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Answer all questions.

Fig. 1 shows a metal plate measuring 20cm by 10cm. Four holes, A, B, C and D have been
drilled in positions as shown. A straight line has been scribed between the centres of holes
A and B. Another line has been scribed between the centres of holes C and D. These two

lines cross at point E.

20cm

lcml_ )

Izcm

10cm

_j 1cm

2ch
‘]_[m i 4cm
- 1em— g

Fig. 1 (Not drawn to scale)

(&) The bottom left-hand corner of the plate is the origin with coordinates (0, 0) within an x-y
plane and the coordinates of the centre of hole A are (2, 9).

Determine the coordinates of the centres of holes B, C and D.
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(b) The coordinates (X, Y), of point E, are to be determined.

Show that these coordinates satisfy the linear simultaneous equations:

3X-8Y= -13
4X+7Yy= 71
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(c) The simultaneous equation in part (b) can be expressed in matrix notation as:

A.z=c

6 —16 X -26
where A = , 1= and c=
4 7 Y 71

Calculate the inverse matrix A",
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Solar panels are sometimes mounted on horizontal roofs. Fig. 2 shows panels tilted at an
angle, 6 to the roof. To maximise the number of panels, the distance, d, between each panel
should be small. However, there is no advantage in allowing d to be very small because each
panel will partly obscure the sun's radiation from the panel behind.

Fig. 2 shows three panels of length / separated so that no part of any panel is shaded by the
panel in front when the sun has an angle of elevation a with the roof. If the sun is lower in the
sky, then each panel will be in partial or total shade.

O\ Sun

Panels

Fig. 2

............................................................................................................................................... [2]
(b) Express the height, 7, of the left-hand panel in Fig. 2 in terms of:
(i) /and 6
.......................................................................................................................................... [1]
(i) yand a.
.......................................................................................................................................... [1]
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(c) The utilisation, u, of the roof space is defined as:

With reference to parts (a) and (b) show that:

e tanl( usin@ j
1—ucosé
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(d) Calculate the utilisation, uz, when a = 60° and § = 45°.
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3 Fig. 3 shows a diagram of an electrical circuit that has a resistor with resistance R, a
capacitor with capacitance C, a constant DC supply voltage, 7, and a single-pole two-way

switch.
i VC H
R C
! 1 I
y 2
Fig. 3

The differential equation connecting V. and ¢ is

e Ve _V
dt  RC RC

where ¢is time and V. is the potential difference across the capacitor.

(a) By separating variables and integrating show that:
_ —t/RC
Ve =V —Ke
where K is a constant.
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(b) Assume that in Fig. 3, C =5 x10° R=20 x10* and ¥ = 20. With the switch in position 1 the
capacitor is fully charged and V. = 20.

At time ¢ = 0, the switch is then moved to position 2 and the capacitor is allowed to discharge
fully through the resistor. The equation that now defines potential difference across the
capacitor is:

Ve =20e"' %

Calculate the time it will take for the potential difference across the capacitor to reduce to 10
volts.
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4 Fig. 4 shows a projectile launched at an angle of «° from the edge of a cliff. The cliff is H m
above sea level and the initial velocity of the projectile is ¥, ms™.

X
Projectile :
| path SNy
I ox v (Projectile velocity
\  tangential to
h \ projectile path)
H Cliff \
\\
\\\
s s : Sealevel
Fig. 4

The height of the projectile above sea level while it is in flight is given by the formula:

1? .
h=—g7+Votsma+H

where:
h is the height of the projectile above sea level in metres
tis the time in flight in seconds

g is the acceleration due to gravity in ms™

For this question assume that g = 9.8.

The horizontal distance, x metres, travelled by the projectile at time, ¢ seconds, after launch is
given by the formula:

x=V tcosa

(@) V, =25,a=45°and H = 20.

(i) Calculate the time in seconds it will take the projectile to reach sea level.
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(b) Using the given formulae for # and x, determine a formula in the form 4 = f(x) that relates the
height of the projectile, 2 m, to the horizontal distance travelled, x m, while it is in flight.
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(c) The projectile is launched at an angle of a = 45° from the top of a 20 m high cliff and reaches
sea level at a distance of 100 m from the base of the cliff.

