Understanding Assessment and Improving Delivery in IAL
Physics

Linkage questions

Mark schemes



UNIT 1

Question 1

This question assesses a student’s ability to show a coherent and
logically structured answer with linkages and fully-sustained
reasoning.

Marks are awarded for indicative content and for how the answer
1s structured and shows lines of reasoning.

The following table shows how the marks should be awarded for
indicative content.
Number of indicative
marking points seen in

Number of marks awarded for
mdicative marking points

The following table shows how the marks should be awarded for
structure and lines of reasoning

Number of marks awarded for
structure of answer and
sustained line of reasoning

Answer shows a coherent and 2
logical structure with
linkages and fully sustamned
lines of reasoning

Indicative content
e The idea that the rope is under tension

e Team A exerts a force on the rope and due to N3 the rope
exerts a force on Team A

® Force of rope on team A > frictional force for Team A
® Team A now has a resultant force (to the right)

e Team A accelerates (fo the right) due to N1/2

o (This is because) the frictional force between Team B and the
ground is larger Or Team B applies a greater force (on the
rope) than team A

answer demonstrated throughout
6 4 Answer 1s partially structured 1
5.4 3 with some linkages and lines
32 2 of reasoning
1 1 Answer has no linkages 0
0 0 between points and 1s
unstructurad

Accept tension for ‘force of rope on team’

MP4: accept ‘unbalanced’ for ‘resultant’

Accept converse for MP6 but a reference to both Team A and

Team B 1s required for MP6




Question 2

Acceptable Answers Additional guidance Mark
This question assessesa student’s ability to Slm_“" a The following table shows how the marks should be awarded
coherent and lqg1ca]l§,= stru.cmred answer with linkages for structure and lines of reasoning
and fully-sustained reasoning.
Marks are awarded for indicative content and for how the Number of marks awarded
answer 1s structured and shows lines of reasoning. for structure of answer and
sustained line of reasoning
Indicative Content Answer shows a coherent and 2
* Band does not obey Hooke's law { I?Bi‘-‘ﬂl structure with _
Or there 15 a non-linear relationship between force 1) ]]jﬂkﬂg? and ﬁ?HY sustained
and extension nes ol reasonng
® (The band is elastic so) the extension returns to zero ) dJEI]JDllETFEITE‘d thmughcmt
when the force is removed or size/shape is unchanged Agsxx-‘er 15 p.amall}' smmnued 1
* For a given force the extension when loading 1s less with some linkages and lines
than when unloading or for the same extension more of reasoning
force required when loading m iﬂﬁ‘lia-'er h,al;. no hilgﬂ_gﬁ‘ﬁ 0
*  Areaunder the loading curve 15 greater than the etween points and 1s
unloading curve Or Loading increases the elastic unstructured
strain energy (of the band) 1)
® The band absorbs more energy when beimng loaded
than 1t releases when unloaded Or Unloading: some
strain energy transferred by heating (1)
* Energy released by heating represented by the area 6
between the lines (1)
Tatal for question 9 6




Question 3

This question assesses a student’s ability to show a coherent and logically
structured answer with linkages and fully-sustamed reasoning.

Marks are awarded for indicative content and for how the answer 1s
structured and shows lines of reasoning.

The following table shows how the marks should be awarded for indicative
content.

Number of indicative markmg| Number of marks awarded for
points seen in answer indicative marking points
6 4
5-4 3
3-2 2
1 1
1] 0

Indicative content
e At greater speed, the drag force 1s greater

* Resultant force decreases Or acceleration decreases

* When the rocket is started the (resultant) force/thrust increases
e The mass/weight of the car decreases as fuel 1s used up

e Increasing the acceleration (for a given applied force)

* When the brakes are applied, there 1s a deceleration
Or when the brakes are applied the resultant force 1s in the opposite
direction
Or deceleration (due to drag forces) decreases due to smaller drag
forces acting on the car at lower speeds

The following table shows how the marks
should be awarded for structure and lines of

reasoning

Number of
marks
awarded for
structure of
answer and
sustained
line of
reasoning

Answer shows a coherent

and logical structure with

linkages and fully 7

sustained lines of -

reasoning demonstrated

throughout

Answer is partially

structured with some

linkages and lines of !

reasoning

Answer has no linkages

between points and 1s 0

unstructured




Question 4

Additional goidance

Mark

sustained reasoming.

for mdicative content.

