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SECTION A
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[image: ]Answer: A
Experiments conducted in inertial (nonaccelerating) frames will be identical. Experiments conducted in accelerating frames will differ from experiments conducted in inertial frames.

Answer: C

Need to calculate from v = 0.98c, which gives an approximate answer of 5.  
The measured half life will be five times longer, so C.
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[image: ]Muons decay with a very short half-life, so few would reach the Earth’s surface after being created high in the atmosphere if Newton’s physics is applied. 
Einstein’s special relativity explains that, according to the muon, the distance it has to travel is contracted. 
Also, according to observers on the surface of the Earth, time is dilated for the muon, so it takes longer to decay. More muons would reach the surface of the Earth as detected.
· 1 mark for each statement
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The increase in mass would be given by  .
The denominator is 9 × 1016, so you would have to do 9 × 1016 J of work on the object to see its mass rise only 1 kg.
 In everyday life, the work done on objects is generally a tiny fraction of this and, therefore, there is no noticeable increase in mass.
· 1 mark for each statement
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Question 1
Answer: B
Explanatory notes

Option A applies only to the field generated by a point charge. Option C applies only to the
field generated befuween a pair of plates connected to a DC supply. Option D is incorrect.

Question 2
nswers €

Esplanatory notes
The amouat ofcharge caried muay be deterined from Covlombs Lave (on the formanla sheet)
_ P _48x107x(@.5x107)

i ~751x10%C
kg, 899x10 xL.6x10"

o Amistake that students often make is forgetting fo square quantities in
formulas, such as the distance between the two charges when calculating
‘the magnitude of the force. Other formulas involving squares (or cubes)

include: F =S4 g -

Question 3
nswers 4

Explanatory notes

The directon of a magnetc §eld is determined by the force on an imaginary noth monopole.
Anorth monopole at P wil be repelied by the northpole o the magnet o the Ie, nd wil be

attracted by the south pole of the magnet on the right, both with equal magnitude; thus, the
vector addition of these fwo forces will be a force directed to the right, as shown in the

diagram below.
Do of Dicinmor
Ko i
—

Direcion of
the et force





image18.png
Question 4.
Answer: B
Explantory notes

‘The planets may be considered as the satelites of the star Gliese 357. Thus, the satellite

cqution deved below) may be pplied o thei rbal periods and a5, 2 52
constant. The constant may be calclated using the data for GI 357 b

B _Gx10y
T
‘The crbitalsadius of GI 357 d could then be calealated using
R=3822x10°T7 ={822x10% x56° =295x10" fm

‘The satellite equation is derived by equating the gravitational force of the central body on the
satellte and the ceniripetal force on the satellte, as the satellfe’s motion may be considered 2

GMm_mar’R
=2 R Reamaoging e equaion, we obtsin

=8218x10" .

uniform circular motion: Fy = F, -

®_ou
T 4

. which is a constant.

« Some formulas, such as the one for the satellite equation, are not provided
in the VCAA Formula Sheet. Therefore, it would be advantageous for you fo
include this formula (and ofher useful ones) in the A3 pre-written notes that
you are permitted to bring to the Physics examinafion.

Question 5

Answer: €

Explanatory notes

‘The furns ratio of the step-down transformer is given by

AN AT

Question 6
Answer: B
Explanatory notes

‘The RMS voltage of the transformer ouput i the DC equivalent. Hence, the DC value i the
same as the AC value after the step-down transformer.
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‘The output voltage of an AC generatoris given by ,:,N%,mmﬁmn.mm
formila sheet. Options A and C willdouble the output voltage b they will also change the
period ofthe cutput. Option D willripl the cvtput volage.

