 31 continued.

Penetration of Beta Particles as a
Function of Barrier Thickness

e

Average Counts
per 10 Seconds

0.00 020 040 060 080 1.00

Thickness of Barrier

Analyse the experimental results.

PHYSICS DATA SHEET

Numerical values of several constants

Charge on the electron, ¢, -1602x 107° C
Mass of electron, m, 9.109 x 107 kg
Mass of newsron, m, 1675 x 1077 kg
Mass of proton, m, 1673 x 102 kg
Speed of sound in air 340 ms!
Earth's gravitational acceleration, g 98ms?2
Speed of light (in vacuo), ¢ 300x 108 ms™!
20X 107 NA™

Magnetic force constant, (k = %J

667 x 1rE Nm? kg?

Universal gravitetional constant, &
Mass of Barth 6.0x 107 ke
Planck’s constant, f 6626 x 107 I
Rydberg’s constant, Ry, 1.097 % 107 ™!
Amﬁc mass unit, & 1.661 x w2 kg
931.5 MeV/c?
1eV 1602 x 16717 ¥
Desity of water, 7 100x 10° kg m™>

Specific heat capacity of water

- 27 -

418x10° Tkg K!



PHYSICS FORMULAE SHEET

c=fA P
mmquﬁf
M o_sini r_GM
Vo sinr ?_:1?
E=£ + *4ﬂ2r3
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¥
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PHYSICS FORMULAE SHEET
EF=E’1§& F=gqvBsing
v
E=Y
d
v=u+at
E=H
vZ=u?
vy2=uy2+20yﬁy Z=pv
2
Ar=ut I_r=[zz_zl
o [2+2]
= 1 2
Ay-uyr+5a),t
i.p [_1___1..
=Ry| =5 ——%
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1A
A=V -V

—2 -



‘3ousIuaAN0D Inok 10§ (HAQWTY 24 PINOUS 1235 sy,

"3, BUY az__.n sadojast ai) Joy uaald e 3 pue diy Jo sTiam MR ALL
1T UL U0y 5t Sdo)ost SAINMBRT TOWLIZD 150U A0 JO SESI HIDOIE JANET SUL Um0Uy 10U 51 143124 DL ) LA

umzmaey | wiiisgan IaPuap | nraay g | wewspey | wngapeg umynsy wnawy | womonyr | owewnslap | ey | wnonser | ol [
[izgzd | [isszl | [rssel | (eese) | (vesed | Liezsed [raved | leevzl | 012l | [rsez] | foeezl | oz O1EL 67eT | 0eEd)
1 oN P usy s 1 1 wy wy nd dy i ed i S
el 20l ol ot 66 86 L6 Bl [ ¥6 £6 ] 16 6 )]
s3pIunaY
wnuamg LLIEIE T ALY wnyug umplsoy wikndidg gy lat wmusopery winjdang umuaieg eIy 1 1 wnyay nuagur]
osLr 0eLl 6891 £L01 691 5201 686l £L5T 0'zZsl FOsI | {aop1l | Zb1 6'0F] 0¥l 69E1
] kP W g oH Ag qL PO nq ug g PN Id a3 Ly
1L 0L 69 9% 19 99 £9 Lat] £9 29 i) 09 6% 8% L5
sepiueyue]
WU} LTI uniytaobangry woglmugy oy | wauanang | weoagoy [T TT) unugog umdioqeas Uwihe] L =plHITY tanipey N
- - — — - - fgszl | [rsozt | [ip92] | [1gsz] | [1zezl | (1risel looezl | lo€edl
omn N by qnq nnf unp) W $H ug ag 9c )| 2| 1
(] Ll 911 Sl pall £l Zll 11 ol 60[ 801 L1 %01 S0t Ol | £01-68 R L8
wupry Ll umigapag ymwsig T CLUTTFR Amiapy Pleo mmnag| A} ummzy wmuay vorlmy LLTE T Lot 3|y |y wmg WMy
lozzzl | lootzl | fomz] | oe | zeor | w0z | ooz | ol | 1861 zT6L | Tosl | T9RL | gem) | &081 | gLl £LE | 6781
wy v od i 4 ad L £l ny 4 | 5Q | A (A JH g 5D
98 S8 8 £8 8 18 08 6L 84 i 9L &L ¥L £1 [44 145 9% 133
vy, awpy WAHR|AL Auetapy L wnipag wnpmez =g LILT T WA qiny W WAl (LAY g LT wmpgny
EIEl 697 L izl LEn il It a0l b t]] 6’0l (R4 [1686] | v6'se 16'26 e (688 20'tq 4 %]
oX 1 8L 95 us iy P Sy Pd LE] L] 3L 9N qN 1z A ) o
¥s £5 4 15 05 [ B iy o St i £t f4: ir oF 6E BE Le
e vy Apuag wmnagag Ity WIMUMUIA [E 0L tirg. aaddoy YT IRy | woundunpy | gy mreny, wnmaur g WAj3 i,
0B'E8 04'6L S6'8L THPL 9L Ti'en BL'S9 £CE9 69'8S £6'3% SREE 1402 00°T8 Po'OC LBir Ry o4 B0y 01’6t
.| i ag Y 20 D uz oy N o0 &) U L A 1L % T A
9t 5% ¥E 23 <t 53 0f 60 82 LT 9z 52 L4 ¥4 [ 44 iz 0z 6l
ey Ll i sasogdany L] wath | wnrizudogy wapg
SE6E St'SE L0°ZE Le'0E 60°8T 86'9Z 4 66'TT
v [} § d 15 v 2y N
41 L1 £l 51 i £l 4 3]
unon oL valiug wamany s wung 13 [ sy PE: iy wanp
810 0061 LV L el g'm OLEL | wiiag smony 2106 1+59
N 4 a N o q W3 W pcpis ny agq 1
Al [} g [ 9 5 6f Jrmp— ¥ 13
iy uaduaply g
£00'F A4 8000
aH H
Z

