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Anzwer all the questions In the spaces provided.

{a} Define accaleration.

Lrede of change  of velocity
¥ J

(b) A man travels on a toboagoan down a slope coverad with snow fram point A o paint B and
* then to point C. Tha path is illustrated in Fig. 1.1.

Fig. 1.1 {not to scale)

The slope AB makes an angle of 40 with the horizontal and the slope BC makes an angle of
207 with the horizontal, Friction is not negligible.

The man and toboggan have a combined mass of 95kg.

The man starts from rest at A and has constant acceleration between A and B, The man
takes 102 to reach B. His speed is 35ms™ at B,

(i) Calculate the accalaration from A o B,

2 = voudak
= Ira s
2 I=a 10)
B
} asz 1.9
G
acceleration = .. Eo) 1.9 ma2[2]
(iiy Show that the distance moved fram A to B is 340m.
vVisui42g3
3 =20.8)s
8 =347
= IU0m [1]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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acceleration = change in velocity / time (taken)
or rate of change of velocity B1

(1l

v=0+atorv=at
(@a=36/19 =) 19(1.8947) m s

C1
A1 [2]

s =Yu+ Wt or s=V/2a or s = hat?
=% x36x19=36%/(2x1.89) =% x 1.89 x 192
=340 m (342 m /343 m /341 m)

M1 [1]

(b)(iii)

1. (AKE =) %2 x 95 x (36)?

=62 000 (61 560) J A1

2. (APE =) 95 x 9.81 x 340 sin 40° or
95x9.81 x218.5

=200 000 J A1

C1
[2]

C1
[2]
[4]

(b)(iv)

work done (by frictional force) = APE — AKE
or

work done = 200 000 - 62 000

(values from 1bd(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N
[420 N if full figures used]

Al
[2]

—ma = mg sin 20° — for ma=-mgsin 20° + f
-95x3.0=95x3.36-f
f =600 (604) N

C1

[2]

EXAMINER

COMMENTS

MARK
SCHEME




(i) For the man and toboggan maving from . A-to B, calculate

1. the change in kinetic energy,

A 2
jl'n.'lf

-+ (as)C 36 )

2. the change in potential anargy.

chgeapt—eE = chinge tn FE
= rn:hh
=S «T.8lx 3N
= 3183%2%

2= 319 o000
change in potential energy = ........ 311 000 L JdE

(v} Use your answers In (Hi) to determing the average frictional force that acts on the
tobegoan betwean A and B.

3183213 - L1560
= 3% 3¢w0° J

W=Tg .
Ex IS F R ID )
ERI
= F5D
friclional foree = ... F30 M2

{v} A parachute opens on the toboggan as it passes point B, Thera is a constant deceleration
of 20ms2 fromBio C,

Calculate the frictional forca that produces this daceleration between B and C.

F=mg
=45 2-3
foFema ags5
Fp=-285+F
T =285 - I50
= o3 frictional 68 = o232 ot N(2]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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acceleration = change in velocity / time (taken)
or rate of change of velocity B1

(1l

v=0+atorv=at
(@a=36/19 =) 19(1.8947) m s

C1
A1 [2]

s =Yu+ Wt or s=V/2a or s = hat?
=% x36x19=36%/(2x1.89) =% x 1.89 x 192
=340 m (342 m /343 m /341 m)

M1 [1]

(b)(iii)

1. (AKE =) %2 x 95 x (36)?

=62 000 (61 560) J A1

2. (APE =) 95 x 9.81 x 340 sin 40° or
95x9.81 x218.5

=200 000 J A1

C1
[2]

C1
[2]
[4]

(b)(iv)

work done (by frictional force) = APE — AKE
or

work done = 200 000 - 62 000

(values from 1bd(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N
[420 N if full figures used]

Al
[2]

—ma = mg sin 20° — for ma=-mgsin 20° + f
-95x3.0=95x3.36-f
f =600 (604) N

C1

[2]
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Anawer all the guestions in the spaces provided.

{a) Define acceleration.
o Sl Yelotit, il velaclle
HinaL .

............... [

{B) A man travels on a toboggan down a slope covered with snow from point A to point B and
than to paint C, The path is ilustrated in Fig. 1.1,

———— toboggan, &t rest

e

Sodzental ST

-'h

Tha slope AB makes an angle of 40° with the horizontal and the slope BC makes an angle of
20° with the horizontal. Friction is not negligile.

Fig. 1.1 (not to scale)

. Tha man and tobaggﬂn hava a combined mass of 85kg.

The man starls from rest at A and has constant acceleration between A and B. The man
takes 195 to reach B. His speed is 36ms™ at B.

(i) Caleulate the acceleration from Ao B.
a = 35-—&.
1.
a = .ég'_-
\4
=1-89

i acceleration = ..

(i) Show that the distance moved from A to B is 240m.
Lwb=a— L= Ut rYlat’

s=L ax™ Q-__‘lit.h?w{l%

2= Ayl il m .
[l

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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acceleration = change in velocity / time (taken)
or rate of change of velocity B1

(1l

v=0+atorv=at
(@a=36/19 =) 19(1.8947) m s

C1
A1 [2]

s =Yu+ Wt or s=V/2a or s = hat?
=% x36x19=36%/(2x1.89) =% x 1.89 x 192
=340 m (342 m /343 m /341 m)

M1 [1]

(b)(iii)

1. (AKE =) %2 x 95 x (36)?

=62 000 (61 560) J A1

2. (APE =) 95 x 9.81 x 340 sin 40° or
95x9.81 x218.5

=200 000 J A1

C1
[2]

C1
[2]
[4]

(b)(iv)

work done (by frictional force) = APE — AKE
or
work done = 200 000 — 62 000

(values from 1b(iii) 1. and 2.) C1

(frictional force = 138 000 / 340
[420 N if full figures used]

=) 410 (406) N

Al
[2]

—ma = mg sin 20° — for ma=-mgsin 20° + f
-95x3.0=95x3.36-f
f =600 (604) N

C1

[2]

EXAMINER

COMMENTS
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(i} For the man and toboggan moving from A to B, calculate

1. the change in kinetic energy,

-d
E'l:—%f“"‘?' 3!..._{ -L,r:g‘nﬂ;::‘f-{f
_ - ]
fi= A x As x V485 Ve 130
change iﬁ ﬁelic ENEIGY = wroveerernens 351,@6 ............... J2)

2. the change in potential encray.

o= ™M,

A sl & JudSnHE

change in potential energy = ... EOULFY J[2]
(iv) Use your answers in (ili) to determine the average frictional force that acis on the
toboggan between A and B.
e ]:./,'.;m Fovee.
2ouLiy - 0Ll
208Y 2131
2B
frictional 0rce = e L D‘-!'x"@{ ______________ N 2]
) :} p;;;l;ff;p;rg t-;nﬂﬂ.w toboggan as it passes point B. There Is a constant deceleration
Calculate the frictional force that produces this deceleration between B and C.
Fema = a0 x2
€3N
CHONIOCE = oo o N 2
[Tetal: 12§

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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acceleration = change in velocity / time (taken)
or rate of change of velocity B1

Mark scheme

(1l

v=0+atorv=at C1

(@=36/19=)19(1.8947) m s2 A1 [2]

s =Yu+ Wt or s=V/2a or s = hat?
=% x36x19=36%/(2x1.89) =% x 1.89 x 192

=340 m (342 m /343 m /341 m) M1 [1]

(b)(iii)

1. (AKE =) %2 x 95 x (36)? C1
=62 000 (61 560) J A1
2. (APE =) 95 x 9.81 x 340 sin 40° or

95x9.81 x218.5 C1
=200 000 J A1

[2]

[2]
[4]

(b)(iv)

work done (by frictional force) = APE — AKE
or
work done = 200 000 - 62 000
(values from 1bliii) 1. and 2.) C1
(frictional force = 138 000 / 340 =) 410 (406) N
[420 N if full figures used] A1
[2]

—ma = mg sin 20° — for ma=-mgsin 20° + f C1
-95x3.0=95x3.36-f

=600 (604) N [2]
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Answer all the quastions in the spaces provided.
(a) Define accalarafion.

{b) A man travels on a toboggan down a slope coverad with snow from poaint A to point B and
than to point C. The path is lllustrated in Fig. 1.1.

Fig. 1.1 {not to scale)

. The slope AB makes an angle of 40® with the horizontal and the slope BC makes an angle af
207 with the horizontal, Friction is not negligibla.

The man and toboggan have a combined mass of 95 E "

The man starts from rest at A and constant accaleration batween A -and B. The man
takes 196 fo reach B, His speed isB6my ™! at B.

{) Galculate the acceleration fromiA 1o B,
celeratior

n= 36

B 4 == 1.8

accelaration = ... | ﬁﬂu ................... m:r.2 [2]
(ily Show lhat-lhe distance moved from A to B is 340 m.
S = WreLatt o s= 04 Froasx 19t
| = BY|. HEm N 30w,

e
(1)

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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acceleration = change in velocity / time (taken)
or rate of change of velocity B1

(1l

v=0+atorv=at
(@a=36/19 =) 19(1.8947) m s

C1
A1 [2]

s =Yu+ Wt or s=V/2a or s = hat?
=% x36x19=36%/(2x1.89) =% x 1.89 x 192
=340 m (342 m /343 m /341 m)

M1 [1]

(b)(iii)

1. (AKE =) %2 x 95 x (36)?

=62 000 (61 560) J A1

2. (APE =) 95 x 9.81 x 340 sin 40° or
95x9.81 x218.5

=200 000 J A1

C1
[2]

C1
[2]
[4]

(b)(iv)

work done (by frictional force) = APE — AKE
or

work done = 200 000 - 62 000

(values from 1bd(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N
[420 N if full figures used]

Al
[2]

—ma = mg sin 20° — for ma=-mgsin 20° + f
-95x3.0=95x3.36-f
f =600 (604) N

C1

[2]

EXAMINER MARK

COMMENTS SCHEME




{iiiy Forthe man and toboggan moving from A to B, calculate

1. the change in kinatic anergy,
kE = imv"-

=3X95X 30
= o

Rl

change in kinetic energy = ... X e smemsnnn e o [2]

2. the change in potential energy. . -

GPE = mgh e e m\'ﬁﬂ 4 5“ S
S Glna iyl A0 = 1SxAFIxl ST

L E LIS L

q509.91 GPE= AT xaMX1LDY = [307.u¥

oq

chan_ga in F'm‘tanlilal I H “5 ......... e sreaseeeneren JI2]

{iv) Use your answers in (lli) to determine the average frictional fuma 1hat acts on tha

toboggan between A and B.
i"ﬂ-‘ ] :l‘ﬂ%
F=ma q5x 9.1 = 13199

FCHONE] FOTEE = rrsssseesssscsiessseesssssanssssassessensens e N 2]

(v} Aparachute opens cn the toboggan as it passes point B. There is a constant deceleration
of 30msZfromBlo C.

Calculate the frictional force that produces this deceleration between B and C.

N~ Fzma -k e ul e my
W= F = 8513 p F =113 = 4§ %9.8) :-’{ﬂl':“
':!%1-9-
Irictional force = (A M [2]
[Total: 12]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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Mark scheme

acceleration = change in velocity / time (taken)
or rate of change of velocity B1

(1l

(b) (i)

v=0+atorv=at
(@a=36/19 =) 19(1.8947) m s

C1
A1 [2]

(b)(ii)

s =Yu+ Wt or s=V/2a or s = hat?
=% x36x19=36%/(2x1.89) =% x 1.89 x 192
=340 m (342 m /343 m /341 m)

M1 [1]

(b)(iii)

1. (AKE =) %2 x 95 x (36)?

=62 000 (61 560) J A1

2. (APE =) 95 x 9.81 x 340 sin 40° or
95x9.81 x218.5

=200 000 J A1

C1
[2]

C1
[2]
[4]

(b)(iv)

work done (by frictional force) = APE — AKE
or
work done = 200 000 — 62 000

(values from 1b(iii) 1. and 2.) C1

(frictional force = 138 000 / 340
[420 N if full figures used]

=) 410 (406) N

Al
[2]

—ma = mg sin 20° — for ma=-mgsin 20° + f
-95x3.0=95x3.36-f
f =600 (604) N

C1

[2]
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4 (a) By refarence to the direction of the propdgation of erergy, state what iz meant by a fongftudinal

wave and by a fransverse wave.

longituainat: .. W auen... thak raved oaredel to. drechoa. ot .
Rlopergahon. 0f enerp . S

vansverse: ... Wasen. thab travel. ab rigud aoga.. to. eehian
Zhprepargaton. ok eoege ...

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

{b)- The intensity of a sound wave passing through airis given by
I= Kvpfea?

whare I is the intensity (powear per unit area),
K is a constant without units,
v iz the spead of sound,
o5 the density of air,
fis the frequency of the wave
and A Is the amplitude of the wave.

Show that both sides of the eguation have the same S1 base units.
P= F:u.ct -

koypz-ame’

Eaztss
(3]

t= P

&
vp E2R* 5 (ms-dCEgm 2 )x (g-1) (mI?
=i k:al;‘l-is_“xg—l?cmﬂ.
5 bgg-®

s, LHZiRHS -
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m MIDDLE Low

Mark Q4 Mark scheme
(a) longitudinal: vibrations/oscillations (of the
4(a) particles/wave) are parallel to the direction
or in the same direction (of the
propagation of energy) B1
transverse: vibrations/oscillations (of the
particles/wave) are perpendicular to the
direction (of the propagation of energy) B1 [2]
4(b) (b) LHS: intensity = power / area
units: kg m s x m x s=1 x m=2
or kg m?s-3 x m-2 B1
RHS: units: m s x kg m= x s72 x m? M1
LHS and RHS both kg s7° A13 [3]
(c)(i) change/difference in the observed/apparent
a(c)(i) frequency when the source is moving (relative
to the observer) B1 [1]
(c)(ii) wavelength increases/frequency
decreases/red shift B1 [1]
(d) observed frequency = vi/ (v-v) C1
4(c)(ii) 550 = (340 x 510) / (340 — v,) Ci
vy =25(24.7)ms” A1 [3]
[Total: 10]
4(d)
EXAMINER MARK
COMMENTS SCHEME




(e} {i) Describe the Doppler effect.

froqueney uohen Here 5. mohon, behweea the obiervec £ sourc. i)

(Il A distant star is moving away from a stationary observer,
State the effect of the motion on the light chserved from the star.
Kbt Jgiad. becomen. . Jesh. hoghbu.. 8106 Eresieog. ...

