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SECTION A

You should spend a maximum of 30 minutes on this section.
Write your answer to each question in the box provided.

Answer all the questions.

1 Which of the following units i$ not an S:I. base unit?

A ampere

B mole

C volt

D kilogram Q/

Your answer C [11

2 Which set of quantities are all scalar?
A acceleration, displacement, velocity
B energy, mass, power
C extension, force, gravitational potential energy

D weight, kinetic energy, work done

Your answer B | o “ J ' : _ [1]

3 Ametal block of mass 0.28 kg.has an.initial temperature of 82°C. It is dropped into cold water. The
temperature of the block after 1.2 minutes is 20°C.
The specific heat capacity of the metal is 130Jkg™1K™1.

What is the average thermal power transferred away from the metal block?

A 31W
B 41w
C 1900W
D 2700w

w [1
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4 . Theacceéleration a.of-a simple harmonic oscillstor is related toiis.displacement x by the equation

What is the frequency of the oscillator?

A 0.80Hz
B 1.3Hz
C 4.0Hz
D 5.0Hz
Your answer

At cenpre ot CL

¢

a=-=25.x.

a b=
g

"

(1l

5 _Arodis fixed to a pulley. Two 50N forces are applled to the ends of the rod as shown. The tensmn
in the rope attached to the pulley is T. The system is in:equilibriurm.

|
|
“.rod- :
I

I 20cm! 40¢cm !
— e ———————————————

Lo wivy

1
¢

Not to scale

What is the moment of the tension T about the centre of the pulley?

A  10Nm
B 20Nm
C 30Nm
D 40Nm

Your answer

L @ OCR 2018
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6 The latent heat of vaporisation of a liquid is 2300kJ kg™ and.it has a molar mass of 0.018kgmol™1.

What is the energy required to change 30 moles of the liquid to gas?

A 4.1x104 (\”p::g/

B 1.2x108J
C 69x107J
D

3.8x109J

Your answer 6 Q/ [13

7 Oneend of a spring is fixed and a force F is applied fo its other end. The elastic potential energy in
the extended spring is £. The spring obeys Hooke’s law..

What is the extension x of the s:pring? . oo
A x= % \

- g2t )
B x=-— ¥

E = ey

1

C x= 2E

F ﬁ_ //’)L

F -
D e —

X=2E v

Your answer L [}

[T
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‘8 An electron makes.a:transition between:the two energy levels showrt below. - '

energy

A

«5.40 x 10719'§

VW~~~ phoion

ot A AT AL A AR AT A AL AT AL AL A AL N e

This transition produces a photon of frequency 4.10 x 104 Hz.
What is the value of the energy level X?
A -268x10719)

-2.72x 10719

B
C -5.40x 10719y
D

-8.12x 10719y

. X

9 Apendulum is oscillating in air and experiences damping.

Your-answer

[1

Which of the following statements is/are correct for the damping force acting on the pendulum?

1 ltis always opposite in direction to acceleration.”

2  Itis always opposite in direction to velocity. ./

3 ltis maximum when the displacement is zero.-

A Only 1and2

B Only2and3

C Only3

D 1,2and3 w

Your answer 6 : [1]
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10 Atrolley of mass M is pulled along a horizontal table by a force W provided by a mass hanging

from the end of a string as shown.

bench trolley

string pulley

'

Frictional forces are negligible. The acceleration of free fall is g.

What is the correct equation for the acceleration a of the trolley?

