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Data Sheet
symbol meaning
start the program
é @ link to part of the program with the same label a
stop the program
‘ place the byte b in register Sn
let Sn=b
v
‘ add the byte b to the byte in register Sn
let Sn=Sn+b
v
‘ copy the byte in register Sm into register Sn
let Sn=Sm
v
‘ subtract the byte b from the byte in register Sn
let Sn=Sn-b
v
‘ introduce a time delay of t milliseconds
pause t

yes

é¢

no

branch if the byte in register Sn is equal to the byte b

yes

v

no

branch if the byte in register Sn is greater than the byte b

let Sn=input

copy the byte at the input port to register Sn

let output=Sn

copy the byte in register Sn to the output port

read adc,S0

i

activate the analogue-to-digital converter and store the
result in register SO
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Data Sheet

Unless otherwise indicated, you can assume that:

*  op-amps are run off supply rails at +15V and —15V
* logic circuits are run off supply rails at +5V and OV.

resistance

power

series resistors

time constant

monostable pulse time
relaxation oscillator period

frequency

voltage gain

open-loop op-amp

non-inverting amplifier gain

inverting amplifier gain

summing amplifier

break frequency

Boolean Algebra

© OCR 2013

-V
T
P =YV
R=R, +R,
T = RC
T =0.7RC
T =0.5RC
_1
f_T
G:VOUt
V.

A+B=AB
A+AB=A

AB + AC = AB + AC + B.C
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Answer all the questions.

Fig. 1.1 shows an amplifier based on an op-amp.

16 kQ
e D
N —— o
o Py +
47 kQ 10kQ
—0V
Fig. 1.1
(@) (i) Labelthe inputterminal of the amplifier as INPUT. [1]
(ii) State a value for the input impedance of the amplifier.
iNPUt iIMPedancCe = .........oocciiiiieeee e kQ [1]
(b) (i) Calculate the voltage gain of the amplifier.
VOItage Qain = ..o [2]
(ii) A steady signal of voltage +0.60V is applied to the amplifier input.
Complete the table for the three terminals of the op-amp.
Non-inverting Input Inverting Input Output
+0.60V
[2]

© OCR 2013
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(iii) On the axes of Fig. 1.2, draw a transfer characteristic for the circuit of Fig 1.1.

output/V

. . input/V

45 +10 +15

(c¢) The amplifier circuit of Fig. 1.1 contains an op-amp with feedback.

Describe the transfer characteristics of an op-amp without any feedback.

[3]

© OCR 2013

[Total: 12]
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The circuit of Fig. 2.1 produces two pulses at its output when the switch is pressed.

+5V
R P counter
I KT R
i D Q ABC
CK 4| :>o— | )
R o output
| —C i i
oV
Fig. 2.1
(@) Explain why Q goes high each time the switch is pressed.
.............................................................................................................................................. [3]
(b) The flip-flop controls an oscillator which has a period of 4.0s.
Calculate suitable values for R and C.
S et e e e kQ
C o= uF
[2]
(c) Complete Fig. 2.2 to show how the counter of Fig. 2.1 can be made from flip-flops.
Label the input P, the reset R and the outputs A, B, and C.
—D Q- —D Q- —D Q-
RO RO RO
Fig. 2.2
[4]
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(d) Complete the timing diagram of Fig. 2.3 to show what happens after the switch is pressed.

e

L=

time —

Fig. 2.3

[4]

[Total: 13]

Turn over

© OCR 2013



3

8

A microcontroller has the following specification.
* three 8-bit ports program
*  six general purpose registers memory
*  one analogue-to-digital converter
e 256 byte program memory space <:> port0O | SO | port1 <:::>
St
S2
S3
— ADC port 2 <:::>
S4
S5

(@) Explain the purpose of the microcontroller ports.

.............................................................................................................................................. [2]
(b) Describe how a register can be used while the microcontroller runs a program.

.............................................................................................................................................. [3]
(c) What is an analogue-to-digital converter?

.............................................................................................................................................. [2]

© OCR 2013



(d) A particular program has the byte 0110 0111 at memory address D2.

Complete the table.