............. 1

(d) A carlravels at a constant speed towards a stationary cbserver. The homiof the car sounds at
& frequency of 510Hz and the observer hears a fraguancy of 550 Hz. The speed of sound in

air is 340ms"1. G E
Calculate the speed of the car.
Fo = Fax¥
S10¥ BEO i LS
550 = S19X =3¢ Vova

(3z0-2)

IR, 500- SSox = | §8:329°

sSSox= (3, 200
= A4 ms

speed=....2.4msz! me=! [3]

[Total: 10)

Select
page

Your

m MIDDLE Low

Mark Q4 Mark scheme
(a) longitudinal: vibrations/oscillations (of the
4(a) particles/wave) are parallel to the direction
or in the same direction (of the
propagation of energy) B1
transverse: vibrations/oscillations (of the
particles/wave) are perpendicular to the
direction (of the propagation of energy) B1 [2]
4(b) (b) LHS: intensity = power / area
units: kg m s x m x s=1 x m=2
or kg m?s-3 x m-2 B1
RHS: units: m s x kg m= x s72 x m? M1
LHS and RHS both kg s7° A13 [3]
(c)(i) change/difference in the observed/apparent
a(c)(i) frequency when the source is moving (relative
to the observer) B1 [1]
(c)(ii) wavelength increases/frequency
decreases/red shift B1 [1]
(d) observed frequency = vi/ (v-v) C1
4(c)(ii) 550 = (340 x 510) / (340 — v,) Ci
vy =25(24.7)ms” A1 [3]
[Total: 10]
4(d)
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4 (a)

(b)

-

By reference to the direction of the propagation of energy, state what is meant by a lengitudinal
wave and by a Iransvarse Wava. ,

longitudinal; .£Y, AIowe, {.-‘r‘\l LU;'U-G!"-' JJ‘E PMML TIE Eh .PEH{.IJ.-U-L

Iransvarse: ﬁ- WO E Ll ml'wﬂlu' -U'u_. ]pm;ti ele ol L
oven. pepentieniai [ ! Mdmﬂf@"" ......... mots,
“- browmn ah o noviavense wave.
[2]
The intensity of a sbund wave passing through airis given.by
I'= Kupf2a?

where [ is the intensity (power per unit area),

K is & constant without units,

v is the speed of sound, Pt

s the density of air, e

fis the frequency of the wave .

and A Iz the amplitude of the wave.

Show thaI both sides of the equation have ihﬂ same S1 base unils.

'ﬂﬁ_;(—_nwwf kxﬂt ¥ Ptjrﬁjx' ‘et Had 1—:’-[-'}_?
ha ?"5;.4 Kt "'-"Kgm-gﬁs Tyt = S5T
- K:rrzf{;x Kga -2 A
Kg s-%
9 _ Pew
lee e =3 - o K kL § %
ca a £xe .'rns""
- afﬁr‘n
S,

[2l

4(a)

4(b)

4(c)(i)

4(c](ii)

4(d)

Select
page

4

Your
Mark

)

m MIDDLE Low

Q4 Mark scheme
(a) longitudinal: vibrations/oscillations (of the

particles/wave) are parallel to the direction

or in the same direction (of the

propagation of energy) B1

transverse: vibrations/oscillations (of the

particles/wave) are perpendicular to the

direction (of the propagation of energy) B1 [2]
(b) LHS: intensity = power / area

units: kg m s x m x s=1 x m=2

or kg m?s-3 x m-2 B1

RHS: units: m s x kg m= x s72 x m? M1

LHS and RHS both kg s7° A13 [3]
(c)(i) change/difference in the observed/apparent

frequency when the source is moving (relative

to the observer) B1 [1]
(c)(ii) wavelength increases/frequency

decreases/red shift B1 [1]
(d) observed frequency = vi/ (v-v) C1

550 = (340 x 510) / (340 - v,) C1

Ve =25(24.7)m s A1 [3]

[Total: 10]
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() () Describe the Doppier effect

A Te. Slsenved Prqueriey. . chways dfaent 0 T

errramilleg wolery sousce asd mwdm Lt o ]

felotile  bnoiie- .

(i} A distant star iz maving away from a stationary observer,

State the affect of the motion on the light-observed from the star,
s ol

smmmrrrighene e g b o e s r pr O AR AR R R R P R AR RE R

(d) A cartravels at a constant speed fowands a stationary observer. The horn of tha car sounds at
a fraquancy of 510Hz and tha observer haars a fraquency of 550 Hz. The spead of sound in
alris 340ms1.

Calculate the speed of the car.
. BID

Blb = bSos

BYH O 3
FUD- VEQuw
0 a7 f‘;&m:u_um:, - U0
ZUD —V0ar o Beb.6% .

Voo . 26.69

[Total: 10]

4(a)

4(b)

4(c)(i)

4(c](ii)

4(d)
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Q4 Mark scheme
(a) longitudinal: vibrations/oscillations (of the

particles/wave) are parallel to the direction

or in the same direction (of the

propagation of energy) B1

transverse: vibrations/oscillations (of the

particles/wave) are perpendicular to the

direction (of the propagation of energy) B1 [2]
(b) LHS: intensity = power / area

units: kg m s x m x s=1 x m=2

or kg m?s-3 x m-2 B1

RHS: units: m s x kg m= x s72 x m? M1

LHS and RHS both kg s7° A13 [3]
(c)(i) change/difference in the observed/apparent

frequency when the source is moving (relative

to the observer) B1 [1]
(c)(ii) wavelength increases/frequency

decreases/red shift B1 [1]
(d) observed frequency = vi/ (v-v) C1

550 = (340 x 510) / (340 - v,) C1

Ve =25(24.7)m s A1 [3]

[Total: 10]
EXAMINER MARK
COMMENTS SCHEME




4

(a) By reference to the direction of the propagation of energy, state what is meant by a fongifudinal
wave and by a fransversa wave.

i

transverse: ...._ Tt $Ae6g) B perpendicoler i, The  direction &

The propagabon  Such a5 in & Juiter ghiss-
| S ] i &F ol

2
(b} The intensity of & sdund wave passing through air is given by
I'= Kiprea2

where I Is the Intensily (power per unit aréa ofwd
K is & constant witfiout units, ) poust = —Jﬁ—r

vis the speed of sound,

plE'thB mm&1r, - TGS = -[-M;d'
fis the fraquancy of the wave . P € .
and 4 is the amplitude of the wave. : - = Kgms M
oL =
w that both sides of the equation have the same S1 base units. _ E u"s"
‘K $2 A R ' €
I. = \.rf: .rq _ Kﬂm‘a_:r

N{'—E'_ﬂ = Tlr‘-.%.l Kﬁl\'ﬁﬁly "';

hj}:“ : ﬁ;}:‘i

s proved

19

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)

4

page

Select

)

MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment
0/2 These definitions make no sense and do not describe the waves
in the detail required.
0/3 Correct equation for power but mathematical error made in
analysis.
There is an apparent change in the frequency base units to
make units on each side of the equation equal means that no
credit can be awarded.
1/1  Clear description given.
1/1  Correct statement made.
2/3 Good presentation of equation and correct substitution of
values. Mathematical error made in the third line hence
incorrect final answer and loss of one mark.

EXAMINER MARK

SCHEME

COMMENTS




< Sp‘;';‘e’t } MIDDLE Low

{e) (i) Descrba the Doppler effect.

....... The . Ceaage o ?.PW“"F’ MT"M Your Examiner marks and comments
........ ﬁwwwmf 4}‘“#4- seuwe o QH_EE.‘.{E..________.[H Mark Mark Comment
{li) A distant star is moving away from a stafionary chserver. 4(a) 0/2 These definitions make no sense and do not describe the waves
in the detail required.

sﬂnmma aﬁactnfﬂmmaﬁm unﬂ-allghtnhaanrad‘rrmme star.

Vi APPAE.. firw P degease

e susasimt et e e e s oo mesasese 1 4(b) 0/3  Correct equation for power but mathematical error made in
{d) Acartravels at a constant speed towards a stationary observer. The hom.of the ear sounds at analysis.
a frequency of 510Hz and the observer hears a frequency of S50Hz. The spead of sound in There is an apparent change in the frequency base units to
alria S40me™. make units on each side of the equation equal means that no
salculate the speed of the car, credit can be awarded.
:r- '@ 4(c)(i) 1/1  Clear description given.
&
)
gs0 = (o= ) 1o
We = Buo
Fo-Vs a(c)(ii) 1/1  Correct statement made.
e = 13bon = “MOVs _
speed = '3‘3‘5 ms~ [3)
#132bd = LAV
- [Total: 10]
V= 33
4(d) 2/3 Good presentation of equation and correct substitution of
values. Mathematical error made in the third line hence

incorrect final answer and loss of one mark.

EXAMINER MARK
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5§ (&) Light of a single wavelength is incident on a dififaction grating. Explain the part played by
diffraction and interference in the production of the first order maximumn by the diffraction

grating.

difftaction: ...JE... % 3. PRGN ol wewes . theuah &
DALTENY. ..o B84 ST BEEM s s s
intederence: .. Jker fartn e s Hee  averlagping | of  udico
A S ek ek e common,  pRink. Theet ways
..... musk | bt coheaint | ob e st Ho...aeh pdarnicd dn,

o leeat -

(b) The diffraction grating Illustrated in Fig. 5.1 is used with light of wavelength 486 nm.

“

second order

lighit
wavelength 486 nm

diffraction

grating first oroler—

second order= screan

Fig. 5.1 (not to scale)

The ardars of the maxima produced are shown on the screen in Fig. 5.1, The-angle between
the two second ordar maxima is 58.4%,

Caleulste the number of lines per millimetre of the grating.

S4.4 _ 24.7 " Ads L
- [N
Z
dgin 6= nA et
- . -7 . Y T R
o sin 2473 2 4 3L xta7) 19 & -

stk o™t m

cWE 504NN,

number of lines per milimetre = ....5383330u4e . mm [3]

opz S89TZ tine

5(a)

5(b)

Select
page

Your
Mark

)

Q5 Mark scheme
(a) diffraction: spreading/diverging of waves/light
(takes place) at (each) slit/element/gap/aperture B1
interference: overlapping of waves (from
coherent sources at each element) B1
path difference Aphase difference of 360(°)/2m
(produces the first order) B1 [3]
(b) dsind=nA or sinB= NnA C1
d= (2 x 486 x 10°) / sin 29.7° (= 1.962 x 107) C1
number of lines = 510 (5609.7) mm™’ A1 [3]
[Total: 9]

EXAMINER MARK
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(a) Light of a single wavelength is incident on a diffraction grating. Explain the part played by
diffraction and inferference in the production of the first order maximum by the difiraction
grating. :

diffraction: I%we Crdtyiente. ﬂ'j?ﬁﬂffffj ﬂlﬂﬁ'ﬁvmﬁn

Dot Bl ald. .. ol There. 05 ...

L kG ... APl 5.

111111111111111111111111111111

{b) Tha diffraction grating illustrated in Fig. 5.1 is used with ight of wavelangth 486 nm.
second arder

light
wavelength 486 nm

he.

second order

SCreen

Fig. 5.1 (not to scalg)

The orders of the maxima produced are shown on the screen in Fig. 5.1, The angle between
the two second order maxima is 58.47,

Caleulate the number of lines per milimatre t:\f the grating.

D sing= A,
axaghe

ém(\sﬂﬂ: )

- f:‘?.é ,KI,.‘D_&

number of lines per milimetre = .... mm 3]

[Total: 61

5(a)

5(b)
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page

Your
Mark

)

Q5 Mark scheme
(a) diffraction: spreading/diverging of waves/light
(takes place) at (each) slit/element/gap/aperture B1
interference: overlapping of waves (from
coherent sources at each element) B1
path difference Aphase difference of 360(°)/2m
(produces the first order) B1 [3]
(b) dsind=nA or sinB= NnA C1
d= (2 x 486 x 10°) / sin 29.7° (= 1.962 x 107) C1
number of lines = 510 (5609.7) mm™’ A1 [3]
[Total: 9]
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& (a) Light of a single wavelength Is incident on a diffraction grating. Explain the part played by

diffraction and inferference in the production of the first order maximum by the diffraction
grating.

ditfraction: 2, T1.5.... 5. whea,.. he., . dight... Wavl | 9€ES . Saeadsd
ok ol . San. bt k. g a0 0. Cdghl.
interference: LS. 15 . whewe A€ A0 \wawds. . e get..
L% T s 8 Paind....d0ly. .. ooeg. LT % v
(@ SHMLHYE. ... 0 HEFEECL .o DKo LS ATCC AL L
BRaE 2 514 (2 R “

{b) The diffraction grating illustrated in Fig. 5.1 is usad with light of wavelength 488 nm.

sacond ardar

firat order=
light

wavalangth 486 nm
e 2810 ordar-

diffraction

grating first ondar—

sacond order™ cerpan

Flig. 5.1 {not to scale)

The orders of the maxima produced are shown on the screen in Fig. 5.1, The angle betwaen
the two gacond order maxima is 50.4°, '

Calculate the number of ines per millimetre of the grating. = : w@é
dfimptn
d ﬁhSﬂ.q:‘ It LY
L = .20 "
d = e 3 1249-3
§-85% (07"

number of lines per millimetre = ...... ) mm™! [3]

5(a)

5(b)
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Mark

)

Q5 Mark scheme
(a) diffraction: spreading/diverging of waves/light
(takes place) at (each) slit/element/gap/aperture B1
interference: overlapping of waves (from
coherent sources at each element) B1
path difference Aphase difference of 360(°)/2m
(produces the first order) B1 [3]
(b) dsind=nA or sinB= NnA C1
d= (2 x 486 x 10°) / sin 29.7° (= 1.962 x 107) C1
number of lines = 510 (5609.7) mm™’ A1 [3]
[Total: 9]
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1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)

Your
Mark

)

Q1
(b)(ii)

m MIDDLE Low

Value for y with unit in range 2.0 <y < 8.0 cm.

