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Answer all questions.

A science student is investigating the jump characteristics of a grasshopper. She makes the
following observations when analysing one particular jump.

R

Maximum vertical height obtained = 0.44 m

Maximum horizontal distance = 1.20m

. . ﬁ
Time of flight = 0.60s — 0

Air resistance can be ignored for parts (a) to (c).

(@) Use the information to calculate:

(i) the horizontal component of the velocity of the grasshopper; [1]

(i)  the initial vertical component of the velocity of the grasshopper. 2]

(b) Hence calculate:

(i) the magnitude of the velocity at take-off, marked R in the diagram; [2]

(i) the angle of take-off, marked 6 in the diagram. [1]
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(c) The diagram below shows the grasshopper of mass 3.0 x 10-°kg at the instant when it is
at its maximum height above the ground.

(i) The arrow labelled W represents the force of gravity on the grasshopper due to the
Earth. Identify the Newton third law ‘equal and opposite’ force to W. 1]

(i)  Calculate the magnitude of the force you identified in (c)(i). [1]

(d) Assume air resistance does act. Circle the arrow which correctly shows the direction
of the force due to air resistance on the grasshopper at the instant it is at its maximum
height. 1]

© WJEC CBAC Ltd. (1321-01) Turn over.

PMT

Examiner

only

010003

1321



(@ The unit of electrical resistance is the ohm (Q). Two of the following are correct alternative
units to the ohm. Circle the correct two. 2]

VA-1 V1A WA-2 Cs™!

Space for working if needed.

(b) The circuit shows a variable resistor connected to two fixed resistors, an ammeter and a
battery of emf 12V. The battery has negligible internal resistance.

Ir- |

12V

()
N 4500

900Q

The variable resistor is adjusted so that the ammeter reads 0.01A.

(i) Calculate the potential difference across the 450Q resistor. [1]

(i)  Calculate the potential difference across the 900Q resistor. [1]

(iii)  Calculate the resistance of the parallel combination of the 900Q resistor and the
variable resistor. [2]
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(iv) Calculate the resistance of the variable resistor. [2] o

(c) The variable resistor is adjusted so that its resistance decreases. Explain in clear steps
what happens to the potential difference across the 900Q resistor. [3]

010005
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(a) (i) The currentin a wire depends on its resistance. Explain, in terms of free electrons, o

how this resistance arises when a potential difference is applied across the wire.

[2]

(i) The wire (labelled P in the diagram) is connected to a fixed voltage source
and a resistor to limit the current as shown. The wire is 0.4m long and has a
cross-sectional area of 2.0 x 10~8m2. When the current is 1.6A it dissipates

1.8J of energy in 1 minute. Calculate its resistivity. [4]
—C |
‘ I
1.6A vy A
—| |—
P
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(b) (i) The current, 7, in a wire of cross-sectional area, 4, is given by the formula: ony
I=nAve
Derive the formula. You may include a clearly labelled diagram. [4]

(i)  Calculate the drift velocity of the free electrons in the wire in (a)(ii) when the current
through it is 1.6 A. [n = 6.4 x 102 m3] [2]
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(iii)  Wire P is now connected to another wire, Q, of the same material but with twice o

the cross-sectional area. The wires are connected to the same fixed voltage source
and resistor.

B

P Q

Complete the following sentences by circling the correct option given in brackets.

(I) The current in the circuit containing both wires is
[less than 1.6 A] [equal to 1.6 A] [more than 1.6 A]. [1]

()  The current in P is [less than] [the same as] [greater than] the current
in Q. (1]

(I)  The electron drift velocity in Q is [half] [the same as] [twice] [four times]
the electron drift velocity in P. [1]
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4. (a) (i) Draw a labelled diagram of a suitable arrangement that would enable a student to o

investigate how the resistance of a metal wire changes between a temperature of
0°C and 100°C. [3]

(i) Describe how the student would:

» obtain measurements of resistance across the full temperature range;
* ensure accurate results;
 analyse the data obtained. [5]
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(b) (i) A certain metal alloy has a superconducting transition temperature of —163°C. o

Explain what is meant by the words in italics. [2]

(i) State how this alloy can be kept below its superconducting transition temperature.

[1]
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5. (a) (i) Define power. 1]

(i)  Show how the unit W can be expressed in terms of the S| base units kg, m and s.

[2]

(b) The longest zip-wire ride in the UK is in Snowdonia, North Wales. It is 1600m long and
the vertical drop from start to finish is 215m as shown. The diagram is not to scale.

N
e
-
el

T —. Finish

Ny
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(i) A person of mass 70kg arrives at the finish travelling at 35ms~", having started o

from rest. Use this data and information from the diagram opposite to determine the
mean force opposing the motion of the person. [4]

(i) The time taken to travel from start to finish is 46 s. Calculate the mean rate at which
energy is transferred to the surroundings during the journey. 2]
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(@) Explain, with the aid of a diagram, what is meant by the moment of a force about a
point. (2]

(b) A classroom projector is set up as shown.

