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Answer all the questions.

1 (a) Which of the following units is a correct unit of force? Put a ring around the correct
response.

kg ms! kg m s kg m? s? kg m? s’
1]
(b) Convert the following measurements to the given units.
. SmM= .. pm
. 10cm?=.........ccoenenen. m?
. 100 litre = ...........ceenene mm?®
[3]

(¢) For a standard deviation of 6 = 0.45 and sample size N = 15 calculate the standard error of
the mean. Use the equation standard error of the mean = o/(\N).

Standard error of themean=........................... [1]

(d) Explain what is meant by the term ‘calibration’ and why it is important in measuring.

........................................................................................................................................... [3]
(e) Ifthe true length of a beam is 150 mm and the measured value is 151 mm calculate the
relative error and absolute correction.
Relative error = ...........ccoooiiiiiiiiii .. (1]
Absolute correction = ......................... mm [1]

© OCR 2018
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2 (a) A75kgdriver is travelling in a car with mass 1300 kg.
Fig. 1 shows how the velocity of the car changes as it stops at traffic lights.

A

g

2

3

<
|
7

Fig. 1
Calculate

(i) the deceleration of the vehicle whilst it is braking. Indicate the units used in your

ansSwer.

Deceleration = ............cccoviiiiiiiiiiinn., [2]

(ii) the force acting on the driver due to the deceleration in part (i).

© OCR 2018 Turn over
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(b) The same car and driver travel along a straight road at 100 km h"'. The driver applies the
brakes and comes to a stop in 38 m.

Calculate

(i) the initial kinetic energy,

Kinetic energy = ..............oeenennn. J12]

(ii) the average total braking force.

Average braking force = ........................ N [2]

© OCR 2018
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(c¢) Fig. 2 shows an aerial view of the horizontal forces acting on the car as it goes around a
bend.

Determine the value of the resultant horizontal force acting on the car and its direction
relative to F,.

F1:2kN

F,=400 N

F;=400 N

Fig. 2

Resultant force = ..o, N

DIreCtiON = el

3]

© OCR 2018 Turn over
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3 (a) Aresistor is connected to a charged capacitor. Initial current flowing through the resistor is
5 mA and it drops to 0.68 mA after 2 seconds.

(i) On the axes shown in Fig. 3 sketch the graph to show how the current through the
resistor changes with time over the first 3 seconds.

A

Current (mA)

Time (s)
Fig. 3
[2]

(i) Explain how the graph drawn in Fig. 3 could be used to find an approximate value of
the time constant for the discharge of the capacitor.

© OCR 2018
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(b) A partially charged capacitor is additionally charged with 2 mA for 5 seconds. The internal
resistance of the capacitor is 200 MQ. The final voltage over the capacitor is 40 V.

Calculate

(i) how much charge has been added to the capacitor,

Chargeadded=...........ccciiiiiiiinn.n. C[1]

(ii) the electrical energy added to the capacitor.

Indicate the units used in your answer.

(¢) A DC electric motor draws a 2 A current from a 300V supply. The efficiency of the motor
is 80%.

Calculate

(i) the output power of the motor,

Output power = .......ccovvivviiiininnnnnn. W 2]

(ii) the energy supplied to the motor during 1 minute.

Energy supplied=...................oal J 1]

© OCR 2018 Turn over
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(a) Fig. 4 shows the stress-strain graphs for two materials.

A

4

Material 1
Material 2

Stress

Strain

Fig. 4

State and explain which material, 1 or 2, is

(i) stiffer,

.................................................................................................................................... 2]
(i) stronger,
.................................................................................................................................... [2]
(iii) tougher.
[2]
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(b) The table below shows some material properties for steel and an aluminium alloy.

Material property Steel Aluminium alloy
Young’s Modulus £ (GPa) 201 69
Yield Strength (MPa) 450 260

A tie bar of length 1 m and cross section area 40 mm? needs to support a 10 kN load
without elongating by more than 2 mm.

Explain which material is more suitable. Support your choice with calculation.

© OCR 2018 Turn over
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5 (a) Fig. 5 shows a hydraulic lift designed to displace a 700 N load by 15 cm on a 350 % 10 m?
plate.

F,

A=50x104m? A,=350x10*m?

Fig. 5

Calculate

(i) the pressure exerted by the working fluid on plate A,,

Pressure = ...l Pa [2]

(i) the force F, exerted on a 50 x 10* m? plate A, required to elevate the 700 N load,

(iii) the vertical displacement of plate A, required to achieve a 15 cm displacement of the
700N load.

Vertical displacement = ............................. cm [2]

© OCR 2018



» www.xtrapapers.com

(b) Fig. 6 shows a communicating vessel which is initially separated by a baffle.

0.7m

1.0m

Fig. 6

The column on the left contains water with height 4, = 1 m.

The column on the right contains water and oil.

The height of the water column /4, = 0.3 m and the height of the oil column /; = 0.7 m.
Density of water p_, = 1000kg m™

Density of oil p, = 800 kgm

Calculate

(i) the hydrostatic pressure at the bottom of the left side of the vessel,

Pressure = ... Pa [1]

(ii) the height of the water column on the left side of the vessel once the baffle has been
removed. Indicate the units used in your answer.

© OCR 2018 Turn over



" www.xtrapapers.com

6  Fig. 7 shows a hydraulic turbine-generator unit installed in a water dam which is used to
generate electricity.

Water enters and leaves the turbine at 2.5 m s through pipes of constant diameter d =2 m.

Generator
ngenerator = 95 %

Fig. 7

The height at the surface of the upper reservoir (point 1) is 50m above the surface of water
in the lower reservoir (point 2).

The efficiency of the generator = 95 % and it supplies 3300 kW.
Density of water p, = 1000 kgm™

The mass of water entering the turbine each second is known as the mass flow rate.

Calculate

(i) the mass flow rate of water,

Mass flowrate=.............ceiiiiiiiinnnn kgs![2]

© OCR 2018
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(ii) the change in gravitational potential energy per unit mass of water between points
1 and 2,

Change in energy per UNit Mass = ........couevrieiinieenieienneeeereeeneennnns Jkg! 2]

(iii) the power supplied to the turbine by the fluid,

Power supplied= ... W 2]
(iv) the efficiency of the turbine.
Efficiency of turbine = ... [3]
END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined page(s). The question
number(s) must be clearly shown — for example 3(a)(ii) or 4(b).
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