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Answer all the questions.

1 In this question use 1 litre = 10°mm?.

Fig. 1a shows a small deep fryer.

Fig. 1b is a plan view of the tank that holds the oil for frying. The plan shows a square with
rounded corners; the straight edges are of length 80 mm and the rounded corners are each part
of a circle of radius 40 mm.

Not to Scale

80

Fig. 1a Fig. 1b

(i) Calculate the volume of oil in the tank when it is filled to a depth of 60 mm.

Give your answer in litres.
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The manufacturer has designed a new deep fryer, also in the shape of a square with rounded
corners. The straight edges of the new oil tank are of length 100 mm and the rounded corners
are each part of a circle of radius »mm, as shown in Fig. 2.

; 100
Not to Scale
100
Fig. 2

(ii) The depth of oil in the tank is 50 mm when it contains 2 litres of oil.

Calculate the value of r.

© OCR 2023 Turn over
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2 Asmall object O, of mass 10kg, is suspended by two light inextensible cables, as shown
in Fig. 3.

4m

Fig. 3

The cable OA is 2m long and is attached to a fixed point A. The other cable passes over a small
freely rotating fixed pulley B and is then attached to a small object C, of mass m kg, which
hangs freely.

The pulley B is 4 m horizontally and 3 m vertically from A; the object O is xm horizontally
and ym vertically from A. The cable OA makes an angle a with the horizontal; the other cable
makes an angle € with the horizontal.

When m = 0 the mass O is supported by cable OA, which is now vertical. When m >0,
O is supported by both cables, and y<2.

(i) Calculate @ when y =0.5.
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(iii) Show that tan 0= 7 —5 ' "
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3 The heat transfer, Q W m™2, through the surface of a wall with a thickness of s m made from a
material which has a thermal conductivity of KW (m°C)™! is given by

K
0= D,

where D°C is the difference between the temperature T, °C, on one side of the wall and 7, °C,
on the other side, with 7', > T,,. This is shown in Fig. 4.

sm
| |
T,°C T,°C
—> OWm?
KW (m°C)!
Fig. 4

(i) A solid wall has a thickness of 0.1 m and is made from brick for which K = 0.4. The
temperature on one side of the wall is 24 °C and on the other side is 12 °C.

Calculate the heat transfer through the surface of the wall.

.......................................................................................................................................... [2]
(ii) Another wall made of the same brick with a thickness of 0.1 m has a heat transfer of

80 W m™2. The temperature on the cooler side of the wall is 10°C.

Calculate the temperature on the other side of the wall.

.......................................................................................................................................... [3]
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When a wall has n layers, such as an insulated cavity wall, the heat transfer, QW m™, is given
by

D

7
Si

Q:

>

where s, and K, are the thickness and thermal conductivity of layer i respectively.

(iii) A particular insulated cavity wall has three layers; breeze block on the inside, house brick
on the outside and polyurethane foam in the cavity. The value of K is K, for breeze block,
K. for polyurethane foam and 0.4 for brick.

(A) When the thickness of breeze block is 0.1 m, the thickness of polyurethane foam is
0.05m and the thickness of brick is 0.1 m, as shown in Fig. 5, the heat transfer though
the wall is 10 Wm 2. For this wall D = 20.
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(B) When the thickness of breeze block is 0.12 m, the thickness of polyurethane foam is
0.03 m and the thickness of brick is 0.1 m, as shown in Fig 6, the heat transfer though
the wall is 12.5W m2. For this wall also D = 20.

10.03

0.12 0.1 |

|

I

| |

| |
N 2

| |

) 12.5Wm™
Breeze|Foam| Brick
K=04 5

0.12 , 0.03 _
Show that K + K 1.35.
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4 A caron a test track accelerates from rest for 10 seconds when it reaches its maximum speed.
After that time the car continues with diminishing speed due to reduced engine power. The
speed of the car, vms™!, during the first 30 seconds of its motion, is modelled by the formula

v(f) =12t 10,

where 7 is time measured in seconds.

(i) On the grid below, draw a graph of v(¢) against ¢ for 0 < ¢ < 30.

[4]

© OCR 2023
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(ii) For this part of the question you are given the following information:

If the speed, v, of a moving object at time ¢ is given by a formula, v(7), then the distance, s,
that the object travels in the period from 7, to ¢, is given by

t
SthOIV(t)dt.

Show that the distance the car travels in the 30-second period is 1200(1 — 4e3) m.

© OCR 2023 Turn over
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5 Fig. 7 shows a metal plate in the shape of a triangle OAB. O is the origin of a Cartesian
coordinate system, (x, y, z), A has coordinates (2, 4, 5) and B has coordinates (3, 2, 1).

z

A(2,4,5)

0 B(3,2,1)

Fig. 7

(i) Associating unit vectors i, j and k with directions x, y and z respectively, define the
location of corners A and B as position vectors, OA and OB, in component form,

(ai + bj + ck).

form.
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(iii) The magnitude of OA X OB is twice the area of the plate OAB.

Calculate the area of the plate.
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6 A solenoid coil with a resistance of R ohms and an inductance of L henries is connected to an
alternating supply voltage, v volts, given by

v =V sin(2xnf?),
where V' is a constant, f Hz is the frequency of oscillation and #s is time.

The alternating current flowing in the coil, i amps, has the same frequency as the voltage but
lags by a phase difference of # radians and is given by

i =1sin(2nft + ),

_ v (2
where [ = W and 6 = tan (T)

You are given that V=325, =5, f=50 and R = 32.5.

(i) Calculate the value of L.
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(iii) For this part of the question you should use

sin 4 sin B = % {cos(4 — B) — cos(4 + B)}.

Using the formulae for v and i given above show that

Vi = % (cos @ —cos(4rnfi+0)).

.......................................................................................................................................... [3]
(iv) The average power consumed by the coil, PW, in the period 0 < #< T is given by
_ 1T
P= T /0 vide,
|
where T =—.
/
Calculate P.
.......................................................................................................................................... [4]
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7 A water tank with a uniform cross-section is filled to a height of 0.75 m. A drain valve at the
base of the tank is then opened and water flows out at a rate, Qm?s~!. Q is proportional to the
height of water, #m and can be modelled by the equation

0-4%—cn,

where Am? is the area of top surface of the water, s is the time after the drain valve is opened
and Cm?s~! is a constant.

You are given that C=—0.1 and 4 = 1.

(i) Find an expression for /4 in terms of 7.

© OCR 2023



As water flows out of the tank it is allowed to flow into a second tank which has a small, open
drain valve at its base. This tank is initially empty. It has been found that the height of water,
sm, in this tank ¢ seconds after it begins to fill is given by

s=1.5 (€005 _0.1r),

(iii) Calculate the maximum height reached by the water in the second tank.

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined pages. The question
numbers must be clearly shown — for example, 1(i) or 6(iv).
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