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0 1 

 

 A toy manufacturer is designing a two-tone siren for use in small battery-operated 
cars. 
Figure 1 shows design Option 1.  
 
Option 1 uses three separate signal generators feeding into a logic sub-system. 
The signal generators produce logic-compatible 9 V square waves of frequencies 
1024 Hz, 1 Hz and 512 Hz. 

   
Figure 1 

 

 
 

   
The waveforms shown are not to scale. 

   
0 1 

 

. 1 
 

Explain how the logic level applied at B in Figure 1 determines the output frequency  
at Q. 

[2 marks] 

   
 

   
 

   

   

   
 

   
 

   
   

0 1 
 

. 2 
 

Write the Boolean algebra expression for output Q in terms of the inputs A, B and C. 
Use only the logic operations shown in Figure 1. 

[2 marks] 
   

  Q = 
 

   

When B = logic 0, D = logic 1: the upper AND gate is opened (E = A)

and the lower AND gate is closed (F = 0), so only the 1024 Hz signal

passes through the OR gate to Q.

When B = logic 1, D = logic 0: the upper AND gate is closed and the

lower one is opened, so only the 512 Hz signal passes through the OR

gate, so Q is 512 Hz.

(A . B) + (B . C)
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. 3 
 

Option 1 is tested by replacing the 1 Hz signal generator with a manual input. 
 
The manual input is provided by the combination of a push-to-make switch  
and a 10 kΩ resistor. 
 
The combination produces the following voltages at its output: 
• 0 V when the switch is not pressed 
• 9 V when the switch is pressed. 
 
Figure 2 shows the symbol for the push-to-make switch. 

   
Figure 2 

 

 
 

  Complete Figure 3 to show how this switch and the 10 kΩ resistor are connected. 
Label the output Vout. 
You do not need to add details taken from Figure 1. 

[1 mark] 
   

Figure 3 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

Question 1 continues on the next page  

Vout

10 kΩ

switch
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. 4 
 

Figure 4 shows a generalised layout of an integrated circuit (IC) for an N-bit binary 
counter. 
Q0 is the output that provides the least significant bit.   

   
Figure 4 

 

 
 

  A signal generator feeds a square wave of frequency 1024 Hz into the clock of the IC. 
The N-bit binary counter generates the 512 Hz signal and the 1 Hz signal from 
separate outputs. 
 
Deduce which of the outputs Q0 to QN will provide the 1 Hz signal. 

[1 mark] 
 

   
 
  

output Q9 (Q nine)

Q0 gives 1024 ÷ 2 = 512 Hz; each output halves the frequency,
so Qn gives 1024 ÷ 2(n + 1) Hz
1 Hz when 2(n + 1) = 1024 = 210, so n + 1 = 10, n = 9, output Q9
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. 5 
 

To make the two-tone siren, the manufacturer decides to use a new design, Option 2. 
 
Option 2 contains:  
• one 1024 Hz signal generator 
• one N-bit binary counter  
• a new logic sub-system as shown in Figure 5. 

 
Figure 5 

 

 
 

  Assume that: 
• each type of logic gate has its own dedicated IC chip 
• each separate signal generator is based upon its own IC chip. 
 
Compare the number of ICs used in Option 1 with the number used in Option 2. 
Go on to explain one advantage of the manufacturer’s decision. 

 [2 marks] 
   

 

   
 

   

   

   
 

   
 

   
   

 
 
 
 

 
 
 
 
 

 
 
 

 
8 

 

Option 1 uses 6 ICs (3 signal generators plus separate AND, OR and

NOT chips), whereas Option 2 uses only 3 ICs (1 signal generator, 1

binary counter and 1 NAND chip).

Advantage: with half the number of ICs the circuit is smaller, so it fits

easily inside small toy cars, and it consumes less power, so the battery

life is extended (it is also less complex and cheaper to produce).
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 The short message service (SMS) on a mobile phone can send a maximum  
of 160 characters per message.  Each character is represented by its own seven-bit 
binary code as it is converted to digital data. 

   
0 2 

 

. 1 
 

The mobile phone transmits digital data at a rate of 8 kilobytes per second (kB s−1) 
when using the SMS function. 
 