Mark scheme

(b)(iii)

Raw values of 0 to the nearest degree.
Value of @ in the range 40° to 50°.

EXAMINER MARK
COMMENTS SCHEME
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1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)

Your
Mark

)

Q1
(b)(ii)

m MIDDLE Low

Value for y with unit in range 2.0 <y < 8.0 cm.

Mark scheme

(b)(iii)

Raw values of 0 to the nearest degree.
Value of @ in the range 40° to 50°.

EXAMINER MARK
COMMENTS SCHEME




1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)

Select
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Your
Mark

)

Q1

MIDDLE Low

Mark scheme

Six sets of readings of m, y and 6 with correct trend
scores b marks, five sets scores 4 marks etc. [5]

Help from supervisor —1.

Range: [1]
Range of values to include m < 150 g and m > 400 g.
Column headings: [1]

Each column heading must contain a quantity and
a unit where appropriate.

The unit must conform to accepted scientific
convention, e.g. msin /g or 6 (°).

Consistency: [1]
All values of y must be given to the nearest mm only.
Significant figures: [1]
Every value of m sin 8 must be given to 2 or 3 s.f.
Calculation: [1]
Values of m sin 6 calculated correctly to the number
of s.f. given by the candidate [5]
(e)i) Axes: [1]

Sensible scales must be used. Awkward scales
(e.g. 3:10) are not allowed.

Scales must be chosen so that the plotted points occupy
at least half the graph grid in both x and y directions.

Scales must be labelled with the quantity that is being
plotted.

Scale markings should be no more than three large
squares apart.

Plotting of points: [1]
All observations must be plotted.

Diameter of plotted points must be < half a small
square (no “blobs”).

Plotted points must be accurate to half a small square.
Quality: [1]
All points in the table (at least 5) must be plotted on the

grid for this mark to be awarded.

All points must be within £0.25 cm in the y direction

of a straight line. [3]
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COMMENTS SCHEME




1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)
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Mark

)

Q1
(e)(ii)

m MIDDLE LOW
Mark scheme

Line of best fit: [1]

Judge by balance of all points on the grid about the
candidate’s line (at least 5 points). There must be an even
distribution of points either side of the line along the full
length.

Allow one anomalous point only if clearly indicated by the
candidate.

Lines must not be kinked or thicker than half a square

(e)(iii)

Gradient: [1]

The hypotenuse of the triangle must be greater than
half of the length of the drawn line.

The method of calculation must be correct.

Both read-offs must be accurate to half a small square
in both the x and y directions.

y-intercept: [1]
Either:

Correct read-off from a point on the line and substituted
into y = mx + c.

Read-offs must be accurate to half a small square in
both x and y directions.

Or:

Intercept read off directly from the graph (accurate to
half a small square).

[2]
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1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)
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page

Your
Mark

)

Q1

m MIDDLE Low

Value of P = candidate’s gradient and value of

Q = candidate’s intercept. [1]

Do not allow fractions.

Unit for P correct (m kg™ or cm kg™ or mm kg™ or

m g’ orcmg’ ormm g-)

and consistent with value.

Unit for Q correct (m or cm or mm) and consistent

with value. [1]

[2]

[total: 20]

Mark scheme
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1(e)(ii)

1(e)(iii)
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Your
Mark

)

Q1
(b)(ii)

m MIDDLE LOW
Mark scheme

Value for y with unit in range 2.0 <y < 8.0 cm.

(b)(iii)

Raw values of 0 to the nearest degree.
Value of @ in the range 40° to 50°.

EXAMINER MARK
COMMENTS SCHEME




Select
page

1(b)(ii)

1(b)(iii)
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)

Q1
(b)(ii)

m MIDDLE LOW
Mark scheme

Value for y with unit in range 2.0 <y < 8.0 cm.

(b)(iii)

Raw values of 0 to the nearest degree.
Value of @ in the range 40° to 50°.
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1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)

Select
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Your
Mark

)

Q1

MIDDLE Low

Mark scheme

Six sets of readings of m, y and 6 with correct trend
scores b marks, five sets scores 4 marks etc. [5]
Help from supervisor —1.

Range:

Range of values to include m < 150 g and m > 400 g.

Column headings:
Each column heading must contain a quantity and
a unit where appropriate.

The unit must conform to accepted scientific
convention, e.g. msin /g or 6 (°).

Consistency:

All values of y must be given to the nearest mm only.
Significant figures:

Every value of m sin 8 must be given to 2 or 3 s.f.

Calculation:
Values of m sin 6 calculated correctly to the number

[1]
1l

(1]
(1]
(1]

of s.f. given by the candidate [5]
(e)i) Axes: [1]

Sensible scales must be used. Awkward scales

(e.g. 3:10) are not allowed.

Scales must be chosen so that the plotted points occupy

at least half the graph grid in both x and y directions.

Scales must be labelled with the quantity that is being

plotted.

Scale markings should be no more than three large

squares apart.

Plotting of points: [1]

All observations must be plotted.

Diameter of plotted points must be < half a small

square (no “blobs”).

Plotted points must be accurate to half a small square.

Quality: [1]

All points in the table (at least 5) must be plotted on the

grid for this mark to be awarded.

All points must be within £0.25 cm in the y direction

of a straight line. [3]
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1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)
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)

Q1
(e)(ii)

m MIDDLE LOW
Mark scheme

Line of best fit: [1]

Judge by balance of all points on the grid about the
candidate’s line (at least 5 points). There must be an even
distribution of points either side of the line along the full
length.

Allow one anomalous point only if clearly indicated by the
candidate.

Lines must not be kinked or thicker than half a square

(e)(iii)

Gradient: [1]

The hypotenuse of the triangle must be greater than
half of the length of the drawn line.

The method of calculation must be correct.

Both read-offs must be accurate to half a small square
in both the x and y directions.

y-intercept: [1]
Either:

Correct read-off from a point on the line and substituted
into y = mx + c.

Read-offs must be accurate to half a small square in
both x and y directions.

Or:

Intercept read off directly from the graph (accurate to
half a small square).

[2]
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COMMENTS SCHEME




1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)
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Mark

)

Q1

m MIDDLE Low

Value of P = candidate’s gradient and value of

Q = candidate’s intercept. [1]

Do not allow fractions.

Unit for P correct (m kg™ or cm kg™ or mm kg™ or

m g’ orcmg’ ormm g-)

and consistent with value.

Unit for Q correct (m or cm or mm) and consistent

with value. [1]

[2]

[total: 20]
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m MIDDLE Low

Value for y with unitin range 2.0 <y < 8.0 cm.

Mark scheme

(b)(iii)

Raw values of 0 to the nearest degree.
Value of @ in the range 40° to 50°.
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Q1
(b)(ii)

m MIDDLE Low

Value for y with unitin range 2.0 <y < 8.0 cm.
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(b)(iii)

Raw values of 0 to the nearest degree.
Value of @ in the range 40° to 50°.
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1(e)(i)

1(e)(ii)
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1(f)

Select
page

Your
Mark

)

Q1

MIDDLE Low

Mark scheme

Six sets of readings of m, y and 6 with correct trend
scores b marks, five sets scores 4 marks etc. [5]

Help from supervisor —1.

Range: [1]
Range of values to include m < 150 g and m > 400 g.
Column headings: [1]

Each column heading must contain a quantity and
a unit where appropriate.

The unit must conform to accepted scientific
convention, e.g. msin /g or 6 (°).

Consistency: [1]
All values of y must be given to the nearest mm only.
Significant figures: [1]
Every value of m sin 8 must be given to 2 or 3 s.f.
Calculation: [1]
Values of m sin 6 calculated correctly to the number
of s.f. given by the candidate [5]
(e)i) Axes: [1]

Sensible scales must be used. Awkward scales
(e.g. 3:10) are not allowed.

Scales must be chosen so that the plotted points occupy
at least half the graph grid in both x and y directions.

Scales must be labelled with the quantity that is being
plotted.

Scale markings should be no more than three large
squares apart.

Plotting of points: [1]
All observations must be plotted.

Diameter of plotted points must be < half a small
square (no “blobs”).

Plotted points must be accurate to half a small square.
Quality: [1]
All points in the table (at least 5) must be plotted on the

grid for this mark to be awarded.

All points must be within £0.25 cm in the y direction

of a straight line. [3]
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)

Q1
(e)(ii)

m MIDDLE LOW
Mark scheme

Line of best fit: [1]

Judge by balance of all points on the grid about the
candidate’s line (at least 5 points). There must be an even
distribution of points either side of the line along the full
length.

Allow one anomalous point only if clearly indicated by the
candidate.

Lines must not be kinked or thicker than half a square

(e)(iii)

Gradient: [1]

The hypotenuse of the triangle must be greater than
half of the length of the drawn line.

The method of calculation must be correct.

Both read-offs must be accurate to half a small square
in both the x and y directions.

y-intercept: [1]
Either:

Correct read-off from a point on the line and substituted
into y = mx + c.

Read-offs must be accurate to half a small square in
both x and y directions.

Or:

Intercept read off directly from the graph (accurate to
half a small square).

[2]
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Value of P = candidate’s gradient and value of

Q = candidate’s intercept. [1]

Do not allow fractions.

Unit for P correct (m kg™ or cm kg™ or mm kg™ or

m g’ orcmg’ ormm g-)

and consistent with value.

Unit for Q correct (m or cm or mm) and consistent

with value. [1]

[2]

[total: 20]
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Select
7 (a) Electric currant is a flow of charge carrers. The charga on the carriers is quantised, Explain
what is meant by guantized.
LAt maeand. Wqﬁmgzﬂebwdemmjmm”m Your
Mark Q7 Mark scheme
(b) A battery of electromotive force (em.t) 9.0V and internal resistance 0.250 is connected in . L
series with two identical resistors X and a resistor Y, as shown in Fig. 7.1. ™ (a) charge exists only in discrete amounts B1 1]
a
battery e )
“m”: 9.0V 0250 (b)(i) E=IR+rorV=IR C1
i |"“l' I_Fllt : (total resistance =) 2.7 + 0.30 + 0.25 (= 3.25Q) M1
: [TEAY B
: v - /=9.0/(2.7+030+0.250r9.0/325=28A A1 [3]
(b)(ii) V=1IR_, C1
7(b)(i) =2.77x3.00r2.8x3.0
b ) hi X or
— V=FE-Ir (C1)
0159 278 0158 =9.0-277%x0.250r9.0-2.8x0.25
V=83(8.31)Vor84VAI [2]
Fig. 7.1
The resistance of each resistor X is 0,152 and the resistance of resistor Y is 2.7.2. 2(b)(ii) ()i = nevA
- : : . . v=277/85x%x10%x 16 x 107" x 2.5 x 109 M1
_ (0 Showthat the cument in the circultis 28A. ., p . =8.1(8.147) x 10° ms™" or 8.2 x 10-6 ms™' Al (2]
- ' =3
Voatt =1l ' (c)i) | A reduces by a factor 4 (1/4 less) or resistance
Eenpont - 9 of Z goes up by 4x M1
[D.Lﬂu..g oy & '1-_'?} ] current goes (_:lown but by less than a factor of
7(c)(i) 4 (as total resistance does not go up by a factor
- 2-169 A of 4) so drift speed goes up A1 [2]
[Total: 10]
= A-8A
[3]
(i) Calculate the potential difference across the battery.
0ac 9-0-69
= B AD-
v - ®-30%
= 0-kg - §-3]
potential diffsrsnce = =1 N vz
EXAMINER MARK
COMMENTS SCHEME




(¢} Each resistor X connected in the circuit in (b) is made from-a wire with a cross-sectional area
of 2.5mm® The number of free electrons per unit volume In the wire is 8.5 x 10*m2

. P
(i) Caleulate the average drift spead of the electrons in X, g_‘-,{,@vﬁb

L=nhve ) M

2.g =85 x0, 2105 yx rexip Y T 4

-8 " =S
Soeio! _
MOl e uxio ™

driftspeed = .. B (Y X10T o . ms [2)

{iiy The two resistors X are replaced by two resistors 2 made of the same material and
length but with half the diameter. ., 4. -

—

Describe and explain the difference between the a'u'cragn drift speed in Z and that in X.
Aanct..tha. &»«é’i,&pﬂcﬁ@w prppﬁiwﬂaﬂ
o Crith e chimel Gasen it da.«.éa.‘ .r,a.e.a,.d! T -~
issi . be...oncneaeed. boy. if.f«,nw ﬁ!twdﬁirf,g&zm
dnaid.. mmﬁw*’mmﬁ 2agodt down Tumees Doy

fﬂmﬂ: v
[Total: 10]

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q7 Mark scheme
(a) charge exists only in discrete amounts B1 [1]
(b)(i) =I(R+rorV=IR C1
(total resistance =) 2.7 + 0.30 + 0.25(=3.25Q) M1
/=9.0/(2.7+030+0.25)0r9.0/325=28A A1 [3]
(b)(ii) V=1IR_, C1
=277%x3.00r28x3.0
or
V=E-Ir (C1)
=90-277x0.250r9.0-2.8x0.25
V=8.3(8.31)Vor84VAI1 [2]
(c)i) = nevA
v=277/85x%x10%®x16x 10" x 2.5 x 107 M1
=8.1(8.147) x 10 ms~' or 8.2 x 10-6 ms™ A1 [2]
(c)(ii) A reduces by a factor 4 (1/4 less) or resistance

of Z goes up by 4x M1

current goes down but by less than a factor of
4 (as total resistance does not go up by a factor
of 4) so drift speed goes up A1 [2]