W
A a=—
Sy
B a=g
w
C a=—
=M
D a= w
M+

Your answer P\

L—@oCR 2018
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11 The table below shows.some data ontwo wires X andiY:.. -~ - ‘ Pt
- -Wire Young modulus of Cross-sectiohal
. imaterial [GPRa - | area.of wire/mm?2
X 120 ' 1.0
Y 200 2.0

The wires X and Y have the same original length. The tension in each wire is the same,

Both wires obey Hooke's law,

. . extension of X 3
What is the value of the ratio —————=7
© 10 extension of Y /qL
A 0.30 b
B 17 <% 7/%/ =T ’
cC 20 L
D 33 *
Your answer | {5 : :
An object is dropped from rest at time { = 0. 1t falls vertically through the air.
The variation of the velocity v with time ¢ is shown below.
A
v / "
/
0
0 10 20 30 40
ts
Which statement is correct about this object?
A lthas constant acceleration. ¥
B i experiences zero drag at t = 30s. X
C It has an acceleration of 9.81ms2at f= 0s. /
D It travels the same distance in every successive 103)( W
Your answer C,

CTR T
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13 Earth has a mass of 6.0 x 1024kg and.a radius of 6400km.
A satellite of mass 320Kkg is lified from the Earth’s surface to an orbit 1200 km above its surface.

What is the change in the gravitational potential energy of the satellite?'
A 9.1x102)

B 9.9x10%J
C 32x10%J
D

3.8x 109

Your answer | ( Q/ [1]

14 The volume of one mole of an ideal gas is V. The gas exerts pressure p and has thermodynamlc
temperature T.

Which of the following has the units J m9_[_‘,1..K:1.?

T o T o e P T e T o T o e T o o ey e o e T A o o e o R e T T e P T T o T o, T = o = T o P o 30 o om0 o o o= oy

A pV Pvr(\ﬂ,]’
B % v
—anT
¢ v i
7
Vi p
o P TZ@%
T B
Your answer | ) ’ v T Ml
oV 7
p\/ A v
—~ 5(\'0
gl "o

I—@oc‘Rzma
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15 An object oscillates with simple harmonié niotion, - |

Which graph best shows the variation of its potential energy E with distance x from the equilibrium

position?
EA ¥
A - 4
0 -
0 X
EA

s AL ADATE Ao A e A A A LT A S A | AL AS T AS AL S A T TIA T S oD S o o S

Your answer (5 ‘ 1]
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- SECTIONB

Answer all the questions,
16 (a) Atennis ball is struck with a racket.
The initial velocity v of the ball leaving the racket is 30.0 ms~1 and it makes an angle of 70° to

the horizontdlas shown in Fig.16. -
Air resistance is negligible

horizontal = = = == o - o - cmwule

" Fig. 16

(i) Calculate the yertica_l component of the initjal velocity of the ball.
gogin (10)= 281497

=28mMs '

{ii) Use your answer in (i) to show that the ball reaches a maximum height s of about 40m.
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(ili) Explain why the kinetic energy of the ball is not zero at maximum height.
N RRE NS 2CCET- LN . satwnmowngmw’wmaﬂjv

LTwos sant WS o wemgeg horitonted speedd el ¥ [1]

MUS a0 Kinetie tnergy
(iv) -The mass mof the ball is 57.0g.
Calculate the kinetic energy E, of the ball when it is at its maximum height.

mMax |\£i6h+‘. vz hori Lontal (ornponent
= 300510

Lx 0057 x{3000s (10)] © = 3-0004¢

Q/ 33 e

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

(b)* A metal ball is rolled off the edge of a horizontal laboratory bench. The initial horizontal
velocity of the ball is v. The ball travels a horizontal c&sia_rggﬂﬂn‘e it hits the level floor.

Use your knowiedge of projectile motion to suggest the relationship between vand x. Describe

how an experiment can be safely conducted to test this relationship and how the data can be
analysed.

---------------------------------------------------------------------------------------------------------------------------------
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17 (a) Phobos is one of the iwo moons orbiting Mars. Fig. 17.1 shows Phobos and Mars.
Mars

Phobos

4

v

9380km I

[
[
|
ot
|

Fig. 171

The orbit of Phobos may be assumed to be a circle. The centre of Phobos is at a distance
9380km from the centre of Mars and it has an orbital speed 2.14 x 103ms™1.

