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Anzwer all the questions In the spaces provided.

1 {a) Define accaleration.

_radeef chanag of welocity
~ wd

(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,

1 3 vzutak
e % =a (10)
= e u o o RTd By
p) a= 1.9
S 1.9

acceleration = .. ma2[2]

(iiy Show that the distance moved fram A to B is 340m.
vVeu40as
x
3 =20.9)9

£ =349
S Zuom

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)

4
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Mark
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page

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

1. the change in kinetic enerngy, X
1 = Your

a3 MY Mark Q1 Mark scheme
")
=L (a5)C 26 i : (a) acceleration = change in velocity / time (taken)
1 .
~ (2 000 (a) or rate of change of velocity B1 [1]
= éV56e (b)) v=0+atorv=at C1
change in kinetic energy = e 8 229D e o [2] la=236/19=)1.9(1.8947) m s A1 2]
i (b)(ii) s=%u+wWt ors=V/2a or s = Yat?
2. the cha tantial .
FHARGS T ot Eneray. ) =% x36x19=362/(2x1.89) = % x 1.89 x 192
chimgetreB = chinge. tn PE - 1(b)(i) =340 m (342 m /343 m / 341 m) M1 [1]
g - (o)ii) | 1. (AKE =) % x 95 x (36)? C1
‘ FAS« gl = 62 000 (61 560) J A1 [2]
= 31EFIT 2. (APE =) 95 x 9.81 x 340 sin 40° or
2 319 000 1(b)(ii) 95 x9.81 x218.5 C1
change In potential energy = ....... 311000 ~J[2 = 200000 JAT Eﬂ
u I (Hi d irve Ly frictional fo - .
(v . sgt gwug . r maﬁa Ltu starming the average frictio foe that acts on the (b)(iv) | work done (by frictional force) = APE — AKE
or
318323 - ¢15¢0 A(b) i) work done = 200 000 - 62 000
= 3% Fgw0” J (values from 1bd(iii) 1. and 2.) C1
WzEs (frictional force = 138 000 / 340 =) 410 (406) N
e. 35txw” [420 N if full figures used) Al
FEE) [2]
= F52
friclional foree = ... =1 S M2 (b)(v) | =ma = mgsin 20° - for ma = -mg sin 20° + f C1
: = -95x3.0=95x336-"f
(v} A parachute opens on the toboggan as it passes point B, Thera is a constant deceleration 1(b)(iv)
of 3.0ms2 fromBio G, f =600 (604) N [2]
Calculate the frictional forca that produces this deceleration between B and C.
F=mg
95 w-3
, 1(b)(v)
= - g5
F-# - r‘ =mg
FP T - ']3 54+F
T =285 - I50
= - o35 frictional force = e OB ———— M [2]
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1

Anawer all the guestions in the spaces provided.

(a) Define acceleration.

3. Sinel Yottty . (DY velaclBe
tinak .

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

{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

2060

hodzental . _ZT71-

Fig. 1.1 (not to scale)

Tha slope AB makes an angle of 40° with the horizontal and the slope BC makes an angle of
20° with the horizontal. Fricticn ks not negligible.

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

The man starls from rest at A and has constant acceleration between A and B. The man
fakes 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.
Sk =— L= Uk 3¥Llat’

‘L:,li ot q:%u@m{ﬁ)
2= Ayl il m .

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)

Select
page

4

Your
Mark

)
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Mark scheme

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]
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(i} For the man and toboggan moving from A to B, calculate :
1. the change in kinetic energy, W:d )
Ex = _L: it T v= 2ullyf Your
A7 45 19 Mark Q1 Mark scheme
Ex= fl'zr— x 45 % 13- 985 vz 340 (a) acceleration = change in velocity / time (taken)
Ey L 852,90 1(a) or rate of change of velocity B1 [1]
o (b)(i) v=0+atorv=at C1
change in Knetic ENErgy = v §52 Q6. J12) (a=136/19=)19(1.8947) m s~ AT [2]
" A (b)(ii) s=%u+wWt ors=V/2a or s = Ysat?
2. the ch otential energy.
ﬂ"%'n_p o 1(b)(i) =% x36x19 =362/ (2x 1.89) = ¥ x 1.89 x 197
o= Mg =340 m (342 m /343 m /341 m) M1 1]
Ep /" / Laral, ()i} | 1. (AKE =) % x 95 x (36) C1
: : 3 =62 000 (61 560) J A1 [2]
P Fie s
Aot &l % udsinles ~eT 1b)ii) 2. (APE =) 95 x 9.81 x 340 sin 40° or
PO A SUD- ="of iy 95x 9.81 x 218.5 C1
change in potential energy = ... EOULFY J[2] = 200000 J A1 Eﬂ
O e .o Getssrine the sverage fitionel roe et acke on e 1(b) (i) (b)iv) | work done (by frictional force) = APE — AKE
£ e Lo or
Ep—Tx = fricin Foree work done = 200 000 - 62 000
2641y - AR (values from 1bliii) 1. and 2.) C1
(frictional force = 138 000 / 340 =) 410 (406) N
10511:-‘2 -3 [420 N if full figures used] Al
28B Y10 2]
frictional foroa = ... L Dé,x FD{ ______ N (2] (b){v) | =ma = mg sin 20° — for ma = -mg sin 20° + f C1
-95x3.0=95x336-"f
{v) A pamachuts opens on the toboggan as it passes point B. There Is a constant deceleration f =600 (604) N [2]
of 3.0ms™ from B to C. 1(b)(iv)
Calculate the frictional force thet produces this deceleration between B and C.
Fonaa T =gy »2
£ =23¢N. 1(b)(v)
frictional force = '2‘:?( M 2]
EXAMINER MARK
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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.

herizontal________ 295
&
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,

s

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)

outube.com/megalecture
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Mark scheme

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=2362/(2x189) =% x 1.89 x 19?

=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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{iiiy Forthe man and toboggan moving from A to B, calculate
1. the change in kinatic anergy, Your
KE = i,,mf"- - Mark Q1 Mark scheme
. (a) acceleration = change in velocity / time (taken)
= % r ‘ﬁ_'» x50 _ 1(a) or rate of change of velocity B1 [1]
= 1Mo (b)) | v=0+atorv=at C1
316 (a=36/19=) 1.9 (1.8947) m s A1 [2]
change in kinetic energy = Ji2] b)) (b)(ii) s = YU+ Wt ors=1%2a ors = %at
2. the change in potential enargy. ‘ - =% x36x19=36%/(2x189) =% x 1.89 x 19?
GPE < mg‘n n‘\ﬂi&—-—ﬁm—'—e—*—}@hﬁ&m =340 m (342 m /343 m /341 m) M1 [1]
< (o)) | 1. (AKE =) 7% x 96 x (361 C1
. s
= Al = A5xA.81x) 1(b) (i) = 62 000 (61 560) J A [2]
_ st ho= gy 2. (APE =) 95 x 9.81 x 340 sin 40° or
xq B » . GPE= 5 x 98X L33 = [307.4y% 95x9.81x 2185 C1
" EI 1 . } . =200 000 J A1 [2]
change in potential BNEIgY = - H oS . R JIE] 1(b)(iii) [4]
{iv) Use your answers in (lli) to determine the average frictional fﬂﬁza 1hat acts on tha (b)(iv) | work done (by frictional force) = APE — AKE
toboggan between A and B. : or
W W = Mg work done = 200 000 — 62 000
F=ma 52 9.1 » )9 (values from 1bliii) 1. and 2.) C1
(frictional force = 138 000 / 340 =) 410 (406) N
[420 N if full figures used] A1
[2]
(b)(v) —ma = mg sin 20° — for ma=-mgsin 20° + f C1
FACHoNal IOT08'= uosrssssesbessnescesssmssaseesrasssmsivnses 1 [2] -95x3.0=95x3.36-f
(v) Aparachute opens on the tobeggan as it passes point B. There Is a constant decsleration 1(b)(iv) f=600 (604 N [21
of 30ms 2 from B G
Calculate the frictional force that produces this deceleration between B and C.
W~ Fzma gk = 9l W= ) .
- = 1 \'
W—F = 9513 F =123 9% x9.81 _"-""'iEI”h
5
Irictional force = (A M [2]
EXAMINER MARK
COMMENTS SCHEME
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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 .
- RIORorgANON. OF UGG o 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:n.ct -

koypz-ame’

I Gt

t= P

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

s, LHZiRHS -

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)

4

Your
Mark

Select
page

)

m MIDDLE Low

L MEGA L

ECT

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
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(e} {i} Describe the Doppler effect.