Determine the minimum time required to send 160 characters. 

[2 marks] 
   

  time = 
 
 s 

 

   
   
  Electrical noise can affect communication systems. 
   

0 2 
 

. 2 
 

Describe one origin of electrical noise in a communication system. 
[1 mark] 

   
 

   
 

   

   
   

0 2 
 

. 3 
 

Describe the effect that electrical noise can have: 
 
• on the signal and  
• on the communication system. 

[2 marks] 
   

 

   

   
 

   
 

   

   
 

   
 

   

Internal (thermal) noise: the random thermal agitation of electrons

(charge carriers) in the conductors and components produces random

voltage fluctuations that add to the signal.

On the signal: noise adds random, unwanted voltages to the signal, so it

degrades the quality of the signal (it is distorted and the

signal-to-noise ratio falls, so a 0 may be read as a 1).

On the communication system: it reduces the efficiency of the

transmission, e.g. corrupted data has to be detected, corrected or sent

again, which increases the latency of the system and reduces the

effective data rate.

number of bits = 160 × 7 = 1120 bits  (= 140 bytes)

data rate = 8 × 103 bytes s-1 = 6.4 × 104 bits s-1

t = 1120 ÷ (6.4 × 104) = 140 ÷ (8 × 103)

1.75 × 10-2
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  Figure 6 shows a noisy digital signal Vin which is applied to a circuit. 

 
The circuit output Vout switches to: 
 
• 5 V when the input voltage Vin falls below 1.8 V 
• 0 V when the input voltage Vin rises above 3.2 V. 

 

 
   

 
0 2 

 

. 4 
 

Draw, on Figure 7, the output signal Vout from the circuit. 
Assume that Vout is initially at 5 V. 

[2 marks] 
 
 
 
 
 

 
 

 

 
7 
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 Figure 8 shows an LC circuit that produces electrical oscillations when the switch is 
moved from position A to position B. 

 
Figure 8 

 

 
 

0 3 
 

. 1 
 

Which quantity in the LC circuit is analogous to the mass in a mass–spring system? 
 
Tick () one box. 

[1 mark] 

  

 

C  

 
1
C

  

 

L  

 
1
L
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. 2 
 

A radio receiver uses a parallel LC tuned circuit to select a radio station. 
Figure 9 shows the response of the tuned circuit. 

   
Figure 9 

 

 
 

  Calculate the quality factor Q of the tuned circuit. 
[3 marks] 

   

  Q = 
 

 

 
Question 3 continues on the next page 

  

fB

3.6

peak output voltage = 5.1 mV at f0 = 774 kHz

at the −3 dB points, V = 0.707 × 5.1 = 3.6 mV

this occurs at 769 kHz and 779 kHz (read from Figure 9)

bandwidth fB = 779 − 769 = 10 kHz

Q = f0 ÷ fB = 774 ÷ 10

Q = 77.4

77.4
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  Another radio receiver is used to detect frequency-modulated (FM) radio waves. 
 
Figure 10 shows the variation of amplitude with time for a carrier wave and an 
information signal. 

   
Figure 10 

 

 
 

0 3 
 

. 3 
 

Sketch, on Figure 10, the graph that represents the frequency-modulated (FM) signal. 
[2 marks] 

   
   

0 3 
 

. 4 
 

An audio signal is transmitted on an FM music station.  The transmission has a 
bandwidth of 186 kHz.  The carrier wave has a maximum frequency deviation  
of 75 kHz. 
 
Calculate the maximum frequency in the information signal. 

[1 mark] 
   

  maximum frequency = 
 
 kHz 

 

 
  

 
7 

 

bandwidth = 2(Δf + fm)

186 = 2(75 + fm)

fm = 93 − 75 = 18 kHz

18
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Figure 11 shows the response of a photodiode for different values of reverse-bias 
voltage VR. 

 
Figure 11 

 

 
 

  The photodiode is used as the input for a light-intensity meter. 
   

  The light intensity changes from 100 W m−2 to 400 W m−2. 
 
Explain which value of VR in Figure 11 should be used for this application. 
Go on to deduce the change in photocurrent for this change in light intensity. 