0.4m
hinge - : 1.8m >
T ) : . ' projector
support —_ || 40 ©_
strut F
weight of uniform bar = 12.0N
L 22.0N

(i) By taking moments about the hinge, show that the force, F, exerted by the support
strut on the uniform bar is approximately 200 N. [3]
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(ii)

15

The free body diagram below shows some of the vertical forces acting on the
uniform bar.

vertical component of
force exerted by the strut
on the bar

12.0N 22.0N

(I) Calculate the value of the vertical component of the force exerted by the
strut on the bar. [1]

(I Indicate, with an arrow on the diagram, the direction of the vertical force on
the bar due to the hinge. [1]

(Il Calculate the size of the vertical force on the bar due to the hinge. [1]
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(@ (i) Define displacement. 1]

(i)  The distance between two towns A and B is 300km. A train travels from Ato B ata
mean speed of 40km/h and then back from B to A at a mean speed of 60 km/h.

() Calculate the mean speed for the whole journey. [3]

(b) The graph represents the motion of the train over a 120 second period as it departs from
a station.

velocity/ms™

A
20

\
\
A\

\

12

N\

N\

>
0 20 40 60 80 100 120
time/s
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(i) By drawing a suitable tangent, determine the resultant force (L F) acting on the train

at t = 40s. [Mass of train = 1.2 x 106kg.] [3]
(i) Label clearly on the graph a time when Y F = 0. 1]
(i) Describe and explain the motion of the train when Y F = 0. 2]

(c) (i) The useful power output, P, of the engine is 4.5MW. Show that:

P=Fv
where F'is the driving force and v is the instantaneous velocity. 1]
(i)  Calculate the driving force when Y F = 0. 2]

(d)  Using your answers to (b)(i) and (c)(ii) and the assumption that the driving force remains
constant throughout the motion, calculate the resistive force acting on the train at
t=40s. [2]

END OF PAPER
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CbOC PHYSICS - Data Booklet

A clean copy of this booklet should be issued to candidates for their use during each GCE
Physics examination.

Centres are asked to issue this booklet to candidates at the start of the GCE Physics course to
enable them to become familiar with its contents and layout.

Values and Conversions

Avogadro constant N, = 6-02 x 10® mol™
Fundamental electronic charge e = 160x10"C

Mass of an electron m, = 9-11 x 10 kg
Molar gas constant R = 831Jmol'K™
Acceleration due to gravity at sea level g = 981ms™
Gravitational field strength at sea level g = 9:81Nkg™

Universal constant of gravitation G = 667 x 10" Nm?kg™
Planck constant h = 663x10Js
Boltzmann constant k = 138x102JK™
Speed of light in vacuo c = 3:00x10°ms™
Permittivity of free space & = 885x 10" Fm™
Permeability of free space Uo = 4m x107"Hm™
Stefan constant o = 567 x10°*Wm32K™*
Wien constant W = 290 x 10° mK

TIK= 6/°C + 273-15

1u=1-66 x 10 kg

© WJEC CBAC Ltd. JD*(S15-1321-01-A-001)



2
AS
kmax
AoT*
efficiency = useful energy transfer < 100%
total energy input
Particle Physics
Leptons Quarks
particle electron electron neutrino
(symbol) ) () up (u) | down (d)
charge (e) —1 0 +% _%
lepton
number 1 1 0 0
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A2
Fields
E
E
E4
8
Orbiting Bodies
Centre of mass:
Period of Mutual Orbit:

Options

A:

oC

B: Electromagnetism and Space-Time

B: The Newtonian Revolution

d_ 1 1

TP TE topp

1 1 1

—_ = 4

TP TE tinfconj

p=a(l-eg)

I =a(l+e¢)

TpVp = TAVA

C: o o oeV

E: Carnot efficiency
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S| multipliers

Mathematical Information

Multiple Prefix Symbol Multiple Prefix Symbol
1018 atto a 103 kilo k
10-1° femto f 106 mega M
1012 pico P 10° giga G
10—° nano n 102 tera T
106 micro n 10" peta P
10-3 milli m 1018 exa E
102 centi c 102! zetta z

Areas and Volumes

2
Area of a circle = tr2 = % Area of a triangle = % base x height
Solid Surface area Volume

rectangular block 2 (lh + hb + Ib) Ibh

cylinder 21ty (r + h) wrlh

sphere 452 43_1 T3
Trigonometry

P
0 [
R Q
o= PQ _ QR _PQ  sing _
sinf@ = PR’ cosf = PR’ tan@ = QR cosf tan@

PR2 = PQ? + QR?

Logarithms (A2 only)
[Unless otherwise specified ‘log’ can be log, (i.e. In) or log,.]

log(ab) = loga + logh log (%) =loga—logh

log x" = nlogx log. ek = Inekx = kx

log.2 =1In2 = 0693
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