Exploring Physics long questions answers

Module 4: Electrons, waves and photons

4.1-3 Electricity
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4.4 Waves
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4.5 Quantum Physics
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Module 6: Particle and Medical Physics

6.4 Particle and nuclear physics
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6.5 Medical Physics
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The photoelectric effect

Individual photons are absorbed by individual electrons in the
metal surface, i.e. one to one interaction.

Only photons with energies above the work function energy will
cause photoelectron emission/idea of threshold frequency
Hence u-v photons or blue photons will cause photoemission
but red photons will not.

Number of electrons emitted depends on light intensity

A wave model does not explain instantaneous emission of
electrons.

A wave model does not explain a threshold
frequency/wavelength for emission to occur

B1

B1

B1

B1
B1
B1

QWC mark allow exp't description: uv light shone on
a zinc plate connected to a gle
max 3 from 6 marking points

allow wave model does not explain no emission
however bright the light if energy of photon below
work function
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Question Answers Marks Guidance

(f) Any three from: Must use ticks on Scoris to show where the

1. Plants / living things take in carbon(-dioxide) or plants / living B1x3 | marks are awarded
things stop taking in carbon after death

2. The ratio of carbon-14 to carbon-12 (nuclei) for the relic sam-
ple is determined

3. The current ratio of carbon-14 to carbon-12 nuclei is deter-
mined

4. The age of the relic is found using ‘x = x,e

Limitation: The ratio of carbon-14 to carbon-12 is assumed to be
constant / count(-rate) from relic may be comparable to
background count(-rate)

ity

B1 Allow: Any other valid comment for the limitation

Total 17
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Question

Expected Answers

Marks

Additional guidance

(a)

Any four from 1 to 5:

1. Most of the alpha particles went straight through
(some deviated through small angles)

2. Hence most of the atom is empty space

3. Some / a very small number of alpha particles were
scattered / repelled through large angles / angles
more than 90°

4. This showed the existence of (a tiny) positive nucleus

5. The size of the nucleus is about 10 m

# QWC: Award a mark for one conclusion correctly
linked to an observation

B1x4

B1

Must use ticks on Scoris to show where the marks are
awarded

Allow: 10" m

(b)

Any five from:

Gravitational (force)

This force is attractive

AND is long-ranged / obeys ‘1/r relationship’

Strong (nuclear force/interaction)

This force is attractive (at larger distances) or repulsive at
short distances

AND is short-ranged / ~ 10 m

Electrostatic / electrical (force) / coulomb (force)

This force is repulsive between protons / zero between
neutrons / zero between protons and neutrons

AND is long-ranged / obeys ‘“1/r relationship’

M1
A1
M1

A1
M1

A1

Allow: gravity

Note: Do not allow ‘inverse square law’; allow ‘inverse
square law with distance’

Allow: Electromagnetic (interaction/force)
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(b)

Fuel rod: Contain the uranium (nuclei) / fissile material

Control rods: Absorb (some of the) neutrons

Controlled chain reaction: The control rods are inserted
into the reactor so as to allow (on average) one neutron
from previous reaction to cause subsequent fission (AW)

Moderator: Slows down the (fast-moving) neutrons /
lowers the KE of (fast moving) neutrons / makes the (fast
moving) neutrons into thermal neutrons

Slow moving neutrons have a greater chance of causing
fission / of being absorbed (by U-235) / sustaining chain
reaction

B1

B1

B1

B1

B1

Show annotation on Scoris

Not ‘contains fuel’

QWC mark

Allow: Fast moving neutrons are captured (easily) by
uranium-238 (nuclei leaving insufficient number of nuclei for
fission / chain reaction) for the last B1 mark
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(a)

Any five from:

1.

Intensifier used as X-ray would pass through film

2. Intensifier converts X-ray photon to many visible (light)

>

6.
7.

photons (which are absorbed by film)

*Lower exposure / fewer X-rays needed

lodine / barium (used as contrast material)

*High Z number / large attenuation coefficient / large ab-
sorption coefficient (used to improve image contrast)
Contrast media are ingested / injected into the body
*Scan shows outline / shape of soft tissue

QWC mark is acquired from clear expression of any of the
marking points 3, 5 or 7

B1x5
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(b)

Any two from:
* Pulses of ultrasound (sent into the body)
o Wave / ultrasound / pulse / signal is reflected (at
boundary of tissue)
« Time of delay used to determine depth / thickness
« The fraction of reflected signal is used to identify the
tissue

A-scan in one direction only / range or distance or depth
finding

B-scan uses a number of sensors or a sensor in different
positions / angles (to build up a 2D/3D image)

B1x2

B1

B1

Allow: The reflected signal / ultrasound /amplitude /
intensity is used to identify the tissue

Not: ‘B-scan is many A-scans’
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(c)

