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A coin-sorting machine separates coins into two groups — copper coins and silver coins. It
then determines the monetary value of the coins by weighing the two groups, using separate
analogue weighing devices.

“The signals from the two weighing devices are processed using the circuit shown in Figure

Q#(a).

signal from weighing

copper coins

signal from weighing

silver coins

Figure Q4(a)

“The signals from the weighing devices representing a monetary value of £100 for each group
are shown in Figure Q4(5).
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brake actuator B
0002 ~J+2v
"
tachogenerator 600Q o
signal
Vi 150kQ
m w :
Figure Q6

“The potentiometer is adjusted so that V; = 4V. The brakes are first applied when the voltage
on the gate of the MOSFET is 2V.
(¢) Calculate the voltage generated by the tachogencrator when the brakes are first applied,

©)

correct to 3 decimal places.
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6. A wind turbine used for generating electricity is fitted with a safety system to prevent the Marks
turbine rotating too quickly in strong winds. If the speed of the turbine shaft rises above the
maximum safe level, an actuator is switched on to apply brakes on the turbine shaft. The
greater the excess shaft speed above the maximum safe speed, the more the brakes are applied.
(a) State the full name of the type of control used. 1
(B) Draw a control diagram for the safety system. 3

The electronic circuit used to control the braking system is shown in Figure Q6. A
tachogenerator generates a signal which varies with the shaft speed.

+12V T T
brake actuator
L
0000 ~J+2v [
]
"
tachogenerator 600Q o
signal
Vi 150kQ
ov *
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2. The circuit shown in Figure Q2 represents a system for controlling a heater in a
greenhouse. m
+12V
heating
element
ov
input sub-system }
Figure Q2
(@) (i) State the name of component R and state its function in this circuit. 1

(ii) Explain the operation of the input sub-system and the effect on V, as the
temperature in the greenhouse falls. 1

0 Homeworkover 5
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temperature in the greenhouse falls.
‘The heating element is rated at 12V, 100 W.

(b) Calculate the current flowing through the heating element when the transistor
is saturated.

The base current when the transistor is switched on and saturated is 4-7mA.
(¢) Calculate the minimum required current gain of the transistor.

It was found that there was no single transistor available with the required current
gain.

(d) (i) Draw a circuit based on two transistors to give the required current gain.
Show all connections to the input sub-system, the heating element, and
the power supplies.

(ii) State the name of this configuration of two transistors.

(e) Calculate the overall current gain of the circuit based on two transistors if the
first transistor has a gain of 400 and the second transistor has a gain of 80.

(f) Calculate the value of R if the two-transistor circuit saturates when the
temperature is 10°C.

1
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Figure Q2

(a) Caleulate a suitable value for R so that V,,, = 1-2V at 16°C.
The three sensor signals are combined by a processing circuit based on a single
operational amplificr (op-amp) which is connected to +12V and 12V supply rails.

The feedback resistor is 40 k€ and the input resistors are each 20 kQ.

(5) Draw the processing circuit described above. Show all component values and
supply rail connections.

(¢) Calculate the output from the op-amp when two sensors are at 10°C and the
third sensor is at 16°C.

The output voltage calculated in part (c) is further processed to produce an output
of +5V.

(d) Draw the circuit required for this further processing. Show all calculations
and resistor values.

[Turn over

IE3

0 Homeworkover 5




image12.png
1

pdf - Adobe Reader
Fie Edt View Window Felp

BBe

|@® @[]

105%

X

Ble 2|

Comment  Share

)

2.

Marks
A control system which regulates the heating in a large open-plan office space uses
three temperature sensors located in different areas.

The circuit for each sensor is shown in Figure Q2.

6V_o

Type 4 \Y

ov

Figure Q2
(a) Caleulate a suitable value for R so that V,,, = 1-2V at 16°C.

The three sensor signals are combined by a processing circuit based on a single
operational amplificr (op-amp) which is connected to +12V and 12V supply rails.
The feedback resistor is 40kQ and the input resistors are cach 20 kQ.