This question assesses a studexnt’s abality to show a coherent
and logically structured answer with hnkages and fully-

Marks are awarded for indicative content and for how the
answer 15 struchmred and shows hnes of reasomng.

The following table shows how the marks should be awarded

The followme table shows how the marks should

be awarded for shucture and lines of reasomng

MNumber of
marks awarded
for structure of
answer and

= Sphere 4 applies a force to sphipre B (on impact)

* According to Newtons third law Sphere B wrill apply an {sgual
and) oppasite force o Sphere 4

= This force opposes the moton of Sphere A&
= Sphere & decelarates, acconding to 12
a The {resultant) force on sphere B accelerates B

= The forces/inpulse acting {on the spheres) are equal so the
change jn spesds/momenium are the szme for each sphere.

nnstructored

MNumber of mdicative MNumber of marks awarded J.u_xELﬂE-d-J_'EE
: : . of reazomng
marking points seen m Fm: 1.1:_-:1.1-.': atve markmg Ar—orer shows 3 coberent and
e 3 ponts r logical structure with
hnkages and fully sustamed 2
3-4 3 hnes of reasomme
3.2 7 demonstrated thro t
1 1 Arnserer 1= partially sbructured
with some hnkages and lmes 1
o o of reasonung
Indicative content Answer has no inkages
betwresn pomts and 15 0




UNIT 2

Question 5

Indicatve content

# This is a diffraction/mterference pattern
# Electrons behave as waves

& As speed/'momentium increases the circles get smaller
s .l = dsind used to justify that as & decreases 4 decreases

s Refers de Broglie equation (1 = h/p) to confirm that as
speed/momentum increases, wavelength decreases.

 Crystal has a regular/layered structore

PP Do not credit “electrons behave as waves or particles’ on
its own
PP3 accept circles get condensed for circles get smaller

PP4 do not credit use of equation to justify 4 same size as gaps

m crystal or to measure the gaps i the graphite

FP6 small gaps at umform distances/lengths Or accept that
graphite 13 made up of more than a single crystal




Question 6

Wave model
» It would be expected that the energy of the electron would
build up and eventually be emutted.
¢  The (kmetic) energy of the (emutted) electrons would
depend on the mntensity of the wave (and not the frequency)

Acceptable Answers Additional Guidance Mark
This question assesses a student’s ability to show a coherent and The following table shows how the marks should be
logical structured answer with inkage and fully-sustamed awarded for structure and lines of reasonng
Tedsoning. Number of marks awarded
Moarks are awarded for indicative content and for how the answer 15 for structure and lines of
structured and shows lines of reasoning. Teasoning
The following table shows how the marks should be awarded for Answer shows a coherent 2
indicative content. and logical structure with
Number of mndicative Number of marks awarded linkage and fully sustammed
polnts seen In answer for indicative points lines of reasoning
6 4 demonsirated thronghout
5-4 3 Answer is partially 1
3-2 2 structured with some
1 1 linkages and lines of
0 0 TEASONINg
Particle model Answer has no linkage 0
»  One photon interacts with one electron between points and is
» And each photon has energy proporional to the frequency, unstructured
Or reference to E=hf
» The electron is emitted (instantly) only if the energy of the | Linkage marks
photon 15 greater than the work function (of the metal)
Or The electron is emitted (instantly) only if the energy of | | Indicative content points | Possible linkage marks
the photon 15 greater than the energy needed for an electron 0,1 0
to break free (from metal surface) 2,3 1
+ Any photon energy over and above the work function 1s 4,5, 6 with pomts from
gamned by the electron as kinetic energy both models 2
6




Question 7

This question assesses a student’s ability to show a
coherent and logically structured answer with linkages
and fully-sustained reasoning.

Marks are awarded for indicative content and for how
the answer is structured and shows lines of reasoning.

