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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.

Standard Multipliers

Prefix Multiplier Prefix Multiplier
T X 1012 m X 10*3
G x 10° v x 106
M x 10° n x 107
k x 103 p x 10712
Charging Capacitor Ve = Vo (1 - e VRC)
V,
t=-RCln| 1- —C)
( Vo
Discharging Capacitor Ve =V, e V/RC
_ Ve
t= —RCIH(V—Oj
Alternating Voltages Vo=V NG
Silicon Diode VF ~07V
Bipolar Transistor heo = Ic
FE — IB
MOSFETs ID gMVGS
555 Monostable T=1.1RC
555 Astable ty =0.7(R, +Ry)C
tp =0.7RzC
f= 1.44
(Rp +2Rp)C
Schmitt Astable 1
f~rc
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Answer all questions.

(@) For the resistor network below calculate the effective resistance between: [2]
() POINES A @NA B; oo

(i) POINES A @NA C. oo

(b)  The resistor network is used in the following circuit.

12V o
I
I
\2 ?
[ ko
V.
? 1kQ
OVo
Determine the values of the quantities listed below. [4]
(1) L e
(1) Ly e
(1) V] e
(V) Ve
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2.

@

The following circuit is used as a voltage source.

9Vo °

130Q

3900Q Vour

OVo °

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

(i) Calculate the open circuit voltage V.

(i)  Calculate the short circuit current Ig.

(i)  Calculate the equivalent resistance R,.

© WJEC CBAC Ltd. (1142-01)
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(b) The Thevenin equivalent circuit for a different voltage source is shown below.

120Q
— L ">
0
\Y,
o
o

VOUT

The output voltage V,;+ must not drop below 5V when a load is connected to the circuit.

Determine the minimum allowable load resistance to achieve this.

[3]
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3.

(@) The graph shows the switching characteristic of a Schmitt inverter.

Vour!V
A

10

Determine the input switching threshold for: [2]
(i) anincreasing iNPUt VOIRAGE;, ...
(i) adecreasing iNPUt VOIRAGE. e
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Examiner
|
(b) The Schmitt inverter is used as part of an astable circuit. o
(i) Complete the circuit diagram for the astable circuit. [2]
OVo
(i) Use the formula given on page 2 to calculate the values of all components required
to produce a frequency of 200 Hz. 2]

© WJEC CBAC Ltd. (1142-01) Turn over.
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Here are four waveforms produced by various diode rectifiers. All graphs use identical
voltage scales and identical time scales. The AC voltage supplied to the diode rectifier is
shown as a dotted waveform.

Voltage
y.d T — ——
/ \
II \ ya \
Graph 1 Jy ' / E .
P £ - : > Time
Voltage i
S =
; \ 7 \
Graph 2 : : > Time
Voltage 4
o \ / \
/ \ \
Graph 3 ‘ - = Time
Voltage ,
/ \\ \\
v NN N Y
; . 4 .
Graph 4 |/ ‘ '
ra . / \ .
P - , > Time
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Complete the following statements. [3]

(i) The unsmoothed output of a half-wave rectifier is shown in graph ... .

(i)  The smoothed output of a full-wave rectifier with a large ripple voltage is shown in

graph ... .

(i)  The smoothed output of a half-wave rectifier with a small ripple voltage is shown in

graph ... .

(b) The following diagram shows an incomplete circuit for a full-wave rectified power supply.

AC Vg

Mains
Transformer H Vour
(i) Complete the circuit by adding: [2]

* asmoothing capacitor;
* any missing connections.

(i)  The peak value of the secondary voltage of the transformer (Vy) is 18 V. Calculate
the peak value of the full-wave rectified voltage V- (1]
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[
5. The following diagram shows an incomplete circuit for a 555 monostable timer. o

6V o *

7 4 8
6 555 3
2 —
1 //
1 R
0OVo o

(@) Add a switch and any other necessary component to the diagram to provide a falling
edge-triggered pulse to activate the monostable. 2]

(b)  The timing sub-system consists of a 47 uF capacitor and a 100 kQ resistor.
Calculate the monostable period. 2]

(c) When the monostable is activated, the output voltage is 6V. The forward voltage drop
across the LED is 2 V.