Calculate the speed at which the projectile was launched.
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5 Fig. 5 shows the profile of a car testing track. The track has a straight, horizontal section of
length 300 m starting at point A and ending at point B. At point B the track continues in a
straight line with a constant upward gradient of 20°.

A B

20

I
F

Start of track 300 m

Fig. 5

A car starts from rest at point A and is driven with a constant acceleration of « ms™ until it
reaches point B. The time taken, ¢ s, for the car to reach certain distances along the track is
recorded in Table 1.

Distance along track (m) 50 100 200 300
Time (s) 6.12 8.66 12.25 15
Table 1

(@) (i) Use the information in Table 1 to draw a graph showing time on the horizontal axis and
distance travelled on the vertical axis.

(2]
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(i) Use your graph to estimate the time it will take the car to travel along the last 150 m of the
horizontal track to point B.

.......................................................................................................................................... [2]
(iii) Calculate the constant acceleration of the car, ¢ ms™.

.......................................................................................................................................... [3]
(iv) Calculate the speed of the car when it reaches point B.

.......................................................................................................................................... [2]
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(b) An object of mass m kg, travelling at v ms™ at a height of # m above a fixed origin has kinetic
energy and relative potential energy as follows:

= Kinetic Energy = Y2 m*
= Relative Potential Energy =m g h
= where g ms™ is acceleration due to gravity.

You may assume that g = 9.8.

When the car reaches point B at the speed calculated in part (a) (iv), the engine is turned off
and the car is allowed to “freewheel” as it continues in a straight line up the gradient.

Assume that no energy is lost due to aerodynamic drag or other forms of friction while the car
is on its journey. By equating the initial energy of the car with its final energy calculate the
distance the car will travel along the gradient before it comes to a complete rest.
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6 A plane figure, bounded by the curve y=f{x) and where the x-axis ordinates are x = a and

x = b, rotates completely about its y-axis.

The volume V generated is given by:

b
V= 27rj.xydx.

a

A metal component shown in Fig. 6a is to be turned on a CNC lathe. The top curved surface,
shown in the cross-section in Fig. 6b, is generated by the curve with equation:

y:e% for I<x<2.

¥
v :{,XM
> X
0 | 2
Fig. 6a Fig. 6b

Calculate the volume of material in the finished component.
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Unit 23 Mark Scheme SPECIMEN
Question Answer Marks Guidance
1))
B: (16, 1) 1
C:(1,2) 1 Correct answers only
D: (17, 8) 1 (All three marks are gained for the application of knowledge
from Unit 1 LO2 how to use co-ordinate geometry)
1| ()
X-1 17-1_8 _
Y—2 8-2 3 1 Allow Error Carried Forward (ECF)
3X-3=8Y-16;3X -8Y =-13; 1 (The latter three marks are gained for the application of
knowledge from Unit 1 LO1 how to solve linear simultaneous
X-16_2-16_ 7 equations with two unknowns)
Y-1 9-1 4 1
4X -64=-TY+7;4X+7Y="T1 1
1] (c)
Det(A) =3 x 7 — (— 8)x4 =53 1
L 17 8
A=3 2 7 8
53-4 3 1 mark for 4 3 plus 1 mark for determinant
1|(d)
X 117 8-13 Allow ECF.
=—_= = 1 1 1
Y| 53|-4 3| 71 @ 1)
9 X\ 17 8|—13 B
5 Y| 53|-4 3| 71|
4
Coordinates of point E are (9, 5). 5 (1) Accept solution by matrix methods, elimination or
substitution.
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Unit 23 Mark Scheme SPECIMEN
Question Answer Marks Guidance
2| (a —
® cosf = -y 1
l
[cos@=d—y 1
y=d—Ilcost
21 (b)| ()
h=1[sin @ 1 Correct answer only
2 | (b) | (i)
h=ytana 1 Correct answer only
21 (c)
h [sin @
tang =—=——"—— 1
y d-lcosd
3 [sin@
d(1-Ilcos@/d) 1
_ I/dsm@  wusinf 1
1-Icos@/d 1—ucost
_1( usin @ ) 1
a=tan | ———
1—ucos@
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Unit 23 Mark Scheme SPECIMEN
Question Answer Marks Guidance
2| (d) ( usin@ J
tangg =| ———
1-ucos@
tana(l —ucosf) =usinf
tana —ucos@tana = usin @ 1
tana =ucos@tana +usin 1
tana = u(cosdtana +sind)
u =tana/(cosftana +sinb) 1
1

u =tan60/(cos45tan60+sin45) = 0.8966
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Unit 23 Mark Scheme SPECIMEN