The following table shows how the marks should be
awarded for structure and lines of reasoning

Number of indicative Number of marks awarded
points seen in answer for indicative points
(] 4
5-4 3
3-2 2
1 1
0 0

Indicative content
e (As Vincreases) acceleration/velocity/energy of
electrons inereases

e oreater energy transfer in collisions with lattice / ions

* increasing the temperature of metal/filament/ions
e amplitude of vibrations of lattice/ ions increases

¢ collision (rate) between lattice /ions and electrons
increases
Or shorter distance between collisions
Or greater chance of collision

* due to the increase in resistance. current doesn’t
inerease in proportion to potential difference
Or due to the mncrease in resistance the ratio of I'V
decreases

The following table shows how the marks should be awarded for

structure and lines of reasoning

Number of marks awarded
for structure and lines of
reasoning

Answer shows a coherent 2

and logical structure with

linkage and fully sustained

lines of reasoning

demonstrated throughout

Answer 15 partially structured 1

with some linkages and lines

of reasoning

Answer has no linkage 0

between points and 1s

unstructured

Accept charge carriers for electrons and only penalise once for
onussion of charge carriers or lattice 1ons

Linkage marks

Number of indicative
content points awarded

Possible linkage marks

0, 1 0
2,3 1
45,6 2

MP1 don’t award for *increased rate of flow’

MP2 to award mark there must be the idea of
increased/greater energy transfer between electrons and

ions




Question 8

Acceptable Answers

Additional guidance

This question assesses & smdent’s ability to show a coberent and
logical structured answer with linkagze and fully-sustainad
[e2Loning.

Mfarks are awarded for indicative content and for how the snswer
is structured and shows lines of reasoning
The following table shows how the marks should be swarded for
indicative content

Kumber of indicative MNumber of marks awarded
polnks s820 N ANSwWar for indicative polnts
] 4
54 3
3-2 2
1 1
0 0

Indicative Content

Two waves Tavelling in opposite directons
Supsrpose [ interfars

Constmictive (Interference] if waves n phase

Or Constructive (Interference]) if path diffsrence =nl
Destructive (mierference) if waves in antphase

Or destructive (interference) if path difference = (n +
Lo

Kodes ara formed from points of destructive
{interference) or antinedes are formed fomm points of
constructive (interference)

Modes are points with min amplimde and antinodes
are points with max amplimde

(1
(1

(1
(13

(1)
(1)




UNIT 4

Question 9

Acceptable answers

Additional gunidance

This question assesses a student’s ability to show a coherent and
logical structured answer with linkage and fully-sustained
reasoning.

Marks are awarded for indicative content and for how the answer 13
stroctured and shows lines of reasoning.

The following table shows how the marks should be awarded for
indicative content.

Number of indicative Number of marks awarded
points seen in answer for indicative points
6 4
5-4 3
3-2 2
1 1
0 0

Indicative content

Thee 15 an alternating p.d E-field

P d/E-field accelerates protons between dees

Maznetic field parpendicular to plane of dees

Proton path cwrved by magnetic fisld

As veloorty of protons increases radius of path in dees memeases

The time for which a proton 15 in a dee remams constant
Or the frequency of p.d /E-field 15 constant

Guwdance on bow the mark scheme should be apphed: The mark for
The followmg table shows bow the marks should be awarded for

stuchre and lines of reasoning

Mumber of marks awarded for

Answer shows a coherent and
logical structure with linkage and
fully sustamed lines of reasoning

demonstrated throughout

stuchure and lines of reasomng |
3

Answer 15 parhially stuctured with
zome hnkages and hnes of
rEasoning

Answer has no linkage between
points and 15 unstructured

MNumber of IC points Poszible linkage marks
0.1 0
2.3 1
4.5, 6 2

IC2 accept “n the gap’ for between dees. Accept increases By for

accelerates

IC3 accept vertical or upwards for parpendicular to plane.

IC5 accept reference to r=p/B0




Question 10

This question assesses a student’s ability to show a coherent and
logically structured answer with linkages and fully-sustained
reasoning.

Marks are awarded for indicative content and for how the answer
is structured and shows lines of reasoning.

The following table shows how the marks should be awarded for
indicative content.

