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INFORMATION FOR THE USE OF CANDIDATES

Preferred Values for resistors
The figures shown below and their decade multiples and sub-multiples are the E24 series of preferred

values.
10, 11, 12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51, 56, 62, 68, 75, 82, 91.
RC networks Vo=V, (1 - e_t/RC) for a charging capacitor
V.=V, e k¢ for a discharging capacitor
Ve : .
t=—RC 1n(1 - V—j For a charging capacitor
(o]
Ve . : :
t=—RC 1n(v—) For a discharging capacitor
[¢]
Alternating Voltages Vo = Vimsv/2
Silicon Diode V97 V
. . I .
Bipolar Transistor hgg = 1 Current gain
B
Vg 97 V in the on state
MOSFETs I =guVas
. . R : -
Operational amplifier G= R Inverting amplifier
IN
Rg . : -
G=1+ r Non-inverting amplifier
1
Vour = —Re[ wh+ 22+ 22| Summi lif]
our =—Re| -+ g+ R, umming amplifier
AV,
Slew Rate = % Slew rate
t
555 Monostable T=11RC
555 Astable ty =07 (R, +Ry)C
t, =07 R,C
Fo 1-44
(R, +2R;)C
1
Schmitt Astable f=

(382-01) RC



1. Use the information given in the circuit diagram to determine the values of the quantities listed
below.

(a)

(b)

(c)

(d)

(e)

(382-01)

Vg o . .
3mA L
45 V R] R2
Il
7-5V
1kQ
0V o .
00RO
R e
L e e
0000
000000000000
What is the effective resistance of the parallel combination R, and R,?

Turn over.
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2.  (a) A Schmitt inverter can be used to condition the signal produced by an analogue sensor.
Here is part of the data sheet for a Schmitt inverter:

* Logic0=0V

 Logicl=10V
* The output changes from logic 1 to logic 0 when a rising input voltage reaches 3V
» The output changes from logic 0 to logic 1 when a falling input voltage reaches 1V

When connected to a 10V supply:

The Schmitt inverter is connected as follows in an electronic system:

Light
Sensor

Y

Schmitt
Inverter

——— Rest of system

The upper graph shows the light sensor output.

Complete the lower graph to show the signal obtained at the output of the Schmitt inverter.

Volts

Light sensor
Output/V

Schmitt inverter
Output/V

(382-01)
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(b) A Schmitt inverter can also be used as part of an astable circuit.

(i) Complete the circuit diagram for the astable circuit.

2>

0V o

(2]

(ii)) Draw a sketch to illustrate the output waveform produced by the astable. Your sketch
should show clearly how an astable waveform differs from a monostable waveform.

Voltage

A

Astable
Output

Time

(2]

Turn over.
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3.

(382-01)

The following circuit is used as a voltage source.

15V o *

150 @

100 Q Vour

oV o "

(a) Thevenin’s theorem is used to produce an equivalent circuit.

(i) Calculate the open circuit voltage V.

(i)  Calculate the short circuit current Ig..
(iii)  Calculate the equivalent resistance R,.

Examiner
only
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(b) (1) Draw the equivalent circuit with a load resistance connected across the output
terminals.

(i) Use the equivalent circuit to calculate the voltage across the load resistance when the
load current is 30 mA.

(382-01) Turn over.



4.

(382-01)

The following diagram shows part of a half-wave rectified power supply.

(a)

mains Vs LOAD Vour
Complete the circuit by adding:
(i) adiode to produce the half-wave rectification,
(i) a capacitor to smooth the output. (2]

(b)

The rms value of the secondary voltage V is 20 V. Calculate the peak value of

(i) the secondary voltage,

(i1)  the voltage V1.
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(c)  On the axes provided below, sketch the graph to show the voltage V;; when
(i) the load draws a small current,
(i)  the load draws a large current .
Label the axes with any relevant voltages.