() On Fig. 17.1, draw an arrow to show the direction of the force which keeps Phobos in its

orbit. 1
Py -
(i) Calculate the orbital period T of Phobos. | Vf.%' o 2if
€

- Z
11z 4t

rs
— v
G =21

SN RS- -

4
7= R0 Q/s 2]

(iii)y Calculate the mass M of Mars.

1z rte M= Ly
il GTY

3
me bty (4380n0) A2
bt X (275 x09) "

fL;WRm | M= .. 6‘*’)((03% ......... kg [&fl
e [N
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F (b) The gravitational field strength:at a distance r from.thecentre’of Mars is g.

i

;q The table below shows some data on Mars.

N . -

; * g/Nkg™ r/km lg (g/Nkg™1) Ig (r/km)

§ 1.19 6000 0.076 3.78

R 0.87 7000~ [0 | 3.95

0.867 8000 —0.1'74' ~3.80 +’%

; 0.53 9000 -0.276 3.95
! ; 0.43 10000 -0.367 4.00

% ' ! . '
L (i) Complete the table by calculating the missing values. 1
4 :

§ (i) Fig. 17.2 shows the graph of Ig (g/Nkg™") against Ig (r/km).

| g (9/N kg™)

! S

| 0 x T

1 3.7 3.8 3.9 ig (F/kimy 4.0

v dh

‘i _01 \\\:

| N

3 - . —O2 USSP S o ’?\"\.

! N

‘4 SRR > : %
i -0.3 : = : -' .

A

3

3

: ~0.4

Fig. 17.2

- - - - - f

1 Plot.the missing data point on the graph and draw the straight line of best fit. [2]
f ' 5 : !

miss'inj dowo s« (3. 69/ - 'o-'o‘b‘o)

il
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2 Use Fig. 17.2 to show that the gradient-of the straight line of best fit is -2.

<
8
2
Z\=
1

o

[1]

3 Explain why the gradient of the straight line of best fit is —2.
. j’ = o« Om

r*:
log () = 104 (o)
10§ (9) * ‘0369m)“ IQﬁ(rz)
! Y= |0 (Gm) ~ 210 Cf)

-

{c} In July 2018, the closest distance between the cenire of Mars and the centre of Earth will be
5.8 x.10"9m. :
Fig. 17.3 shows the variation of the resultant gravitational field stréngth g between the two
planets with distance r from the centre of the Earth.

4.0

3.0 -
g/1078N kg™ \
2.0

1.0 =

0 RN
1. . .

_q o T £11010 m ZEN

-2.0

Fig. 17.3
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{i) Explain»brieﬂy-—the-over'all‘shapé.fof.'the.graph in Fig..17.3.
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(i) Use the value of rwhen-g = 0 from Fig. 17.3 to determine the ratio

) mass of Earth
o mass of Mars ~
when 420 4 1* xio“m - -

X

2 mass of Earth
I T o i TSSO [2]
,R§ mass of Mars

R

Ay

- ! 1

R

R
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18 Wind turbines convert the Kinetic energy of the wind into electrical.energy.

L@ OCR 2018

Fig. 18 shows a wind turbine.

Fig. 18

(a) When the wind speed is 8.0ms™1, the kinetic energy of the air incident at the turbine per
second is 1.2MJs™.
Calculate the mass of the air incident at the furbine per second.

6
Lx mx g5 = [2K10 Q/

b
- gx]2x10 - 29500
o= y
) = 3.%X(0 t(g

4
mass per second = 3<§X[0 ................... % s71[2]

(b} A group of engineers are investigating the design of wind turbines.
The maximum input power P from the wind is given by the equation

p= —12—,0Av3
where A is the area swept out by the rotating blades, p is the density of air and v is the speed
of the wind.
" p= Y v= ms”!
gu 27 e
S |
VoS
V3 = [Y\-5 .5’3