Collimator — gamma (ray photons) travel along the axis of lead
tubes or allows parallel gamma (ray photons travel to the
scintillator)

Having thin / long / narrow (lead) tubes makes the image sharper
/ less blurred (QWC mark)

Scintillator — gamma ray photon produces many/thousands of
photons of (visible) light

Photomultiplier - An electrical pulse is / electrons are produced
from the light (photons)

Computer — Signals (from photomultiplier tubes) are used to
produce an image

B1

B1

B1

B1

B1

Must use ticks on Scoris to show where the
marks are awarded
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(e)

(FDG/positron-emitting substance is injected into the

patient)

Any three from:

1. Annihilation of electron and positron

2 Positron-electron annihilation produces two gamma
photons

3.  The gamma photons travels in opposite directions

4 The patient is surrounded by (a ring of) gamma
detectors

5. A 3-Dimage is created (using the detector-signals
with the aid of computer software)

QWC: The arrival times / delay times of the photons (at
diametrically opposite detectors) are used to pinpoint
areas of increased activity (AW)

B1x3

B1

Allow: rays / waves instead of photons in 2 and 3
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(d)

X-ray beam passes through the patient at different angles /
X-ray tube rotates around the patient

A thin fan-shaped beam is used (AW)

Images of ‘slices’ through the patient (in one plane are
produced with the help of computer software)

X-ray tube / detectors are moved along (the patient for the
next slice through the patient)

Advantage:
3D image / better contrast between different (soft) tissues

B1
B1
B1

B1

B1
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(c)

Any five from:

A positron / beta-plus emitting tracer / source is used
The positron annihilates with an electron (inside the
patient)

This produces two gamma photons

The photons travels in opposite directions

The patient is surrounded by a ring of gamma detec-
tors

The arrival times of the photons / delay time indicates
location (of tumour inside the body)

A 3-D image is created (by the computer connected to
the detectors)

N =

N o okrw

B1x5
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Any three from 1 to 4:

1. A (piezoelectric) crystal / transducer is used to send
pulse(s) of ultrasound (into the patient)

2. Wave / ultrasound / pulse / signal is reflected (at the
boundary of tissue)

3. The (intensity of the) reflected signal depends on the
acoustic impedances (at the boundary)

4. The (time of) delay is used to determine the depth /
thickness

# QWC: Award a mark for correct sequencing of the
steps in the process

B1

Must use ticks on Scoris to show where the marks are
awarded

o @2, - o
Allow: wnhout symbols defined for the 3'
I, (Z,+ 1)
marking point

Note: Do not allow marking points 2 or 3 for gel-skin interface
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(c)

Collimator / lead tubes and ......
gamma (ray photons) travel along the axis of lead tubes
(AW)

Scintillator / Sodium lodide (crystal) and .......
gamma ray / gamma photon produces (many) photons of
(visible) light

Photomultiplier (tubes) / photocathode and dynodes
and ......

(electrical) pulse / signal / electrons produced by
photon(s) of visible light

Computer and .......
signals / pulses /electrons (from photomultiplier tubes) are
used to generate an image

QWC: Quality of image improved by
narrower / thinner / longer collimators OR longer scanning
time

B1

B1

B1

B1

B1

Not ‘it collimates’
Allow: parallel rays / uni-directional rays travel along the lead
tubes (AW)

Not ‘information / data’ in place of signals
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(b)

X-ray tube rotates around (the patient) / X-ray beam pass-
es through the patient at different angles

A thin X-ray beam is used

Image(s) of slice(s) / (cross) section(s) through the patient
are taken

X-ray tube moves / spirals along (the patient)
The signals / information / pulses / data (from the detec-

tors) are used by the computer (and its software) to pro-
duce a 3D image

B1

B1

B1

B1

B1

Not: Detector rotates around (the patient)

Allow: Detectors moves / spirals along (the patient)
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Any three from:

Photoelectric effect: Photon ejects / removes an elec-
tron (from the atom / metal)

Compton (scattering): Photon emerges with less energy
/longer wavelength / lower frequency and an electron es-
capes / ejected (from the atom)

Pair-production: Photon produces an electron-positron
(pair)

Scattering : Photon is scattered by an electron

# QWC: (Intensity decreases in the original direction
because) there are fewer photons

B1x3

B1

Allow consistent use of plurals throughout, e.g: Photons eject
electrons
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Any potential divider argument or calculation B1 QWC the arguments must be clear for full marks

In the light parallel combination less than or about 1 Q/AW B1 allow R, = 10 to 25 Q for any calculation

so V across lamp less than 0.5 V (so lamp out)/ small compared B1 or comparison of voltage across 25 Qto 1 Q

to V across 25 Q N.B. answers given in terms of current are likely to
score zero

In the dark parallel combination about 25 Q/AW B1

so V across lamp approximately 6.0 V so lamp on B1
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1.cell across variable resistor R ammeter in series and voltmeter
in parallel across R or cell