Questions

nswers €

‘Explanatory notes

The use o a split ing commtator will produce a DC voltge. As the msgaetic s throvh
the rotating coil s simsoidal, the magnitude of the DC voltage will be fluctuating.
Question9

nswers D

Explanatory notes

In order for the laser beam to continne along the optical fibre without loss of intensity, the
Iaser beam must be totally internally reflected at the interface befwveen the core and the
cladding; that s, the angle of refraction, r,is 90°. The required mininuum angle of incidence is
calculated from n, sis a7 (Snell's law on the formula sheef); thus,

Question 10
Answer: €
Explanatory notes

In comparison to the red ray, the bine ray of the beam would refract more (closer fo the
‘normal) due to its slower velocity in the glass. Therefore, the angle of refraction would be
lower, whereas the index of refraction would increase.

s angles of incidence and refraction are measured relative to the normal, it
is important to remember that when a ray refracts more towards the normal,
the angle of refraction is smaller, and vice versa

«  The index of refeaction of a material i related to the speed of light inside
the material by Hence, the higher the index of refraction, the lower
the speed of light inside the material.
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Question 11
Answer: D

Explanatory notes

Options A and B are incorrect as the aeroplane is accelerating centripetally due fo the
centripetal force provided by the horizontal component of the 1ift of the ailiner’s wings.
Option C is incorrect because the thrust of the aeroplane’s engine is directed tangentially to
the circle of ifs flight path. Option D is the only correct description of the aeroplane’s motion.

Queston 12
Answer: 4

Explanatory notes

Considering only the vertical motion of the lectons, the reqized aceleraion may be
obtained from ::nn%m’, Since the initial vertical velocity is zero, the equation simplifies

Option A is incorrect because gravity alone is insufficient. Options C and D are incorrect
‘because magnetic field exerts a constant force perpendicular o the path of he electrons, and
50 the electrons wil take a circular path. Option B is comrect because only an electric field can
‘canse the required constant vertical acceleration.

Question 14
nswers 4

Explanatory notes

Thei reltive motion fo each otber would cause both Gini and Jordan to messure length

contraction in the other person’s frame of reference; hence, both would observe the other
‘person’s ruler to be coniracted by the gamma factor of 2.00.

+ Longth contracion s measured by observers n both eforence frames that
are moving relativ to aach other, and thi can contribute o some
confision. For example, consider two reference frames, A and 3, tat are
moving relatveto cach othr. From the perspectiveof an observerat 4, e
Length o an oject at B thatis measured by an observerat 3 i th proper
length, whereas the observer at A would measure the objec a 3 o have @
Shorter length,the apparent lngth. Likevize, an observer at 3 would alo
‘measure length contraction fo objects at A
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Question 15
Answer: €

Explanatory notes

‘The wavelength of the radio signal is determined from ¢ = £ thus,
3x10°

e
Question 16

Answer: €

Explanatory notes

‘The energy per photon is given by £ =hf = 6.63x10™ x88 8x10° =5.887x10™J.

125x10°
‘The aumber of photons emifted i determined from 1= = o =2 12x10”
E 588710
Question 17
Answer: €
Explanatory notes

Diffiaction is a wave phenomenon. so the electrons behave in a wave-like manner when
‘passing through the sal crystal. The electrons behave in a particle-like manner when they
arrive and it the phosphor screen.

Question 18
Answer: B
Explanatory notes

‘The cart and falling mass may be considered to be a single body with a total mass.
Mhons = 0.56 kg (480 g + 80 ¢ = 560 ). The ne force on this bods i the weight force on the
falling mass, F = F, =mg =0.08x9.8=0.784 N.

‘Thos, the acceleration is @
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Question 19
Answer: 4
Explanatory notes

A constant fiction force is a systematic error, which will affect only the accuracy of the.
‘measurement made with the onboard accelerometer.

Question 20
Answer: D

Explanatory notes
Option A is incorrect because inertia is not a force; inertia, or a body s resistance to change of
its uniform motion, is equivalent to mass. Options B and C are incorrect because there is no
force acting on the passengers towards the rear of the bus. Option D is comrect becanse the
floor of the bus exerts a small friction force on the feet of the passengers, but their bodies
remain sill as a resul of inerta; hence, they fall backwards relative fo the bus.
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SECTION B

Question 1a.
Worked solution
GM,, _667x10"x598x10"

- (2710°)"
Mark alloation: 2 marks

0547 Nig?

1 mark for correct formula.
© L mark for comrectly substituting the values for G, Mess and
Note: As 00 marks are awarded for correct answer, the substituted values must be correct.

