HIST foi  Foondohons 4 Physics

2

SECTION A

You should spend a maximum of 25 minutes on this section.

Answer all the questions.

1  Here is a list of combinations of base units of the SI system.
Which combination of units is equivalent to a newton, N?
A kgms™
N F = A
k -2
B gms b s 9
C kg m? s~ i
D kgm?s™
P
Your answer O
2 Here is a list of combinations of base units of the SI system.
Which combination of units is equivalent to watt, W?
A kgms™ : -1
. | W= Js
k -2 -
B gms = Nam s
C kgm’s™
2 3
D kgm~s 2
- kg m
Your answer D)
3 Which of these quantities would be measured in pascals?
A weight
B strain S‘TQ‘bf) . r 4
U
C stress Y,
D tension 1)

lq.

Your answer
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4 A musical note played by a clarinet is recorded. The signal is shown in the diagram with the time-scale

indicated.
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What is the fundamental frequency of the note played by the clarinet, expressed to two significant

figures?
A 77 Hz 2
Perod &~ K2 xi0 s

B 120 Hz
C 230 Hz t = 3-

T
D 2200 Hz
Your answer C 1]

5 A sound signal is to be digitised for high quality reproduction.
Which of the following statements is/are true?

1 The sound signal should be sampled at half the highest frequency present in the signal. X Should he
toice the h 'y}h‘e st

2 The bits per sample determine the resolution of the signal amplitude. v/ ‘)
A

3 Noise on a digital signal is less problematic than on an analogue sign& ‘l/

A 1,2and 3

B Only 1 and 2

C Only 2 and 3

D Only 1

Your answer c [1]
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6 A digital camera has 8 megapixels. Each pixel codes 14 bits of information. A photographer requires a
memory card which could hold 120 images.

What is the minimum capacity of the card that they should purchase?

Your answer

A 1.7 Mbyte
B 13 Mbyte
€ 1.7 Gbyte
D 13 Gbyte

-

[
120 x ®x10 x [bbdy

% bk

: 1<% xlcf' b(t)"éﬁ

’

7 A current of 3 pA flows through a resistor for 1.5 minutes.

How much charge flows through the resistor during this time?

A 45x10° C
B 2.7%107* C
C 45%107 €
D

27%107 €

Your answer

Q =1t

b

- 2-7 X100

(1

E i seconds

3x10. X |15 xéo

(1]

8 Two electrical heating coils L and M are made from wires of the same material. The wires are of equal
length but different diameters. L runs at twice the voltage of M but both coils dissipate the same power.

What is the correct conductance ratio for the two coils Gy, / Gy?

A

1
4
B 1
2
[ 8 2
D 4

Your answer

©OCR2014

G:’ O')('

P = av

P V dodes,

to hﬁt’/ﬁp P
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The circuit in Fig.9.1 below is referred to in both question 9 and 10.

60V

— 1]

1000

T
1

300 600 Q

-

The switch in this circuit is open.

Fig. 9.1

What is the potential difference across the 100 Q resistor?

cC A - »

Your answer

1.5V

20V

45V

6.0V

>

10  The switch in Fig.9.1 is now closed.

6\ 3@;.]3 N faho

What is the power dissipated in the 100 Q resistor?

A

B
C
D

Your answer

©OCR 2014

0.012W

0.027 W

0.040 W

0.090 W

A
27

1 A
300 | OO ﬁ

bV  pow 5‘0&‘7’) i 2 =7

V=1
P =

R 0=Tx 200 1

1y = 002 %19

= 004w

H157/01

(1]

2V

= 0028

(1
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11 A d.c. supply has an internal resistance of 10 Q. It is connected to a torch bulb rated at
6.0 V, 0.30 A. The lamp lights to normal brightness.

What is the e.m.f. of the d.c. supply?