Pffﬂm“? a12hen Magee. I-f.‘.,,'f!’.‘i?hﬂ.",'.ﬁ%.’lfifﬁﬂ....ﬂ‘.‘%..ﬂ!‘ﬂ!&t%&f...&’...5.'?!'!.(.':":‘:.\...[1] \,\(,(,’:r:( Q4  Mark scheme
() A distant star is moving away from a stationary observer, (a) longitudinal: vibrations/oscillations (of the
4(a) particles/wave) are parallel to the direction
State the effect of the motion on the light chserved from the star. or in the same direction (of the
' f B1
ekt g becomen.... s haghbe... S0 Brrsiony... propagation of energy)
Vi - vibrati illati
transverse: vibrations/oscillations (of the
dﬂﬂmm Cobrerved) L @l s ————— particles/wave) are perpendicular to the
" direction (of the propagation of energy) B1 [2]
"""""" ) (b) LHS: intensity = power / area
(d) A cartravels at a constant speed towards a stationary observer. The horn.of the car sounds at 4(b) units: kgm s? x m x s=1 x m>2
& frequency of 510Hz and the observer hears a fraguancy of 550 Hz. The speed of sound in or kg m? s=3 x m-2 B1
air is 340ms"1. - T 9
RHS: units: m s x kg m= x s72 x m? M1
Caiuiids Tha tpuerd of tha ou ' LHS and RHS both kg s~ A13 [3]
<o Z10¥ BB Fo= Fax¥ (©)i) | change/difference in the observed/apparent
S | V- Va 4(c)(i) frequency when the source is moving (relative
(330-%) to the observer) B1 [1]
IR, 500- SSox = | §8:329°
(c)(ii) wavelength increases/frequency
SmSox= |3, 200 decreases/red shift B1 [1]
&= AL M -t
y (d) observed frequency = vi/ (v-v) C1
4(c)(ii) 550 = (340 x 510) / (340 — v,) Ci
- v, =25(24.7) m s A1 [3]
ed= ... 24M3! 113 s
e el [Total: 10]
[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, 20 e. Ly wheeky ke penkicle yreves paroltal

#ﬂﬂwpmf}&je.wgﬂ-wf@ram k»mmﬂn'rgiw

mnal wWone.

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,
pis the dansity of air, el
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_;(—_nwvf kxﬂﬁ ¥ Ptjrﬁjx' ‘et Had 1—:’-[-'}_?
ha ?"5;.4 Kt "'-"Kgm-gﬁs Ty it = S5T
- K:rrff{;x Kga -2 A
Kg 5%
‘(j _ Pew
leg &=% - o K kL § -2
Ea ‘j -.[-'xai i
- afﬁr‘n
5.

[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

& T, Blserved dang wiey “ Mmﬁ!@*%mﬂt to Lha
errramilleg wolery sousce asd mwdr.‘:_u Lt O H]

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

= ] 3
FUD- VEQuw
0 a7 {;&m:.l‘_umj - U0
LUED -V iAo Bhb.6F.

Voo . 26.69

[Total: 10]

4(a)

4(b)

4(c)(i)

4(c](ii)

4(d)

4

Your
Mark

Select
page

)

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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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.

transverse: ...._ Tt $Ae6g) B pupadicdss etk ditectian 4

T pzabqa.ﬁm csucdh as in & Juiter ghviss-
| 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 area), vt=d
Kis a constant withiout units, . poust = 'JE—:‘

vis the speed of sound,

plE'thB mm&1r, - TGS = -—-_J'M
fis the fraquancy of the wave ) ? & -
and 4 is the amplitude of the wave, . : = Egms M
a4 1 . =
w that both sides of the equation have the same S1 base units. _ I- et
‘K $2 A R ' €
1= YP A = Kﬂm*a_:r

Iﬁlﬁ'_ﬂ = ﬁﬁ.l tﬂh‘ﬁﬁly "';

hj}:“ : ﬁ;}:‘i

s proved

19

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)

4
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page

)

m 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.
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.megalecture.com 4 page } MIDDLE Low

{e) (i) Descrba the Doppler effect.

....... The . Ceaage o ?.PW+‘F‘ MT"M Your Examiner marks and comments
........ ﬁmﬁﬁmwmmf 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.

sﬂammaaﬂacmfmamﬁmmﬂmllghtnhaanmmmeemr
Vi APPAE.. f‘ff-ﬁr.\mfﬁ 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.
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5

{a) 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.

diffraction: ...JE..1%.... 2kt SprEadog ol was. . thouah &
DALTENY. ..o B84 ST BEEM s s s
intederence: .. Jker fartn e s Hee  averlagping | of  udico

W L ek Ak e comman,  pRink. Theet ways

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—

gacond order= saraan

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
- i
Z
dgin 6= nA et
- . . -7 . x0T 7
o sin 2473 2 4 3L xta7) 19 & -

ab
- . & xi0 m
Y S Mz B892 Viee

cWE 504NN,

number of lines per milimetre = ....5383330u4e .
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5(a)

5(b)

Your
Mark 013 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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COMMENTS SCHEME
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5

(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?ﬁﬂhj ﬂbﬁ'ﬁvmﬁn

paints..... dhth. cliplogncts.... ndd. . ol There. 05 ...

S L 7 12—

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

second arder

light
wavelength 486nm

he.

gecond order™ sereer

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,

Calculate the number of lines per millimalre t:\f the grating.

D sing= A,
axaghe

ém(\sﬂaﬂ: )

- f:‘?.é ,KI,.‘::_&

number of lines par millimatre = ... R

5(a)

5(b)

Mark scheme

diffraction: spreading/diverging of waves/light

JRE

(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]

dsin@=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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5 (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.

difraction:2. TH15....13... Wwhea,.. S . Night... . wavl | 9CES . Seeaded
k.. .. h. e, 5#-; whamewéjw".f‘*ﬁdgés
interterence: .TWL.5...LS.... OO s O . L7 W7 SO =
Ak 000, Yaint 44'-#;. ......... NN 1 £ S S
(enSHMCHYE. .......an sl ibocd. ... Oh......déstavcttyl
ADHICLBIACL ..o s

{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 anya betwesn
the two second order maxima is 59.4°,

Calculate the number of ines per millimetre of the grating. = : w@é

d Sing-tin
d inbq.yr R AY

na = 9.80x 10" h
d = e 3 1129-3

number of lines per milllmetre =

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
= (2 x 486 x 107 /sin 29.7° (= 1.962 x 1079 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)

outube.com/megalecture

MEGA

m MIDDLE Low

Q1 Mark scheme
(b)(ii) Value for y with unit in range 2.0 <y < 8.0 cm.
(b)(iii) | Raw values of 6 to the nearest degree.

Value of @ in the range 40° to 50°.
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4

1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)

outube.com/megalecture

MEGA

m MIDDLE Low

Q1 Mark scheme
(b)(ii) Value for y with unit in range 2.0 <y < 8.0 cm.
(b)(iii) | Raw values of 6 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
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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1(b)(ii)

4

Your
Mark

Select
page

Q1

(e)(ii)

1(b)(iii)

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

1(d)

(e)(iii)

1(e)(i)

1(e)(ii)

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]

1(e)(iii)

1(f)
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Your
Mark Q1 Mark scheme

(f) Value of P = candidate’s gradient and value of

1(b)(ii) 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.