SINAWHATA AHL 40

TTEVL IO

—30—



Year 12 Physics 2001
Assessment Task 5
Trial Examinations

Marking guidelines

Section I
Part A: Multiple Choice {1 mark each)

Outcomes Outcomes Quicomes
1. D Ho 6. C HI1 11. |B H2
2, [A HY 7. B H9 12. [A H9
3 D Hb 8. A H9 13. | C H10
4. B Hi3 9 B H9 14. {A HY
5. B H8 1. [C H9 15. | C H2

Part B: Extended answers

a, = -9,8ms*

v, =0 ms’ {at maximum height)
1=t

vy =u, + {31

0 =(80)sin35) + (-9.8}t
t=468s

Therefore, time of flight =2 xt=9.36s

Marks:

- 1 mark for using correct vertical component of v
- 1| mark for correct formuia and substitution

- Yemark for 4.68 5

Y mark for 9.36 5

Q.16. (3 marks)

Qutcomes: H7, H13

(5)

The range depends on the horizontal component of the velocity.

Herizontal motion:
If motion to the ‘right’ is +, then
uy = 80 cos35 ms”

+ distance e.g. inverse squase law for intensity of the signal in either direction (calied *space joss").
Special receiving devices are required to detect the weak signals. Also time delay of signals.

¢ Some frequencies are attenuated by the Earth’s atmosphere, so microwave frequencies {which are
not as attenuated as much as many other frequencies) are used.

® sunspot activity — sunspots are associated with the solar wind (a siream of charged particles, mostly
protons & electrons streaming out from the sun). The solar wind affects the Earth’s magnetic fields
which in turn affects communication using electromagnetic radiation. When solar activity occurs,
the radiation flux in the ionosphere is quite variable. Jonisation of gases will vary which refract the
signals and will 2lso cause scintillation which results in the signal varying in infensity and phase.

* van Allen radiation belis - two belis of charged particles (mostly protons & electrons) forming a
donut-shape around the Earth). Solar activity can disrupt the van Allen belts. Changes in the
magnetic field associated with the charged particles in the ‘ring current’ of the outer van Allen belt
can cause interference of short wave radio communication and errors in communication satellites.

ay, =0 ms?

t=936s

5= 5, = Range
-

sn = (B0)(cos35)(9.36)
g, =61338m
Marks:

- Y% mark for comrect horizontal component of v
- Yamark for 61338 m

Marks: 1 mark each for any three points above (maximum of 3 marks).

Q18.
Qutcomes: H6
@

ty = sfv

ty=4.3/0.7=6.14 yrs

1p = t,(1-v7e)™?
tg = 6.14(1 — 0.7%c%c2)**
to = 4,38 years

Q.17

Outcomes: H9

Marks:

- 1 mark for 6.14 y1s

- Y% mark for correct equation
- YA matk for 4.38 years

(a) Time of flight =2 x time for rocket to reach maximum height (i.e. only the vertical component of
the velocity is important for this).