°c O w »

Your answer C/

12 A student correctly uses an ammeter and a voltmeter to measure the resistance of a component. She

30V

6.0V

9.0V

12V

VR .

obtains the readings / = 0:38 £ 0.02 A and V' = | 1.75)1 0.01 V.

c O w >

Your answer D

©OCR 2014

25¢
What is the best estimate for the resistance value and its uncertainty?
P
R - V/[ )
©-3%

309+ 1.6 Q

3092+ 1.63 Q

30.92+0.03Q

31£2Q

& of

Q i1-76
MY =
0- %6

(-4

—

o-4o

Qm»l\) K

H157/01
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13 A graph is produced of linear force F (y-axis) against extension x (x-axis) for a metal wire of length L
and cross-sectional area 4. A second wire of the same material has length 4L and cross-sectional

area 44. O X arexn —) exterson % x
- ¢ % bghh —7 eaterso 4 x

4() )

() )

The gradient k = F/x for the second wire will be how many times that for the first wire?

A | E - 7\‘}?’32')5 " F/A F-L
B 4 f)}f(’lu’\ ’X/L (’hﬂ
c 8 scadint = £ < JEA &— x4
O = . C('n(‘zl C\.}f
D 16
e o Iy

can ')"na\'

Your answer

14 Ceramics are brittle materials.

Which of the following statements is/are true?
da‘s
1 Slip is prevented in ceryg:ics by impurity atoms pinning dislocations. Y

2 Cracks spread because stress is concentrated at the crack tip. .~

3 The atoms in the material are bonded in random positions and there are no slip ‘;}anes.

A 1,2and 3

B Only I and 2

C Only 2 and 3

D Only 1

Your answer < (1]
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15 Here is a velocity—time graph.
A

VCIOCity /
:
1
|
1
]
1
]
]
]
]

0 .

Which statement/s about the graph is/are correct?
1 The gradient represents acceleration. &
2 The shaded area represents the change of displacement from time =0 to time=1,..,/ & = X t

3 The graph shows that velocity is proportional to distance. X  dcesa’t 80 ﬂw.‘tx‘,j\ (O (8 )

A I,2and 3

B Only I and 2

C Only 2 and 3

D Only 1

Your answer 6 1]

16 A ball rolls up a ramp which is at angle of 20° to the horizontal. The speed of the ball at the bottom of
the ramp is 2.2 m s™'. L is the distance the ball moves along the ramp before coming to rest.

22ms! / L
€ s 20°

What is distance L? Ignore the effects of friction and rotation in your answer.

A 0.25m %l f'}’(\ll z MSB (((U HE s converted
B 026m % 207 = 930k b 6PC).
C 0.68 m h =0 267,
D 0.72m
500 20 - 02‘—&’7
Your answer D L

)2
= i

©OCR 2014 H157/01
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17 A firework rocket with a mass of 0.40 kg is launched vertically upwards with an initial acceleration
of 6.2 ms™.

A

B
C
D

What is the force on the rocket from the burning fuel?
14N W=mg =040 T3 = 3924V
25N F - me
39N i
F-3924 = 040 x 62
6.4 N ‘.
F = 6640N

Your answer

D (1]

18 A standing wave is formed on a string of length d as shown.

- d >

= .

Which of the following statements is/are true?

1 Progressive waves are travelling along the string in both directions. v

2 The standing wave is an example of superposition.

3 The wavelength of the standing wave is d. X X = Q d

A I,2and 3

B Only 1 and 2

C Only 2 and 3

D Only 1

Your answer 6 (1]
©OCR 2014 H157/01 Turn over
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19 In the apparatus shown in the diagram, a beam of electrons hits the graphite target. This target acts as a
diffraction grating. Diffraction maxima are seen on the phosphor screen.

graphite target
phosphor screen

electron gun

—1|-|M

0-5 kV

When the voltage of the power supply is increased, the diffraction maxima become brighter and closer
to the centre of the pattern.

Which of the following statements correctly describe the effect of increasing the voltage?