9

Word in Binary

Word in Hexadecimal

0110 0111

D2

[2]

(e) A microcontroller circuit can always be replaced with another circuit made from logic gates,
flip-flops and op-amps.
Explain, in detail, the advantages of using the microcontroller circuit.

© OCR 2013

[Total: 13]
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The incomplete circuit of Fig. 4.1 is a latch.

4

bistable

Q——aQ

Do

ENo

Fig. 4.1

(a) Complete the timing diagram of Fig. 4.2 to show the behaviour of the latch.

time ——

Fig. 4.2

[3]

(b) Complete the truth table for the logic circuit of Fig. 4.1.

EN

[3]

© OCR 2013
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(c) Complete Fig. 4.3 to show how the bistable of Fig. 4.1 can be made from a pair of NOR gates.

> T

So——

Fig. 4.3
[2]
[Total: 8]
Fig. 5.1 is the transfer characteristic of a bandpass filter.
S e e S Sty
gain I I I I I
R R N
0'52 20 200 2k 20k 200k
frequency/Hz
Fig. 5.1
Draw on Fig. 5.2 to show how the filter can be assembled.
Include all component values and justify them with calculations.
oV
Fig. 5.2
[8]
[Total: 8]
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6 Fig. 6.1 shows a microcontroller circuit which monitors the temperature of a freezer.

+5V l
H ] I7 Q7
7 s Qe—
s Q51— [
*~— |4 Q4
I3 Q3
*— |2 Q2
mE Q—
il Qo J I_
adc green red I<__>—|
A\ A\
oV .
Fig. 6.1

(a) The first part of the microcontroller program switches on the green LED when the temperature
of the thermistor is below —20°C, making the output of the adc less than 8B. Otherwise
program flow passes to b.

Complete the flowchart of Fig. 6.2 for this part of the program. Use only symbols from the
Data Sheet.

( start )
: \

S0>88 v (b)

let S1 =

Fig. 6.2
[3]
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(b) The program checks the temperature of the freezer once every second.
Complete the flowchart of Fig. 6.3 for this part of the program.

o =

Fig. 6.3

]

(c) The final part of the program flowchart is shown in Fig. 6.4.
Explain the effect of this part of the program on the output devices, and how the program flow
is affected by the input devices.

(b let $1=90
|

/Iet output= 81/

y

let S1=80

\

/let opuies: / ........................................................................................

L LT T P P O PP PO PP U O LR PCEPPCRFTTRPPCRS

let S2= input/ ........................................................................................

[Total: 11]
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7 Fig.7.1is an incomplete block diagram for a simple audio amplifier system.

Y

» volume control

\i
\

Y

Fig. 7.1
(@) Complete the diagram of Fig. 7.1 by choosing blocks from this list.
loudspeaker microphone power amplifier tone control voltage amplifier
[4]
(b) The voltage amplifier in Fig. 7.2 has the following characteristics:
* voltage gain of =20
e input impedance of 30kQ

Draw a suitable amplifier based on the op-amp in Fig. 7.2.
Show all component values and justify them with calculations.

ov

Fig. 7.2
[4]

© OCR 2013



15

(c) For each of these blocks from Fig. 7.1:
* state its effect on the signal at its input
e explain why it is needed in a real audio system

(i) the volume control

...................................................................................................................................... [2]
(ii) the tone control
...................................................................................................................................... [2]
(iii) the voltage amplifier
[2]

[Total: 14]
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Fig. 8.1 is an incomplete block diagram for a system which generates a continuous sequence of
output states.

Y

/
Y
\i

» logic system

Fig. 8.1
(a) Complete the block diagram of Fig. 8.1 by choosing words from the list.

binary counter display driver oscillator

[3]

(b) Here is a truth table for the logic system.
The inputs are C, B and A.

Cc B A R X
0 0 0 0 0
0 0 1 0 1
0 1 0 0 0
0 1 1 0 0
1 0 0 0 1
1 0 1 1 0

(i) Write down Boolean expressions for the outputs X and R in terms of the inputs C, B and A.

[2]

(ii) Draw a circuit diagram for the logic system, using NOT, AND and OR gates.

[3]
[Total: 8]
Quality of Written Communication [3]

END OF QUESTION PAPER
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