Vertical motion:

To find time to maximum height (1):

If “up™ is +, then

uy = 80 sin35 ms”'

®)
Ly = Lo(1-P7c)™
L,=4.3 (I - 0.7%%%)0.5 (1 mark)

L, = 3.07 light vyears {1 mark)

Marks:

- V% mark for correct equation

- Y mark for correct substitution
- 1 mark for 3.07 ly.




Q.10

Quicomes: H2, H9, HI1, HIS

Q.21.

Outcomes: H7, H?, H13

{a) How the generator works:

* Steam or some other moving fluid would tumn the turhine.
This would induce a current in the coil of wire due 1o the magnetic field.
The current would change direction every half cycle of rotation of the coil of wire producing an AC
current, the frequency of which would be equal to the revolutions per second.

& The AC current flows through wires to slip rings which are attached to the earbon brushes. This
allows the current to be accessed through the terminals.

Marks: | mark for each point or other appropriate points (maximum 4 marks)

(b)

The generator could be transformed into a DC generator by replacing the slip rings with a split
ring commutator. This consists of two half cylinders connected to the wires from either end of the coil.
These split rings are also connected to carbon brushes. They work by switching contact with each brush
as the shaft rotates every half cycle. This ensures that the current fiows in one direction only.

Marics:

* Appropriate labelled diagram (1 mark)

e Staling variables to be measured (1/2 mark}
¢ Stating quantities to be kept constant (& e.g. angle < 107) (1/2 mark)
¢ Repeated measurements at same length {1 mark)
If length is varied:

s Graph to plot to obtain straight line (i.e. T vs £) (1 mark)

* How to use graph to obtain slope to calculate g. (slope = g;’411:2) (1 marik)
If length not varied:

* using formula to calculate g {1/2 mark)
.20,

Marks: 1 mark for mentioning the split ring cornmutator.

Outcomes: H2, H7, H9, H13

The ‘slingshot effect” (or “gravity assist™:

® suitable diagram (before and after interaction with planet)

Explanation:

» *As the probe approaches the planet used for the *slingshot effect’, it speeds up due to the
gravitational attraction, relative to the planei.

= *By Necwton's ki Law, Venus will slow down in response, but because of its much greater mass,
this Is imperceptible.

. A{s the probe goes past the planet, it will slow down due to the gravitational atiraction, refative to the
planet.

* *However, the planet is rotating around the Sun, and its gTawty drags the probe with it, causing it to
increase its velocity relative to the Sun {as well as changing the probe’s direction as required). The
probe gains some of the angular momentum of the planet.

Q.31

Outcomes: H9, H13

1 =nlABcos@
-.in the graph of t vs cosB, the slope = nlAB
~.B = slope/nlA
Slopc of graph = 1.1/0.02 = 55 Nm.
= slope/nlA = 55/250)(2)(4 x 10° Hax 16 =

Marks:

- 1 mark for diagram.

- 1 mark for each point with a * and/or % mark for other point
(maximum of 4 marks)

Marks:

If gradient of line of best fit used:

- % mark for line of best fit

- 1 mark for slope with units,

-1 mark for slope = nfAB

- Y% mark for 69 T.

- subtract ¥ mark if wrong order of magnitude
- subtract ¥ mark if wrong or no uniis

If datz points from graph used:
- 1% mark if one point used.
- 2 marks if several points used and an average taken

- subtract ¥ mark if wrong order of magnitude
- subtract %2 mark if wrong or no units

0.33.

Outcomes: H3, H4, H9, H13

& simple design
e |ow maintenance because there are ne brushes to wear out as in other motors.
¢ induction motors have no sparking (sparking can be a problem in some circumnstances e.g. if there




are flammable fumes around).

* relatively low cost
the location of the coil relative ta the magnets may affect starting (& starting direction) for
conventional AC motors, but this is not a problem for induction motors.

& suitable for domestic appliances

Marks:
- 1 mark for any af above {to a maximum of 3 marks).

‘mains’.
- 1/2 mark for siep-down transformer
- 1/2 mark for example using step-down
- 1/2 mark for step-up transformer
- 1/2 mark for example of step-up
- Y mark for safety explanation
{Maximum of 3 marks)

Q.24.