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

with value. [1]
[2]

1(d) [total: 20]

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)
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1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)

outube.com/megalecture

MEGA

m MIDDLE Low

Q1 Mark scheme
(b)(ii) Value for y with unit in range 2.0 <y < 8.0 cm.
(b)(iii) | Raw values of 6 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)

outube.com/megalecture

MEGA

m MIDDLE Low

Q1 Mark scheme
(b)(ii) Value for y with unit in range 2.0 <y < 8.0 cm.
(b)(iii) | Raw values of 6 to the nearest degree.

Value of @ in the range 40° to 50°.

ECTURE

EXAMINER
COMMENTS

MARK
SCHEME



www.youtube.com/megalecture
www.youtube.com/megalecture

.youtube.com/megalecture
.megalecture.com

1(b)(ii)

1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

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:

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(b)(ii)

4

Your
Mark
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Q1

(e)(ii)

1(b)(iii)

1(d)

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)

1(e)(i)

1(e)(ii)

1(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]

1(f)
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Your
Mark Q1 Mark scheme
(f) Value of P = candidate’s gradient and value of
1(b)(ii) Q = candidate's intercept. [1]
Do not allow fractions.
Unit for P correct (m kg™ or cm kg™ or mm kg™ or
1(b)iii m g’ orcmg’ ormm g-)
(b)iii) and consistent with value.
Unit for Q correct (m or cm or mm) and consistent
with value. [1]
1(d) [2]
[total: 20]
1(e)(i)
1(e])(ii)
1(e)(iii)
1(f)
EXAMINER MARK
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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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(b)(ii) Value for y with unit in range 2.0 <y < 8.0 cm.
(b)(iii) | Raw values of 6 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)
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Q1 Mark scheme
(b)(ii) Value for y with unit in range 2.0 <y < 8.0 cm.
(b)(iii) | Raw values of 6 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)
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page
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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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1(b)(ii)

4
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Q1

(e)(ii)

1(b)(iii)

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

1(d)

(e)(iii)

1(e)(i)

1(e)(ii)

1(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]

1(f)
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(f) Value of P = candidate’s gradient and value of

1(b)(ii) 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-)

1(b)(iii) and consistent with value.

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

with value. [1]
[2]

1(d) [total: 20]

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)
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7 (a) Electric currant is a flow of charge carrers. The charga on the carriers is quantised, Explain
what is meant by guantized.
e msand. Wqﬁmgzﬂehwdemmjmm”m Your
battory of orce Mark Q7 Mark scheme
A battel lectromctive .t} 9.0V and Internal resist 0258 is ted i . ..
© aedean%h:oldenm reﬁsmt;?ngarm;m??a?gm:?:ﬁ?;ﬁm_ conneciedin 7ta) (a) charge exists only in discrete amounts B1 [1]
a
battery e
T~ |90V ezs0 | bi) |E=IR+rorV =IR C1
i k-1 I_Fllt : (total resistance =) 2.7 + 0.30 + 0.25 (= 3.25Q) M1
H [TEAY B
: === - /=9.0/(2.7+030+0.250r9.0/325=28A A1 [3]
(b)(ii) V=1IR_, C1
7(b)(i) =277x300r28x3.0
¥ by o or
) — — V=E-Ir (CT)
0159 278 0158 =9.0-277%x0.250r9.0-2.8x0.25
) V=8.3(8.31)Vor84VAI [2]
Fig. 7.1
The resistance of aach resistor X is 0.158 and the resistance of resistor Y is 2.7, 72(b)ii) (e sznze;’;\/ 85 % 107 x 16 % 10 x 25 x 105 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
Voast =1 ' (c)(ii) | Areduces by a factor 4 (1/4 less) or resistance
Bnpet T 9 of Z goes up by 4x M1
[D-L{+u~|5’ oy & -1-_?:} ] current goes (_jown but by less than a factor of
7(c)(i) 4 (as total resistance does not go up by a factor
= a-1(9 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 = ®-BD7%
= 0-kg - g3
potential difference = .......... Int=1 I V2]
EXAMINER MARK
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(¢} 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

‘ S

(i) Caleulate the average drift spead of the electrons in X, jq;@ﬁb
L=nhve ) M
2.g =85 x0, 2105 yx rex10” Y 4

-8 " =S
Soeio! _
MOl e uxio ™

{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 amrcra?n drift speed in Z and that in X.

ﬁ}ﬁ%ﬁ%gpﬂ&mWﬂ@pmJ

B Seteh b8 chimal. Gt 2 Mo Aift apeed.inZe...
otizi bl be...cuncneaotdd. ley. M. Brae. ;twdﬁfmg&z%
dnaid.. mmmﬂ’m s, Mﬁ»{-’ﬁfﬂ

fe’«mﬂ: v
[Total: 10}

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)

Select
page

)

m MIDDLE Low
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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 (CT)
=9.0-277%x0250r9.0-28x0.25
V=8.3(8.31)Vor84VAI [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]
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7 (&) Electic current is a flow of charge carriers. The charge on the cariers is quantised, Explain
what is maant by quantissd,

Your

[} . ] .
.iluﬂﬂhﬁcd' means :XF"’f-H’_.E'_‘_! ..... e “ "‘.-!af‘“""“"l M'..,H! Mark Q7 Mark scheme
(b} A battery of electromotive force (eum.f.) 2.0V and internal resistance 0,252 is connected In (a) charge exists only in discrete amounts B1 [1]
serles with two Identical reststors X and a resistor'Y, as shown In Flg. 7.1, 7(a)
hﬂﬂﬂww““é'E;,.‘.I,““"““““““: (b)) E=I(R+rorV=IR C1
ﬁ,l_{ [_.__,{[ S ; (total resistance =) 2.7 + 0.30 + 0.25 (= 3.26 Q) M1
. : /=9.0/(2.7+030+0.250r9.0/3.25=28A A1 [3]
(b)(ii) V=1IR_, C1
7(b)(i) =2.77x3.00r2.8x3.0
or
i ¥ % V=E-Ir (C1
— —_ I == Il e — =9.0-2.77 x 0.250r 9.0~ 2.8 x 0.25
' s ’ V=8.3(8.31)Vor84VAI [2]
Fig.71 A @) |1 =nevA
The resistanca of each resistor X Iz 0.152 and the resistance of resistory is 2.70. 7(b)(ii) v=277/(85x102x 16 x 10" x 2.5 x 10 M1
(i) Showthat the currant in the circuit is 2.8 A, ' =8.1(8.147) x 10 ms™" or 8.2 x 10-6 ms™’ A1 [2]
Y= 1R (c)(ii) A reduces by a factor 4 (1/4 less) or resistance
q:1 LOEF 1% +oeE 427 of Z goes up by 4x M1
4= 1 L1.25) current goes down but by less than a factor of
_ 7(c)(i) 4 (as total resistance does not go up by a factor
Shown . of 4) so drift speed goes up Al [2]
[Total: 10]
[3]
(i) Calculatethe potential differance across the battery. 7(c)(ii)
= V= IR
P m.g RO Lg
-t BEAY)
potential diference = .o @ T e ¥ [2]
EXAMINER MARK
COMMENTS SCHEME
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{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
2.2. (28X )¢ 25X Y- Li-6X10
cye B2 X107 ms?
-1
drift speed = v BB ELE T mz [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.

prprases ey four Gmes | dhe | webores | avemge dnft
...... speed | winith | ingease | By fou e 2]
[Total; 10]
LY
n Ag.