Indicative content:

(Maximum/Tnitial) current 1s equal to battery emf divided by R

Or current as switch closed

Or current as complete circoit

Or cuwrrent due to battery

Coil rotates

(movement of) coil “cuts/changes™ (magnetic) flux (linkage) / field
Which induces an emf (according to Faraday's law)

Opposes original emf'eurrent according to Lenz's law

Or current reduced as effect opposes change

The faster the coil rotates the larger this (back) emf'effect the smaller
the current

IC IC mark Max Max
points linkage final
mark mark
available
o 4 2 ]
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 i}

1c3 needs a link to coil moving

icd depends on 1c3




Question 11

This gquestion assesses a student’s ability to show a coherent and logically
structured answer with linlages and fully sustained reasoning.
Marles are awarded for indicative content and for how the answer 13 : : :
structured and shows lines of reasoning. IC IC Max linkage | Max final
o Points | Mark | mark avail. mark
The table shows how the marks should be awarded for indicative content 5 '4 - 2' 3
and structore and lines of reasoning. — —
b o 2 3 ;_f 2
ridrks
Mumber of Mumber af e 4 3 1 4
indicative marks awarded anwr and 3 2 1 3
marking for indicative e 7 2 y 3
points seen in | marking points TR — T L L
NS Wer :unu :-Iru\:hl:.' ""al‘llll]l.ll_p\.': : l 1 EI ]
¢ ; L S 0 :
54 3 ol
1.'_'| ) SuBmET |l|||l|‘:::||'| lll:ln.l'.ul.'\l 1
o = Wl i liakiaess gied lubds of
I I Ein g
ﬂ |:| AsrwcT ks oo i kigges L1}
B et ponts ginld i
wirraciored
Indicative content:
1. Removing the magnet from the ning changes the magnetic IC1: accept references to flux cutting
flux (linked with the ring)
2. This induces an e.m.f (in the ring L _
( 2) Alternative indicative content for IC4 —IC5
3. E.mf causes a current in the ring .. .
= 4. The current is in the magnetic field produced by
4. Which produces a magnetic field the magnet
5. The magnetic fields mteract/combine 5. The current experiences a magnetic force
6. This opposes the change, causing an attractive force to act




UNIT 5

Question 12

This question assesses a student’s ability to show a coherent and logically
structured answer with linkages and fully sustained reasoning.

Marks are awarded for indicative content and for how the answer 15
structured and shows lines of reasoning.

The table shows how the marks should be awarded for indicative content
and structure and lines of reasoning.

Flumber of
MNumber of Number of s anded Fur
indicative marks awarded kel
marking for indicative FrETE
poinis seen in | marking poinis reEmE
(NS WCT
[} 4
5 3 "
_‘!I—: 2 i ol
l l Answer has nn inkapes [=]
0 0 e

1.

Indicative content:

As the temperature of the gas increases the (average)
speed/Ey of the atoms increases

Greater speed/Ey so the momentum of the atoms increases

The rate/frequency of collision of atoms with the container
walls increases Or the time between collisions with the
walls decreases

The rate of change of momentum at the walls increases

Rate of change of momentum is equal to the force

foree and the force (on the walls) is greater

- ]
Pressure 15
area

IC IC Mazx linkage Max final
Points | Mark | mark avail. mark
6 -+ 2 ]
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0

IC3 and IC4 must include a2 mention of the
walls/container




Question 13

Acceptable Answers
Thas question assesses a student’s abilify to show a coberent and logcally
stuchwed answer with linkages and fully-sustamed reasoning.
Marks are awarded for mdicative content and for how the answer 15 structured
and shows lines of easoning.
The followmeg table shows how the marks should be awarded for mdicative
content.
Mumber of Mumber of Ifax linkage Miax finz]
mdicatrie marks awarded | mark avalable | mark
marking for indicative
points seen markmg points
11 ANSWET
6 4 2 6
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0

Indicative content

e The pendulums have the same length, so they have time period/frequency.

e The first pendulum causes forced oscillations of the second pendulum.

e The driving frequency equals the natural frequency.

e Resonance occurs, so there is a maximum transfer of energy so amplitude increases until all energy is transferred.

e The second pendulum then acts as the driver for the first pendulum Or The process repeats with energy transfer from
B to A.

¢ When the lengths differ the driving frequency is not the natural frequency so little energy is transferred.



Question 14

Table for awarding marks and linkage marks as in previous question:

Indicative content

720 Hz is the natural frequency of the bowl
The generator’hand causes forced'driven oscillations

When they don't match the namral frequency they are guist
becanse little/less energy is mansfermred

The londness (at 720 Hz) is because of resonance

(Resonance occurs when) the doving frequency is
equal'similar to the natural frequency

{(Whea resonance occurs) there is maximaam transfer of
energzy so the amplitade is maximm

Or (When resonsnce ocours) there is maximoum transfer of
energzy 50 the amplitnde increases

Do not accept ‘Tesonant frequency” for ‘natural frequency’