Question Ib.

Worked solution

380 mst

‘Since the centripetal acceleration is equal o the gravitational field strength, that is,

a, =2 =g. it can be reamanged to obtain v = J7g =VZ7x10 x0.547 =3.84x10m s

Mark allocation: 2 marks

1 mark for comectly substituting the values into the formula
1 mark for comect answer

© The formula for the orbital speed of a satellte is not provided in the VCAA
Formula Sheet. Therefors, it can usefl to include it in the A3 pro-written
otes fhat you are permitted to bring to the Physics examination.
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Question lc.
Worked solution
24x10° 5

‘The difference in the gravitational pofential energy is the area under the graph of gravitational
field srength vs orbital radius, multiplied by the mass of the satellite.
‘The area under the graph may be calculated using the frapezium area formula:

(asb)h

(0.547+0.443)(30x10° ~27x10°) T kg™
=149x10°

‘This value is aultiplied by the mass of the satellte, so AE, =1.4910°x1630 =2.4x10'J.

Mark allocation: 3 marks

o 1 mark for comect formula to calculate the area under the graph
o 1 mark for comect answer for the specific energy value of 149x10° T kg™
1 mark for comect answer for the energy value of 2.4x10° T
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Question 2a.
Worked solution
The path of the electron s the shape of a parabola because it is experiencing a constant
vertical downward force and acceleration while also travelling with a constant horizontal
‘component of ifs velocity. The combination of these iwo motions results in a projectile
‘motion that i parabolic in shape.
Mark allocation: 3 marks
1 mark for stating that the electron experiences vertical acceleration.
1 mark for stating that the electron has a constant horizontal component of fs velocity
1 mark for stating that the combination of these fiwo motions results in a projectile
‘motion or a parabolic path

Question 2b.
Worked solution

‘The field strength is calculated using E =

‘The atternative unit is N C*
Mark allocation: 3 marks
© L mark for comrect fornula

© 1 mark for comrectly substituting the values for V'andd
© L mark for correct uait

Note: As no marks are awarded for the correct ansiwer, the substituted values must be
correct.

Question 2c.
Worked solution

44x10° ms?
‘The force on the eleciron by the uniform electric field i given by
F=gE=16:10" %250 =4x10"N.

‘The aceeleration of the electron is calculated from F = ma : thus,
410

o 9nar”
Mark allocation: 3 marks

40x10° m s

o 1 mark for comectly substifuting values into the force on the electron formula
o 1 mark for calculating the force correctly
1 mark for calculating the acceleration correctly
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Question 2d.
Worked soluion
47x10° ms?
“The transit e ofthe electron across the uniform electric field may be calculated fom its
borizontal velocity and the plate widh:

w__025
w0 g iaacts
PREEST
“This i aso th tme over which the elecron experiences a downvwazd acceleration due to the
‘iform elecric field.Since th initial vertial velocity is 2o, the inal dowanvard velocity of
the electronis given by
v, =, +a=at = 44x10° xT.14x10" =3.14x10° m
“The speed oftheelectron a it exits the waiform elctric feld i the vector addition of the
borizontal velocity and the vertical velocity, sing Pythagoras” formula:

= (35510 T+ (3.1410°) =47010° m !

Mark allocation: 4 marks

1 mark for correetly calevlating the fransit ime of the electron
1 mark for correctly calculating the final vertical velocity of the electron

1 mark for correctly substiuting the values into Pythagoras” formula

1 mark for correct answer

Note: Itis possible o award a consequential mark: for using the value of the acceleration.
obtained in part c. to calculate the final vertical velocify of the electron:

¥, = Ans (¢)x7.14x10™ . Further consequential marks may be awarded for calculating the
exit speed of the electron.

t
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Question 3a..
Worked solution
anticlockwise

Mark allocation: 1 mark

o 1 mark for comect direction of rofation

Question 3.
Worked solution

According to the right-hand push rule, the magnetic feld s to the right while the current from
the positive teminal of the DC supply enters ferminal P and flows from K to L. Thus, the

direction of the force on side KL is down. This downward force on KL would cause the coil
o rotate anticloclawise.

