
Modelling Physics long question answers

Module 3: Forces and Motion

3.1 Motion
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3.5 Materials
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Module 5: Newtonian World and astrophysics

Module 5.1 Thermal Physics
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5.2 Circular motion
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5.3 Simple harmonic motion and oscillations
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5.5 Astrophysics and Cosmology
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(i)

Student tries to rotate bung at constant radius / tries to keep reference mark
at end of tube (AW)
Force F is calculated using F = Mg. where M is mass of slotted masses

Measure time t for n revolutions of the bung
(hence calculate T for 1 revolution).

Measure radius » when stationary

Calculate v using 2zrn /t (or 2ar /T).

B1

B1

B1

B1

B1

Not: bald ‘constant radius’
Not : F = weight

Not: ‘take time for 1 revolution’
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Obtain a set of readings for:
mass m, time period AND calculate frequency using f =
T

Plot graphs of fagainst 1/m AND  fagainst 1/Vm

The graph which is a straight line through the origin
provides the correct relationship

Reference to one method of improving reliability
eg counting more than 5 oscillations to find T or f
taking repeat measurements of T or f (and average
values)
time oscillations from equilibrium position

B1
B1
B1

B1

Not number of oscillations in a set time

Allow: product method using two or more points  (B1)

Select the relation which gives a constant product (B1)

Allow: plot In fagainstinm  (B1)
gradient= -1 then f «1/m or gradient= -0.5 then f
oc1/vm (B1)
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Reference to :

kinetic energy (of masses and spring),
gravitational potential energy (of mass and spring),
elastic (potential) energy / strain energy of spring

KE: zero (at lowest point), increasing to max at
equilibrium point, decreasing to zero (at highest
point)

GPE: increases (as masses rise from lowest to highest
point) (clearly worded ora)(AW)

strain / elastic energy:
decreases (as masses rise from lowest to highest
point)
(clearly worded ora)
(AW)

B1

B1

B1

B1

Note: mark to be awarded only if all 3 forms are quoted
# Note: potential must be spelled correctly throughout to
score this mark
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Measurements:
angle measured with protractor stated or shown on the diagram

Wi 'ms timer. -| r to measure time stated or shown on

the diagram

Conclusion: compare periods for different angles stated/implied
OR plot period against angle

major difficulty:

angle of swing decreases during the timing of the swing
solution: e.g.

measure time for %, % or 1 swing accurately (using electronic
timer/datalogger)

OR

use data logger with motion sensor to record many swings and analyse
how the period changes over time

OR

video the motion with onscreen timer and analyse

B1

B1

B1

M1
A1

Allow ruler used to measure initial and
subsequent displacement/amplitude if
explained.

Allow table of results with correct column
headings i.e. at least angle and period

Do not allow ‘time is short so measure nT
and divide by n to reduce (%) error'.(WTTE)





image11.png
M S IR g v.rNiTe )

(c)

Graph(s) tending to single peak with axes labelled in words or appropriate symbols
Peak labelled as natural / resonant frequency (of system) or f,

« Resonance occurs when the driving frequency matches natural / resonant
frequency (of system)
» the amplitude of vibrations / energy (transferred) is then a maximum (AW)

B1

B1
B1

Can be scored even if horizontal axis is not
correctly labelled
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Any five from:

1. Gas/ dust (cloud) drawn together by gravitational forces

2. Loss in (gravitational) PE / KE increases / PE changes
KE / temperature increase

. Fusion of protons / hydrogen nuclei (produces helium
nuclei and energy)

. A stable star is formed when radiation pressure is equal
to gravitational pressure

. When hydrogen runs out the outer layers of the star ex-
pands / core shrinks

. Red giant formed / eventually (the core becomes) a
white dwarf

w

o o »

QWC mark for ‘correct sequencing of the processes from
birth to death’

B1x5

B1

Allow: ‘Gravitational collapse of dust cloud’
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Any four from:

1.

