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Answer all questions.

1  Fig.1 shows a sector of a circle with centre O and radius . The angle of the sector is 6 radians.
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Fig. 1

(a) Show that the area, 4, of the segment of the circle shown shaded is given by
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(b) Fig. 2 shows the face of a steel bush which has a uniform cross section. The thickness of
the bush is 12 mm as shown in Fig. 3.

20mm
< > v

~_

40mm
P 60 mm R
Fig. 2 Fig. 3

@) Calculate the surface area of the face of the bush giving your answer to the nearest
whole number. [6]
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(i) Calculate the volume of the bush.

(iii) The density of steel used for making the bush is 8000kg m™.

Calculate the mass of the bush giving your answer in grams.
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2 Fig. 4 show a circuit diagram containing three resistors with resistances R, kQ, R, kQ and
R; kQ. Currents flowing in the circuit are iy, iy, i}, i, and i; as shown on Fig.4; these are
measured in mA.

I Rz
.
> 1 [ >
i N . A A y
A L Iy Ly

The following values are known.
R =12 R,=9 R;=6

iAZI lB:4

The voltage levels v, and v, as indicated on Fig.4 are to be found.

Using Kirchhoff’s current law the following equations can be established.
i ti, =1, h—1y =i

Using Ohm’s law the following equations can be established.

.V . Vi—W . _ WY
=R, =R, TR,

(@) Using the values and equations above, show that v, and v, satisfy the following

equations.
v, —4v, =36
2vi—=5v, =72 [5]
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(i) Express these simultaneous equations in matrix notation.
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(iii)  Using matrix algebra calculate the values of v, and v,.

[6]
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3  Fig. 5 shows a simple hydraulic lifting mechanism consisting of two cylinders, C, and C,, and a
connecting tube. The cylinders contain pistons, P, and P,, with diameters 100 mm and 200 mm
respectively. The pistons are in direct contact with a non-compressible hydraulic fluid, of
density p, which fills the lower part of each cylinder and the connecting tube. When P, is forced
downwards the pressure in the liquid increases and this causes P, and the load P, supports to be

forced upwards.

Force F, Force F,

Piston P, Piston P,

Cylinder C, Area 4, Area 4, Cylinder €
2

Connecting tube

Fig. 5

(i) Given that the volume of the hydraulic fluid remains constant, show that when piston

P, is moved down a distance of Ad piston P, will move up a distance of Ak = %
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(i) The mass of P, together with its load is 100kg; this total mass provides a downward
force of F, N acting on the fluid at P,. At P, a downward force of N acts on the
fluid. For this part of the question you may assume that, to maintain the pistons in
equilibrium at the same horizontal level,

BB
A A

where 4, m? and 4, m* are the areas of P, and P, respectively which are in direct
contact with the fluid.

Calculate the force, F; N required to maintain the two pistons at the same horizontal
level.
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(iii) If P, is to be held in equilibrium at a height of # m above the height of P,, as shown in
Fig. 6, then

FE_ 5K
A~ A, Treh

where  p=860kg m?,
g=9.8ms?2

A\ 4

«—Piston P, Piston P,

Fig. 6

The two pistons are initially at the same level, as shown in Fig. 5 on page 9. The force
F, is increased to 350N, and subsequently P, is held in equilibrium ~#m above the
level of P,, as shown in Fig. 6. Calculate the height gained, A/, by P, and its load.
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4  For this question you should use the following formulae which give the coordinates, x and ¥,
of the centroid of a plane figure bounded by the curve with equation y = f(x), the x-axis and the
lines x =a and x = b as shown in Fig. 7.

y
/
y=f®
b
N [ xydx
...... ° x= b
?T § [ yex
, ; > X b
’ ‘ b _[ 1ytdx
| x g Y=
X ;; l‘ ydx
Fig. 7

A metal plate is formed from the region bounded by the curve with equation y =x* +1, the x-
and y-axes and the line x = 2, as shown in Fig. 8.

»
»

y=x'+1

v
=

Fig. 8

(i) Calculate the area of the metal plate.
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(i) Calculate x .

(i) Calculate y .

© OCR 2017 Turn over



www.xtrapapers.com
14

5  For this question you should use the following result.
_(x)\2 d 2x _(zV
If y =e (a) then ay :—ai)ge (a>
An artificial ski slope is modelled by the equation

h=30e (@)

where  /m is the height of the slope above horizontal ground level and
xm is the horizontal distance measured from the start of the slope.
(i) Sketch the graph of 4 against x for 0 <x < 80.

h

A

» X [3]

(i) Calculate x when & = 15.
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(iii) Calculate the height of the slope at the point where the gradient is a maximum.
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6  For this question you are given the following equations for a uniform circular object (such as
a sphere or disc) rolling down a slope with a linear velocity of v m s and rotating, without
slipping, at an angular speed of w rad s™' . The object has a mass of mkg, a radius of »m and is
positioned at a height of #m above a fixed level.

Relative gravitational potential energy W, = mgh
Linear kinetic energy W, = % mv?

Rotational kinetic energy W, = %1 ’

where moment of inertia I = mcr? and

for a solid sphere ¢ = % or for a solid disc ¢ = %

Fig. 9

(i) A circular object with radius » m and mass m kg is released from rest at the top of a
slope. The slope is inclined at a constant angle of 30° to the horizontal. The object
rolls down the slope without slipping so that both its linear and rotational velocity
increase with constant acceleration, as shown in Fig. 9.

You may assume that total energy, W, J, remains constant during its travel and is
givenby W =W +W +W_.

Show that the linear speed of the object when it has travelled 20 m down the slope is

given by
_ /20g
vy 151

© OCR 2017



www.xtrapapers.com

(i) A solid sphere and a solid disc are released from rest at the top of the slope. Use the
formula for v given in part (i) and an appropriate constant acceleration formula to

calculate the time it will take for each object to travel a distance of 20 m down the
slope.

© OCR 2017 Turn over



www.xtrapapers.com
18

1nja l:r bxf ny

Fig. 10 shows an electronic circuit containing a resistor with resistance R €2, an inductor with
inductance L H, and a DC voltage supply of v V. When the switch is in the open position, as
shown in Fig. 10, the current, /A, flowing through the circuit is zero.

S — :

7  For this question you may use f ﬁdx =

i i
v T : v T L
| [
Fig. 10 Fig. 11

At time ¢ = 0 s the switch is closed as shown in Fig. 11; the current now flowing through the
circuit can be modelled by the following differential equation.

L%JrRi:v

Solve the differential equation to find an expression for the current, i, flowing though the
circuit. Give your answer in terms of R, L, v and ¢. [8]
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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 number(s) must be clearly shown — for example 1(d) or 6(b).
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