[Total: 10]

EXAMINER MARK
COMMENTS SCHEME




7 (&) Electic current is a flow of charge carriers. The charge on the cariers is quantised, Explain
what is maant by quantissd,

i . L] e ‘cal P
LBuanhsed | means LY i, S ot NN |

(b} A battery of electromotive force (em.f) 9.0V and internal resistance 0.258 is connacted in
sarles with two Identical resistors X and a resistor’y, as shown In Flg. 7.1,

* Y X
—
0a58 278 0154
Fig. 7.1

The rasistanca of sach resistor X ks 0.158 and the resistance of resistor is 2,70,
(i) Showthat the current in the circuit is 2.8 A, I

N=1F
q:1 ( bas + 815 +8:15 +27

a= 1 L1.25)

srovn

[3]
(i) Calculate-the potential differance across the battery.
v = V= 1R
P on.g ROLG
T el VW
potential diference = .o @ T e ¥ [2]

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q7 Mark scheme
(a) charge exists only in discrete amounts B1 [1]
(b)(i) E=I(R+r)orV =IR C1
(total resistance =) 2.7 + 0.30 + 0.25(=3.25Q) M1
/=9.0/(2.7+030+0.25)0r9.0/325=28A A1 [3]
(b)(ii) V=1IR_, C1
=277%x3.00r28x3.0
or
V=E-Ir (C1)
=90-277x0.250r9.0-2.8x0.25
V=8.3(8.31)Vor84VAI1 [2]
(c)i) = nevA
v=277/85x%x10%®x16x 10" x 2.5 x 107 M1
=8.1(8.147) x 10 ms~' or 8.2 x 10-6 ms™ A1 [2]
(c)(ii) A reduces by a factor 4 (1/4 less) or resistance

of Z goes up by 4x M1

current goes down but by less than a factor of
4 (as total resistance does not go up by a factor
of 4) so drift speed goes up A1 [2]

[Total: 10]

EXAMINER MARK
COMMENTS SCHEME




{c)} Each resister X connected inthe circuit in (b) is made from & wire-with a cross-sectional area
of 2. 5mme. The number of free electrons per unit volume in. the wire is 8.5 = 108 m=,

(I} Calzculate the averags drift speed of the electrons in X.

Tznhva a1y
1'1: f_"g xtﬂlﬁ}.{ z.ﬁxiﬂ-zjt\f ‘>'L"beb
cye B2 X107 ms?
-9
drift speed = v BB ELE T ms [2]

(i} The two resistors X are replaced by two resistors Z made of the same material and
length but with half the diameter.

Describe and explain the diffierence batween the averages drift speed in £ and that in X.

pepeases b four  Bewee | e webme- avesge dnft
speed ol | incgase | BY L foer B, 21
' [Total: 10]
PR
nAg

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q7 Mark scheme
(a) charge exists only in discrete amounts B1 [1]
(b)(i) E=I(R+r)orV =IR C1
(total resistance =) 2.7 + 0.30 + 0.25(=3.25Q) M1
/=9.0/(2.7+030+0.25)0r9.0/325=28A A1 [3]
(b)(ii) V=1IR_, C1
=277%x3.00r28x3.0
or
V=E-Ir (C1)
=90-277x0.250r9.0-2.8x0.25
V=8.3(8.31)Vor84VAI1 [2]
(c)i) = nevA
v=277/85x%x10%®x16x 10" x 2.5 x 107 M1
=8.1(8.147) x 10 ms~' or 8.2 x 10-6 ms™ A1 [2]
(c)(ii) A reduces by a factor 4 (1/4 less) or resistance

of Z goes up by 4x M1

current goes down but by less than a factor of
4 (as total resistance does not go up by a factor
of 4) so drift speed goes up A1 [2]

[Total: 10]

EXAMINER MARK
COMMENTS SCHEME




{a) Electric current is a flow of charge carriers, The charge onthe camiers is quantised. Explain
what is meant by guantised,

LAEQ 3R, SADUD ALY PADACR. RRBAON POAMMUI T e (1]

(b} A battery of electromotive force (em.f) 9.0V and imernal resistance 0,250 is connected in
sarias with two identical resistors X and a resistar Y, as shown in Fig. 7.1,

0150 270 LA ET

Fig. 7.1
The resistance of each resistor X is 0,156 and the resistance of resistor ¥ 1s 2,70,

(I} Show that the cument in the circuit is 2.8A,
Er lLR'i-ri-'rq.r‘)
g.ov: I ((0r3n+omraiions)

L= T L'E,,-:&EE

T - 94-0
B-at
bl T AL
o ome-wA
EE=L
(3]
(i) Calculate the potential difference across the battery.
WE LR -
Ela g aan.  Wagacd x 029
[kt =T oY S e O.oan
potential difference = S22 eemsisnn s W2

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q7 Mark scheme
(a) charge exists only in discrete amounts B1 [1]
(b)(i) E=I(R+r)orV =IR C1
(total resistance =) 2.7 + 0.30 + 0.25(=3.25Q) M1
/=9.0/(2.7+030+0.25)0r9.0/325=28A A1 [3]
(b)(ii) V=1IR_, C1
=277%x3.00r28x3.0
or
V=E-Ir (C1)
=90-277x0.250r9.0-2.8x0.25
V=8.3(8.31)Vor84VAI1 [2]
(c)i) = nevA
v=277/85x%x10%®x16x 10" x 2.5 x 107 M1
=8.1(8.147) x 10 ms~' or 8.2 x 10-6 ms™ A1 [2]
(c)(ii) A reduces by a factor 4 (1/4 less) or resistance

of Z goes up by 4x M1

current goes down but by less than a factor of
4 (as total resistance does not go up by a factor
of 4) so drift speed goes up A1 [2]

[Total: 10]

EXAMINER MARK
COMMENTS SCHEME




{c) Each resistor X connected in the circult In (b) is made from a wire with & cross-sectic
of 2.5mmZ. The number of frea electrons per unit volume in the wire is 8.5 = 108 m™

2 -5k T

(i) Calculate the average drift speed of the elecirons in X.

T = NvAve -
f-a "b-ﬁ-ﬁuuiq p”: DB Tx N % GO D
85 = e DT
v = &%

24 ¥ 00

¥R RS

drift speet = S5 S K ML s

two resistors X ara replaced by two resistors £ made of the same mat
th but with half the diamster.

cribe and explain the differenca batwaen the average drift speed in Z and tF

AR OWNEAD DR AALBL. SOMRE. 00, £ 1a. 2255, K010
e LA 02 BROMBIE s

Select
page

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)

)

m MIDDLE Low

Your
Mark Q7 Mark scheme
(a) charge exists only in discrete amounts B1 [1]
(b)(i) E=I(R+r)orV =IR C1
(total resistance =) 2.7 + 0.30 + 0.25(=3.25Q) M1
/=9.0/(2.7+030+0.25)0r9.0/325=28A A1 [3]
(b)(ii) V=1IR_, C1
=277%x3.00r28x3.0
or
V=E-Ir (C1)
=90-277x0.250r9.0-2.8x0.25
V=8.3(8.31)Vor84VAI1 [2]
(c)i) = nevA
v=277/85x%x10%®x16x 10" x 2.5 x 107 M1
=8.1(8.147) x 10 ms~' or 8.2 x 10-6 ms™ A1 [2]
(c)(ii) A reduces by a factor 4 (1/4 less) or resistance

of Z goes up by 4x M1
current goes down but by less than a factor of

4 (as total resistance does not go up by a factor

of 4) so drift speed goes up A1 [2]

[Total: 10]

EXAMINER MARK
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]

EXAMINER MARK
COMMENTS SCHEME




2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]

EXAMINER MARK
COMMENTS SCHEME




2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]

EXAMINER MARK
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]

EXAMINER MARK
COMMENTS SCHEME




2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]

EXAMINER MARK
COMMENTS SCHEME




2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

4

Your
Mark

Select
page

Q2 Mark scheme
(9) | (i) Limitations  [4]

(i) Improvements  [4]

Do not credit

A Two readings not
enough to draw a
conclusion

Take many readings
and plot a graph/
obtain more k values
and compare

"Repeat readings”
on its own/few
readings/only

one reading/not
enough readings for
accurate value

B Difficult to judge
beginning and/or
end of a cycle/a
complete cycle

Draw a line/mark on
the mass/ (fiducial)
marker at equilibrium
position

C Wire not straight/

Method of

kinked straightening wire e.g.
use larger mass
D Difficult to Improved method Vernier calipers on

measure L with
reason e.g. metre
rule awkward to
position/parallax
error

of measuring L e.g.
marking L before
putting into clip/
detailed method using
set squares or ruler/
use a length guide
(e.g. 156 cm wood)/ use
string with detail/ use
tape measure

its own/

set square on its
own/

30 cm ruler on its
own

E Wire slips (in clip)

Better method of
gripping wire e.g.

Any reference to
attaching the mass

wrap wire around to the wire
clamp/use two
wooden blocks and
wire
F Mass swings as Better method of
well as rotates/ attaching clip to rod
clip moves around | e.g. glue
rod/there is a force
on release
G Shorter/thicker Video and timer/replay | Repeats
wire has too few frame Longer wire
cycles/dampens by frame
quickly/
(percentage)
uncertainty greater
for shorter/thicker [TOTAL: 18]
wire
EXAMINER MARK
COMMENTS SCHEME




2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Select
page

)

m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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Your
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(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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Select
Your
Mark Q2 Mark scheme
(9) | (i) Limitations  [4] | (i) Improvements [4] | Do not credit
2(a)(ii) A Two readings not Take many readings "Repeat readings”
enough to draw a | and plot a graph/ on its own/few
conclusion obtain more k values readings/only
2(a)(iii) and compare one reading/not
enough readings for
accurate value
2(b)(iii) B Difficult to judge Draw a line/mark on
beginning and/or the mass/ (fiducial)
end of a cycle/a marker at equilibrium
complete cycle position
2(b)(iv) C Wire not straight/ Method of
kinked straightening wire e.g.
use larger mass
2(c)(i) D Difficult to Improved method Vernier calipers on
measure L with of measuring L e.g. its own/
reason e.g. metre | marking L before set square on its
a rule awkward to putting into clip/ own/
2(c)(ii) position/parallax detailed method using | 30 cm ruler on its
error set squares or ruler/ own
use a length guide
. (e.g. 156 cm wood)/ use
2(d)(ii) string with detail/ use
tape measure
y E Wire slips (in clip) | Better method of Any reference to
2(e)(ii) gripping wire e.g. attaching the mass
wrap wire around to the wire
clamp/use two
. wooden blocks and
2(f)(i) wire
F Mass swings as Better method of
well as rotates/ attaching clip to rod
2(f)(ii) clip moves around | e.g. glue
rod/there is a force
on release
. G Shorter/thicker Video and timer/replay | Repeats
2(g)(i) wire has too few frame Longer wire
cycles/dampens by frame
quickly/
- (percentage)
2(g)(ii) uncertainty greater
for shorter/thicker
wire
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)
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m MIDDLE Low

Your
Mark Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm

with unit and in the range 0.250 mm to 0.450 mm [11
(a)(iii) | Correct calculation of A with consistent unit and power

of ten. [1]
(b)(iii) | Value of L with appropriate unit in range

10.0cm < L <20.0cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute

uncertainty of 2 mm to 8 mm.

If repeated readings have been taken, then the

uncertainty can be half the range (but not zero) if

the working is clearly shown.

Correct method of calculation to obtain percentage

uncertainty. [1]
(c)i) Correct calculation of C to the s.f. given by the

candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
(d)(ii) Raw values for time to the nearest 0.1 s or better.

Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.

Second value of T.

Quality:

If d, > d, then second value of T > first value of T. [1]
() Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,

testing against a criterion specified by the candidate.  [1]
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Select
Your
Mark Q2 Mark scheme
(9) | (i) Limitations  [4] | (i) Improvements [4] | Do not credit
2(a)(ii) A Two readings not Take many readings "Repeat readings”
enough to draw a | and plot a graph/ on its own/few
conclusion obtain more k values readings/only
2(a)(iii) and compare one reading/not
enough readings for
accurate value
2(b)(iii) B Difficult to judge Draw a line/mark on
beginning and/or the mass/ (fiducial)
end of a cycle/a marker at equilibrium
complete cycle position
2(b)(iv) C Wire not straight/ Method of
kinked straightening wire e.g.
use larger mass
2(c)(i) D Difficult to Improved method Vernier calipers on
measure L with of measuring L e.g. its own/
reason e.g. metre | marking L before set square on its
a rule awkward to putting into clip/ own/
2(c)(ii) position/parallax detailed method using | 30 cm ruler on its
error set squares or ruler/ own
use a length guide
. (e.g. 156 cm wood)/ use
2(d)(ii) string with detail/ use
tape measure
y E Wire slips (in clip) | Better method of Any reference to
2(e)(ii) gripping wire e.g. attaching the mass
wrap wire around to the wire
clamp/use two
. wooden blocks and
2(f)(i) wire
F Mass swings as Better method of
well as rotates/ attaching clip to rod
2(f)(ii) clip moves around | e.g. glue
rod/there is a force
on release
. G Shorter/thicker Video and timer/replay | Repeats
2(g)(i) wire has too few frame Longer wire
cycles/dampens by frame
quickly/
- (percentage)
2(g)(ii) uncertainty greater
for shorter/thicker
wire
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1

A binary star consists of two stars A and B that orbit one another, as illustrated in Fig. 1.1.