Mark allocation: 2 marks

1 mark for comrect explanation of the direction of force on side KL, using the right-
hand push rule
1 mark for connecting the direction of force on KL o the direction of rofation

Question 3b.
Worked solution
99x10% N

First, the current flowing in the coi is determined om the data given, using Ohm's law:
=R

v_o
Tos, 7=2=2 054

Y
‘The magnetic force on side KL is then calculated using
F=nBIL=20x45x107 x0.5x2.2x107 =9.90x10™ .

Mark allocation: 3 marks

o 1 mark for comect value of current
1 mark for comectly substifuting values into the magnetic force formula
o 1 mark for comect answer

Question 3c.
Worked solution
‘The rectangular coil will oscillate/vibrate without furning. This is becanse the magaetic force:

on the sides perpendicular to the magnetic feld willaltemate or change direction constantly
due to the AC supply.

Mark allocation: 2 marks
1 mark for describing that the rectangular coil will not fum.

1 mark for comectly describing that the AC supply will cause the magneic force on.
the sides to change direction constantly
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Question 4a.

Worked solution

91 mT

The area of the circular loop must be calclated firt:

Dt _7(250x107)°
B B

‘The EMF generated is given by £ =N’

4 491x107

so__ A(Bs)
e
Sice the gt S o ot caprt changes ety o s o i,

requied magaetic Seld streagth may be calculaed Som
ot _ 55107 x065

.10x107 T.

1 mark for comectly calculating the area of the circular loop
1 mark for comectly substifuting values into the formula for the magnetic field

strength
1 mark for comect answerin T

« Becaref to note the given dimension of  circle, whether it is a diameter
or a radius. Students often assume one or the other is given, and use the
wrong formula to calculate the area of the circle.

Question 4b.
Worked solution
‘The production engineer could speed up the conveyor belt. This would decrease the time for
the magnetic flux to change, resulting in 2 suffcient EMF that compensates for the lower
‘magnetic field strength.
Mark allocation: 2 marks

1 mark for comectly suggesting that the conveyor belt should be sped up.

1 mark for comrect explanation that the faster conveyor belt would reduce the time for

the flux to change
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Question
Worked solution
158W

The currentinthe transmission line iscaleulated from the porwer output of the Asteisk.
Powerbank: using P=1V"

The poree los in ransmission i given by B, ~I'R=108.7'x13=1.5310'W.
Mark location: 3 marks
1 ke fo comrectly calcultin the csrent i th tragsmmission ine

1 mark for comectly substifuting values into the formula for power loss.
1 mark for comect answer in KW

Question $hi.
Worked solution
Stepping up the output volage would resltin  lower cureat in the trnsinssion lie fo the
same povwe delivery,according o conservation of energy. The lower crent would thea
sedncethe power loss, according o P, = 'R
Mark allocation: 2 marks

1 mark for staing that stepping up the voltage would reduce the current i the

transmission line
o 1 mark for relating the reduced current to a reduction in the power loss

Question Shii.
Worked solution
‘Step-up transformers require AC power supply in order fo work This is becanse the.
alternating current produces an alternating magneic fu, which induces an altemating curreat
in the secondary.
oR
‘The direct current does not produce a changing magnetic flux required to induce a current.
Mark allocation: 2 marks
1 mark for stating that step-up transformers require AC power OR for stating that DC
‘does not produce  changing magnefic flux
1 muark for highlighting the requirement of an alfernating magnetic flu to induce an
altermating current
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978 Asas. This is the current in the

o 1 mark for comectly calculating the power oufput of the inverter
o 1 mark for comectly calculating the outpus current of the inverter

Thus,the power loss whe usag the step-up ransformeris B, ~I'R=0.78"x1 3124 W.
Mark location: 2 marks

1 mark for comectly calculating the secondary current of the fransformer
1 mark for comectly calculating the power loss in the transmission line.
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Question 6a.