Qutcomes: H7, H%, H13

(@)

» Because the disk is spinning electrons in the metal are flowing. These are moving charged particles
in a magnetic field so they will experience a force. Therefore they will move and other electrons
will take their spot resulting in a current cycle. These cycles are called eddy currents and multipie
eddy currents will be set up throughout the disk.

»  Because there is now a current flowing in the digk this will induce a force on the disk slowing it

down (Lenz’s law).

Marks:
- 1 mark for preduction of eddy currents (% if the term “eddy currents’ is not used in either (a) or (b))

- 1 mark for force opposing the motion and therefore slowing it down.

{(b) The eddy currents may be overcome by cutting slits in the disk so that the electrons have nowhere to
flow,

Marks:
- 1 mark for slits in disc
- 1 mark for explaining that this would reduce the ability of eddy currents to form.

.25,

Outcomes: H3, H4, H7, H9, Hi3

()
ngn, = V4V,
V=240 10/300
Vi=8V

Marks:
-imarkfor8 V

)

The transformer would not have worked at 100 % efficiency (in transferring energy from primary to
secondary coils via the soft iron core connecting the coils) and therefore the potential difference
across the secondary terminals would be lower than expected.

Marks:
- 1 mark for loss of energy.

()

# Some household appliances use a much smaller voltage than the mains 240 V (step-down
transformer) e.g. a shaver has a smalf transformer in it; a laptop computer has an external
transformer (external to reduce heating effects in the computer itself).

* Some appliances require a much larger voltage {step-up transformer), e.g. the cathode ray tube of a
TV set.

Marks:
- 1 mark for statement that some appliances use voltages different from 240 V AC as supplied by the

Question 26

Outcomes: HI, H9, H13

Criteria

Marks

Answers would provide a clear explanation of

» the path of the cathode rays,

+ the use of the charged plates and the electromagnet,

« the balancing of the forces on the cathode rays due to these

« the measurement of relevant variables to determine the charge to mass ratio.

A1l 4 present but 1 or 2 errors minor errors or slight confusion

35

Only 3 of the 4 criteria above met (clear explanation)

Some information covenng 3 criteria but with a number of errors and/or
confusion

25

Only 2 of the criteria met {clear explanation)

Two critenia met but with a number of errors and/or confusion

1.5

Only one criterion met (clear explanation)

Question 27 Quicomes: H2, HE, K16, H13

(a)

Criteria

Marks

Answer indicates

s waves to transfer energy - can explain electrons gaining energy

» problem with threshoid frequency

« problem with effect of increased intensity

answer needs to clearly indicate how wave model can or cannot explain

photoelectric effect

Uses only two (must be one pro ane con} and shows clearly how the wave model
explains them or not.

a5

MentGons all three but dags net clearly indicate how the wave model does or
does not explain them.

Uses only two (must be one pro one con) and does not clearly indicate how the
wave model does or does not explain them

25

Uses two but both show inadequacy. Explanation clear and complete




Shows inadequacy of the model (one or two problems) but explanation unclear
or contains errors.

@

Criteria

Marks

States that

1. light consists of photons (or particles) E = hf which is transferred to €'s
Explains clearly

2. threshold frequency using photon model

3. increase in KE of electrons when frequency increased.

All 3 stated/explained but a few errors or unclear in places

2.5

Only 2 and 3 of the above explained but done clearly

Two stated/explained but a few errors or unclear m places

1.5

Only one of 2 or 3 explained but done clearly

-1 stated but no explanation

0.5

Question 28 COutcomes: HIC, H13

Criteria

Marks

a) Describes starting material in terms of number of bonds (4) in soiid

b} Identifies doping involves adding smal! amounts of an element in group 3 (p
type) or group 5 (n type)

t) Describes effect in terms of bonding

Covers all of these clearly

Covers all 3 but some corfusion and/or a few errors )

2.5

Covers 2) and b) of the above but does so clearly

Covers a) and b) of the above but with same confusion or a few errors
OR

Covers all 3 but very confused and major errors
OR

Covers b) and c) clearly

1.5

Covers b) and c) with some confusion and/or a few errors

OR
Covers any 1 of the above but does so clearly

Covers any ! of the above but with some confusion or errors

0.5

Question 29 Outcomes: H5, H3, H9, H13

a)

Criteria

Marks

Clear description of an application and an evaluation of its vafue compared to
old technology )