(5) Draw the processing circuit described above. Show all component values and
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When the signal from the logic circuit is high, the voltage is 12V and the current is
3mA.

(a) Calculate the value of resistor R. 1

The lamp is rated at 20 W at its normal operating temperature. However, when the
lamp is cold it draws a much higher current and so the transistor must be capable of
handling 5 times the normal operating current of the lamp.

(5) Calculate the minimum required current gain of the transistor. 2

No single transistor has a sufficiently high current gain for this circuit. A
Darlington Pair could be used to provide the required current gain.

(¢) (i) Draw a circuit diagram showing a Darlington Pair replacing the single
transistor. 1

(ii) Calculate the required value of resistor R in the new circuit, that will
limit the current from the logic circuit to 3 mA. 1

(d) Draw a circuit diagram showing how a MOSFET transistor could be used to
replace the Darlington Pair. 1

(¢) State two advantages of a MOSFET-based driver compared with a
bipolar-transistor-based driver. 1

0 Homeworkover 5
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4. A signal from a logic circuit controls the operation of a 12V lamp by means of the
transistor driver shown in Figure Q4.
+12V
signal from R
Togic circuit A
ov
Figure Q4
When the signal from the logic circuit is high, the voltage is 12 V and the current is
3mA.
(@) Calculate the value of resistor R. 1

0 Homeworkover 5




image15.png
Fle Edt Vew Window Help

x

BEeE|®®[]/= o [F|HB | @ 2 | Comment | Share
L] Part of the pump circuit is shown in Figure Q4(b). P
+V,. -
/H) < 500W
-t
36kQ I,
a By
b
/H/ Vi 1., [N
Vbe2
ov -
Figure Q4(b)
(a) For the circuit shown in Figure Q4(b):
(i) state the name of the transistor configuration; 1
(ii) describe the purpose of component X. 2
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4. The motorised pump shown in Figure Q4(a) is to be tested against a specification by
a maintenance engineer.

S

R Ul
]

Figure Q4(a)

Part of the pump circuit is shown in Figure Q4(3).

+V,

[Symantec Endpoint Protection
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L] 4. (continued) Marks |
The maintenance engineer completes the table shown in Figure Q4(c) for

comparison to the test specification.

Quantity Value
Vi 23V
Vber
Loy
Lo
1, 213A
Pump resistance
by 80
hre

Overall current gain

Figure Q4(c)

(5) Copy and complete the table shown in Figure Q4(c). (Show all working.) 12
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R
003V = oo2v Vou
1209
S 4
ov
Figure Q6(b)

m (a) State the name of the operational amplifier configuration. 1

Due to different loadings in the support cables, different gains arc applied to cach
of the strain-gauge signals. The signal from Ry is amplificd by —40, from Ry, by
50, and from R,; by —100.

(5) For the loading condition shown in Figure Q6(5), calculate the values of:

o R ?

(i) Rgp; 2
(iii) R, andR,. 2

(¢) Caleulate the output voltage (V). 7
14

[X036/12/01] Page nine [Turn over
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Part of the overload circuit is shown in Figure Q6(b) below.

12V

500kQ

L ) S S N AT
M R Ry 3ka

al + -
1250 + T2y
R, v,
003V = oo2v o
1209
o—i 4 4 4
ov
Figure Q6(b)
(a) State the name of the operational amplifier configuration. 1

Due to different loadings in the support cables, different gains arc applied to cach
of the strain-gauge signals. The signal from Ry is amplificd by —40, from Ry, by
50, and from R,; by —100.

(5) For the loading condition shown in Figure Q6(5), calculate the values of:
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6. The mast of a racing yacht has three main supporting cables: the forestay, the
backstay and the shrouds, as shown in Figure Q6(a). An overload-sensing system
monitors the cable tensions using strain gauges fitted to each cable type.

Figure Q6(a)

Part of the overload circuit is shown in Figure Q6(b) below.