2.
3.

oo~

(Sun/ star formed from) dust cloud /nebula / (hydrogen) gas
Gravitational collapse (AW)

Temperature of (dust) cloud increases / KE (of cloud) in-
creases / (cloud) heats up

Fusion occurs (when temperature is about 107 K)

Protons / hydrogen nuclei combine to make helium (nuclei)
Stable size star is produced when thermal / radiation pres-
sure is equal to gravitational pressure

Steps sequenced correctly - QWC mark

B1x 4

B1

Must use ticks on Scoris to show where the
marks are awarded
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Any three from:

1.

ohw

(Interstellar dust and gas) cloud is drawn together by
gravitational force / gravity

Loss in (gravitational) PE / KE increases / temperature
increases

Fusion (of protons / hydrogen nuclei) takes place
Energy is released in fusion reactions

A stable star is formed when gravitational pressure is
equal to internal / gas / radiation pressure

QWC: The steps in the process are correctly sequenced

B1x3

B1

Allow: ‘gravitational collapse’
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Any four from:

1. (Fusion is the ) joining / fusing together of (‘lighter’)
nuclei / protons (to make ‘heavier’ nuclei)

2. Mass decreases in the reaction and this is transformed
into energy OR the products have greater binding
energy

3. High temperatures / ~10” K needed for fusion

4. High pressure / density (required in the core)

5. The protons / nuclei repel (each other because of their
positive charge)

6. The strong (nuclear) force comes into play when the

protons / nuclei are close to each other

B1x4

Not: Atoms / particles for nuclei /protons.
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Any six from:

1.

NoahswN

(At the start it was) very hot / extremely dense /
singularity

Al forces were unified

Expansion led to cooling

Quarks / leptons (soup)

More matter than antimatter

Quarks combine to form hadrons / protons / neutrons
Imbalance of neutrons and protons / (primordial)
helium produced

Atoms formed

Idea of gravitational force responsible for formation of
stars / galaxies

10. Temperature becomes 2.7 K/ 3 K or (the universe is

saturated with cosmic) microwave background
radiation

B1x6

Show annotation on Scoris
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(b)

Big bang: Creation of the universe (from which space/time
evolved) (AW)

Any three from:

(At the start) the universe was hot / infinitely dense
Expansion of the universe led to cooling

The (current) temperature of universe is 2.7 K/ 3 K
(The universe as a black body) is associated with mi-
crowaves at this temperature (AW)

or

The (wavelength of the) gamma radiation stretched to
microwaves (by the expansion).

AON =

QWC: (Cosmological principle is supported because) MBR
is isotropic

B1

B1x3

B1

Not: The universe now has microwaves. (The microwaves
must be linked with current temperature)

Allow: Microwaves have the same intensity in all directions
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(a)

Any four from:
(The forces are separated)

Expansion / cooling

Creation of matter / pair production

More matter than antimatter

Quarks and leptons (soup)

Quarks combine to form hadrons / baryons / nucleons
/ protons / neutrons

Imbalance of neutrons and protons / (primordial) heli-
um / lithium /beryllium (nuclei) produced

7. Hadrons / baryons / (neutrons and) protons / combine
to form nuclei

(Atoms formed)
# QWC: Correct sequencing of two steps from 4, 5 and 7

O ON =

o

B1 x4

B1

Annotation by the pencil icon
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Question Expected Answers Marks Additional Guidance
5|a Must use tick or cross on Scoris to show if the mark is awarded
Measurements:
height (of wall) B1 Allow: ‘distance (of fall)’ instead of ‘height”
time (of fall) Bl
Instruments:
ruler / tape (measure) B1
stopwatch / timer / clock /video Bl # The 4™ B1 can only be scored if stopwatch | timer | clock | video
2s . camera) is spelled correctl
&= /g =2 x gradient of s-¢* graph Bl f&llow: I}sc o?fa’ instead ofyg’
Note: a must be the subject
Note: Allow full credit if candidate has used
alternative approaches using v =u? +2asor
v=u+at.
Any two from: g is an estimate because
e air resistance / drag ignored Blx2 | Allow: ‘wind resistance’/’resistive force’ for first bullet point

* parallax problems with ‘landing time’
e starting / stopping the clock

Allow: ‘reaction time’ but not ‘human error’ for the third bullet point





image2.png
bbb AR h e B B\ L b ]

(b)

Measurement:

# Diameter

Any two from:

« original / initial length  (Not: final length)
« extension / initial and final lengths

* weight/ mass

Equipment:

#* Micrometer / vernier (calliper) (for the diameter

of the wire)

Any two from:

« Ruler/ (metre) rule / tape measure (for
measuring the original length / extension)
Travelling microscope (for measuring extension)
Scales / balance (for measuring the mass & mg
equation is used or for measuring weight) /
Newtonmeter (for the weight of hanging
masses) / ‘known’ weights used