. 2.8% 10%km -
: Aw '
1z i
star A ' star B
mass M, p 0 mass Mg
S
i
1 i
cela : .
1 I mf
d
Fig. 1.1

The stars are in_circular orbi reular orbils with the centres of both orbits at point P, a distance d from the
cantre of star A,

(a) (i) Explainwhy the cantripetal forca acting on both stars has m@;i'nagnrmde

Because... the. copednl. .. asting. ome. gqtﬂjfm e
pmw&cl@{ 1Hs... mmtn:haﬁﬂ jrﬂﬁ& %F@.'

. gafl
= ) ‘Iﬂp %ﬁ’m .....
Stays e ma -t.imaﬁ;
(ii) The period of the urb]t of Iha SIEIFS ahcut point P 4 0 jé 5151*:5
Calculate the angular speed & of the stars. _
e 2T om -~
T 4xab5%24 x3boo
= 495 x 107 yudls
R . .0 rads-! [2]

4

1(a)(i)

1(a(ii)

1(b)(i)

1(b)(ii)
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Mark

)

m MIDDLE Low

Q1 Mark scheme
(a)(i) gravitational force provides/is the centripetal force B1
same gravitational force (by Newton Ill) B1 [2]
(a)(ii) w =2n/T
=21/ (4.0 x 365 x 24 x 3600) C1
=5.0(4.98) x 108 rad s A1 [2]
(b)(i) (centripetal force =) M,dw? = M,(2.8 x 10® —d)w?
or
M,d, = M_dB C1
M,/M,=3.0=(28x10°-d) /d C1
d=70x 10" km A1 [3]
(b)(ii) GM,M; /(2.8 x 102 = M, dw? B1
=(2.8x 10")? x dw?/ G
= (2.8 x 10")? x (70 x 10") x (4.98 x 10%)%/
(6.67 x 10 C1
= 2.0 x 10% kg AT [3]
[Total: 10]
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 {(b) The of the centres of the stars is 2.8 10%km.
The messof star A iz M, The mass of star B is Mg,

The ratio % Is 3.0. Your
Mark Q1 Mark scheme
(il Determine the distance d. 4 B ] (a)(i) gravitational force provides/is the centripetal force B1
T Te it -t&f, Sl Jg*'— anel 1(a)(i) same gravitational force (by Newton Il1) B1 [2]
MAMEL;ME,M(E.E xlﬂ?-ﬂij- @) |w =2n/T
=21/ (4.0 x 365 x 24 x 3600) C1
Ma ?-H”’;ﬂz’ -3 —5.0(4.98) x 10 rad s~ Al [2]
AE
(b)(i) (centripetal force =) M,dw? = M,(2.8 x 10® —d)w?
rools Fen Flo o’ Lo, or
B X' 1L km 3] fitaltii) mAO/lA,\; ’\fB: E; 08X 10t —a)/d 3
_ A B~ VY T4 -
(i) Usa your answers in (a)(ii) and (b)(i) to determine the mass M, of star B, d=70x 10" km A1 [3]
Explain your working.
. - (b)(ii) GM,M; /(2.8 x 102 = M, dw? B1
: ":—Mﬁ—t‘:—a' T o PR %: M, = (2.8 x 10")? x dw?/ G
. _ = (2.8 x 10")? x (70 x 10") x (4.98 x 10%)%/
asin; (6.67 x 10™) C1
1(b)(i) = 2.0x10%kg A1 [3]
[Total: 10]

W__&n_ [Tatal: 10]
o AT 1(b)ii)

-%“'—:5 - s MA ZDME
B N

e _E'M_}jﬂ :&me’df

bedno™ Xy = (490 s
[0 —
K= 2. 12 xie*] ﬂ} 7+10%)
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1

A binary star congists of two stars A and B that orbit cne another, as ilustrated in Fig. 1.1,

- 2.8x10%km
P A :
Sl , )
star A — -
mass M, | ___‘_ﬁ_,____.:__‘_____ mass Mg
' -
L] I
1 h
i ] -
1--——&--—-1 a mﬂ_l.-l.ju 1
Fig. 1.1 mg"-:' v
o1 Fe = mrou

The stars are in circular orbits with the centres of both orbits at point P & distance o from the
caritre of star A, ’

{i) The period of the orbit of the stars about point P is 4.0years,

Calculate the angular spaad o of the stars,

) + 9 = é"ﬁ% = dr
tas T Ly 2oixls
- @""T s
=
- £{1q5¥io'%
-ﬂi-qﬁxl - -1
P I B s Ao I - LB L= rads=! [2]

1(a)(i)

1(a(ii)

1(b)(i)

1(b)(ii)
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(a)(i) gravitational force provides/is the centripetal force B1
same gravitational force (by Newton Ill) B1 [2]
(a)(ii) w =2n/T
=21/ (4.0 x 365 x 24 x 3600) C1
=5.0(4.98) x 108 rad s Al [2]
(b)(i) (centripetal force =) M,dw? = M,(2.8 x 10® —d)w?
or
M,d, = M,dB C1
M,/M;=3.0=(28x10°-ad)/d C1
d=70x 10" km A1 [3]
(b)(ii) GM,M; /(2.8 x 102 = M, dw? B1
M, = (2.8 x 102 x dw?/ G
= (2.8 x 10")% x (70 x 10'%) x (4.98 x 1078)?%/
(6.67 x 107") C1
= 2.0 x 10% kg A1 [3]
[Total: 10]

EXAMINER MARK

SCHEME

COMMENTS




* (b)) Tha saparmiﬁn af the cantres of the stars is 2.8 10%km,
The mass of star A is M,. The mass of star Bis M.

The ratio ﬂ’u‘.a a0, . Your
-, CFe _tm . Mark (0| Mark scheme
(I} Determine the distance d. Aa6) (a)(i) gravitational force provides/is the centripetal force B1
L.!Jl aju same gravitational force (by Newton I1) B1 [2]
WA R O - W &8 x10%~ )
A M& . @) |w =2m/T
Mo xdwgd?z (2.Bxlo ‘ﬁ')}‘ad: ' =21/ (4.0 x 365 x 24 x 3600) C1
Me ' : ' . ) = 5.0 (4.98) x 10 rad s™' A1 [2]
Brta & % xho%' ™ PR . (b) (i) (centripetal force =) M,dw? = M,(2.8 x 10% ~d)w?
- or
- _ . o 1(a)(ii) 20a B
e ¥ 1; K ST B - T B PR km [3] MA/ MB =30=(28x 108 -a/d C1
{Ii} '-é;?h:,rnur arﬂ:::;ln {a)(ii) and {h][rj to detarmine the mass M, of star B, d =70 x 107 km Al [3]
in yl:uur ng. -
Fozrme w? = Dol wDiym . | (b)) | GM,M, /(2.8 x 101)2 = M,da? B1
- g = (2.8 x 10" x dw?/ G
oAv L2 = G\__gﬂﬂ : = (2.8 x 10")2 x (7.0 x 10'°) x (4.98 x 109)%/
) - pap (6.67 x 10™) C1
. { (™4 i
'[:T"ny‘( ) % Uf:* A% <o ) ‘;é'_f 1x18") i—'j 1(b)(i) = 20x10%kg A1 [3]
[0 ><\/l/4||m;-l \,l . [Total: 10]
: _ 2021 5
A a a 2600 Db x 1O k‘ﬂ
Mg - ) = e Bl et kg [a]
3 [Total: 10]
D-bx1o”) . ME’ Y y
= : 1(b)(ii)
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1

A binary star consisis of two stars A and B that orbit one ancther, as Hlustrated in Fig. 11

- 2.8x107km -

| o :

1.

star A ] slar B
mass M, P o rnass My
S

|
i h
' W

1 1 m"

d

Fig.1.1

The stars are in circular orbits with the centres of bath orbits et point B, a distance d from the
centre of star A

(a) (i) Explainwhy the centripetal force acting on both stars has the same magnitude,

Al
......... t_f;.%upm P OO S PO = = ST S0 SO - O
of Hmiopd
e, The T Temetn. b bs -r.nqu-ug ,,,,,, =S | - S,
%&m&dn.ﬂ,..,:#rru.m P TR NP 12
fertn ov ook ene % the  dis lortiiies n
(i) ﬂmpcrlcdoflrmmhtmhe stars about point Pis 4.0years,  Yrmimn, uadedidy ot
Calculate the angular speed @ of the stars. =
W o= gJE
e T= Y 365w HUED Kb
= 27 = LZEMMLON =
124 Y00
= 4.9% %10 "
= Bowi-l
B S e E.Aﬂ &) .-. ............. rads~! [21

4

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)

Select
page

Your
Mark

)

MIDDLE LOW
(0)| Mark scheme
(a)(i) gravitational force provides/is the centripetal force B1
same gravitational force (by Newton Ill) B1 [2]
(a)(ii) w =2n/T
=21/ (4.0 x 365 x 24 x 3600) C1
=5.0(4.98) x 108 rad s Al [2]
(b)(i) (centripetal force =) M,dw? = M,(2.8 x 10® —d)w?
or
M,d, = M_dB C1
M,/M;=3.0=(28x10°-ad)/d C1
d=70x 10" km A1 [3]
(b)(ii) GM,M; /(2.8 x 102 = M, dw? B1
=(2.8 x 10")? x dw?/ G
= (2.8 x 10")% x (70 x 10'%) x (4.98 x 1078)?%/
(6.67 x 107") C1
= 2.0 x 10% kg A1 [3]
[Total: 10]
EXAMINER MARK
COMMENTS SCHEME




(b) The saparation of the cantres of the stars s 2 Bx 10%km.
The mass of star A is My, The mass of star B is My,

M, Your
The ratlo Wy B 3.0. . Mark Q1 Mark scheme
© Dstermine e stance o (a)(i) gravitational force provides/is the centripetal force ~ B1
. o 1(a)(i) same gravitational force (by Newton |ll) B1 [2]
%.‘r T F‘@W O = Txd (@)i) |w =2m/T

s (T By M— T LRy v = 271/ (4.0 x 365 x 24 x 3600) c1

/q\_ﬁk; g,%m L =5.0(4.98) x 10®rad s Al 2]
= 3 LR 1 i3
¥ . 3 --53'.1 = B J -

. (b)(i) (centripetal force =) M,dw? = M,(2.8 x 10® —d)w?
'M.. - ﬁd.g or
G v 1(a)(ii) M,d, = M,dB C1
Ma PR I L . S km 3] M,/M,=30=28x10°-d/d C1
(i) Use your ansl'!u'\l&rs InEa]n[lij and (B){i} to detarmine the mass M, of star B. d=70x10"km Al I3l
Explain your working. -
(b)(ii) GM,M; /(2.8 x 102 = M, dw? B1

M, = (2.8 x 10" x dw?/ G

. ':5%;? - Wy = (2.8 x 10" x (70 x 10'%) x (4.98 x 109)/
é% ; "Z';‘ S /:’(; (6.67 x 10™) C1

" 1(b)(i _
F s mmuar F o« mus'r (b)Gi) = 20x10%kg A1 [3]
- = ; E - = @W [Total: 10]
@-um _F Iexitd
£
= EERY " 3, 513 SUOOPOTRY - B I |
Yom e .
[Total: 10]
1(b)(ii)
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Select
4 Bann } MIDDLE Low
4 A metal block hangs vartically from one end of a sprlnﬁ'. The other end of the spring is ied to a
thraad that passes over a pulley and I= attached to a vibratar, as sh:_wm in Flg. 4.1,
Your
vibrgtor Mark Q4 Mark scheme
(a)(i) T=060sandw=2mn/T C1
4(a)(i) w =10 (10.47) rad s Al [2]
(a)(ii) energy = Yamw?x? or %amv? and v = wx, C1
=% x 120 x 10 x (10.5)? x (2.0 x 107?)?
=26x10°J A1 [2]
(b) sketch: smooth curve in correct directions B1
. peak at f M1
alallii) amplitude never zero and line extends
Fig. 4.1 , from 0.7fto 1.3f A1 [3]
{(a) The vibrator is switched off. (c) sketch: peaked line always below a peaked line A M1
The metal block of mass 1204 is displaced vertically and then released. The variation with )
time t of the displacement y of the block from its equilibrium pesition is shown in Fig. 4.2, peak not as sharp and at (or slightly less than)
frequency of peak in line A Al [2]
3 - [Total: 9]
wem 2 . . : H
R + 4(b)
1
o L
o 0.2 0.4 0.6 ix:] 1.0
- | n Htfs
i : SoRAN
- o o ._,?a
-3t - 4(c)
Fig. 4.2
For the vibrations of the block, calculate
i} the angul;lar frequency m,
oo Al _ Za) —
e
- © b
i
x Ly = o471
P 10-5 rads! [2] EXAMINER MARK
COMMENTS SCHEME




4(a)(i)

4(a)(ii)

4(b)

4(c)

Select
page

Your
Mark

)

MIDDLE LOW
Q4 Mark scheme
(a)(i) T=060sandw=2n/T C1
w = 10 (10.47) rad s’ A1 [2]
(a)(ii) energy = Yamw?x? or %amv? and v = wx, C1
=% x 120 x 10 x (10.5)? x (2.0 x 107?)?
=26x10°J A1 [2]
(b) sketch: smooth curve in correct directions B1
peak at f M1
amplitude never zero and line extends
from 0.7fto 1.3f A1 [3]
(c) sketch: peaked line always below a peaked line A M1
peak not as sharp and at (or slightly less than)
frequency of peak in line A Al [2]
[Total: 9]
EXAMINER MARK

COMMENTS SCHEME




A metal block hangs vertically from one end of a spring, The other end of the spring s tied to a
thread that passes over a pulley and is attached to a vibrator, as shown in Fig. 4.1,

et ¥

{a) Thea vibrator is switched off.
The metal block of mass 1207 is displaced vertically and then released. The variation with

fime {of tha displacement y of the block from its equilibrium position is shown in Fig. 4.2,

3 = ples ik
ylem 241 P :
T -.J
O ERESET
0 i—
1] 0.2 0 ARS0.6 ey 1.0 -
-1 x ils
7 i i AN RN
-2 . qanE
T = el
o EEEHEH FA
Fig. 4.2