Description of an application that is not clear and an evaluation of its value
compered to old technology

1.5

Ciear description of an application but no evaluation of its value

Question 30 Qutcomes; H3, H9, H13

2

Criteria

Marks

States clearly meaning of term thermionic -heating of cathede giving energy to
the electrons in the metal allowing them to move under the influence of the

electric field.

b)

Criteria

Marks

At least 3 and from both sections

Describes clearly similarities

» allows current to flow in only cne direction

» electrons move under influence of electric field
Describes clearly way in which devices differ

» Size difference

« No need for heating in semiconductor device

s Difference in robustness

s Time delay for thermionic device

Two comparisons ordy but one from each section

2.5

Three or more but from the one section

Twe comparisens but from one section

L3

One comparison

Section II (Option: From Quanta to Quarks) Marking Guidelines
Question 31

2)

Criteria

Marks

Refers to mumber neutrons im C-13. Cormnpares the number of neutrons in C-13
to the rumber in a different isotope of carbon,

OR
Defines isotope in standard way (same number of protons, different number

of peutrons) then uses C-13 as an example, Identifies number of neutrons and
states a different isotope would have a different number of neutrons (no need

to use C-12 ar C-14 specifically)

Gives standard definition without reference to carbon

0.5

by i)

Criteria

Marks

States
» qualitatively relative size of gravitational and electrostatic forces,

e larger force of repulsion and therefore a force needed to hold the nucleus

together.

Misses one of the points above

0.5

i)




<}

d)

Criteria Marks
Any two of 2
s force of atiraction
» short range
o between all nucleons
One property only 1
i)
Criteria Marks
At least 3 and from both sections 3
Describes similarities clearly
« Both consist of fission reactions
+ Neutron produced in one reaction goes on to cause another reaction
Describe differences clearly
s Average number of neutrons that cause further reactions
= Rate of energy production
Two comparisons only but one from each section 25
Two comparisons but from one section L5
One comparisen only 1
i)
Criteria Marks
Explains role of 3
s moderator
» control rods
in maintaining average number of neutrons causing further fission at 1
Describes function of each but does not clearly explain effect on average 2.5
number of seutrons causing further fission
Explains function of control rods only but explains clearly how they maintain 2
chain reaction
Describes both 1n terms of slowing down or absorbing neutrons but does not 1.5
attempt to link to effect on average number of neutrons causing further fission
Explains only one in terms of its effect on neutrons but not on chain reaction 1
Lists one or both parts wath no further explanation 0.5
Criteria Marks
2
U —— WP+ lHe

Minus & per mistake

€)

Criteria

Marks

Mass of reactants = 236.052590 u
1 mark -1 off per mistake

Mass of products = 235.865095 u
Difference in mass = (.187495 u | mark -1 off per mistake

0.187495 u = (.187495 x 931.5 Mev

= 174.65 MeV  (or 2.?98):10_’”0 1 mark 1 off per mistake

1 off for wrong units but only once in question

)

i)

Criteria

Marks

Clear and logical explanation

» Initial theory that only daughter nucieus and beta particle produced

» Fixed amount of energy released by radicactive decay which is carried
away by the decay products

» Little energy is taken by the large nucleus most of the encrgy should be
taken by the electron

o  All the electrons should have the same amount of energy and clese to the
maximum released

e There should not be a distribution of energies over the range from 0 to 1.7

= Energy distribution would break Law of Conservation of Energy if only 2
particles produced .

(2nd last point not essential}

All the points above but minor error or confusion
OR
4 points only

25

4 paints only but minor error ot coenfusion
OR

' 3 points only

3 points only but miner error or confusion
OR
2 points only

L5

States only that Law of Conservation of Energy broken

Criteria

Marks

Third decay product/neutrine proposed which took varying amounts of the
energy produced

Existence of the neutrina proposed

0.5




4]

Criteria

Marks

Extracted numerical data with correct units from the graph *

Identifies the dependent and independent variables

Identifies that increasing barrier thickness decreases the average count  *

Identifies that the rate at which the count decreases is decreasing ¥

Recognises that the count does not appear 1o be approaching zero

» Identifies that zero thickness is equivalent to count in air or with no
barrier .

» Recognises background count and its likely effect on the counts *

+ Explains that increasing the thickness increases the chacce of interaction:

with atoms in barrier

Points marked with * worth 1 mark
Other points worth 1 mark




