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2

The MAVEN spacecraft orbits Mars and studies its upper atmosphere.
(@) The diagram below shows the orbit of MAVEN around Mars.
orbit of MAVEN
(i) Mark an X on the diagram to show the point in the orbit where MAVEN has maximum
acceleration. [1]
(ii) Explain how Kepler’s 1st law applies to MAVEN'’s orbit around Mars.
Kepler's. 1st law:.the. orbit. of MAVEN. is an. ellipse. Celliptical .orbit),...............
with. (the. centre. of mass..of). Mars. at one.focus. of the ellipse..................
...................................................................................................................................... [2]
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(b) The table shows data for four orbits around Mars.
Phobos and Deimos are moons of Mars.

An areostationary orbit for Mars is the equivalent of a geostationary orbit for Earth.

Orbit Time period/hours AV::::S": g;sﬁ::z I:::m
MAVEN 4.5 6500
Phobos 7.7 9400
Deimos 30 23000
Areostationary 25 20000

(i) Show that Kepler’s 3rd law applies to this data.

Kepler's 3rd law: T2 « r?, so T?/r* should be constant.
MAVEN: 4,52 + 6500% = 7.4 x 107t h? km™
Phobos: 7.7 + 9400% = 7.1 x 107** h? km™>

Deimos: 30% + 23 000° = 7.4 x 107t h? lam™
Areostationary: 252 + 20 000° = 7.8 x 107t h? lam™
T2/r® is (reasonably) constant for all four, so T? « r?

and Kepler's 3rd law applies.

[2]

(ii) Suggest two reasons why MAVEN was not placed in an areostationary orbit.

.areostationary..radius..is..so.large..it. would.. not. pass..thraugh..the.........................

COLMOSPICKE. ...,
[2]
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2 Astudent uses the circuit below to investigate the resistivity of a wire.

________________________

________________________

The cell has e.m.f. £ and internal resistance r. The wire has resistivity p and diameter d.

(@) The student takes five measurements of the diameter of the wire, which are shown in the
table below.

Diameter/mm 0.460 0.450 0.455 0.495 0.455

(i) Suggest how the student made these measurements.

Use..a.micrometer. (screw. gauge). .or. digital. callipers..to. measure.the.................
IBIDCEL ... ettt
taking.readings..at. different pasitions..alang. .the wire.and..in. different..............

orientations. Crotating. . tNE. WIXC...........ovoooeoeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e [2]

(ii) The student calculates the value of the diameter as d = 0.455 + 0.005mm.

© OCR 2023

Explain how the student calculated the value of the diameter, and its uncertainty, from
the data in the table above.

.The. value 0.495.mm. Is.an.anomaly, so.it.is.excluded, ...,
Mean..of .the. remaining. 4. values..=. (0460 .+.0.450. . +.0.455.+.0.455) . .......
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(b) The student varies the length L of the wire in the circuit and records the current I using the
ammeter.

(i) Show that
1 ([ 4p r
I _<nsd2)L ¥ €

e=IR+7r) (e.m.f. = terminal p.d. + lost volts)
R =plL/A and A =md*/4, so R = 4pl/(md?)
e = 1 4pl/(70d?) +r )

divide both sides by I¢:

1/1 = 4pL/(med?) + r/e

1/1 = ( 4p/(mted?) ) L + r/e

\

[3]

Question 2 continues on page 6
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(ii) The student plots a graph of T against L. The data points, error bars, line of best fit and
a line of worst fit are shown in the graph below.
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The cell has e.m.f. e=1.45+ 0.05V

The wire has diameter d = 0.455 + 0.005mm

1  Calculate the gradient of the best fit line and use this to determine a value for the
resistivity p of the wire.

You are not required to determine an uncertainty.

gradient = Ny/Dx = (3.9 — 0.9) = (0.70 — 0.10) = 3.0 =~ 0.60 = 5.0 At m?
gradient = 4p/(med?) so p = gradient x med*/4

p = 5.0 x T x 1.45 x (0.455 x 103)? + 4

p=112x10°Qm

\\

\

0= o, 12.X205 Qm[2]

2 Determine a value for the internal resistance r of the cell and its absolute
uncertainty.

y-intercept (best fit) = r/e = 0.40 A
r =040 x 145 = 058 Q
y-intercept of worst fit line = 0.73 A

uncertainty in intercept = 0.73 — 0.40 = 0.33 A™!
fractional uncertainty in r = 0.05/1.45 + 0.33/0.40
= 0.034 + 0.825 = 0.86
absolute uncertainty = 0.86 x 0.58 = 0.50 Q = 05 Q (1 s.f.)
sor=206%05Q
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3 Apulsar is a rapidly rotating neutron star that emits radio waves.

(@) (i) Describe the formation of a neutron star.