5
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T -2 :\
cema J= L%ms xm

_ 2 _—
:I wo W I
- 19

() Show that.the equation.is:homogeneous with boih sides.of the equation having the same

hase units.
P = i frer v
i\ 3
%l_ = 4% m%g k (s t)

e

A= Kﬁm"’xm’ﬂx g~3

gl

g “QMZW‘“

52 s7! m 573
_ﬂ,_ j L eGuakion i homo Gin e0uUs -
g? '
[31
(i)} The input power to the wind turbine is 1.2 MW when the wind speed is 8.0 m g1
The density of air is 1.3Kgm™.
Calculate the length L of the turbine -blades:
. pnsiy
L2R08 = B x (3K L Ky
Mass of aic - 375 g0Wd . ST ¥ nefXhgdm .
ERUAS A ) 0 ® M
- .__.—-—'—"—-‘—-_-__——
v » ‘ ” & D (A
D ’ TRAXEE . 29.9 X{0° M
v 3‘?_3_3_@_.- 28546 - - -
L= e | 10”/‘“ .......................... m [2]

(ii) A wind farm is required to produce an output power of 50 MW when the average wind
speed is 8.0ms™!. The efficiency of each wind turbine is 42%.

Calculate the minimum number N of wind turbines required to meet this demand.

- ) 5
Tnput € = U21x106 - ot S OeXIOW
put pwie = SOX00w- Foxi0® _ Q9 tuwits
W : S 04 x® —~
S ~ o0
X =04l '
(moe’ '

%% oru‘Lxl‘LXlU =X

:I_mmw N= o 'OOW [_21_]

. IWWWWMIHHH
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19 Fig. 19 is an incomplete Hertzsprung-Russell (HR) diagram of .stars in our galaxy.

e e T e e e

(2
’ci.
g
¢
g
g
o

luminosity
A

temperature

Fig. 19
The position of the Sun on the HR diagram is shown in Fig. 19.

(a) State the type of stars found in regions A and B..

A Wnite dwaeds Q/) fed gignts [1]

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

(b} The Sun is a main sequence star. Its surface temperature is 5800 K. The wavelength of the
emitted light at maximum intensity is 550 nm.
bl AL

Beta Pictoris is also a main sequence star. The wavelength of the emitted light at maximum
intensity from this star is 370 nm.

(i} Calculate the surface temperature of Beta Pictoris.

A max A= T= WK
UK Tz K. > o
' 39X19 QxIg>
§%00 X 550x1079= 3-19x07 ~s7oxi0-9 Q/
T- $62!
v ~ %600 (_25*)

(if) On Fig. 19, mark the likely position of Beta Pictoris with a Iettex 1]

| I _
IO .
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20 (a) Use the equations for momentum and’ kinetic:energy to derive ‘ari expression for the kinetic
energy E, of a particle initerms-of its:momentum p'and mass:m.. .

(P) Momentvm = Mp$ SX Vel Ty 1
—‘i AASS X Vﬁ[(‘)a‘ﬁ"

(e =

(b) Fig. 20.1 shows an electric motor used to lift and lower a load.

;L© QCR 2018

e (I

electric

bench gg )_/l motor
\ -

| _-string

gy joad

“ground

A A AT A A A A A A AT AT AT ST

Fig. 20.1

A
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At time ¢= 0 the load is on the ground with displacement s = 0.
Fig. 20.2 shows the variation of the displacement s of the load with fime £.

S O OO

S
>
Oy

0.8

sim N,

0.4 — 0 b

OO O O O I Y O R Y

2 ' T otls

Fig. 20.2

Y O O O

0 : e
~o\0 1.0 s ot e kg x

R K.}

Fig. 20.3

1 [
Q <
g -3
o
~—
)
YO OO Y Y O YO Y

(i) On Fig. 20.3, skefch a graph to show the variation of the velocity v of the load with time ¢
You do not need to insert a scale on the v axis. 3]

(i) Describe how the kinetic energy and the gravitational potential energy of the load varies
fromf=0tot=2.0s.

LErom 0. to 20 Seconwd, e loads Gravicamional

...... Rorendal. anegy. JUTOC 40 it M@M‘ ihereases

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

L. |
g (IR |
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3 (iii) During the downward journey of the load, the string. breaks at.t = 4.08&: It then falls

% vertically towards the ground. The mass of the load is 1209

:q Air resistance is negligible.