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)

Select
page
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(a) charge exists only in discrete amounts B1 [1]
(b)(i) E=IR+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 (CT)
=9.0-277%x0250r9.0-28x0.25
V=8.3(8.31)Vor84VAI [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]
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7 {a) Electric current is a flow of charge carriers, The charge an the camiers is quantised. Explain
what is meant by guantised,

. Your
LAEQ 3R, SADUD ALY PADACR. RRBAON POAMMUI T e (1] Rose a7 Mark scheme
(b) A battery of electromotive force (eum.f) 8.0V and internal resistance 0,256 is connested in (a) charge exists only in discrete amounts B1 [1]
sarias with two identical resistors X and a resistar Y, as shown in Fig. 7.1, 7(a)
mar?"“‘m.,j"“Q._E;,.rmm";;éa"j (b)) E=I(R+rorV=IR C1
ﬁ!—{ |'“'{ |—|:|‘+“"-'—'— i (total resistance =) 2.7 + 0.30 + 0.25(=3.25 Q) M1
. | /=9.0/(2.7+030+0.250r9.0/325=28A A1 [3]
(b)(ii) V=1IR_, C1
7(b)(i) =277x3.00r2.8x3.0
X Y X or
L - V=E-Ir (cn
0154 270 — 01560 =90-277x0.250r9.0-2.8x0.25
V=8.3(8.31)Vor84VAI [2]
Fig. 7.1
The resistance of each resistor X is 0,15 and the reslstance of resistor Y 15 2.7 = ()i = nevA
' s 01585 and ihe resisiance of resistar ¥ 1s 2742 7(b)(i) V=277/(85x10%x 1.6 x 1070 x 2.5 x 109) M1
(i) Show that the current in the circult is 2.8A. =8.1(8.147) x 10 ms™' or 8.2 x 10-6 ms™' Al [2]
e lLR'i-ri-'rq.r‘)
aov: L (03aromraAiond) (c)ii) A reduces by a factor 4 (1/4 less) or resistance
\ of Z goes up by 4x M1
Q-0 - 1 (&-28 current goes down but by less than a factor of
T - 9-2 : 7(c)(i) 4 (as total resistance does not go up by a factor
_ Ban of 4) so drift speed goes up A1 [2]
8 -369a [Total: 10]
o ome-wA
B (3]
(i) Calculate the potential difference across the battery. -
Ve R . 7(c)(ii)
“IEHagiegs. vogacix 025
[ S= P =N W O aoeand
potential difference = S22 eemsisnn s W2
EXAMINER MARK
COMMENTS SCHEME
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(¢} 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™
R .
(i) Caleulate thie average drift speed of the electrons in X.
T = NvAve ! -
BB T =S p”: DB Tx N % GO D
2%« Byw 0%V
a-%
24 ¢ 0°
280 wio

W e

-8

W oF drift speed = =SS ML e e -

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

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

e ol Bapdved.

4
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page
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(a) charge exists only in discrete amounts B1 [1]
7(a)
(b)(i) E=IR+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
7(b)(i) =277%x3.00r28x3.0
or
V=E-Ir (C1)
=90-277x0.250r9.0-2.8x0.25
V=8.3(8.31)Vor84VAI1 [2]
n (c)i) = nevA
7(b)ii) V=277/(85x10%x 16 x 1070 x 25 x 109 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
7(c)(i) 4 (as total resistance does not go up by a factor
of 4) so drift speed goes up A1 [2]
[Total: 10]
7(c)(ii)
EXAMINER MARK
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(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm
2(a)(ii) with unit and in the range 0.250 mm to 0.450 mm [1]
(a)(iii) Correct calculation of A with consistent unit and power
2(a)(iii) of ten. [1]
(b)(iii) | Value of L with appropriate unit in range
2(b)(iii) 10.0 cm < L <20.0 cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute
2(b)(iv) uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the
i uncertainty can be half the range (but not zero) if
2(c)(i) the working is clearly shown.
Correct method of calculation to obtain percentage
2(c)(ii) uncertainty. [1]
(c)(i) Correct calculation of C to the s.f. given by the
2(d)ii) candidate. [1]
(c)(ii) Correct justification for s.f. in Clinked to s.f. indand L. [1]
2(e)(ii) (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.
2(f)(i) Second value of T.
Quality:
y If d > d then second value of T > first value of T. [1]
2(f)(ii) : 2
(f)(0) Two values of k calculated correctly. [1]
2(a)(i) (F)ii) Sensible comment relating to the calculated values of k,
9 testing against a criterion specified by the candidate.  [1]
2(g)(ii)
EXAMINER MARK
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2(f)(i) Second value of T.
Quality:
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(a)(iii) Correct calculation of A with consistent unit and power
2(a)(iii) of ten. [1]
(b)(iii) | Value of L with appropriate unit in range
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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)

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
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(a)(ii) All raw values of d either to the nearest 0.01 or 0.00T mm
2(a)(ii) with unit and in the range 0.250 mm to 0.450 mm [1]
(a)(iii) | Correct calculation of A with consistent unit and power
2(a)(iii) of ten. [1]
(b)(iii) | Value of L with appropriate unit in range
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(b)(iv) | Percentage uncertainty in L based on absolute
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uncertainty can be half the range (but not zero) if
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. Second value of T
2(f
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If d, > d, then second value of T > first value of T. [1]
2()(i) (f)(0) Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,
i testing against a criterion specified by the candidate.  [1]
2(g)(i)
2(g)(ii)
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If d, > d, then second value of T > first value of T. [1]
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(F)ii) Sensible comment relating to the calculated values of k,
i testing against a criterion specified by the candidate.  [1]
2(g)(i)
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(b)(iv) | Percentage uncertainty in L based on absolute
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(b)(iv) | Percentage uncertainty in L based on absolute
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If repeated readings have been taken, then the
uncertainty can be half the range (but not zero) if
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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)

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
quickly/
(percentage)
uncertainty greater
for shorter/thicker
wire

by frame
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2(a)(ii) with unit and in the range 0.250 mm to 0.450 mm [1]
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(b)(iii) | Value of L with appropriate unit in range
2(b)(iii) 10.0cm < L <£20.0 cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute
2(b)(iv) 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
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Correct method of calculation to obtain percentage
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(c)i) Correct calculation of C to the s.f. given by the
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2(d)(ii) (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.
2(e)(ii) Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.
. Second value of T
2(f
(i) Quality:
If d, > d, then second value of T > first value of T. [1]
2()(i) (f)(0) Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,
i testing against a criterion specified by the candidate.  [1]
2(g)(i)
2(g)(ii)
EXAMINER MARK
. COMMENTS SCHEME



www.youtube.com/megalecture
www.youtube.com/megalecture

.youtube.com/megalecture
.megalecture.com

MEGA

ECT

ure

JRE

Your
Mark Q2 Mark scheme
(a)(ii) All raw values of d either to the nearest 0.01 or 0.00T mm
2(a)(ii) with unit and in the range 0.250 mm to 0.450 mm [1]
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(b)(iv) | Percentage uncertainty in L based on absolute
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(c)i) Correct calculation of C to the s.f. given by the
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2(a)(ii) with unit and in the range 0.250 mm to 0.450 mm [1]
(a)(iii) | Correct calculation of A with consistent unit and power
2(a)(iii) of ten. [1]
(b)(iii) | Value of L with appropriate unit in range
2(b)(iii) 10.0cm < L <£20.0 cm. [1]
(b)(iv) | Percentage uncertainty in L based on absolute
2(b)(iv) 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
2(c)(i) the working is clearly shown.
Correct method of calculation to obtain percentage
1 uncertainty. [1]
2(c)(ii) , : ;
(c)i) Correct calculation of C to the s.f. given by the
candidate. [1]
2(d)(ii) (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.
2(e)(ii) Twith unitand inrange 0.5 s < T7<2.0s. [1]
(e)(ii) Second values of dand L.
. Second value of T
2(f
(i) Quality:
If d, > d, then second value of T > first value of T. [1]
2()(i) (f)(0) Two values of k calculated correctly. [1]
(F)ii) Sensible comment relating to the calculated values of k,
i testing against a criterion specified by the candidate.  [1]
2(g)(i)
2(g)(ii)
EXAMINER MARK
. COMMENTS SCHEME
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4

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)

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
quickly/
(percentage)
uncertainty greater
for shorter/thicker
wire

by frame

ECTURE
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- 2.8% 10%km -
: Aw '
1z i
star A ' star B
mass M, p 0 mass Mg
S
L]
1 - T
. | N ot
1 I . -
b= " mr
d
Fig. 1.1

cantre of star A,

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

P‘m‘”&d@f’ he.. mmtn:hamf fﬂ& FG.'