Question Answer Marks Guidance
3@
av V V Award one mark for each correct step as shown, allowing for
C + C —
dt  RC RC 1 |ECR
dv
RCE4y =V 1
dt
d
RCZe—y—p, 1
dt
| RC 4v - [ar 1
V-,
~RCIn(/ -V.)=t+4 1
I -V)=———+8 1
RC
V-V, = eiRtij = eiRtheB = Ke RLC 1
V.=V -Ke " 1
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Unit 23 Mark Scheme SPECIMEN
Question Answer Marks Guidance
3| (b)
V. =20e"'" Award marks for correct steps as shown allowing for ECF.
20e7' % =10 !
e—t/RC — O 5 1
—t/RC=1In0.5 1 (These two marks are gained for the application of
—t=RCIno0.5 knowledge from Unit 1 LO3 how to use inverse functions and
log laws)
t=—RCIn0.5 1
t =—-20000x5x107° In(0.5) 1
_ 210005 _ 69 3147ms 1
0
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Unit 23 Mark Scheme SPECIMEN
Question Answer Marks Guidance
4| (a) | ()
2
—%+Votsina+H=O
2
LA stsin45+20=0 1
—4.9> +17.678+20 =0 1
. ~17.678++/(17.678)° —4x (—4.9)x 20 1
- 2x(—4.8)
1
t =4.512 seconds
4 | (a) | (i)
2
h=—%+Votsina+H 1
dh . 1
—=—gt+V,sina
dr 8 0
. _dh .
For stationary point E =—gt+V,sina=0 1
- V,sina _ 25sin 45 _1.8045
g 9.8 1
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Unit 23 Mark Scheme SPECIMEN
Question Answer Marks Guidance
4 | (b) x=V,tcosa
f=—2 1
V cosa
t 1
Substitute tin 4 = —gT+ Vitsina+H
2
h= _£ al +xtana+ H
2\ V, cosa 1
41 (c)
2
_& al +xtana+ H =0
2\V, cosa
2
_98[ 100 ) 00an45+20 =0 1
2 \V, cos45
_98?00+1oo+20=0 1
Vv, = /M =28.577 1
120
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Unit 23 Mark Scheme SPECIMEN

Question Answer Marks Guidance

51 @ O

Distance (m)

1 Axis scale and labels
1 General shape trough given points
5 : 0 15 Tme (s
51 (@) | (ii) Accept values between 10.25 and 10.75
Time for first 150 m =~ 10.5
Time for last 150 m = 15 — (their 10.5) = 1 Allow ECF
45s 1
51 (@) | (iii)
a=2slt 1 Accept any correct pair of s and t
=2 x300/15*= 1
2.66.. m s’ 1
51| (@) | (iv)
v=at= 1 Allow ECF
2.66x15=40ms" 1
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Unit 23 Mark Scheme SPECIMEN
Question Answer Marks Guidance
51| (b) Kinetic Energy = m v*/2 Knowledge of correct formulae can be implied by correct

Relative Potential Energy=m g h

When the car comes to rest
Final PE = Initial KE

mgh=mv'/2

h=1"2g = (40%)/(2x9.8) = 81.63 m

Distance along gradient = /4 / sin(8)

= (81.63)/sin(20)
=238.68m

=

calculations

Allow ECF

Accept (80.81)/sin(20)
OR
236.27
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Unit 23 Mark Scheme SPECIMEN
Question Answer Marks Guidance
6 x
J‘xeAdx _[MV'= MV—J-W' 1 Integral requires integration by parts
J.xe%dx:x4e”4 - 2
2
I4eX/4dx
= 4xe™'* 1604 1
=4e"*(x—4) 1
2
V= 271'J.x e fdx = 271'[4@"/4(x - 4)]1Z 2
1
= 27|(4e'*(=2)) - (4e"*(-3))] 2
= 27r[— 8e'? +12e”4]=27z><2.219:13.939 cubic units 1
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