[2 marks] 

   
 

   
 

   

   

  change in photocurrent = 
 
 A 

 

Question 4 continues on the next page 

VR = 5 V, because for this curve the photocurrent increases linearly with

light intensity over the whole range 100 to 400 W m-2 (the other

curves level off).

I = 5 × 10-6 A at 100 W m-2,  I = 2.0 × 10-5 A at 400 W m-2

ΔI = 20 × 10-6 − 5 × 10-6

1.5 × 10-5
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. 2 
 

Describe how a photodiode is used in a particle detector to detect sub-atomic 
particles. 

[2 marks] 

   
 

   
 

   

   
 

   
 

   

   
   

 
  

The sub-atomic particles pass into a scintillation material (scintillator),

where they interact with it and produce flashes of light.

The photodiode is used in photoconductive mode (reverse biased) next to

the scintillator: each flash of light produces a pulse of photocurrent, so

each particle is detected and can be counted.
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. 3 
 

The particle detector produces an analogue signal that is the input voltage Vin to an 
amplifier circuit. 
Vin is amplified by a factor of +10 

   
  Draw, on Figure 12, a circuit that uses a single operational amplifier to produce an 

amplification of +10 
 
Use resistors with resistance values in the range 10 kΩ to 1 MΩ in the circuit. 
 
On your diagram you should label: 
• the value of the resistors 
• the output of the circuit as Vout. 
  
Do not show the power supplies for the operational amplifier. 

[3 marks] 
 

Figure 12 
 

 

 
 
 
 
 
 
 
 
 

 
Turn over for the next question 

 

 
7 
 

+
− Vout

R1 = 10 kΩ R2 = 90 kΩ

gain = 1 + R2/R1 = 1 + 90/10 = +10
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 Several telephone conversations need to be transmitted simultaneously between  
two locations. 
 
Describe the process that allows these conversations to be carried by the same  
optical fibre. 
 
In your answer you should explain: 
• the importance of the sampling rate in the analogue-to-digital conversion 
• the effect of resolution in this conversion 
• the technique that is used to enable several conversations to be  

transmitted simultaneously. 
 
You may use diagrams to help with your explanation. 

[6 marks] 
   

   
 

   
 

   

   
 

   
 

   

Each conversation is an analogue signal, so it is first converted into a

digital signal by an analogue-to-digital converter (ADC), which samples

the signal at regular intervals and codes each sample as a binary

number.

Sampling rate: the sampling frequency must be at least twice the

highest frequency in the signal (Nyquist). Speech uses the lower end of

phone 1

phone 2

phone 3

optical fibre
rx 1

rx 2

rx 3

synchronised switches rotate together

1 2 3 1 2 3 1 2 3

equal time slots in a repeating cycle → time
8-bit samples, each slot holds one sample from one conversation
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END  OF  QUESTIONS 

 

 
6 

 

 
 

 

the audio spectrum, so a telephone channel has a bandwidth of about 3

to 4 kHz and is sampled at about 8 kHz. If the sampling rate is too

low, aliasing occurs and the signal cannot be reconstructed correctly; if

it is too high, redundant data is generated, which wastes capacity

(bandwidth) of the fibre.

Resolution: this is set by the number of bits n used to code each

sample, giving 2n quantisation levels (e.g. 8 bits gives 256 levels). If

the resolution is too low, the quantisation error is large and the

retrieved signal is of poor quality; if it is too high, the bit rate may

exceed the data-rate capability of the system.

Transmission technique: time division multiplexing (TDM) is used. The

digital data from each conversation is transmitted in successive time

slots of equal length, using synchronised switches at the transmitting

and receiving ends.

The time slots are presented to each source in a cyclical (repeating)

way, so each conversation gets the fibre at regular intervals, e.g. one

sample from conversation 1, then 2, then 3, then back to 1, as in my

diagram. Each cycle must repeat at the sampling rate, so the fibre's bit

rate must be at least the number of channels × the bit rate of one

channel.

At the receiver the synchronised switch sends the data in each time

slot to the correct receiver, and a DAC converts each conversation back

to analogue. This is an efficient, low-cost way of sharing one heavily

used transmission channel between many conversations.
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