Worked solution

58x10°s

‘The orbital radivs of RISAT-2BR1 must be calculated first by summing the altitude of the.
satellte and the radits of Earth: 576 + 6370 = 6946 k.

‘The period is then determined from equating the ceniripetal acceleration of the satelite

T e gt ftd e st e ' i - 2 i,

u'y GMK

(6%46x10)
x| ST OHOA0) s 60s
e

1 mark for correct answwer for orbital radius
1 mark for corvectly deriving the equation for the period.
‘This mark may be awarded for providing the formula without deriving it

1 mark for correctly substiuting the values into the period equation
1 mark for correct answer

Question 6b.
Worked solution
centripetal acceleration. orbital period. orbital speed

Al these characteristics are dependent only on the orbital radivs. The cenfripetal force on.
each satellie is different for each of them because they are the product of the satellite’s mass.
and its centripetal acceleration.

Mark allocation: 2 marks

© 2 marks for allthree correct answers.
1 mark for amy fwo correct answers
Note: Deduuct 1 mark from above marks if wrong answer is also circled.
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Question 7a.
Worked solution

‘The physics principle i the conservation of momenfum_ This principle could be applied.
‘because in deep space the asironaut and the capsule together may be considered as an isolated
System as 20 external forces, such as ir resistance or graviy, are acting upon it
Mark allocation: 2 marks

1 mark for stating the principle of conservation of momenfum

1 mark for providing justification that the system is isolated because it is in deep space

« I vital to know the difference between the terms ‘solated collision” and.
“elastic collsion’ a they are offen confused with each ofher. Elastic
collsion refersto the conservation of Kinstic energy in the system. It is
possible to conserve momentum without conserving Kinefic energy.

Question 7b.

‘Worked solution

66107 ms

Iniial momentum of the stronaut —capsule system s zero.

Final momentum:

Pt =MV + MgV =0 ths,

MesensVawoss - 7221657177 1 . The negative sign signifies that the
[ 2300

capsule is moving i the opposite direction o that of the astronaut.

Mark allocation: 2 marks

o =

1 mark for conrctly substiuting the vahues into the momentum formula
1 mark for comrect answer

Question 7c.

Worked solution

116N

The average force can be calculated from the impulse or change in momentum:

A=Yy = 22121512
Ap=F,Ar=1512
ap_1512

~116N

ar
Mark allocation: 2 marks

1 mark for comectly substifuting values into the impulse formula
1 mark for comect answer
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Question 8a.
Worked solution
66ms

A the op f the loop there et frces actng on i and he motorbike: the frcedue 0
rviy s the ool fores of e suace of e oo These forees a0 o the comteperal
force: Fy + P = Foa =

These forces keep the motorbike in uniform circular motion: that is, M€+ Fygry

B

Since the force due to gravity does not change, the normal force increases as the speed of the.
‘motorbike increases. Hence, the minimum speed at the top of the loop results in zero normal

m

e mg =2 which st i =g ~VE5IT =664 mt

Mark allocation: 3 marks

o 1 mark for equating the force due fo gravity to the ceniripetal force fo derive the
‘equation for speed

Note: This mark may be awarded if the student provides the formula without deriving it

1 mark for comectly substituting the values into the formula

1 mark for comect answer
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Question 8b.
Worked uton

26x10° T

The ol mchaical ey i e s fthe gl ptetial gy snd e intic
energy of the rides and motorbike, Exgy = Ey + By

The poiaion!ptetil ey ofthe i snd ot s vty
Eg=mgah=235x9.8x9=2. 07x10* 1.
P

EREI

2
“The total mechanical energy is Eyy = 207x10'+5.18x10" =2.59x10° I

Mark allocation: 3 marks

1 mark for comectly calculating the gravitational potential energy
1 mark for comectly calculating the kinetic energy