Share
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Figure Q8

When the variable resistor R, = 4-8kQ:
(5) calculate the voltage V..
When the light level is 400 lux and V,,, = 8 V:

(¢) calculate the resistance R.

[END OF SECTION A]
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8. An electronic system controls a spotlight in an art gallery. As the natural light level

varies, the spotlight brightens or dims as required, in order to keep the overall light
level constant. The light level at which the spotlight is triggered can be adjusted.

(a) Draw a control diagram for the system. 7

The op-amp-based circuit for the system is shown in Figure Q8.

m +12V s o

§ 4 120kQ

10k
1 N2V
* - =+ 0V ™

10kQ

R

2kQ V. 120k Vo ® spotlight
ov . + +

Figure Q8
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Figure Q2

m (a) State the name of the protective component in the circuit and explain its function. 1

(b Explain the function of the circuit by describing how the  input sub-system responds to
increasing temperature, and how the resulting signal from the  input sub-system affects
the processand outputsub-systems. 3

It is found that a current gain of 1500 is necessary for the circuit to function satisfactorily.
The required gain can be achieved by adding a second transistor to the circuit.

(9 () Redrawthe circuit showing this new arrangement of two transistors.

(i) ~ State the name of this arrangement of two transistors.

(i) Calculate the required current gain of the additional transistor. 3
An alternative circuit that functions correctly uses a single MOSFET transistor.

(d) Describe the main difference in the operation of a MOSFET transistor compared with a
bipolar transistor. 1

@)
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2. Figure Q2 showsa circuit for controlling a motor connected to a fan.

Figure Q2

(a) State the name of the protective component in the circuit and explain its function. 1

(b Explain the function of the circuit by describing how the  input sub-system responds to
increasing temperature, and how the resulting signal from the  input sub-system affects
the processand outputsub-systems. 3
It is found that a current gain of 1500 is necessal

& Homework over ek - Adobe.
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6. An energy-saving system is installed in a new office block. If the natural light level in an r
office is high enough, the lights turn off automatically. The control circuit is shown in
Figure Q6.
oV s ? »
N lighting
N\ 2 § \ circuit
v
L
+oV 1
& — 7600
h * N
ov
1kQ sk
ov L 4 £
Figure Q6
(a) Calculate the value of R so that the light circuit switches off at 650 lux. 2
(b Calculate the base current when the op-amp output is high. 2
The resistance of the relayis 15 Q.
(9 () Calculate the collector current when the transistor saturates. 1
(i) Calculate the minimum current gain of the transistor. 1
(iii) ~ State which of the transistors shown in the table below is most suitable for this
dircuit. 1

0 Documentt -
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(a) Calculate the value of R so that the light circuit switches off at 650 lux.

2 L
(b Calculate the base current when the op-amp output is high. 2
The resistance of the relayis 15 Q.
(i) Calculate the collector current when the transistor saturates. 1
(i) Calculate the minimum current gain of the transistor. 1
(iii) ~ State which of the transistors shown in the table below is most suitable for this
circuit. 1
@
. V e (max) 1 (max)
Device v . hee
2N3704 30 600 100
BC108 25 200 100
BC142 60 1000 2
BC182 50 100 120 J
BC548b 30 100 220
BFYS1 30 1000 40
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“The signals from the weighing devices representing a monetary value of £100 for each group I
are shown in Figure Q4(5).
Group Output
copper coins 445V per £1:00
silver coins 1:63 V per £1:00
Figure Q4(b) s
(@) () Caleulate the value of resistor R, so that when £1:00 of copper coins only is
m weighed, V,,, = 1-00V.
(i) Caleulate the value of resistor R, so that when £1:00 of silver coins only is
weighed, V= 1-00V. 3
(5) Calculate V., when a batch consisting of all the coins in the table below is weighed.
Group Coin Number in Batch
1p 135
copper coins
2 92
5p 27
silver coins
10p 32
2
(¢) Determine the maximum monetary value of coins that can be weighed without
1

saturating the op-amps.