5

1 Calculate the velocity V of the load just before it hits the ground.

s
3
R . Y. ! .
R = O-LF _ Ve ule2a> :
& =1 05 d \/ZEJ;L mecf sxoy 2.%944
R 2 4.6\ _ . A0S | J ‘ -
- 2 | o A 2.9
R T
i )
: | W
R
v qu .............. S . ms1[2]

<, 0

2 The load hits the ground and comes to rest in a time interval of 25 ms.

Calculate the average force F exerted by the ground onthe load..
\ )

Feom(v-u)
mv-o)

& :
£ 0 120 (0 2 ?"'MZMWS) | - 13% 62'260”3
T 9sx1073
QSX(U A oy
, F=’Lf .............................. N [2]

Lo morer
tf mmmmmunmmmmmmwm
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21 Fig. 21 shows the drum of a washing machine.

direction
of

washing
machine drum

Y Y Y Y Y Y Y T Y Y O Y T O IO YT

Fig. 21 ?C

The clothes inside the drum are spun in a vertical circular motion in a clockwise direction. :g
{a) When the drum is at rest, the weight of the clothes is equal to the normal contact force on the E
clothes at point A. a
Explain why these two forces are not an example of Ngurton’s Third Law of motion. fd
Ngwbons 3% juw | st Thal 0Bleus. LRES an aed and....... %
..... oppesite... £9ree. on e angMes . NOweves, Tnisidnak (e case g
....... Wi !.é.m....@éﬁ%.e'..&..(s?.t.@c..@'ﬁﬁ...a....".«fm...cz.t..firé..h.f.'gwu...t..pgm.t..;..m. normal g
Llondad Re | S fess Than 1% IV ...’f...[?l.(:zmé.‘?{..‘!!?..l?f;?@.‘ffﬂ...‘.{....fé‘...‘f..’.ff{ff‘.f...xfsi

..... Kpnpeds e 10, Qllot cicuudar MAO0on , yite verse 10 1T koo 15 Ej

(fesuirant ©itez Cenrriperal force)
(b) The drum has diameter 0.50m. The manufacturer of the washing machine claims that the
drum spins at 1600 £ 100 revolutions per minute.

Calculate the speed of rotation of the drum and the absolute uncertainty in this value.

L U7 T 0 W e L 9 o Y 6 o Y o 7 e W VO

ve  21v 1600 nvs = tmin:
_7;’, &Q—: | Secondd - G 14

3 160 X%& - 2.41
ve 2T Fv _%0 Thoo {
f’?). Q/ ! (
V= 211‘7(%@. % 025 ! ¢
¢
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i {€). The washing. machine is: switched.-off and the-speed of the -drum slowly, decreases. The
. clothes at the top of the drum at poirit Bstart to drop off at & certa[n speed v.

At this speed v, the normal contact force on the clothes is zero.

Calculate the speed v.
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22 (a) A heliumi atom X fravelling at 610ms™! makes an elastic collision with a stationary helium
atom Y. The magnitude of the velocity of X.after the collision is 258ms™1. The directions of
the velocities of X and Y are as shown in Fig. 22.

258m s

A~
. zscbs[nés
@5 o

Fig. 22
(i) Explain what is meant by an elastic collision.

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

(i) The mass of a helium atom is 6.64 x 1072"kg.
Calculate the magnitude of the momentum p ofiaﬁer the collision.

Lz ot momentunt 4 l/ld -6 - B
5% SiNBS X 6-blxte™ T = 2 5ink3 x blkexTO !

25%sinbS = ASN2S- Q%

95%8in0S _ - 553.732185”

2>
; b 6kt
P= % 2-9KI0 kgmis T [3]

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

(b)* There is a lot of helium in the Universe. This was also true of the Earth when it was formed
billions of years ago. However, only small traces of helium are now found in the atmosphere
of the Earth.