For the vibrations of the block, calculate

0] theangulart;ec;uamym,q. = llfa,,éi Lo 67 e

(Pl Q'F-.‘F ‘:ia-b

i

rads™ [2]

4

4(a)(i)

4(a)(ii)

4(b)

4(c)

Select
page

Your
Mark

)

MIDDLE LOW
Q4 Mark scheme
(a)(i) T=060sandw=2n/T C1
w = 10 (10.47) rad s’ A1 [2]
(a)(ii) energy = Yamw?x? or %amv? and v = wx, C1
=% x 120 x 1072 x (10.5)? x (2.0 x 107?)?
=2.6x103°J Al [2]
(b) sketch: smooth curve in correct directions B1
peak at f M1
amplitude never zero and line extends
from 0.7fto 1.3f A1 [3]
(c) sketch: peaked line always below a peaked line A M1
peak not as sharp and at (or slightly less than)
frequency of peak in line A Al [2]
[Total: 9]
EXAMINER MARK
COMMENTS SCHEME




4(a)(i)

4(a)(ii)

4(b)

4(c)
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page

Your
Mark

)

MIDDLE LOW
Q4 Mark scheme
(a)(i) T=060sandw=2n/T C1
w = 10 (10.47) rad s’ A1 [2]
(a)(ii) energy = Yamw?x? or %amv? and v = wx, C1
=% x 120 x 10 x (10.5)? x (2.0 x 107?)?
=26x10°J A1 [2]
(b) sketch: smooth curve in correct directions B1
peak at f M1
amplitude never zero and line extends
from 0.7fto 1.3f A1 [3]
(c) sketch: peaked line always below a peaked line A M1
peak not as sharp and at (or slightly less than)
frequency of peak in line A Al [2]
[Total: 9]
EXAMINER MARK

COMMENTS SCHEME




4 A mert.a] bhdc ha:ngs ml;&;-.ally from one end of a spring. The other end of the spring is tied 1o a
thread that passes over a pulley and s attached to a vibratos, as shown in Fig. 4.1.

vibrator

Fig-d.1

(a) The vibrator is switched off.
The metal block of mass 1204 |s displaced vertically and then released. The variation wilth
time f of tha displacamant y of the block from its equilibrium position is shown in Fig. 4.2.

5 PR
=]

ylem 2

1 fameas
0 e
0 0. ] )

B
=
[

o

-14H

"

&

Fig. 4.2
For the vibrations of the block, calculate

(I} the angular frequency o,

4(a)(i)

4(a)(ii)

4(b)

4(c)

Select
page

Your
Mark

)

MIDDLE LOW
Q4 Mark scheme
(a)(i) T=060sandw=2n/T C1
w = 10 (10.47) rad s’ A1 [2]
(a)(ii) energy = Yamw?x? or %amv? and v = wx, C1
=% x 120 x 10 x (10.5)? x (2.0 x 107?)?
=26x10°J A1 [2]
(b) sketch: smooth curve in correct directions B1
peak at f M1
amplitude never zero and line extends
from 0.7fto 1.3f A1 [3]
(c) sketch: peaked line always below a peaked line A M1
peak not as sharp and at (or slightly less than)
frequency of peak in line A Al [2]
[Total: 9]
EXAMINER MARK

COMMENTS SCHEME




4(a)(i)

4(a)(ii)

4(b)

4(c)

Select
page

Your
Mark

)

MIDDLE LOW
Q4 Mark scheme
(a)(i) T=060sandw=2n/T C1
w = 10 (10.47) rad s’ A1 [2]
(a)(ii) energy = Yamw?x? or %amv? and v = wx, C1
=% x 120 x 10 x (10.5)? x (2.0 x 107?)?
=26x10°J A1 [2]
(b) sketch: smooth curve in correct directions B1
peak at f M1
amplitude never zero and line extends
from 0.7fto 1.3f A1 [3]
(c) sketch: peaked line always below a peaked line A M1
peak not as sharp and at (or slightly less than)
frequency of peak in line A Al [2]
[Total: 9]
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COMMENTS SCHEME
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-] {a} By minmnt:a o BIECIIK.‘ field lines, explain why, for polnls outside an izolated spherical
conductor, I:he charge on ma sphere may ba considered to act as a point charge at its centre.

{b) Two isolated protons are sapﬂxﬂiad in & vacuum by a dlatﬂnua X . o oud
(i} Calculate the ratio ad= ity

eleciric force between the two protons
gravitational force between the two protons *

Fr 8o ©€ | (Leonw™)
MM E,vr>

WTLE. ¥

F 91&1:'1 x fh‘ﬁ?h‘tb'“-‘j l‘iﬂ. lg'“JL

xt

ﬂ:ﬁb ub“""-)l L 6T ™ l'\l_u;-'ram"*",l *

Ty, g el

- 2s6xi0?
_Asextd

|- Lbw voBY

- xqe-"
% = e oMt = L da3ERI034 i3]
- 1

(ily By reference to your angwer n (1), suggest why gravitationa! forces are not considerad
when caleulating the foree betwesan charged particles.

Y ~Sproaaititienad... e b..one. RRlgokAL..... Lerenpo.ned,
- 'lhn.‘iicm.u. ...... etuness.. w LHH&" i "h)\ v [1]

[Total: 6]

6(a)

6(b)(i)

6(b)(ii)
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Your
Mark

)

Q6

m MIDDLE Low

Mark scheme

lines perpendicular to surface
or

lines are radial M1
lines appear to come from centre A1 [2]
(b)(i) Fe = (1.6 x 1079/ 4me x? C1
Fe=Gx(1.67 x 10°%)%/ x? C1
Fe/ Fe = (1.6 x 107%)? x (8.99 x 10°) /
[(1.67x107%)? x (6.67x107")]
= 1.2 (1.24) x 1036 Al [3]
(b) (ii) Fe>>Fg B1 [1]
[Total: 6]
EXAMINER MARK

COMMENTS
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6 (a) By reference to electric fiald Hnes, -explain why, for points outside an isclated spherical
conductor, the charge on the sphera may be considered to act as a point _ci'ﬂrge gt its centre.

(o4, spherio. ooy chowp..On.. oo ), hig. T 1. 4.....

(b) Two isolated profons are separated in a vacuum by a distance x.

i) Caleui -
(i) Calculate the ratio ) A G
electric force between the two protons . ARged T 'E

gravitational force between the two protons

(™ bl (™)
ﬂ[{{’ﬁﬂn‘)f 1 X

. (Fberg®)”

) 4-MJ'?{|¥HF"]" X -';-H*i’[l"'ff‘ﬁ:["p‘ﬂﬂ‘

214 207, (o)

______________ (&)

(i) By reference to yvour answer in (i), suggest why gravitational forces are not considered
when calculating the force between charged particles.

o sl opaed e o g ol Kgc.........

6(a)

6(b)(i)

6(b)(ii)

Select
page

Your
Mark

)

m MIDDLE Low

Q6 Mark scheme
(a) lines perpendicular to surface
or
lines are radial M1
lines appear to come from centre Al [2]
(b)(i) Fe = (1.6 x 107°)%/ 4me x* C1
Fe= G x (1.67 x 10727)?/ x2 C1
Fe/ Fe = (1.6 x 1079)? x (8.99 x 109) /
[(1.67x107?7)2 x (6.67x107")]
= 1.2 (1.24) x 1036 Al [3]
(b) (i) | FE>> Fg B1 [1]
[Total: 6]
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(a) By reference fo electric field lines, explain why, for points outside an isolated spherical
conductor, the charge on the sphera may be considered to act a8 a point charge at its cantre.

U = P TR L L S WP NP S ot P S LT P T T

T A WL V- N ST ;‘F.ﬁ.-.!‘:tgn.:...ﬁ.tﬁ.:....:ﬁ#.&....hﬂ'&ﬂﬂﬂ ......

..... e I SN M VW 2 SO T

M T tene Mop L ceesidesed, 05,000 & SR e
) "mru izolated protons are separated in a vacuum by a distance x.

{i) Caleulate the ratio

electric force betwaen the two protons
gravitational force betwoeen the two protons

k GA, o GMM,

Ll X

= e G, «

AT CHH,
Y ik .
RS e PR T

= -
¢ (167 m“g B TARS
o = b DB, 13

(i) By reference to your answer in (i), suggest wiy gravitational forces are not considered
when calculating the force between charged parficlas.

TR elaeamnl Moe oo e othees e oedin oedaees dee
........ .. B AEES. 5 a8 eeeesesessmresenees [1]
[Total: 6]

6(a)

6(b)(i)

6(b)(ii)
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Mark
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m MIDDLE Low

Q6 Mark scheme
(a) lines perpendicular to surface
or
lines are radial M1
lines appear to come from centre Al [2]
(b)(i) Fe = (1.6 x 107°)%/ 4me x* C1
Fe= G x (1.67 x 10727)?/ x2 C1
Fe/ Fe = (1.6 x 1079)? x (8.99 x 109) /
[(1.67x107?7)2 x (6.67x107")]
= 1.2 (1.24) x 1036 Al [3]
(b) (i) | FE>> Fg B1 [1]
[Total: 6]
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12 High-energy slectrons collide with a matal target, producing X-ray phatons.
The variation with wavelength of the intensity of the Xeray beam Is-illustrated in Fig. 12.1,
'

intensity |

wavalangmr
Fig. 12.1
{a) Explain why thera is

(i) acontinuous distribution of wavelangt

Sleowugel yodon, . 3 dag o, b aqekonfe . B
. g . . .0 1.0t nadogh.
Hmmmwmjmmm% ..

(i) asharp cut-ofi at short wavelength,

SE AT T TN U C—

. 2]

(ili) =2 series of peaks superimposed an the continuous distribution of wavelengths.

e tuciton. ... dechan . ... .. ..t g
MWHHMW ___________________________________ (1]

© (b)Y In the X-ray imaging of body structures, longer wavelanath phatons are fraguently filkered out
of the X-ray beam,

(I} State how this filtering is achieved.

Plaa_ s aluwision, Aty X1 b

12(al(i)

12(a)(ii)

12(a)(iii)

12(b)(i)

12(b)(iii)
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page
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Mark
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m MIDDLE Low

(o) ] Mark scheme
(a)(i) (X-ray) photon produced when electron/charged

particle is stopped/accelerated (suddenly)

range of accelerations (in target) M1

hence distribution of wavelengths A1 [3]
(a)(ii) electron gives all its energy to one photon B1

electron stopped in single collision B1 [2]
(a)(ii) | de-excitation of (orbital) electrons in

target/anode/metal B1 [1]
(b)(i) aluminium sheet/filter/foll

(placed in beam from tube) B1 [1]
(b)(ii) (long wavelength X-rays) do not pass through

the body B1 [1]

[Total: 8]
EXAMINER MARK
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(i) Suggest the reasan for this filter

Ay

A fi ok

altpt, 5" . by i, b hon___

N

12(al(i)

12(a)(ii)

12(a)(iii)

12(b)(i)

12(b)(iii)
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Mark
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m MIDDLE Low

(o) ] Mark scheme
(a)(i) (X-ray) photon produced when electron/charged

particle is stopped/accelerated (suddenly)
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hence distribution of wavelengths A1 [3]
(a)(ii) electron gives all its energy to one photon B1

electron stopped in single collision B1 [2]
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(b)(ii) (long wavelength X-rays) do not pass through

the body B1 [1]

[Total: 8]
EXAMINER MARK

COMMENTS SCHEME




12 High-energy électrons collidée with a metal farget, producing X-ray photons,
The variation with wavelength of the intensity of the X-ray beam is illustrated in Fig. 12.1.
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{B) Inthe x-ray imaging of body structures, longar wa.\rerenglh photons are freqguently fitered out
of tha X-ray beam.

(i} State how this filtering s achieved.
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12 High-energy electrons collide witlra metal target, producing X-ray photons.

The.vatidtion with"wavelengthiof the-intensity of the X-fay bear is illustrited in Fig. 12.1.
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12 {a) Explain what iz meant by gamma radiation (y-radiation).

(b} A source of gamma radiation is placed a fixed distance away from a detector and counter, as

illustrated in Fig. 13.1.
ﬁlﬂ counter

Fig. 13.1

A sheet of lead of thickness x is placed badwean the source and the detector.

The average count rate C, corrected for background, is recorded. This is'repeated for different
values of x.’

The variation with thickness x of In C'is shown in Fig. 13.2,
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emitted from nuclei A1 [2]
(b) line of best fit drawn B1
recognises p as given by the gradient of best-fit line
or
In C=1InC,~— px B1
g =0.061T mm (within £0.004 mm,
1 mark; within £0.002 mm~™, 2 marks) A2 [4]
(c) aluminium is less absorbing (than lead)

or
gradient of graph would be less M1

so uis smaller A1 [2]
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(e) The value of ucalculated in (b) is for gamma radiation n lead.

Suggest and coplain whether the value of u for aluminium would be the same, greater or
smaller.
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13 (a) Explainwhat s meant by gamma radiation (y-ragiafion).

(b} A source of gamma radiation is placed a fixed distance away from a detector and counter, as

ilustrated in Fig. 13.1,
ﬁtﬂ courter

datactor

l lead sheet
sh.emg\L \M/mm

Fig. 13.1

A sheet of lead of thickness x is placed between the source and the datector,
The average count rate , corrected for background, is recorded. This is repeated for different
valuas of x.

The variation with thickness x of In € is shown in Fig. 13.2.
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() Thevalue of ucalculated in (b is for gamma radiation in lead.

Suggest and explain whether the value of u for aluminium would be the same, greater of

smaller.
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13 (a) Explain what iz meant by gamma radigtion (y-radiation).