1 mark for comectly calculating the tofal mechanical energy

Note: Itis possible to award consequential marks for using the value of the speed obtained

inparta, E, =1175xAns(a)’ Tand £y =207x10° +1175x Ans(a)' I

Question Sc.
Worked solution
15mst

‘The speed at which the rider and motorbike must travel may be determined by equating the
Kinetic energy at poist B with the tofal mechanical energy at point A £, yi3 = Eyya i1

1 2x259x10° _ [2x259x107
Ths, L 22.50x10¢, 5o v= (P20 AT
3 : m 235

Mark allocation: 2 marks

48m s

1 mark for comectly substifuting the values info the formula for the speed at point B
1 mark for comect answer

Note: Itis possible to award consequential marks for using the value of the fofal
‘mechanical energy obtained in part b., ZXB“"“’S ) 148 ms
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Question 9a.i.
‘Worked solution

03m

The compression is calculated fom Av=
Mark allocation: 1 mark

4-01=03m

o 1 mar forcomrect answer
Queston 9a.i.

Worked slution

00s5k7

The elastic poteatial enexgy is siven by , :%m:‘ :%xkxl)}’ 0045k
Mark allocation: 2 marks

1 mark for comectly substituting values into the formula for elastic potential energy
o 1 mark for comect answer

Question 9b.
Worked solution

05m

‘The distance is calculated rom A=y, ~l, =0.6-0

05m

Mark allocation: 1 mark.
o 1 mark for comect answer

Question 9bi.

Worked solution

157

‘The gravitationl potential energy is given by B, =mgAh=03x9.8x0.5=147J.

Mark allocation: 2 marks

o 1 mark for comectly substifuting values into the formula for gravitational potential

energy.
o 1 mark for comect answer
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Question b
Worked solution
0027

‘The spring extension is given by Ax=1-I,
1

6-0.4=0.2 m: thus, the elastic potential

ngyis gty £, Lksw =Lk w02t

Mark allocation: 2 marks

1 mark for comectly calculating the extension of the spring.
1 mark for comectly calculating the elastic potential energy of the spring.

Queston Sc.
Worked slution
S9Nm
Equating part

0045k =147 4002k
0045K-002k~1.47

005k-147

k=247 _sggnm
o025

Mark allocation: 2 marks

1 mark for a correct substifution info the equation
1 mark for correct answer

Not
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o 1 mark for comectly substifuting the speed of the electrons into the fornula

1 mark for comectly calculating the denominator in the formula to 0.7766 by not
incorrectly rounding up the denominator to 0.777. which would yield a Lorentz factor
of 1287

Question 10b.

Worked solution

028m

‘The proper leagth of the linear chamber i, as measured by the physicists, L, =0.36 m.
‘The length of the linear chamber from the perspecive of the elecirons would be length

Mark allocation: 2 marks

o 1 mark for comectly substifuting values in calculation.
1 mark for comect answer
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Question 11
Worked solution
19x10™ 1

As the speed of the proton is greater than 0.1, relafivistic effects should be taken into
consideration. The relativistic kinetic energy formula shovld be used from the formula sheet.

E=(r-tme’
~(229-1)<167x107 x(3x10')"
=194x107J

Mark allcaton: 2 marks

o 1 mark for comectly substifuting values in calculation.
1 mark for comect answer

Question 12
Worked solution
‘This standing wave is formed by the superposition of the approaching wave and the reflected

wave off the wall, s they have the same frequency and amplifude and are travelling in.
opposite directions.

Mark allocation: 3 marks
o 1 mark for stating that standing waves result from superposition of the fwo waves

o 1 mark for highlighting the frequency and amplifude of the fwo waves
o 1 mark for noting that the fiwo waves fravel in opposite directions
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Wered in

sren

e i o, e e s,
e et 1 152 = 5L 1151

pi525-S1-2- 19113833 c. s g

LI

F—

o 1 mark for noting that the path difference
o 1 mark for calculating the path difference pd-
1 mark for comect answer

Question 14b.
Worked solution
Hems?