..Protons . capture. electrons. ta. form. neutrons;. the. core. mass..is..above.the...................
.Chandrasekhar Jimit..(1.8..SQIALIGSSES). ... [2]

(ii) State one characteristic of a neutron star.

(b) A typical neutron star can be modelled as a sphere with mass = 2 x 103%kg and
radius = 10km.

Show that the average density of a neutron star is similar to the average density of an
atomic nucleus.

. radius of a nucleon = 1fm

p=m/N and V= (4/3)1r

Neutron star: V = (4/3)1(1.0 x 10%)? = 4.2 x 10*2 m?
p=2x10* 42 x10'% =438 x 10" # 5 x 10* kg m™
Nucleon: m = 1 u = 1.66 x 10" kg, r # 1 x 107> m
V=(4/3)1t(1 x 1012)* = 4.2 x 10*° m?

p=166x10% +42x10% = 4.0 x 10 = 4 x 10Y kg m>
Both densities are about 10Y kg m™ (ratio # 1.2), so the

density of a neutron star is similar to that of a nucleus.

[3]
Question 3 continues on page 10
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(c) An astronomer uses a radio telescope to observe a pulsar.

The graph below shows the power that the telescope receives due to the radio waves from
one full rotation of a pulsar.
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(i) By calculating the area between the curve and the horizontal axis, estimate the total
energy received by the telescope in one full rotation of the pulsar.

number of large squares under the curve = 11
area of 1 large square = 1.0 x 1022 W x 1.0 x 102 s = 1.0 x 10% J
energy = 11 x 1.0 x 102> = 1.1 x 10°* J

total energy received = ... 11X 1074 ... JI2]

© OCR 2023
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(ii) The surface area of the telescope is about 3000 m2.

© OCR 2023

The distance to the pulsar is about 300 pc.

By assuming that the radiation from the pulsar is emitted equally in all directions,
estimate the total energy emitted in one full rotation.

d = 300 pc = 300 x 3.1 x 10** = 9.3 x 10** m
energy spreads over a sphere of area 47d?

4md? = 41 x (4.3 x 10™)? = 1.09 x 10** m?
ratio of areas = 1.09 x 10°% + 3000 = 3.6 x 10%*
energy emitted = ratio x energy received

3.6 x10*° x 1.1 x 104

=4.0 x 10 J

\
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A cloud is made up of droplets of water falling at terminal velocity.

(a) Describe and explain the motion of an object falling at terminal velocity.

(b) (i) The terminal velocity v of a small sphere of density p_ and radius r falling through a fluid
of density oy is given by the formula:

V e
9n

where 7 is a constant for the fluid and g is the acceleration of free fall.
Water droplets of rain fall to the ground whereas water droplets in mist appear to float.

Use the formula above to suggest why.

VL. r,..s0. droplets. with.a..smaller. . radius. have .a..much. smaller. terminal

VCLOCTE ..o,

Water. droplets.in.mist. have.a.much..smaller.radius. than. raindrops,..so..............
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*(ii) A student models water droplets falling through air using small solid spheres in a liquid.

The table shows properties of the materials available to the student.

Solid density,
p/kgm3

Liquid density, | Approximate value of
o kgm=3 n/10-3kgm—1s™"

1000 1
920 50

Material

Water (liquid)

Sunflower oil (liquid)

Steel (solid sphere)

Lead (solid sphere)

Describe an experiment to verify the expression given in (i) as accurately as possible.
As part of your answer, estimate the lowest terminal velocity if the student uses a solid
sphere of diameter = 1 mm.

Lowest v: steel (lowest pg) in sunflower oil (largest n), r = 0.50 x 107> m
v=2x981 x (0.50 x 10°%)? x (7800 - 920) + (9 x 50 x 1073)
v =20.075 ms?t (steel in water: v = 3.7 m s71, too fast to time)
Analysis: plot v against r*; a straight line through the origin shows v « r.

gradient = 29(ps — pe)/dn, so g = 9n x gradient + 2(ps — pg); compare with 9.81.

.Fill .a.long, clear. tube..with. sunflower. 0l and. check..it..is. vertical . with..a. spirit. level.......

© OCR 2023 Turn over
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Additional answer space if required

QBLOLUID. CONEINUCE. ...,

......................
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5 Large power stations generate an electrical power of about 1 GW.

Current methods of energy production that use nuclear fusion are unable to produce enough
energy for large-scale energy production. A proposed method of controlling nuclear fusion is
inertial confinement fusion (ICF). ICF uses a large number of powerful lasers to create the high
temperatures required for nuclear fusion to occur.