(B} A seurce of gamma radiation is placed a fixed distance away from a datector and counter, as
illustrated in Fig, 13,1, '
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Fig. 13.1

A sheet of lead of thickness x iz placed between the source and the detector.
The average count rate G, comected for background, is recorded. This is repeated for different

values of x jusbesl Lok
The variation with Wc:‘r:rﬂ;sxsa‘ InC ks shown in Fig. 13.2.
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(0)| Mark scheme
Planning (15 marks)
Defining the problem (2 marks)
P Bis the independent variable and a is the dependent
variable, or vary 8 and measure a. [1]
P Keep F constant. [1]

Methods of data collection (4 marks)

M Diagram showing inclined plane with labelled support

(not if a ruler used as the inclined plane or as

vertical support). [1]
M Method to measure angle e.g. use a protractor to measure

6 or use a ruler to measure marked distances from which sin

6 or 6 may be determined.

(Allow a labelled protractor in the correct position.) [1]

M Method to measure a time or velocity to determine a, e.g.
measure the time using a stopwatch, light gate(s) connected
to a timer, motion sensor connected to a time display. [1]

M Use a balance to measure the mass of the trolley. [1]

Method of analysis (3 marks)

A Plotagraphofa g, Plotagraphof . Plotagraph of ma
against sin 6. ma against sin 6. against mg sin 6
[1]
A Relationship is valid if the graph is a straight line and
does not pass through the origin [1]

A k=F-m x (y-intercept) or k = F — (y-intercept) or
k = F - (y-intercept) (1]

Do not allow Ig-lg graphs.
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Additional detail (6 marks)
1 Relevant points might include: [6]

1 Keep mass of trolley constant/use same trolley.

2 Correct trigonometry relationship to determine sin K or K using
marked lengths.

3 Use ruler to measure appropriate distance to determine a, e.g.
length of slope, length of card for light gate method, position of
motion sensor.

4 Equation to determine a from measurements taken appropriately
with a as the subject.

5 Measurement of Ffor a valid method e.g. take reading from
newton-meter or from stretched elastic/spring from extension
(allow falling weight e.g. F = mg).

6 Use a constant extension to produce a constant force when
using stretched spring/elastic.

7 Method to ensure the inclined plane is the same height each

side of the plane or spirit level across plane or ensure force F (or
string) is parallel to the plane.

8 Safety precaution linked to falling mass/trolley or spring/elastic
breaking (not string).

9 Rearrangement of relationship intoy = mx + ¢
e.g. ma=-mgsin 6 + (F —k) or

a=gsind + or correct y-intercept (subject must be y-axis).

10 Repeat experiment for each angle 6 to find average for a.
Do not allow vague computer methods.
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6 or use a ruler to measure marked distances from which sin

6 or 6 may be determined.

(Allow a labelled protractor in the correct position.) [1]

M Method to measure a time or velocity to determine a, e.g.
measure the time using a stopwatch, light gate(s) connected
to a timer, motion sensor connected to a time display. [1]

M Use a balance to measure the mass of the trolley. [1]

Method of analysis (3 marks)

A Plotagraphofa g, Plotagraphof . Plotagraph of ma
against sin 6. ma against sin 6. against mg sin 6
[1]
A Relationship is valid if the graph is a straight line and
does not pass through the origin [1]

A k=F-m x (y-intercept) or k = F — (y-intercept) or
k = F - (y-intercept) (1]

Do not allow Ig-lg graphs.
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Additional detail (6 marks)
1 Relevant points might include: [6]

1 Keep mass of trolley constant/use same trolley.
2 Correct trigonometry relationship to determine sin K or K using
marked lengths.

3 Use ruler to measure appropriate distance to determine a, e.g.
length of slope, length of card for light gate method, position of
motion sensor.

4 Equation to determine a from measurements taken appropriately
with a as the subject.

5 Measurement of Ffor a valid method e.g. take reading from
newton-meter or from stretched elastic/spring from extension
(allow falling weight e.g. F = mg).

6 Use a constant extension to produce a constant force when
using stretched spring/elastic.

7 Method to ensure the inclined plane is the same height each
side of the plane or spirit level across plane or ensure force F (or
string) is parallel to the plane.

8 Safety precaution linked to falling mass/trolley or spring/elastic
breaking (not string).

9 Rearrangement of relationship intoy = mx + ¢
e.g. ma=-mgsin 6 + (F —k) or

a=gsind + or correct y-intercept (subject must be y-axis).

10 Repeat experiment for each angle 6 to find average for a.
Do not allow vague computer methods.
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2 Astudentis Investigating how the resistance of a wire depends on the diamster-of the wire.:
The circuit is set up as shown intFig. 2.1. Your
- , Mark Q2 Mark scheme
Mark | Expected Answer Additional Guidance
2(a
2 A % @ |A1 | 4pL
T
2(b) (b) T1 1
rB /108 m?
T2 All values to 2 s.f. or 3 s.f. Allow
1.2 0r 1.21 a mixture of significant figures.
wire 2(c)(i) 3.20r3.19 Must be values in table.
' 4.7 or4.73
Fig. 2.1 : -
2 . . z(c)(") 6.9 or 6.93
The resistance A of the wire is measured using an chmmater, ’ 9.8 0r9.77
The experiment i repeated for wires of the same material and same length L but differant 14 or 13.7
diameter d.
. U1 From £ 0.03 to = 1 Allow more than one significant
It Is suggested that A and 4 ars related by the eguation 2(c)(iii) figure. Allow zero for first
: uncertainty and up to 1.2 for
P largest uncertainty.
wdf ' (e)i) | G1 Six points plotted Must be within half a small
. where p Is a constant. . correctly square.
; 1 . Do not allow “blobs”
(a) A graph is plofted of f on the y-axis against 7z on the x-axis. ECF allowed from table.
Detarming an axpression for the-gradient, ., 2(d)(i) U2 Error bars in Al error bars to be plotted.
E i 1 Length of bar must
v = ';:, d? be accurate to less than half a
. ‘ a‘ i N plotted correctly small square
- T 2(d)(ii) and symmetrical.
= }f ,5_} 1’___
’ﬁ- Z(e)
gradient = __.ﬁ‘f' L—~ ....... 1]
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(b) Values of dand A are given in Fig. 2.2.
- b =2 Your
aM0*m RiQ —Ja‘r/fﬂ - Mark Q2 Mark scheme
0.91 = 0,01 1 Mark | Expected Answer | Additional Guidance
=00 5 l.al £ 0.03 2(a) :
: (a) Al 4p
0. y —_—
E’Eﬂ:ﬂ..ﬂi 4.4 g,lqt 0. T
046001 6.8 413 T .2 2(b) b | T1 .
0.38 = 0.01 8.7 :s q 3-1: 0.4
A T2 All values to 2 s.f. or 3 s.f. Allow
02001 L 13.9 a1 * 0.6 - 1.2 0r1.21 a mixture of significant figures.
0.97 = 0.0 Y jas s | 2(c)(i) 3.20r3.19 Must be values in table.
13.74 47 0r 473
Fig.2.2 2(c)ii) 6.9 or 6.93
Calculate and record vakies of 2/ 10°m2 in Fig. 2.2 9.80r9.77
Include the absclute uncartainﬁushﬁjz. (8] 140r13.7
{e) (i) Plotagraphof B/Q aga'rnstgig.fm“m’ﬁ. . U1 From + 0.03to £ 1 | Allow more than one significant
5 : 2(c)(iii) figure. Allow zero for first
Includa error bars for . . [ uncertainty and up to 1.2 for
() Draw the straight line of best fit and a worst mpmﬂg siralgit |,.-IElI on your gaph Both largest uncertainty.
lines should be clearly labellad, 2 (c)(i) | G1 Six points plotted Must be within half a small
! correctly square.
(iif) Determine the gradient of the line of best fit. Include the absclute uncertainty in your - Do not allow “blobs”
answer. !
. wasT acutehbl 3 S ECF allowed from table.
Lint o bas L) (4.1, K.¢) 2(d)(i) u2 Error bars in All error bars to be plotted.
(4.73,6.0) U372, 19.5) Qs 3l C14.73, B¢ 1 Length of bar must
el Jreon oo ok d? be accurate to less than half a
Tl de N M = 1,32 A\0 i plotted correctly small square
9. — 6-¢ Lydne - Q=113 ot 2(d)(ii) and symmetrical.
Q%-T 1-Y. L)gl;ﬂ'
2(e)
& btatult UL gl 1.1:’: ﬁ'tfl—l- ,’1" m-—& N
= oo g Crustony
cadient = ... et
9 (2] EXAMINER MARK
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2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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Q2 Mark scheme

MIDDLE Low

in R

Mark | Expected Answer Additional Guidance
(e)i) | G2 Line of best fit Lower end of line must pass
between (2.6, 4.0) and (3.0, 4.0)
and upper end of line must pass
between (12.4, 18.0) and (13.0,
18.0).
G3 Worst acceptable Line should be clearly labelled
straight line. or dashed. Examiner judgement
Steepest or on worst acceptable line. Must
shallowest possible | be steepest/shallowest line.
line that passes Mark scored only if error bars are
through all the plotted.
error bars.
(c)(iii) | C1 Gradient of line of The triangle used should be at
best fit least half the length of the drawn
line. Check the read-offs.
Work to half a small square. Do
not penalise POT. (Should be
about 1.4 -1.5 x 107,)
U3 Absolute uncertainty | Method of determining absolute
in gradient uncertainty: difference in worst
gradient and gradient.
(d)(i) | C2 Must use gradient value. Do not
penalise
POT (Should be about 1 x 10-6.)
C3 QOm Correct unit and correct power
of ten.
(d)(ii) | U4 Percentage Percentage uncertainty in
uncertainty in p gradient + 1%.
(e) C4 Rin the range 25.5 | Allow 26 or 27 or 28.
to 28.4 and given to | Allow ECF for POT error in (d)(i)
2 or3s.f. e.g. 2.7 x 10°.
uUb Absolute uncertainty | Percentage uncertainty must be

greater than 8.6%.
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. b . .
v'l'f - ..-3' = P a = - AT
? b= HL - - a.
8 o T A
YL
(d) {0 I.Ialing your answers to (a) and (e)(iii), determine the value of p. Include an appropriate
Lnit.
Data: L=1.00 = 0.01m,
—k
A iﬁ'_\_.ll_; - ,' i ?} xla _.{L"h
1 43xiom b Y P /
.y
) i rd 'J— &
g PN o -0 V= R S 2]

(ii)y Determine the percentage uncertainty in o

np .
. bom o AL .Ir M(.rvh“rf\ng oy v
P - T =9

.F-'hf - u-lfl.“‘-h ¥ @0

£ [FEE T R }
é_& - D.09
f

percentage uncertalnty in p= ... 1 % [1]

{e) The experiment is repeated with a thinner wire of diameter 0.23 £ 0.01 mm. The wira is of the
sama material and length,

Determine the reslstance A of the wire. Include the abscluta uncerainty in your answer.

R': :‘fFL

Wk
R= M xGs xa™) » ]
H %3 o j \ N NIt
TR oast ™
. . = g'u‘-‘l *
AR Bl sl ypaag 8¥
G = ot
R P
ks 1 ' -
o [Tatal; 15]

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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Mark | Expected Answer Additional Guidance
(e)i) | G2 Line of best fit Lower end of line must pass
between (2.6, 4.0) and (3.0, 4.0)
and upper end of line must pass
between (12.4, 18.0) and (13.0,
18.0).
G3 Worst acceptable Line should be clearly labelled
straight line. or dashed. Examiner judgement
Steepest or on worst acceptable line. Must
shallowest possible | be steepest/shallowest line.
line that passes Mark scored only if error bars are
through all the plotted.
error bars.
(c)(iii) | C1 Gradient of line of The triangle used should be at
best fit least half the length of the drawn
line. Check the read-offs.
Work to half a small square. Do
not penalise POT. (Should be
about 1.4 -1.5 x 107,)
U3 Absolute uncertainty | Method of determining absolute
in gradient uncertainty: difference in worst
gradient and gradient.
(d)(i) | C2 Must use gradient value. Do not
penalise
POT (Should be about 1 x 10-6.)
C3 QOm Correct unit and correct power
of ten.
(d)(ii) | U4 Percentage Percentage uncertainty in
uncertainty in p gradient + 1%.
(e) C4 Rin the range 25.5 | Allow 26 or 27 or 28.
to 28.4 and given to | Allow ECF for POT error in (d)(i)
2 or3s.f. e.g. 2.7 x 10°.
uUb Absolute uncertainty | Percentage uncertainty must be

greater than 8.6%.
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2 Astudent is investigating how the resistance of a wire depends on the clameter of the wire.
The circult Is set up as shown In Fig. 2.1.

A g ghmmeter
= =

&

wirg
Fig. 2.1

The resistance A of the wire is measured using an chmmater.

The experiment is repeated for wires of the same miaterial and same EEHLE but ditferent

diamater d.
itis suggested that(Aland(dpre related by the squation
4pl
H —
"t

whara pis a constant.

(a) A graph is plotled a!@ﬂn tha peaxis agnln the x-axis.

Determine an exprassion for the gradient.
——— g

Q= bpl
Jid*

R = HL)_*-
a4

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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Mark
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Q2 Mark scheme
Mark | Expected Answer Additional Guidance
(a) Al 4 pL
T
(b) T1 1
rB /108 m?
T2 All values to 2 s.f. or 3 s.f. Allow
1.2 or1.21 a mixture of significant figures.
3.20r3.19 Must be values in table.
4.7 or4.73
6.9 or 6.93
9.8 0r9.77
14 or 13.7
U1 From + 0.03 to + 1 Allow more than one significant
figure. Allow zero for first
uncertainty and up to 1.2 for
largest uncertainty.
(e)i) | G1 Six points plotted Must be within half a small
correctly square.
Do not allow “blobs”
ECF allowed from table.
U2 Error bars in All error bars to be plotted.

1
d 2
plotted correctly

Length of bar must

be accurate to less than half a
small square

and symmetrical.
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(b) Values of dand 8 are given in Fig. 2.2.