A 3F ‘Iﬂp %&m .....
Stass  oue M .me, Jé
(ii) Thea par‘lnd of the orbit of the slars atu:ut point P 4 o
Calculate the angular speed & of the stars. _
e 2L o L
T 4x365%2% x3boo
= 493 x10% juels

1 A bimary star consists of two stars A and B that orbit one another, as illustrated in 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

Becase. 10, cotpetnd, jﬁm Q4G 00, gqﬂi..,ﬁfm e

413?‘ .EE:? ........... rads [2]

4

1(a)(i)

1(a(ii)

1(b)(i)

1(b)(ii)

Select
page

Your
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 10®rad s™ A1l [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 =70 x 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 10°8)%/
(6.67 x 10™) C1
= 2.0 x 10® kg A1 [3]
[Total: 10]
EXAMINER MARK
COMMENTS SCHEME
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{b) The of the centras of the stars is 2.8x 108 km.
The rmrassof star A s M, The mass of star B is My,

The ratia % Is 3.0. Your
Mark Q1 Mark scheme
(il Determine the distance d. ] (a)(i) gravitational force provides/is the centripetal force B1
‘w1 Te i 't&'f' Sty Jg’r A and B 1(a)(i) same gravitational force (by Newton Il1) B1 [2]
Mafol = Mep e (2.5 xiof-ol ) @) |w =2m/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]
MBE
(b)(i) (centripetal force =) M,dw? = M,(2.8 x 10® —d)w?
©ol= Feeen Flo wio? fm or
d= _}?U‘}HD? ............. km [3] 1(a)(ii) mAO/IAl\; ,\fB:E; —(2.8x10°—d) /d 3
A g~ Y T\ -
(i) Usa your answers in (a)(ii) and (b)(i) to determine lhe mass My of star B, d=70x 10" km A1 [3]
Explain your working.
- ; - (b)(ii) GM, M, /(2.8 x 10")2 = M, dw? B1
:—M“b‘—_;l-_—&.,,l —— < w%g g =(2.8x10"? x dw?/ G
= (2.8 x 10")? x (7.0 x 10') x (4.98 x 10°8)%
(6.67 x 107") C1
1(b)(i) = 20x10%kg A1 [3]
[Total: 10]

kg [3]

[Total: 10]

Pl 1(b)(ii)
- J':':f 23 s MA =3B
B .

G —EM—}jﬂ = &megdi

- jﬂe'—--'—,, = (4.98 %1078 )2 x (090"
5.5;‘:{{{) ® "L']-E‘:“D'?HD}} {"'} q]?? o w‘:?_
M= 2 ]2 yio*! B:} Frie?)
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, . ' Your
1 Abinary star consists of two stars A and B that arbit cne another, as illustrated in Fig. 1.1. Mark Q1 Mark scheme
- 2.8x10%km ] (a)(i) gravitational force provides/is the centripetal force B1
A i _ 1(al(i) same gravitational force (by Newton I1I) B1 [2]
star A - . et — ' starB @) |w =2n/T
mass Ma r IR S —"'““M“ = 21/ (4.0 x 365 x 24 x 3600) C1
, i =5.0(4.98) x 10®rad s™ A1l [2]
i ] . 5
—_ _ “r A 1D . (b)(i) (centripetal force =) M,dw? = M,(2.8 x 10® —d)w?
’ mg}‘h LR or
~ Fig. 1.1 Ee .. 1(a)(ii) M,d, = M,dB C1
The stars are in circular orbits with the centres of both orbits at point P, 2 distance o from the M,/M;=3.0=(28x10°-ad)/d C1
ceritre of star A. ’ d =70 x 107 km A1 [3]
b)) | GMM, /(2.8 x 102 = M, dw? B1
M, = (2.8 x 10" x dw?/ G
= (2.8 x 10")2 x (7.0 x 10'°) x (4.98 x 1078)?%/
(6.67 x 10™) C1
1(b)(i) = 20x10%kg A1 [3]
(i) The period of the orbit of the stars about point P is 4.0ysars. [Total: 10]
Calculate the angular spaad o of the stars,
= Orn = = W% = dr
tas T Ly 2oixls
W . @}’T TR
T : . 1(b)(ii)
= £-| i.'l:q -E..F- i D"‘ %
£ 158
w= a8 =le rads=! [2]
EXAMINER MARK
o/ ture COMMENTS SCHEME
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* (b)) Tha saparmiﬁn af the cantres of the stars is 2.8 10%km,
Th mass of star A s M,. The mass ufa't_a.rE i Mg

M
The ratio —2 is 3.0,

e _l‘f:c‘-tc"LM-

(I} Datermine the dstance d.
:_
WMand x0OF 2 Mg WO Bxi0° o) w

[ Ma xdwgd? = ,La.am‘z‘-a;y.ad.l

.5*.&,7. & %%hﬂ%-J.;Lt\r'
‘Eﬂd +¢E'= -ﬂ!%'ﬁ-lﬁ

e ela M S PSS-S km [3]
{Ii} Use your answers in (a)(ii) and {h][l] to detarmine the mass U of star B.
Eq:rlamyl:uur'fmrhng _'_E‘_'_
ra:mr W2, v = el vl Wen .
¢~f'uj:‘:'-: G‘-:_A“_—E-:-“' a ' | =l
LT"Q%‘;;[') x'{_‘t-ﬂ*qiﬁ-'ﬂh;%)l = {5'51*15 E{M{*_'}
(A= !:':4;)/51 \,Ii.
26027 s
_h"i.‘ﬁ‘ _ 3 2600 el x O ﬂ
Mg = ﬁ:__]_:ﬁ.._.l._f:f ................ kg [
Detsx \ﬂi': ) . ™A 2 TE) [Total: 10]
2, . =

outube.com/megalecture

MEGA LECTURE

le

(L O0C
Your
Mark Q1 Mark scheme
(a)(i) gravitational force provides/is the centripetal force B1
1(a)(i) same gravitational force (by Newton Il1) B1 [2]
(a)(ii) w =2n/T
=21/ (4.0 x 365 x 24 x 3600) C1
=5.0(4.98) x 10®rad s™ A1l [2]
(b)(i) (centripetal force =) M,dw? = M,(2.8 x 10® —d)w?
or
1(a)(ii) MAdA = MBdB C1
M,/M;=3.0=(28x10°-ad)/d C1
d =70 x 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°8)%/
(6.67 x 107") C1
1(b)(i) = 20x10%kg A1 [3]
[Total: 10]
1(b)(ii)
EXAMINER MARK
COMMENTS SCHEME
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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

|
!

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,

...... T t_f;.%mmu%mhmihmmmﬂu
of Hmiopd
e, The T Temetn. b bs -u-uu-ug ...... =S | - S,
Mm&dm.ﬂ,..,:ﬁm.e.m 7T PR - e S 121
fertn ov ook ene % the  dis lortiiies n
{in ﬂmpcrludoflrmmhmﬂhe 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
= 2T = LZEMMLON =
124 Y00
= 4.q3x10
= Eowinml
B S e E.Aﬂ &) .-. ............. rads~! [21

Select
page

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)

Your
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 10®rad s™ A1l [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 =70 x 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 10°8)%/
(6.67 x 10™) C1
= 2.0 x 10® kg A1 [3]
[Total: 10]
EXAMINER MARK
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(b) The saparation of the cantres of the stars s 2 Bx 10%km.
The mass of star A is M,. The mass of star B is My,

The ratlo ﬂ s 3.0,
My

(i) Determine the distance ol
2]

Ve = Teann Mon = Fxd
v (Te- Pl T . Fo O"‘*_ .