The speed of the wavesis given by =

Mark allocation: 2 marks

=5x22=11 s

o 1 mark for comectly substifuting info the equation
o 1 mark for comect answer

Note: Itis possible o award consequential marks for using the value of the wavelength
obtained in parta., v=Sx Ans(a) cm 571
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Question 15a.
Worked solution

B (eV)

0s
07
06
0s
04
03
02
01

s
F(a0°Bz)
Mark alloation: 4 marks

2 marksfo comectly ploted poats

Note: Deduct 1 mack for up to two ertos and deduct 2 maks fo theee o e exors.

o 1 ma for comectaxes scales

© 1 mark for correct line of best fit, which must intersect the x-axis between

4.6-4.810"Ha; the first two values are below the threshold frequency and should.
‘20t be included when determining the line of best it
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Question 15b.
Worked solution
47x10* Hz
Mark allocation: 1 mark
o 1 ke for comrect answer ranging 4.6-4.8x10° )
Note: It s posibl to award consequeatial marks for wsing the -axi interceptof the
graph. Check for conect procedure and technique.

Question 15c.
‘Worked solution
19ev
‘The work function of the metal is given by IV = hJ; , where h s the Planck’s constant
obtained from the gradieat of the graph. and f is the cut-off frequency obtained from the
intercept ofthe graph. Thus, 7' =4 1x107 x4 7x10% =1.93 V.
Mark allocation: 2 marks

1 mark o corectly substtuting the fwo values obtained in the experiment

1 mark forcomect answer

Note: It s possible to award consequential marks for using the answrer fom

partb. that s, the .axis infercept of the graph, ¥ = 4.1x10" x Ans(b)

« Be carefltoread the full nstructions inthe question and use all
nformation provided,such as the gradient of the graph. Often, stdents e
the data given in the VCAA Formula Sheet, such ash=4.14x10° eV's,
rather than fllowing instrictions and lose valuable maris.
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Question 16
Worked solution
34x107 ]

Since the pattern produced by the electrons is similar to that produced by the X-rays, the
e Broglie wavelength. and thus the momenfum of the electrons, is the same as the X-rays.
‘The kinetic energy of the electrons may be caleulated using

Imd_ P
BT

'
B=tny

(24707

Substitting inthe valoes: 5, ~ oo )
B 2x9.1x107

Mark allocation: 3 marks

1 mark for deriving the kinetic energy equation from the momenta of the electrons
Note: This mark may be awarded without derivation for copying from a personal formmla
sheet

1 mark for correctly substiting into the appropriate equation.

o 1 mark for comect answer
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Question 17
Worked solution
‘Emitted photons with frequency of f =3.97x10* Hz are produced when electrons transition
‘between eaergy levels with difference of AE = = 414x10™ x397x10" =164 eV. This
does not comespond to any ofthe energy level iffereces or this element, which are
AE,, =337 &, AE,_, =185 eV and AE, ,, =3.37-185-152 eV.
Mark allocation: 3 marks

1 mark fo comet calcultion of the phton energy of 164 eV

1 mark fo comet calcultion of the energy level differences

1 mark for pointing out that the photon energy does not correspond to any of the
energy level differences for this element

« Itisvital to remember that problems involving electron transitions between
‘energy levels require you to find the difference(s) between energy levels
Transitions from higher energy levels back to ground state (n = 1) emit
photons with energies corresponding to the energy levels themselves;
‘however, transitions between energy levels emit photons with energies
corresponding to the difference between energy levels.
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‘Question 19a.
Worked solution
systematic error

Mark allocation: 1 mark.

o 1 mark corectly identifying the type of error

Question 19b.i.
‘Worked solution
accuracy only
Mark allocation: 1 mark
1 mask for corectly identifying that the error will affect accuracy caly

Question 19b.i.
Worked solution
A systematic ervor resuls in a deviation away from the true value and, therefore, reduces

accuracy. It does not affect precision. which is how close multiple measurements are to each
otter.

Mark allocation: 2 marks
1 mark for demonstrating understanding that systematic errors affect accuracy.
1 mark for demonstrating understanding that precision is unaffected by systematic