(i) Calculate the value of resistor R that limits the current through the LED to a maximum
of 24 mA. [2]

© WJEC CBAC Ltd. (1142-01)



6. A MOSFET is used to interface a logic system to a solenoid rated at 30V, 12A.

30Vo

OVo

11

Output from o
logic system

IEYI

Solenoid| 30V, 12A

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

Vps/V Vgs!V Ih/A Prot/W gu/S Ipg/Q
(max) (max) (max) (max) (typical) (on)
50 15 30 120 25 0.13

(@) Add a diode to the circuit diagram to provide protection for the MOSFET when it switches
the solenoid off.

[1]

(b) Calculate the minimum value of V4 required to allow the solenoid to operate at its rated

current.

[2]

(c) Calculate the power dissipated in the MOSFET when the solenoid is operating at its rated

current.

[2]
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7.

(@) The table below shows the results obtained when the resistance of a thermistor is

measured at different temperatures.

(i) Plot a graph of resistance against temperature on the axes below. Label both axes

12

Temperature/°C Resistance/kQ

0 8.5

10 51
20 3.2

30 1.9
40 1.3

50 0.9

60 0.6

with your chosen scale. [3]
Resistance/kQ
A
'
Temperature/°C
(i)  Use the graph to determine the resistance of the thermistor at 15°C. [1]
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(b) The thermistor is connected to a 5.6 k() resistor to form a temperature sensing unit in the
following system:

Temperature
sensing Voltag(?[ B LED
unit comparator

The incomplete circuit diagram for the system is shown below.

5.6kQ

VAN

OV o ¢

(i) Complete the circuit diagram by adding a voltage divider consisting of two 10kQ
resistors which are used to provide the reference voltage for the comparator.  [1]

(if) Calculate the value of Vi at 15°C. [1]

[1]

© WJEC CBAC Ltd. (1142-01) Turn over.



8.

14

Here is a transistor switch used to control a buzzer.

9V o ’

VOUT
VIN

OV o °

* The transistor has a current gain, hg = 80.
e The buzzer is rated at 9V, 120 mA.
* Avalue of Vj\ = 3.4V just saturates the transistor.
(@ When V= 3.4V, calculate:
(i) the base current; 1]
(ii) the value of resistor R. [2]

(b) Draw a graph to show how V1 changes as Vy is increased from 0 to 4 V. [3]

A
10

8
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(c) Vinis 2.5V and the collector current is 80 mA.

(i) Use the graph to determine the value of Vqy. 1]

(i)  Calculate the power dissipated in the transistor. [1]

(d) The switching circuit is used by a cricket umpire as a light meter. When the light level gets
too low, the buzzer sounds. Add a light sensing sub-system to the circuit diagram below.

[2]

9V o °

o—«ﬁ»—(

0V o
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9. The following diagram shows a simple regulated power supply providing an output voltage, o

V| oap- The zener diode requires a minimum current of 6 mA to maintain the zener voltage.

15V o *
20Q
i \
56V ZS LOAD Vioap
oV o o
(@) Calculate the current through the 20Q resistor when there is no load connected. 2]

(b)  Whatis the maximum load current that the power supply can provide whilst still maintaining
the zener voltage? 1]

(c) A low resistance load is connected to the power supply. The zener diode ceases to
conduct and the load current increases to 600 mA. Calculate the new value of V| 5ap-

© WJEC CBAC Ltd. (1142-01)
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(d) Sketch a graph to show how V|, oap changes as the load current is increased gradually
from 0 to 700 mA. [2]

Voltage/V

A
8

6

>
0 200 400 600 800 Current/mA

END OF PAPER
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