3 @aned)’

#
¥

M'I = w‘-ﬁ
g e
_ Ma e P Y % . N— ki [3]
(i) Use your EE#S%\'E-I‘E In'i:]l[lij and (B){i} to detarmine the mass M, of star B.
Explain your working. )
s - Gy T
F = mus'r

F-

=

ey
{5 r“m-u*ﬂ.ulﬁ

4

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)

MEGA

m MIDDLE Low

EC

TURE

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 10®rad s™ A1l [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 =70 x 10" km A1 [3]
(b)(ii) GM,M; /(2.8 x 102 = M, dw? B1
M, = (2.8 x 10")? x dw?/ G
= (2.8 x 10")% x (70 x 10" x (4.98 x 10°8)%/
(6.67 x 10™) C1
= 2.0 x 10® kg A1 [3]
[Total: 10]
EXAMINER MARK
. COMMENTS SCHEME
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4

A metal block hangs vertically from one end of a spring. The other end of the spfing ié tied to a
thread that passes over a pulley and |z attached o a vibrator, a3 shown in Fig. 4.1,

Fig. 4.1

(a) The vibrator is switched off.
The metal block of mass 1209 s displaced vertically and then released. The varation with
time: ¢ of the displacement y of the block from its equilibrium position is shown in Fig. 4.2,

3
¥em 2 ¥ : H
A 1 P
1 ]
0 i ﬂ!
0 0.2 0.4 0.6 .8 1.0

- | = s
_2 -‘;); - : .
-4

Fig. 4.2
For the vibrations of the block, calculate

i} the angul;lar frequency m,

o=z AR 2/
T v b
x Ly = o471

4(a)(i)

4(a)(ii)

4(b)

4(c)

Select
page

4

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]
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4(a)(i)

4(a)(ii)

4(b)

4(c)

MEGA

)

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]
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A metal block hangs verfically 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,

{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 = plans LI -
wieml 249+ Faancus H .
RS
O H
0 "ﬁ -
0 0.2 ) 40 6D 1.0 -
-1 x ils
7 i i T
= -
E ms m-:a_i‘u-‘ll
g LIHEH fa
Fig. 4.2

For the vibrations of the block, calculate

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

(Pl Q'F-.‘F

= lo. 5

i

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]
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Mark

Select
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4(a)(i)

4(a)(ii)

4(b)

4(c)

MEGA

)

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]
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4 A mert.a] bhck ha:ngs mfﬁﬁlly 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.4.1

(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.

yiem 2 anta :

1 ; sragEs

o L i
0 HHAf0.2 0.4 E ) :

p a 3 T
m. k"

—E -t

_a

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)
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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]
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4(a)(i)

4(a)(ii)

4(b)

4(c)

MEGA
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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]
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E”{a}wgyﬁr:::iﬁm;ua ;ﬁﬂailﬁmlc field lines, explain why, for polnls outside an izolated spherical
conductar, the charge on the sphere may ba considered to act as a point charge at its centre.
: . . . . Your
..... k. MRMMMW Mark Q6 Mark scheme
fi,md.mjﬂ.-ﬁ ....... Md ....... oSk 00ee b ok B (a) lines perpendicular to surface
6(a) or
pednk... et mumn,s{m AaNsAL., Jhe...dakaic. ‘:&:.vk! lines are radial M1
E.muﬂ!.muh Wg@m Ma\l;.'tal:l meth s et [2] lines appear to come from centre Al [2]
(]
{b) Two isolated protons are sapﬂxﬂiad in & vacuum byadlatﬂncax [ . -4:. ouk (b)(i) Fe=(1.6 x 1019% 4Tr£0x2 C1
(i) Caleulate the ratio o 'b‘d“ Fe =G x (1.67 x 1077/ x? C1
— —-19)2 9
electric force batween the two protons FelFe =16 x 10 _21 2>< (8.99 x 10_11 /
gravitational force between the two protons [(1.67x107)? x (6.67x107")]
. =12 (1.24) x 1036 Al [3]
- B e% = (Leonwe™) () (i) | Fe>> Fo BT [1]
att UTLE. % 6(b)(i) [Total: 6]
Fs 91&1:'1 w brotne=y | l;iix 'l.g'“JL
x
ﬁ: &0 ub“""-)l L 6T ™ i'\w;-'r am"*") *
LS, Y o
b 2esexe? A
-—'_'_'_l__“ |- Lbw voBY
-0 xyar!
2ogbxw My Uy oMo = e a0
T oTx ™ _._1_'.-._-—ra 0 [ i
(ily By reference to your angwer n (1), suggest why gravitationa! forces are not considerad 6(b)(ii)
when caleulating the foree betwesan charged particles.
Y W‘tﬁhmﬂ ....... S One.. W ..... mm.pn.m‘
e 'lhn.‘iima.u ...... lbetunaesn.. (.!n.uxﬁ,z.h L "'“‘ '-“5‘ 2 }
[Total: 6]
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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.

; Your
fﬂﬁfkiﬂ'f_ﬂmmxm ..... n m . #ﬂ Mﬂmuﬂ Mark Q6 Mark scheme
W{%MIW _____ % mtbd*alﬂmﬂﬁdmwmm (a) lines perpendicular to surface
] 6(a) or
d‘l}ﬂ& i ; lines are radial M1
lines appear to come from centre Al [2]
(b) Two isclated profons are separated in a vacuum hyadlm X, (b)(i) Fe= (1.6 x 10719)2/ 47-[EOX2 C1
i Calculate the rat Fc= G x (1.67 x 107)/ x2 C1
b mm;lectricmmeheman the two protons E%__E:; : “M FelFe = (1.6 x 107 x (8.99 x 10°) /
SraviiaBonal Torce Betwean The tho probons - ¥ [(1.67%10°27)2 x (6.67x10°")]
=12 (1.24) x 1036 Al [3]
(v b (e _ (b) i) | Fe >> Fo B1 [1]
, fu(ba™) x* —' L . _ Al [Total: 6]
—HH Effﬂ . ¥ ! =il ~FY
A0 (™) b ™ [0 )
214 207, (o)
ratio = e ’L'H”"[‘F‘ [3]
(i) By reference to yvour answer in (i), suggest why gravitational forces are not considered 6(b)(ii)
when calculating the force between charged particles.

e sl mpaed . cheie, o o Yol . L{g, ............................
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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.

Y L I T e U - L M- FUPL N L1y X TN A

Eﬂ\a'k& ..... Cotin. daf.  Ceenmidered | en o pend *;...;.E.m%t. ........... 2]
) Twu izolated protons are separated in a vacuum by a distance x.
{) Caleulate the ratio

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

k G&, = GMM

> T
= e G, «

AT GhH,

1 .
RS e PR T
= -,
¢ (167 :tm"B L LA
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.

6(a)

6(b)(i)

6(b)(ii)
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Your
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-illistrated in Fig. 12.1.
'

intensity |

wavalangmr
Fig. 12.1
{a) Explain why thera is

(i) acontinuous distribution of wavelangt

Sleowugel yodon, . 3 dag o, dehant aqelo . Bt
. g . . .0 1.0t nadogh.
Hmmmwmjmmm% ..

(i) asharp cut-ofi at short wavelength,

SE AT T TN U C—

(i) & saries of peaks suparimposed on the continuous distribution of wavelengths.

D - excitnfon. oo dtttmr in. gk, g .. qpch. Joning

© (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.

,.Hau___a__...almmm.ﬁﬁﬁn....in.....s:x:\rj,..hmm.-..

12(al(i)

12(a)(ii)

12(a)(iii)

12(b)(i)

12(b)(iii)
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megalecture

(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)(iii) | de-excitation of (orbital) electrons in
target/anode/metal B1 [1]
(b)(i) aluminium sheet/filter/foil
(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
COMMENTS SCHEME

MEGA__LECTURE



www.youtube.com/megalecture
www.youtube.com/megalecture

.youtube.com/megalecture
.megalecture.com

(i) Suggest the reasan for this filter
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N
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Select
Your
Mark Q12  Mark scheme
(a)(i) (X-ray) photon produced when electron/charged
12(a)(i) 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]
fleialii) (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]
12(a)(iii) (b)(ii) (long wavelength X-rays) do not pass through
the body B1 [1]
[Total: 8]
12(b)(i)
12(b)(iii)
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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.
A

intensity

wavelenglh
Fig. 12.1
(a) Explain why thera is

(I} acontinucus dlslnbumn of wﬂvﬂlangms.