Use the kinetic theory of gases to explain why only small amounts of helium are found in the
Earth's atmosphere. ‘Use the information below to do suitable calculations to support your
answer.

* typical atmospheric temperature = 10°C

* mass of helium atom = 8.64 x 10727kg

«  escape velocity from the Earth = 11kms™
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23 (a) According to the Cosmological principle, the Universe is isotropic, homogeneous and the

L ©@OCR 2018

laws of physics are universal.

State what is meant by the term homogeneous.

(b) Astronomers often use absorption spectral lines to determine the relative velocity of distant
galaxies, The wavelength of a specific absorption speciral line observed in the laboratory is
280nm.

The galaxy RXJ1242-11 is 200 Mpc away from the Earth and it has a massive black hole at
its cenire.

Qwaj

(i) Calculate in nm the wavelength A of the same spectral line from RXJ1242-11 when
observed from the Earth. Assume the Hubble constant is 68 kms™ Mpc™.

Sl A2

V= 6%x 200 _
y l l AN = i?-fbxlo5 ¥ 280 x(0 9

. i Boxo® x 77T

13690 i tws 0%

VZ 13- bxiobwms J Anz |26 x@"%
L - v ( %00~ 4+ 1-16 ma'*wz?'z w7
5 T | 180 x10 Jré

.....................................................................................................................
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«(c) The Univérse-évolved from the-Big Bang.

Ay

Describe the evolution;of the:Universe up to the formation of the first nuclei.
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24 A group of students are conducting an experiment to determine the wavelength of monechromatic
light from a laser.
Fig. 24.1 shows the laser beam incident normally at a diffraction grating.

oA e o M O 2 T M 3 g

screen
q
13
. . \ (
diffraction second order maximum )
grating P
y %
incident 8 . )
bear > central maximum 1
I ™
: second order maximum
L X i
u b
{
» 0 i
Fig. 24.1 h

The students use a diffraction grating with 600 lines mm™1. They vary the distance x between the
grating and the screen from 1.000m to 2.000m. They measure the distance y from the central
maximum to the second order maximum.

(@) The students decide to plot a graph of y against «/x2 + y'z.

Show that the gradient of the graph is equal to sin 8, where #is the angle between the central
maximum and the second order maximum.

i
(
40 h%p) B @ PP)
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;_“ (b} Fig. 24.2 shows the graph plotted by the:students. .
R i :
2.000- . . .- - Ll -.-l .. .!‘i \"
_: l’ix, N
1.500 v
fm L -
Y ' y
1:000 4 H 2
3
\ 1.000 1.500 2.000 2.500 4. 3.000
; .53
Y X2+y2/m
: Fig. 24.2
’ (i} Use Fig. 24.2 to determiné an accurate value of the wavelengjth A of the light from the
laser. '
Aing~ N7- 6 ‘ Q‘7S — 55
- -3 _ -6 _ 3
\ A _L?j_@_.__ A > 01083
3 bod Q/
e . , - T |
Ogﬁlhg-’ TX e EX 0808 = 5.90X(C
sinU~ =x —_—
J—;——’——“ X 2
(iiiy Suggest how the precision of this experiment may be affected by using é'brotractor' to
measure the angle 8.
o O, IRt 1. Passibilin) of 4 PorallaX el
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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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Off Page Comments

Item Name Comment

18hii Scores allow for volume calculation (28846)

17ci no mention of curved graph

18bi Incorrect units for power (s*-1 on the bottom of the equation in J
s”-1 carried through incorrectly)

21c The '>' sign is the wrong way round. We would allow '<'

16b Limited analysis (red) and limited description (green)... allows
high L1. Black is wrong

22b Level 3 5 marks, irrelevant at the end, otherwise calculation good
and explanation good. Misses the point about rms speed is less
than the escape velocity

17bii 1 doesn't score the bf line - line needs to go through all the crosses
- final cross is missed

24a Tick given, but should be a cross. Agree with zero mark given

though.