1 The kinetic energy of the electrons increases..””
& wavelength = h/mv
2 The wavelength of the electrons increases. X XXﬁkaXXX)QX'XX)G}QXX&J/
3 The charge of the electrons increases. X neve- ,
A 1,2 and 3
B Only 1 and 2
C Only 2 and 3
D Only 1
Your answer D [1]

20  An electron has a kinetic energy of 2.0 x 10”7 J. The mass of an electron is 9.1 x 107" kg.

What is the value for the de Broglie wavelength of the electron?
©

A LIx10"m E = A mu* =7 v * bbxio ms!
B 1.5x 10" m L 34
% @ s X5
C  33x10"7m mv .
20 b
. q-X10" x btxio
D 66x10"m

o

= 1~ Xt 0O
Your answer Pf

(1]
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SECTION B

Answer all the questions.

21 Instill air an aircraft flies at 200 m s™'. The aircraft is heading due north in still air when it flies into a
steady wind of 50 m s™' blowing from the west.

(a) Calculate the magnitude and direction of the resultant velocity by sketching a vector diagram to
show the new resultant velocity of the aircraft by the addition of vectors.

Label the resultant velocity clearly.

50 m f;‘

o 1
N 7 (LC\JC‘ measLre ‘{/b.’\’\
\
- SQ ]9 UL U
w E p SU“.C&' 3caie (¢ Luw./kj)
200
s /
9 L z =t ; -!
o *\) 200 +50 = 206 ms
' 4
/ 50 ~)\
ton & - -’:2‘0/‘) © = 1§
magnitude = ........ 20(3 ...... ms™ direction =........ 4........ ° 3]

(b) The pilot now heads slightly to the west of north with the same speed setting of 200 m s™" in order
to regain his original northerly direction.

Calculate the magnitude of his new northerly velocity.

50

200

magnitude = ....... l q(f ........ ms™" [1]

© OCR 2014 H157/01 Turn over
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22 A teacher explaining refraction of light at a plane boundary draws a diagram (Fig. 22.1) which shows

adjacent wavefronts moving down across a boundary. The incident wavefront arrives at angle of
incidence i to the boundary as shown.

\
\
\
\
\ \
\ \
\ \
\ \
\ B
\
\
\
\ \
\ \
\ \
boundary A\ i \C

Fig. 22.1

(a) State how the diagram indicates that the light is slowing as it crosses the boundary.

'Di 5 *(“)(x

............................ A:D..ma.. 6:C. o boh . cooerad.. .. Pu...
......... SIS LI A0 S
Of...... acelrgth . dle oreases . .ouer. Hhe... oondoadi.. .
................................................................................................................. [1]
(b) On Fig. 22.1 indicate and label the angle of refraction .
' (1]
(¢) The time it takes the wavefront AB to move forward to position DC is At.
The teacher explains Snell’s law using Fig. 22.1.
Complete the teacher’s reasoning in deriving Snell’s law.
speed in st medium _ BC/ At _ BC
speed in 2nd medium AD/At AD
sini _ BC / A¢ e AC
sinr AD / AC D,
Theiéfore s.mz I speed.m Ist medI.um
sinr speed in 2nd medium
2]

©OCR2014 H157/01



- -
0.75m

Fig. 23.1

(a) The string is plucked. On Fig. 23.1 sketch the simplest standing wave vibration that can be formed
on the string.

Label the antinode(s) on Fig. 23.1
(1]
(b) The speed of the wave on the string is 660 m s™.

Calculate the frequency of the vibrating string.

% = 2)‘0’75 ¥ I'Sm

Vo= ( A
g 660
IS frequency = %O ......... Hz [2]

= 44O

©OCR 2014 H157/01 Turn over
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24 The lens in a digital projector has a focal length / = 0.080 m.

(a) Calculate the curvature that this lens adds to wavefronts that are incident upon it.