(lliy a series of peaks suparimposed on the continucus distribution of wavelengths.

& i E\emiﬁ Lo w'r\knl.!'mq']tndlﬁm wachad Byt

g,}m%;n.’lmhmm -{bcww.hw M.tﬁ-lmmahl_t‘?ﬁ“
oy ! ...........................................................

{B) Inthe x-ray imaging of body structures, longar wa.verenglh photons are freqguently fitered out
of tha X-ray beam.

(i} State how this filtering s achieved.

12(al(i)

12(a)(ii)

12(a)(iii)

12(b)(i)

12(b)(iii)
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(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)(iii) | de-excitation of (orbital) electrons in
target/anode/metal B1 [1]
(b)(i) aluminium sheet/filter/foil
(placed in beam from tube) B1 [1]
(b)(ii) (long wavelength X-rays) do not pass through
the body B1 [1]
[Total: 8]
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(i) Suggest the reason for this filtaring.
Your
Mark Q12  Mark scheme
(a)(i) (X-ray) photon produced when electron/charged
[Total: 2] 12(a)(i) 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]
fleialii) (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]
12(a)(iii) (b)(ii) (long wavelength X-rays) do not pass through
the body B1 [1]
[Total: 8]
12(b)(i)
12(b)(iii)
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12 High-energy electrons collide willy a metal targel, producing X-ray photons.

The.vatidtion with"wavelengthiof the-intensity of the X-fay bear is illustrited in Fig. 12.1.

intensity
o W.ilwm*
Fig. 12.1
{a} Explain why there is
(i} acontinuous distribution of wavelengthe,
Elechons Lo veloaehe .
High...movelangth... X, rey. beams. ore, due low Ry
B T o
______ kot O |

B0 BAEY. AL
Ynan.. one.. SPEI-*Pic, value . (Ahresnole) vem
AR @

(i) a series of peaks superimposed on the continuous distribution of wavelengths,

..... Wheo.....o...8eres. . of . elachmos Wk A ooetal

iﬁrg;"t C‘hd . move Maen Bne phote n. i}
(b} Inthe X-ray |mjs‘|%|ﬁlg of body alm:jhris b&‘;} '.'L@&walanglh photons ar ﬁaque%ﬁllar&d ot
of the X-ray beam.

() State how this filtering is achisved.

....... %"‘1‘ 6. 6. i, Mluiniven Seect
'mer*'“}b““ ........ ha.nlkf anel beam. ]

12(al(i)

12(a)(ii)

12(a)(iii)

12(b)(i)

12(b)(iii)
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(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)(iii) | de-excitation of (orbital) electrons in
target/anode/metal B1 [1]
(b)(i) aluminium sheet/filter/foil
(placed in beam from tube) B1 [1]
(b)(ii) (long wavelength X-rays) do not pass through
the body B1 [1]
[Total: 8]
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{iiy Suggaatma reasan for this filbering.
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[Total: 8]
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(a)(i) (X-ray) photon produced when electron/charged
12(a)(i) 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]
fleialii) (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]
12(a)(iii) (b)(ii) (long wavelength X-rays) do not pass through
the body B1 [1]
[Total: 8]
12(b)(i)
12(b)(iii)
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13 {a} E:plaln whal = mnant b].r 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

detector
H-H""‘-h.\,_\_\_
i lead sheet
X
sriﬁlding\'\]l{’-}f saurce
Fig. 13.1

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

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

The variation with thickness x of In C'is shown in Fig. 13.2,

- MR

=

/th,
,th =

C, e
—pan

In G €
—pn + L

|

=
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13(a)

13(b)

13(c)

Your
Mark
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m MIDDLE Low

Q13 Mark scheme
(a) (photons of) electromagnetic radiation M1
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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(b) line of best fit drawn B1
recognises p as given by the gradient of best-fit line
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In C=1InC,~— px B1
13(b) U =0.067 mm™ (within £0.004 mm™",
1 mark; within £0.002 mm~™, 2 marks) A2 [4]
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or
gradient of graph would be less M1
so uis smaller A1 [2]
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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,
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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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13(a) emitted from nuclei A1 [2]
(b) line of best fit drawn B1
recognises p as given by the gradient of best-fit line
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In C=1InC,~— px B1
g =0.061T mm (within £0.004 mm,
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recognises p as given by the gradient of best-fit line
or
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(B} A seurce of gamma radiation is placed a fixed distance away from a datector and mu.nIB:r as
ilustrated in Fig. 13.1.
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A sheet of lead of thickness x iz placed between the source and the detector.
The average count rate G, comacted for background, is recorded, This is repeated for different
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values of x jusbesl Lok
The variation with thickness 3& In € s shown In Fig. 13.2.
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(b) line of best fit drawn B1
recognises p as given by the gradient of best-fit line
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In C=1InC,~— px B1
g =0.061T mm (within £0.004 mm,
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} MIDDLE Low

(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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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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Mark scheme

Additional detail (6 marks)
Relevant points might include: [6]

1
2

Keep mass of trolley constant/use same trolley.

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

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.

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

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

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

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.

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

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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(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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(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.

EXAMINER
COMMENTS

MARK
SCHEME

ure



www.youtube.com/megalecture
www.youtube.com/megalecture

.youtube.com/megalecture
.megalecture.com

Select
page

Your
Mark

MEGA L

)

Q1

MIDDLE Low

Mark scheme

Additional detail (6 marks)
Relevant points might include: [6]

1
2

Keep mass of trolley constant/use same trolley.

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

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.

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

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

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

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.

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

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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(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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(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)
Relevant points might include: [6]

1
2

Keep mass of trolley constant/use same trolley.

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

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.

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

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

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

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.

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

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 Astudent is investigating how the resistance of a wire depends on the diameter-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
) - ‘ (a) (a) Al 47;;L
2(b) (b) T1 1 -
g7 /10°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.
(0 Agoohi ot o o .y g G o o Do o v
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
: - ks ¢ 2(d)(ii) and symmetrical.
= }f ,5_} 1’___
,.j.r 2(e)

gradient = ....... __HFL: ....... [1]
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(b) Values of dand A are given in Fig. 2.2.

[. 2275 £ 0_pa
21999 F 0.

9. — §-¢

NNEICH
Q%-T 1-Y. L)gl;ﬂ'

Rt —Ja-,;/m"m‘é
0.81 =0.01 18 l.al + n.o3
u.m*n.,oi_.: 4.4 n Ifl t 0.
0.46 = 0.01 6.8 LI,-"'?:-t o.2
384001 L. a3k 0.4
0.32 = 0.01 13.8 q.11 4 0. L.
0.27 = 0.01 195 1.72% |

Fig.2.2

a5 wqgpda 1.1:1: f{-lﬂ,—|. %11”‘-"4

ER P TR T

gradient =

——-__I_____"
QaTA=113) 1ot

Calculate and record vakies of 2/ 10°m2 in Fig. 2.2

Include the absolute uncertaintias in 31! k]
{c) (i) Plota graphof B/Q agsirnstﬁig.fmﬁm’ﬁ. .
. .
Include error bars for z. 2]
() Dranw the straight line of best fil and a worst a.maplahlc siralbgint |II'IEI on yaur gaph Both
lines should be clearly labellad, 2]
]
(iif) Determine the gradient of the line of best fit. Include the absclute uncertainty in your -
answer.
Ling o hast fit WIS meitplebl gyl G
13)6.0) (392, 14.5) Cletg, 16} (v, .0)
,i"'}"ﬂ:,h, s, 4.4 — L& = 1,31 -“n'“‘

Chuzto.q

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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Your
Mark

)

MIDDLE Low

Q2 Mark scheme
Mark | Expected Answer Additional Guidance
(a) Al 4 pL
T
(b) | T
m—2
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)

Select
page

Your
Mark

)

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) Using your answers to (a) and (e)(iil), determing the value of p. Include an appropriate

unit.