One ICF experiment uses a network of capacitors to store the energy needed to power the
lasers. When the network is fully charged:

»  potential difference across the network = 24 kV
+ total energy stored in the network = 400 MJ

(a) (i) Calculate the total capacitance, C, of the network.
W = hCv?
400 x 10° = 0.5 x € x (24 x 10%)?
C =2 x400x10°+ (24 x 10°)> = 1.39 F

C= o, 1 0 S F[2]

(ii) Explain why the individual capacitors in the network should be connected in parallel in
order to produce this total capacitance.

CAPACIEANCE..E0. LA Fic oo s [1]
(b) The total stored energy must be released in a time of less than 1 millisecond.

Explain, using a calculation, why the lasers are powered by the network of capacitors
instead of being connected directly to the mains electricity supply.

.mains..supply.could. not. provide. this. power;..the. capacitors. store. the. energy.............

SIOWIY..and. XelEASE Tt N UNACY. L. M0See..ooooeeeeeeeeeeeeeeeeeeee e,
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(c) The fusion reaction in the ICF experiment is

deuterium + tritum —> alpha particle + neutron

Calculate the number of fusion reactions that must occur for the energy released by fusion to
be equal to the electrical energy stored in the network of capacitors.

mass of deuterium = 2.014102u
mass of tritium = 3.016049u

mass of alpha particle = 4.002603 u
mass of neutron = 1.008665u

mass defect = (2.014102 + 3.016049) — (4.002603 + 1.008665)
= 0.018883 u

in kg: 0.018883 x 1.661 x 102" = 3.1365 x 107" kg

energy per reaction = Amc? = 3.1365 x 1072% x (3.00 x 10%)?
=2382x101%7

number of reactions = energy needed < energy per reaction

400 x 10° + 2.82 x 1072

1.4 x 10%°

\

\

number of fusion reactions = ......... 1.4.%.20% o, [4]
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A 3D printer can manufacture small objects.

Some 3D printers use polylactic acid (PLA). PLA is supplied in the form of long filaments. The 3D
printer melts the PLA and builds up the shape of the desired object in layers.

The electrical supply to the heater in the printer has an e.m.f., ¢, of 12V. The power of the heater
is 40W.

(a) Calculate the resistance, R, of the heater.
P=V/R so R=VP
R=12%2+40 =144 + 40 = 36 Q

R= i 38 Q [2]
(b) The specific latent heat of fusion of PLA is 9.4 x 10*Jkg~" and its melting point is 160 °C.

(i) Define specific latent heat of fusion.

(ii) Calculate the maximum mass m of PLA that the heater could melt in one minute.
energy = Pt = mlL

m =40 x 60 + 9.4 x 10* = 2400 + 94 000 = 2.55 x 1072 kg

m= ... 2.6.%.1072 oo, kg [2]

(iii) Explain why the printing process is slower in practice than your answer to (ii) suggests.

from . 20.°C. up. 10 its..melting. PoINE. 0F. 1E0..%C ..o,
Not.all.the. heat.is..used. to. melt PLA. some.is lost. to.the. surroundings...........

B T L o [2]
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(iv) Fig. 6.1 shows the initial and final temperature of the PLA during the printing process.

Initially (point A), the solid PLA is at 20°C and is just entering the heater. Later (point B),
the PLA has been added to the object and is solid again.

Fig. 6.1
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Complete Fig. 6.1 to show how the temperature of the PLA changes between A and B.
You are not required to label the time axis. [3]
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(c) High-energy X-ray photons can destroy living cells. In radiotherapy, these photons are
targeted at cancer cells.

The radiation dose is the amount of energy that a patient’s body absorbs from the
high-energy X-ray photons.

Fig. 6.2 shows how this dose changes with depth below the surface of the skin.
Fig. 6.2
A

dose

depth

The dose initially rises with depth because the high-energy X-ray photons produce electrons
and positrons as they pass through the body. These electrons and positrons are quickly
absorbed, increasing the dose.

(i) Explain why high-energy X-ray photons produce electrons and positrons as they pass
through the body.

.antiparticle. pair. (S PrOQUCEA...................cocoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e [2]
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*(ii) A 3D object called a bolus is used in radiotherapy for patients with skin cancer. A bolus
targets the maximum radiation dose near the surface of the skin. So using a bolus
makes the radiotherapy more effective.

A bolus can be made from PLA using a 3D printer. The bolus must fit the shape of the
patient’s body exactly. This shape is found beforehand by giving the patient either a
CAT scan or a PET scan.

*  Explain how CAT scans and PET scans work.

» Discuss the advantages and disadvantages of having a scan to produce a bolus for
radiotherapy.

.....................................

..healthy..tissue. are..needed, .saving..cost..and..discomfort.. . The..more. . effective...................

treatment..may.save. .the. patient's.life,..so. averall. the. benefits.outweigh. .the..extra...........
ISK . QF 0. S ... [6]

Additional answer space if required
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).
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