410 ®m Rig ‘JJ,- frof w7
o081 0.0, 1.5 FFEEGe? Lt ol
0.56 = 0.01 __it: e e | 3-::_111 010
u.4g-¢ 001 6.6 qu—i_ﬂi&ﬂﬂ 701820
0,38 + 0.01 a7 - &H?,:’L’—:FE é.:,ﬁJ; o640
0.32 = 0.01 139 G- Em'i u-{;a
027 =-n_.6.1 19.5 ot 130t 100
Fig. 2.2 |

Calculate and record values of 2/ 1082 in Fig. 2.2.

Include the absolute uncertainties in;!g.

() () Piotagraph of A/Q against —/ 10°m2. ",

Include ermor bars: for dlg

[

2]

(i) . Draw the straight line of best fit and a worst acceptable straight Tine on your graph. Bath

lines should be clearly laballad. '

[2]

(iii) Determine the gradient of the line of best fit. Include the absolute urcertainty in your

answer. .

Grodod  of bt f4. -5
-(;rs.u.- 6) gt
= P!:
LB
= r.q.3m'5 grwet

Bkt vorbord = (131320078
s Gt

gradiant =

Grded of P oweat § 2
N IR6-2
(le- 1 am®
L:, ;EI*G

e
2 L3 et

(143 2om) xm*ﬁ R

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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MIDDLE Low

1
d 2
plotted correctly

Mark | Expected Answer Additional Guidance
(a) Al 4 pL
T
(b) T1 1
rB /108 m?
T2 All values to 2 s.f. or 3 s.f. Allow
1.2 0r 1.21 a mixture of significant figures.
3.20r3.19 Must be values in table.
4.7 or4.73
6.9 or 6.93
9.8 0r9.77
14 or 13.7
U1 From + 0.03 to + 1 Allow more than one significant
figure. Allow zero for first
uncertainty and up to 1.2 for
largest uncertainty.
(e)i) | G1 Six points plotted Must be within half a small
correctly square.
Do not allow “blobs”
ECF allowed from table.
U2 Error bars in All error bars to be plotted.

Length of bar must

be accurate to less than half a
small square

and symmetrical.
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2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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in R

Mark | Expected Answer Additional Guidance
(e)i) | G2 Line of best fit Lower end of line must pass
between (2.6, 4.0) and (3.0, 4.0)
and upper end of line must pass
between (12.4, 18.0) and (13.0,
18.0).
G3 Worst acceptable Line should be clearly labelled
straight line. or dashed. Examiner judgement
Steepest or on worst acceptable line. Must
shallowest possible | be steepest/shallowest line.
line that passes Mark scored only if error bars are
through all the plotted.
error bars.
(c)(iii) | C1 Gradient of line of The triangle used should be at
best fit least half the length of the drawn
line. Check the read-offs.
Work to half a small square. Do
not penalise POT. (Should be
about 1.4 -1.5 x 107,)
U3 Absolute uncertainty | Method of determining absolute
in gradient uncertainty: difference in worst
gradient and gradient.
(d)(i) | C2 Must use gradient value. Do not
penalise
POT (Should be about 1 x 10-6.)
C3 QOm Correct unit and correct power
of ten.
(d)(ii) | U4 Percentage Percentage uncertainty in
uncertainty in p gradient + 1%.
(e) C4 Rin the range 25.5 | Allow 26 or 27 or 28.
to 28.4 and given to | Allow ECF for POT error in (d)(i)
2 or3s.f. e.g. 2.7 x 10°.
uUb Absolute uncertainty | Percentage uncertainty must be

greater than 8.6%.
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(e} (1) Us{ug Your answers ta (a) and (e)(ill), determine the value of o, Include an appropriate
i ) ek L) . b ke

Data: L= 1.00 = 0.01m. Pe ﬁ Ry

Gradend = Gyl ¥
_:J;“ = 1-12 xm”
WL et
J0
.?[\3}[1} = Lgddiy L
-5,
112 x0)
< R 1[2]
(i) Determine the percantage uncertalnty in p.
2 - 2L v
pF . 0k | o F
4 « b = 003710
= pangt [:Rell = 8§74
g3 A +0
L oo
= O-0ET g 7 .
PEFCEANIANe UNCETAINY IN D= -.....oceeeees Shee s emesssac oo seessenees % [1]

(8} Tha experiment is repeated with & thinner wire of dismeter 0.23 + 0.01mm. The wlra iz of the
same material and Ihnglh —_ ———

Determine the resistance A of the wire: Include the absolute mmrmhly in your answer,

(wb R= (6,)]
&-t = -4, ' ._1....,_
Ga209) ({n~mu'339
(Gg 4* r 2445 .
= (143 :m") ( W) Abiluly  ponterkad = 21:-&-:::41.«::5
z 17,03

; ISR it s Q2]
[Tetal: 15]

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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page
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Mark
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Q2 Mark scheme
Mark | Expected Answer Additional Guidance
(e)i) | G2 Line of best fit Lower end of line must pass
between (2.6, 4.0) and (3.0, 4.0)
and upper end of line must pass
between (12.4, 18.0) and (13.0,
18.0).
G3 Worst acceptable Line should be clearly labelled
straight line. or dashed. Examiner judgement
Steepest or on worst acceptable line. Must
shallowest possible | be steepest/shallowest line.
line that passes Mark scored only if error bars are
through all the plotted.
error bars.
(c)(iii) | C1 Gradient of line of The triangle used should be at
best fit least half the length of the drawn
line. Check the read-offs.
Work to half a small square. Do
not penalise POT. (Should be
about 1.4 -1.5 x 107,)
U3 Absolute uncertainty | Method of determining absolute
in gradient uncertainty: difference in worst
gradient and gradient.
(d)(i) | C2 Must use gradient value. Do not
penalise
POT (Should be about 1 x 10-6.)
C3 QOm Correct unit and correct power
of ten.
(d)(ii) | U4 Percentage Percentage uncertainty in
uncertainty in p gradient + 1%.
(e) C4 Rin the range 25.5 | Allow 26 or 27 or 28.
to 28.4 and given to | Allow ECF for POT error in (d)(i)
2 or3s.f. e.g. 2.7 x 10°.
uUb Absolute uncertainty | Percentage uncertainty must be
in R greater than 8.6%.
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A studant Is investigating how the resistance of a wire depands on the diameter of the wire.
The circuit is set up as shown in Fig, 2.1.

chmmeter

2/

wire
Fig. 2.1

The resistanse B of the :#Ire iz measured using an chmmeter,

The experiment is repeated for wires of the same material and same length L but differant
dlarneter o

It is suggested that A and o are related by the equation

__dpL
A= 7

where o ks a constant.

(s) A graph is plotied of A on the y-axis against — on the x-axis.

Determine an axprassion for the gradient.
T u - kt‘.l.l‘-- mrL -+ C’ , P
R = APL R 4P-1 4t
<d ' '&_’1 '

u . mx + C

oMb L '
Rol o TR

gradiant = 'irg- ................... [1]

2(a)

2(b)

2(c)(i)

2(c](ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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page

4
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Mark

)

MIDDLE Low

Q2 Mark scheme
Mark | Expected Answer Additional Guidance
(a) Al 4 pL
T
(b) T1 1
rB /108 m?
T2 All values to 2 s.f. or 3 s.f. Allow
1.2 or1.21 a mixture of significant figures.
3.20r3.19 Must be values in table.
4.7 or4.73
6.9 or 6.93
9.8 0r9.77
14 or 13.7
U1 From + 0.03 to + 1 Allow more than one significant
figure. Allow zero for first
uncertainty and up to 1.2 for
largest uncertainty.
(e)i) | G1 Six points plotted Must be within half a small
correctly square.
Do not allow “blobs”
ECF allowed from table.
U2 Error bars in All error bars to be plotted.

1
d 2
plotted correctly

Length of bar must

be accurate to less than half a
small square

and symmetrical.
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(b) Values of dand A are-given in Fig.2.2.

X 0. - '1-1:" -
d/109m AIQ dgci Jwpt ot "
0.81 £ 0.0 1.6 I; 213 ool
0.56 % 0.01 44 118 E ol
0.46 + 0.01 6.6 4737 - pd
0384001 a7 5’-}3: 0%
0.32 £ 0.01 13.9 - q.77% okl
0.2?1_@1 -~ 195 1%:72% ¢ J-od '
Fig. 2.2 |

Calculate and record values of E‘;#‘Iﬂ-‘*m“’ in Fig. 2.2,

Include the absolute uncertaintiss in Elg

() () Plota graph of A/ against —z/ 1052,

Include emor bars fnr?;g.

(i) Draw the straight line of best fit ahd a worst acceptable straight ine on your graph, Both

lings should be clearly labslled. - '

(iij) Determine the gradient of the line of best fit. Include the absolute uncertainty in your

answar,
begdk faf U 7
e ML P BT S
e T G R YRR
. Y
% - 168 Xw
= o — 107
1 x
gradient = ......

LY | L

=]

i2]

[

2. [} - 1,':' i
vbE - 872 —= e
Peu (ey- v .

2 k7 ‘l.‘lu'i'
{

PR AR

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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Mark
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Q2 Mark scheme
Mark | Expected Answer Additional Guidance
(a) Al 4 pL
T
(b) T1 1
rB /108 m?
T2 All values to 2 s.f. or 3 s.f. Allow
1.2 or1.21 a mixture of significant figures.
3.20r3.19 Must be values in table.
4.7 or4.73
6.9 or 6.93
9.8 0r9.77
14 or 13.7
U1 From + 0.03 to + 1 Allow more than one significant
figure. Allow zero for first
uncertainty and up to 1.2 for
largest uncertainty.
(e)i) | G1 Six points plotted Must be within half a small
correctly square.
Do not allow “blobs”
ECF allowed from table.
U2 Error bars in All error bars to be plotted.

1
d 2
plotted correctly

Length of bar must

be accurate to less than half a
small square

and symmetrical.
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2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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page

4

Your
Mark
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Q2 Mark scheme

MIDDLE Low

in R

Mark | Expected Answer Additional Guidance
(e)i) | G2 Line of best fit Lower end of line must pass
between (2.6, 4.0) and (3.0, 4.0)
and upper end of line must pass
between (12.4, 18.0) and (13.0,
18.0).
G3 Worst acceptable Line should be clearly labelled
straight line. or dashed. Examiner judgement
Steepest or on worst acceptable line. Must
shallowest possible | be steepest/shallowest line.
line that passes Mark scored only if error bars are
through all the plotted.
error bars.
(c)(iii) | C1 Gradient of line of The triangle used should be at
best fit least half the length of the drawn
line. Check the read-offs.
Work to half a small square. Do
not penalise POT. (Should be
about 1.4 -1.5 x 107,)
U3 Absolute uncertainty | Method of determining absolute
in gradient uncertainty: difference in worst
gradient and gradient.
(d)(i) | C2 Must use gradient value. Do not
penalise
POT (Should be about 1 x 10-6.)
C3 QOm Correct unit and correct power
of ten.
(d)(ii) | U4 Percentage Percentage uncertainty in
uncertainty in p gradient + 1%.
(e) C4 Rin the range 25.5 | Allow 26 or 27 or 28.
to 28.4 and given to | Allow ECF for POT error in (d)(i)
2 or3s.f. e.g. 2.7 x 10°.
uUb Absolute uncertainty | Percentage uncertainty must be

greater than 8.6%.
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d) {i) Ua_ing your answers to (a) and (e)(iii), determing the value of p. Include an appropriate

umnit.

Data: L = 1.00 £ 0.01m. P B'DBW[PFE
R=Y F:,Lf -
rdd -
, P=126x16°
(réxisD = 4P
=
=k
e X -] -
503 %"= yP o= B X fﬂ...f, 2]
{ify Determine the percantage uncertainty in g.
..Q.L. - pral .
L .__E.- o‘ol*; Py
"8
al 1 xoel
184" ed
u~m€x1'chﬁ

percentage uncertainty in p = Lkag

- (&) The expariment is repeated with a thinner wire of diameter 0.23 = 0.01 mm. The wire Iz of the
same material and langth.

Datermine the resistance A of the wire. Include the absolute uncertainty in your answer,

. upl AL - 2L
K> R D
- -t At ol
S y (agxto i('@ b7’ oo
ﬁ"rl&' 2134 7
= So4vlo
-ﬁu'lg

A= ___(ﬁr__‘?-f..‘i,l.ﬂ:_i.)...I,L:[f ......... Q[2)
[Total: 15]
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2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)

Select
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Your
Mark
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MIDDLE Low

Q2 Mark scheme

in R

Mark | Expected Answer Additional Guidance
(e)i) | G2 Line of best fit Lower end of line must pass
between (2.6, 4.0) and (3.0, 4.0)
and upper end of line must pass
between (12.4, 18.0) and (13.0,
18.0).
G3 Worst acceptable Line should be clearly labelled
straight line. or dashed. Examiner judgement
Steepest or on worst acceptable line. Must
shallowest possible | be steepest/shallowest line.
line that passes Mark scored only if error bars are
through all the plotted.
error bars.
(c)(iii) | C1 Gradient of line of The triangle used should be at
best fit least half the length of the drawn
line. Check the read-offs.
Work to half a small square. Do
not penalise POT. (Should be
about 1.4 -1.5 x 107,)
U3 Absolute uncertainty | Method of determining absolute
in gradient uncertainty: difference in worst
gradient and gradient.
(d)(i) | C2 Must use gradient value. Do not
penalise
POT (Should be about 1 x 10-6.)
C3 QOm Correct unit and correct power
of ten.
(d)(ii) | U4 Percentage Percentage uncertainty in
uncertainty in p gradient + 1%.
(e) C4 Rin the range 25.5 | Allow 26 or 27 or 28.
to 28.4 and given to | Allow ECF for POT error in (d)(i)
2 or3s.f. e.g. 2.7 x 10°.
uUb Absolute uncertainty | Percentage uncertainty must be

greater than 8.6%.
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