Data: L= 1.00 & 0L0Tm.

o Yol

il

]-.‘1515.1&":— 4 P /
o

B
o pe

(ii)y Determine the percentage uncertainty in o

AP
. L T
o Yy T
Lo . .ot . 9.5
£ [FEE T R }
0.09

be
]

percentage uncortalnty in p= ...

/7;' l-13 .Kl"-L

ALm

. MW\H; OB gion

= §

cln

% []

{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

Ve
R= H 23 mﬂ"‘j w |
R R oaa
BR. B vaL 42 ag
R s L a4
= D.o% & b2
. 1
= 0!’1

b

-
N NIt

L. Gou v

+2 E—ﬂ—) a= 2 a1e0.0) v g 2]
S VS

[Tatal: 15]

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

)

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%.

EXAMINER
COMMENTS

MARK
SCHEME



www.youtube.com/megalecture
www.youtube.com/megalecture

R = k:r‘L)_*-
a4

.youtube.com/megalecture Select
.megalecture.com 4 page } MIDBLE o]
2 Astudent |s investigating how the resistance of a wire depends on the clameter of the wire.
The circult Is set up as shown In Fl;g.z.t Your - o
’ ark scheme
. Ilr-l' . 'Ehmmr . Mark - .
Mark | Expected Answer Additional Guidance
2(a
&) e (@) | A1 4pl
. T
& (b) T1 1 -
g7 /10°m
T2 All values to 2 s.f. or 3 s.f. Allow
1.2 0r 1.21 a mixture of significant figures.
wire ) ) 3.2 0r3.19 Must be values in table.

) 20elli 4.7 0r4.73

Fig.21 - (c)li) 6.9 or 6.93
The resistance A of the wire is measured using an chmmater. = 9.8 0or 9.77
The experiment is repsated for wires of the same miaterial and same length L but different 2(c)(ii) 14 or 13.7
diamater d. - — T

) ' U1 From £ 0.03to = 1 Allow more than one significant
It is suggested Hﬁai@arhi@'m related by the squation 2(c)(iii) figure. Allow zero for first
uncertainty and up to 1.2 for
A= 4pL largest uncertainty.
) ot - (e)i) | G1 Six points plotted Must be within half a small
whers p is & constant. : : 2(d)(i) correctly square.
A graph is plotted of{Flon the axis agains i&- the x-axis. Do not allow “blobs”
&) A @ S — Iml. ECF allowed from table.
Dstermine an expression for the gradient. ’ 2(d)(ii) u2 Error bars in All error bars to be plotted.
1 Length of bar must
€= q’f"f‘ d? be accurate to less than half a
Jd* 2(e) plotted correctly small square
£ and symmetrical.
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(b) Values of dand 8 are given in Fig. 2.2.

Calculate and record values of 2/ 1082 in Fig. 2.2.
Include the absolute uncertainties in 1.
{e) iy

Plot & graph of R/ against —s/ 105 m-?.

' Include error bars for%g.
lines should be d&a:ryr laballad.

ANSWEr.
Graded  of bt B4 B=5
(:rst,. 35]1;:1
= P!:
Finat
= r.q3m'5_{}__rr1

{43~ 3w ¢
-k

Bl popnderdy =
s Ol

gradiant =

d/10%m Ain -JJ,— fi0*w ]
o081 0.0, 1.5 FFEEGe? Lt ol
0.56 = 0.01 __it: e e | 3-::_111 010
u.4;5-¢ 001 6.6 qﬂﬂﬁ&#@ 701820
0,38 + 0.01 a7 - &H?,:’L’—:FE é.:,ﬁJ; o640
0.32 = 0.01 139 G- Em'i u-{;a
027 t.ﬂ_.li.'.1 19.5 ot 130t 100
Fig. 2.2 |

[

2]

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

[2]

(ili) Determing the gmd]&nl ef the line of best fit. Include the absolute urcertainty in your
Grded of P oweat § 2

N IR6-2

(i~ 1) am0®
: &
T
e
. L2230 e

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)

Select
page

4

Your
Mark

)

MIDDLE Low

Q2 Mark scheme
Mark | Expected Answer Additional Guidance
(a) Al 4 pL
T
(b) | T
m—2
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)

Select
page

Your
Mark

)

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)y () Uslmg YOUr BNSWears _i‘.'] and {n]ﬂll}. determing tha value of  of . Inchude an appmpnate
Lnit.

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
oF . &, & F
» « 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 mmrt,ainlj.-' in your answar,

() e
(@ b ) ()
d* T
= () | A3 Alsldy wotrread, = 27403 = 2465
{.| W 500 )(@.’1}{,{;’?‘) - 92.08
z 17,03
2703 & 2-08

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)

Select
page

4

Your
Mark

)

MIDDLE Low

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 & 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 resistanca A of the wire ks measured using an ochmmeter,

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=
wd?
where o ks a constant.

{a) A graph is plotted of B on the y-axis against?ig on the x-axis.

Determine an axprassion for the gradient.
. - oL Yo L + C . .
Q\ = —5"""_'_ < |
. omL * c e
oMb L '
F“"' 1'{ ﬂ:'b ' v
gradiant = 'i!‘l'?- ................... [1]

2(a)

2(b)

2(c)(i)

2(c](ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)

Select
page

4

Your
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.

E I L

| Q. o '+Q' -
di1o-3m AIG ﬁi / -!,3,"‘. -t o
0.81 £ 0.0 1.6 I; 213 ool
0.56 + 0.01 4.4 118 E ol
0.46 + 0.01 ' 68 4737 - -p2d
0384001 a7 5"—}3: ¢ 0%
0.32 + 0.01 13.9 - q.77% okl
u.Evz_qﬂi - © 195 17124 ¢ 1ol '
Fig.2.2

Calculate and record values of
Include the absolute uncertaintiss in d%
() () Plota graph of A/ against —z/ 1052,

Include emor bars fnr?;g.

E‘;Hu‘*m-ﬂ in Fig. 2.2.

=]

i2]

(i) Draw the straight line of best fit and.a wrsl acceptable straight ine on your graph. Both

lings should be clearly labslled. -

S

(i) Datennine the gradient of the line of best fit. Include the absolule uncertainty In Yolr

answar.

best ot

9 -y’
AR

19=-4 15

= e

(3= 30qsa-y X0’

k Y
% - 168 Xw
= I he = 107

-1 x e

gradient = .......

LY | L

i — 'ﬂ-l
ooyl L 4z B . 2
P (I'l"‘! TR T

2 k7 ‘ltln'i'
{

R ACTERLI

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)

4

Your
Mark

Select
page

)

MIDDLE Low

Q2 Mark scheme
Mark | Expected Answer Additional Guidance
(a) Al 4 pL
T
(b) | T
m—2
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)

Select
page

Your
Mark

)

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) Using your answers to {a) and (c){iii), determine the value of p. Include an appropriate

unit
Data: L = 1.00 £ 0.01m. P B'DBW[PFE
R=Y F:Lf -
rat -
> Pz 126x16°
—IB : F
(réxisD = 4P
=
=k
e X -] -
503 %"= yP o= B X fﬂ...f, 2]
{if) Determine the percentage uncertainty in p.
Al = &t .
Y .__E.- o‘ol'; Py
"8
al 1 xoel
126000 ed
u~a;zf,.n'ch5

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 Bl - aal
K> R D
. . - X ..ﬂ._.-.t' EE!{ fa) -5'1
A\ (lagxlo i('@ b (s’ l'oo
7{*\”1&' 2134 7
= So4xlo—
-ﬁu'lg

A= ...(ﬁ:._‘?f.j.,i..ﬂ.‘_i.)...I.Lﬂf.........n 2]

[Total: 15]

. @-qjﬂ'&'f‘

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)

Select
page

4

Your
Mark

)

MIDDLE Low

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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