) |
fe B s = o 8D
' E 00%
curvature = ‘25 .......... D [1]
(b) The object distance # = —0.082 m.
Calculate the image distance.
- )
| ) 38 = ¥ * 2
o o ’ - = L)+ o) q, )
vV ~u ° P -00%2 0o%0 o9
7 - A = 3-2%
O 5049
image distance = 33 ..... m [2]
(¢) Calculate the linear magnification for this image.
0-0%7
linear magnification = ..... Q... 1]

©OCR 2014 H157/01



15

25 Fig. 25.1 shows an original image. Fig. 25.2 shows a processed version.

roll of
v tape

Fig. 25.1 Fig. 25.2

(a) State the kind of image processing that has been applied to this image.

)

....................... edge. detechon 1

(b) Eachimage is 315 x 260 pixels. The roll of tape has an external diameter of 0.10 m.

Calculate the resolution of the image.

) 2 U\ .
Unage w dth . JOmm

/)Ib)~
(","‘9& ({.\(,i)dg" 246 mm " I
. s o -3 ’(lo'u ceal-l
& 2 ).9q2  resolution = ....... q ................ m pixel™  [2]
2499 ¥ ol = 0:292 S

215 - 3 xo’

26 A student is trying to understand how electric currents can be compared to the steady flow of water in a
river.

Complete the following table to help them understand this analogy.

river electric currents

quantity which flows /unit watermass / kg | ... Ch(&j». . A

water is falling down a gradient | e.m.f. of power supply lead-
what drives the flow leading to transfer of energy ing to transfer of energy

measured in J/kg measured in..2.%......... OR V

2]

© OCR 2014 H157/01 Turn over
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Section C

Answer all the questions.

27 Fig. 27.1 shows a graph of the force against compression for a compression spring.

25
20
force / N \\\\
10 - \ e
| N \ \\ \ \
5 // &\\ 8 \
\\\\ \\\\ \\\\ ™ L ;\\
0 = -
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
compression / m
Fig. 27.1

(a) State the relationship between force and compression shown by the data in Fig.27.1.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

(b)  Show that the energy stored by the spring when compressed elastically by 0.060 m is 0.60 J.

EGQJLJ = Uen uﬂ(&‘:' [j\(:}o}\ ((:)orcﬂ x d;f)jroyuz - w"lrd)

/zxzoxooo

- 0037

2]
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(¢)  The compressed spring is used to launch a ball bearing from a tube placed at 60° to the horizontal as
shown in Fig. 27.2.
initial launch velocity

compression spring
ball bearing of mass 0.030kg

tube

Fig. 27.2

data:

compression of spring = 0.060 m as in part (b)
mass of ball bearing = 0.030 kg

(i) Using the data above, calculate the initial horizontal and vertical components of the launch

velocity.
\ \ ;o : o _n a & s £
/l Foc = 4 my Vi, = 6-3 cos €0 315
0-6 = 6 x 003 x\ \/V ¢ 63 8in60 = 5 4S5
\// - b\l) ms r
veloCity norizontal = cesees 37 e ms™ velocCity venicat = 55 ...... ms” 4]

Calculate the maximum height the ball bearing reaches above its launch position. State the

physics reasoning behind your method.

At  max lw'?jht, all Ke — GPE

yl MV2 . pf{(qh ( V = Uehcal vdoLJg).

hxss = q8lh
b s & maximum height = ............ ( 5 .....

(ii)

H157/01 Turn over
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28 Fig. 28.1 shows the number density of mobile charge carriers in insulators, semiconductors and metals.
The grey areas show the range of values of number density within each type of material.

number density of mobile
charge carriers / m”

insulators

Fig. 28.1

(a)  State how you recognise that the scale of Fig. 28.1 is logarithmic.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

............................................................................................................... [1]
(b)  State the factor by which the number density of mobile charge carriers is greater for the most

conductive metal compared to the least conductive semiconductor using Fig. 28.

L o

g = | XlO
10*®
]
factor = .ooalCceec [1]

©OCR 2014 H157/01
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(¢) (i) State what is meant by the number density of mobile charge carriers.