Determining Young modulus:
« stress = force/(cross-sectional) area
and strain = extension/original length

« Young modulus = stress/strain / Young modulus
is equal to the gradient from stress-strain graph
(in the linear region)

B1

B1X2

B1

B1x2

B1

B1

The term diameter to be included and spelled correctly to gain
the mark

The term micrometer | vernier (calliper) to be included and
spelled correctly to the gain mark. (ALLOW: Micrometer is
used to measure area/ radius / thickness — as BOD)

Allow: ‘known masses & mg equation’ but not ‘known masses’

Allow: stress = F/A and strain = x/L

Special case for determining Young modulus:
Gradient from force-extension graph is % B1
Young modulus = gradient x L/A B1
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liquid in vessel with eleétrical heater (submerged) and thermometer

ammeter connected in series between supply and heater AND voltmeter
connected across heater.

list of measurements (3 marks):

mass of liquid,

initial and final temperature/change of temp (of the liquid)

1, V and t values OR energy meter readings OR power and time

explanation (1 mark):
E = mcA® rearranged to ¢ = E/mA®

uncertainties (2 marks) each stated with explanation of remedy: €.9.

- heat losses (makes E or A6 uncertain) (solved by) insulating beaker/use lid
- false temp reading (solved by) stir the liquid

- temp continues to rise after heater switched off measure highest value

- thermal capacity of vessel (solved by) take this into account in calculation

B1
B1

B1
B1
B1

B1

B1

max 2

Allow use of joule meter if convincingly
connected to heater and power supply i.e. 2
wires from power supply two wires to heater

Allow such things as “find mass”, “known mass”,
“10K temp rise”, “time for 2 minutes” “known
power”, etc.

Allow [tV/mA6.

Do not allow “repeat the experiment”.

Give credit for valid suggestions if mentioned
anywhere in the description of the experiment.
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(When gas is heated) molecules gain KE/move faster B1 If no reference to rate of collisions, max

this would cause more collisions/sec (with the walls) B1 of 3 marks

collisions exert more force/greater change in momentum per collision B1

For constant pressure fewer collisions/sec are required B1

Constant pressure is achieved by the increase in volume OR with a bigger B1 This must be explained fully but can be
max 4 | done with reference to P = (1/3)p <c®>

volume there are fewer collisions/sec
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Any four from

Many molecules collide with the walls

A change in momentum occurs when molecule(s) collide with (and
rebound from) the walls of container

Force is rate of change of momentum

The force exerted by the molecule(s) on wall is equal to force
exerted by the wall on the molecule(s) (by Newton'’s third law)

pressure (on wall) = (total) force (on wall) / area (of wall)

B1x4

Symbols must be defined in formulae
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Question

Answer

Marks

Guidance

5

Diagram showing

.
.

Oil in (insulated) container
Electrical heater fully immersed in oil

Not: oven or hotplate
Allow: ‘Fully immersed’ seen in the body of text

e Thermometer / Temperature sensor B1
/ Thermometer /Temperature sensor must be
Electrical circuit spelled correctly on diagram
* Ammeter in series , voltmeter in parallel with heater / B1 .
joulemeter in parallel with heater All elements should be shown to score these diagram
o Power supply /+ & - signs marked on wires marks. Ignore appropriate additional items
Connections to heater should be clear.
Measurements
* Measure mass of oil /Juse known mass of oil, B1
* Measure change in temperature / initial and final Must have all elements.
temperatures Allow: Use of symbols ) )
* Measure current, pd and (fixed) time / energy Allow: Tak_e energy read'l ng from joulemeter
Not: use given power rating of heater
Calculation
InputEnergy =E=Pt=VIt and c= _E B1 Input energy must be consistent with equipment used.
mAS3 ¢ must be the subject of the equation and temperature rise
(A9 or 9;- ) must be clear.
Allow: Draw graph of temperature against time
¢ = VI/ [gradient x mass]
Uncertainties Any two together with minimising action.
* Heat losses (make A9 uncertain) - minimise by using These points may be scored in the description of method.
initial 9 below and final 9 same amount above, room
temperature No credit for other uncertainties including heat lost to
« Temperature varies throughout oil - minimise by stirring surroundings
before taking temperature readings
* Some energy is required to raise temperature of the
container / heater (etc) - allow by including in calculation.
e Temperature will continue to rise after heater is turned off 2xB1
— find max temperature.
Total 6