2.Take (set of) readings of V and | for different positions/values
of the variable resistor

3.plot a graph of V against |

4,(find) y-intercept = E

5.(find) the gradient of the V against | graph which equals the
internal resistance in magnitude

or 4 or 5 take one pair of values of V,| and substitute

into equation E=V +Irtofindror E

B1
B1
B1

B1

QWC last marking point needed for full marks

allow use (digital) voltmeter across unloaded cell to
find E; add R and find one value of V and |; then use
equation to find r (points 2 to 5)

ignore sign of gradient in determining r

allow for no graph plot, using 2 pairs of values of V
and | substituted into equation allows r and E to be
found.(points 2 to 5)
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s

v

Take readings of V and | for several (five or more)
positions/values of the variable resistor

plot a graph of V against |

the internal resistance is constant if the graph of V against | is a
straight line

measure the gradient of the V against | graph
which equals the internal resistance

orfind y-intercept = E; find one pair of values of V|
substitute into equation E =V + Ir to find r

B1
B1

B1

B1
B1

Do not allow any analysis with E assumed to be 6 V

allow 2 pairs of values of V and | to be substituted
into equation to find r ( non-graph method max 2/5)

allow find or similar word
ignore problem of minus sign, i.e. assume value only
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All of the rays/Avavefronts/waves are added together (at each
point on the screen)

when the path difference is an exact number of wavelengths

the rays/waves interfere constructively

giving maximum amplitude/intensity

(at all other angles) when the path difference between rays is
not an exact number of wavelengths the rays/waves interfere
destructively/cancel out

giving a dark background/little to no intensity

max 4 marks to include the second marking point
NOT superpose or interfere for added as in stem of Q

allownA  QWC mark
allow bright /ine/light NOT bright fringes nor maxima
NOT when the path difference is (2n +1)A/2 there is

destructive interference/AW

allow suitable annotation of diagram to score marks
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a photon is absorbed by an electron (in a metal surface); B1 | not hits

causing electron to be emitted (from surface). B1

Energy is conserved (in the interaction). B1 | QWC mark

Only photons with energy/frequency above the work function 3 marks from 6 marking points
energy/threshold frequency will cause emission B1

Reference to Einstein’s photoelectric energy equation in symbols only scores 1 mark out of 2, i.e.
(energy of photon) = (work function of metal) + (maximum selects from formula sheet
possible kinetic energy of emitted electron) B2

work function energy is the minimum energy to release an

electron from the surface B1

Number of electrons emitted also depends on light intensity B1

Emission is instantaneous
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Question Expected Answers Marks Additional Guidance
7 a A (clean) zinc plate mounted on the cap of a gold-leaf electroscope. B1 first 3 marks can be awarded from diagram
Plate initially charged negatively B1 or description
A u-v lamp shining on plate B1
The gold leaf collapses as the charge leaks away from the plate (when
ultra-violet light is incident on the zinc plate) B1
so experiment indicates the emission of negative charge/electrons B1 QWC mark
Or | A simple photocell, eg two plates in a vacuum envelope B1 accept photocell made of clean magnesium
A (12 V) dc supply is connected to the photocell and (nano)ammeter. B1 ribbon surrounded by fine copper gauze
A suitable frequency/u-v lamp shining on one plate B1 first 3 marks can be awarded from diagram
or description
The presence of u-v /blue light causes a current in the circuit. B1 ignore polarity of supply
so experiment indicates the emission of negative charge/electrons B1 QWC mark
Or | A (potassium) photocell connected across a (high impedance) voltmeter. | B1 first 3 marks can be awarded from diagram
Incident light of different frequencies; B1 or description
produced either by white light source and colour filters of known spectral
range or by using a diffraction grating or prism to produce a first order
spectrum. B1
Different p.d.s are set up across the electrodes of the photocell (when the
photocathode is illuminated with light of different frequencies). B1
so experiment indicates the emission of negative charge B1 QWC mark
b Individual photons are absorbed by individual electrons in the metal stop marking after the first five marking
surface. points, ie ticks and crosses
These electrons must have absorbed sufficient energy to overcome the not photons are absorbed by electrons; 1
work function energy of the metal/to reach the minimum energy to B1 to 1 relationship must be implied
release an electron from the surface or only photons with energies above accept definition of work function energy
the work function energy will cause photoelectron emission
Concept of instantaneous emission accept shorter Mhigher f photon causes
Number of electrons emitted also depends on light intensity B1 higher (kinetic) energy electron
Einstein’s photoelectric energy equation in symbols B1
with symbols explained, ie (energy of photon) = (work function of metal) + | B1
(maximum possible kinetic energy of emitted electron) B1
accept full word equation without symbols
B1 for 2 marks
maximum 5 marks
Total question 7 10