............ A )O“sljf(.vb
........................................................................................................ (1]

(i) The diameter of a copper atom is 2.6 x 10”'" m. Use this value to estimate the number density
of mobile charge carriers in copper metal.

e 3b K{o_‘c Qs.su.mmj | elochon Pra" per abm
‘0 ﬁ»«lo"’" * 14 x«ozi
|-3 xio
atom  vdome - %’fn/r'ﬁ
'%"w((mé‘)s Q2 x

(d) A student is measuring the conductivity of a cyllndrlcal pencil lead and obtains the following

29
number density = IS I 15 < 1o S m> [2]
'SO

measurements:

length of pencil lead =0.15 m )
diameter of pencil lead = 22mm /~ = [/ XIO m.
resistance of pencil lead =25 Q G = &5 = 0-0%

Calculate the conductivity of the material of the pencil lead.

O=6L : OOy X% OIS —
f ay %lelds)d -

conductivity = ......... M Sm”' 2]

© OCR 2014 H157/01 Turn over
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29 This question is about an experiment to determine the Planck constant using LEDs. To achieve a
reliable value it is important to measure the value at which the LEDs just turn on, the threshold

voltage.

(a) (i) Describe one technique you could use to measure the threshold voltage for LEDs.

...U.‘.l'.;;..s.t.....v.t;‘-.&...:’m’.}um#...a,).ﬂ.m’«,te.’....QO.QQ@LF.&C.‘...(—.O.....‘f;%\.?é....QQ.\.H‘

M LD Jovmne.. Hhe. voltage. ond....ode. the. p.d. e

LA O T 0.,V W

mcc??zQ areey  Use..o.. o mom. [ hbe.. to... record. the. . voltaae whey
AR ...%ht.....(f\um ..... TP IIC I (7 T N 2]

(ii) Draw a diagram of a circuit you would use to make these measurements.

|

22

L@J [

(b) A student obtains several results for red, green and blue light LEDs as shown in the table Fig.

29.1 below.

LED | manufacturer's threshold voltage processed data

colour | stated frequency | V;/V | V,/V Vi/V | V!V eV g eVav

f /HZ X 10“ /J x10-|9 =
- /Js x 107

red 4.58 2.43 2.49 2.25 2.39 3.82 8.3

green 5.94 2.95 3.10 | 2.80 2.95 4.72 7.9

blue 6.98 350 | 325 |7/588/4] 333 | 5.4l 7.7 gexdudng

/\

(i) The table in Fig. 29.1 contains a recording error. Complete table Fig. 29.1. induding
Calculate the Planck constant / using this data with an estimate of its uncertainty and 5-3%
comment on your result.

i %4
mean valve - 30 xl0O
530 Cp')((c 3 b be on ano ,yu‘Ot}") re SU&-
_ B4 2 4
b= BiQ. X0, 2 . Q:3. X0 15 4]

©OCR 2014 H157/01
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(ii) Plot a suitable best fit linear graph V,, against fon Fig. 29.2.

4.0

Vvl V

L
0 1.0 20 30 40 350 60 7.0 80
f/Hzx 10"

Fig. 29.2
hf

Using the graph gradient and the equation ¥ = — | make a further estimate for the Planck
e

constant 4 with an estimate of the uncertainty.

: 383—-04S 1§
P aediob « S8°HMa. :
V - 2_(: (‘J (aTeN1” % xto“‘ 4 1?)75 X0
h = . i S e -(¢
C h = 4 \915 X0 X |6 xlO
v . -34 ™
c/ » ((jmd ek h = (?.7)((0 + o LM XQ. ... T3 (4]

(iii) Comment critically on your values for 4 and suggest how you might go about trying to
improve the method or equipment used for this experiment.

...Uf‘z%..,.ﬁm...(5:\:4;)3....8.»‘.4@5....@», ..... 007%....acle... L’.g\.j.c.‘!‘;e. .........
IO Bivsesverines e e st s
o impmee. He..methad...oe.. LEDs.. .. it .....
...... (ov....ahoold. e cooloded et

END OF QUESTION PAPER
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