The voltage across the secondary windings of the transformer is shown as a dotted

waveform.
VS
Voltage
A
V4
4 M \
Vi \
\|
Output voltage , . .
when load draws - > Time
a small current : / . ‘
A) \ .
\ /
AN < "
VS
Voltage
A
N ¥ 3
7 M \
Vi \
\|
Output voltage ] : . '
when load draws () - > Time
a large current [ A 1 I
N T \
7
\ /
N REa:

(3]

(382-01) Turn over.

Examiner
only
Arholwr
yn unig



10

5. The following diagram shows a timing sub-system used as part of a simple monostable circuit.

12Vo I
5
I L 4 O
+
IMQ 10uF _[ \A
0Vo . .

(a) Calculate the time constant of the timing sub-system.

(2]
(b)  Switch S is momentarily closed at time t = 0.
(i) Determine the time taken for V, to reach 6 V.
(2]
(i) Calculate the value of V, at time t = 3s.
(2]
(iii)  Estimate the time taken for V, to reach 0 V.
[1]

(382-01)
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(c)

(382-01)

11

Here is the circuit diagram for the complete monostable.

12Vo

s f

—O o—=0

L.
1IMQ 10 uF _[ \f
0Vo . .

The CMOS inverting buffer (NOT gate) has the following parameters when connected to a
12V power supply:

Parameter Value
Input switching threshold 6V
Input impedance oo (infinity)
Logic 0 output voltage level ov
Logic 1 output voltage level 11V
Output current capability 50mA

Describe what you would observe:

(i) Before switch S is closed.

(i1)) Immediately after switch S is closed and then released.
(iii)  During the next 20 seconds after S is released.

Hint: Use the information from b(i) as part of your answer.
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6. The following diagram shows a simple stabilised power supply. The zener diode requires a
minimum current of 8 mA to maintain the zener voltage.

9V o *

12 Q

ILOAD

33V [LOAD]

OV o

(a) The zener current is greater than 8 mA. Calculate the value of the current through the 12 Q
resistor.

(c) What is the maximum load current that the power supply can provide whilst still maintaining
the zener voltage?

(382-01)
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7. The circuit below shows a MOSFET being used to interface a CMOS logic system to a motor rated
at 24V, 12 A.

(382-01)

(a)
(b)

24V o .
Output from o
CMOS logic o ]
system
0V o

24V, 12A

An extract from the data sheet of the MOSFET is shown below.

V!V I,/A Pror/W gu/S Tpson/ 2
(max) (max) (max) (typical)
15 15 90 1-2 0-15

Add a protective diode to the circuit diagram.

[1]

Calculate the minimum value of V4 required to enable the motor to operate at its rated

current.

current.

The maximum output current available from the logic system is 30 mA. Explain why an npn

transistor would be unsuitable for this application.

Turn over.
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8.

The LED in the following temperature sensing circuit should light up when the temperature in a

refrigerator rises above 4°C.

14

9Vo *

1-2kQ Vi

OVo o

(a) The temperature is gradually increased. The graph shows how V, and V,; change.

Vour/V

A

10

> ViV

(1]

Examiner
only
Arholwr
yn unig



15

(b) The forward voltage drop across the LED is 2'V.

(i) Calculate the minimum value for resistor R, required to limit the current through the
LED to maximum of 30 mA when the transistor is saturated.

(2]
(1)  Select the preferred value for resistor R, that you would use from the E24 series.
(1]
(c) The thermistor has a resistance of 3-9kQ at 2°C.
(i) Calculate the value of V  at this temperature.
Assume that the base current is small enough to be ignored in this calculation
(2]
(i)  Use the graph given in part (a) to determine the value of V; at this temperature.
(1]
(iii)  Calculate the value of the current through the LED at this temperature.
Assume the voltage across the LED is 2 V.
(2]
(d) Give two benefits of replacing the transistor with a comparator in this application.
(2]
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