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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
1
‘ add the byte b to the byte in register Sn
let Sn=Sn+b
1
‘ copy the byte in register Sm into register Sn
let Sn=Sm
1
‘ subtract the byte b from the byte in register Sn
let Sn=Sn-b
1
‘ introduce a time delay of t milliseconds
pause t

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

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

copy the byte at the input port to register Sn

copy the byte in register Sn to the output port

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 2011

-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.

10kQ y 25kQ

eI

Fig. 1.1
(@) The amplifier processes the ac signal placed at its input.
(i) On Fig. 1.1, label the input of the amplifier. [1]1
(ii) Three different properties of an ac signal are shown below.

Put a tick (v') in the box next to each property which is altered by an ideal amplifier.

shape
amplitude
frequency
1]
(b) (i) Calculate the gain G of the amplifier of Fig. 1.1.
G = e [2]

(ii) Complete the table for the amplifier for Fig. 1.1.

voltage at X voltage at Y voltage at Z
+5V

[2]
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(iii) Use your value for G to draw the transfer characteristic of the amplifier, shown in Fig. 1.1,
on the axes below.

output/V

i i i i i . input/V
—1'5 —1'0 —5 +5 +1'0 +1'5

[3]

(c) The amplifier of Fig. 1.1 is only ideal for ac signals which have small enough amplitudes at the
input.

(i) Calculate the maximum amplitude of input signal which allows the amplifier to have ideal
behaviour.

amplitude = ..o V[2]

(ii) Describe a practical test to show that the amplifier of Fig. 1.1 has non-ideal behaviour for
large enough input signals.

[Total: 14]
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Fig. 2.1 shows a microcontroller connected to five different sub-systems.

le Qe
[ = |5 Q5
oI, Q, G
I3 Qs B
¢ | |2 Q2
ol Q, R
[ |O QO —
oV —e— microcontroller
Fig. 2.1

The system controls the ceiling fan in a room depending on the time of day and the temperature.
The table summarises the behaviour of the sub-systems.

sub-system device transfer characteristic
C clock only goes high during the night
T sensor only goes high when the room is hot
F fan only turns on when high
G green LED only glows when high
R red LED only glows when high

(@) Complete the truth table for the word at the input port.

© OCR 2011

room conditions binary hexadecimal
hot at night 0100 1000 48
cold at night 40

hot during the day 0000 1000

cold during the day

[3]
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(b) The flowchart for part of the program in the microcontroller is shown below.

@ (i) Explain why program control passes to b only
star during the night.

O

/ let SO=input / .........................................................................

S0508 - e .................................................................... [2]

no (i) State and explain the state of the three output
devices during the day.

18t SB=02 | et

R

/Iet OUtpUt=36/ .........................................................................

(c) The incomplete flowchart for the rest of the program is shown below.
It has to make the system behave as follows:
o only turn on the fan for 60s if the room is hot, then return to a
* only make the green LED glow when fan is on
* make the red LED glow all the time
Complete the flowchart below using only the symbols in the Data Sheet on page 2.

S0=48
yes

no

[4]

[Total: 12]
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Fig. 3.1 shows the inputs and outputs of a D flip-flop.

|
S

9]
\

D
—

Ol
|

R
|
Fig. 3.1

(@) Complete the timing diagram below for the flip-flop.
Assume that unused inputs are held at 0V and Q is initially low.

R
a
t|me e
[3]
(b) Qs initially low. Explain how to make Q high by using the D and clock terminals.
Assume that unused inputs are held at OV.
.............................................................................................................................................. [3]
(c¢) The registers and ports of a microcontroller are made from D flip-flops.
(i) Describe the function of a register in a microcontroller.
[3]

© OCR 2011



(ii)

(iii)
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Draw on Fig. 3.2 to show how D flip-flops can be used to make a four-bit register.
Label the input, output and clock terminals.

—D Q- —D Q- —D Q- —D Q-
—D — — —D
[3]
Fig. 3.2
Describe the function of the ports of a microcontroller.
...................................................................................................................................... [2]

[Total: 14]
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Fig. 4.1 is the circuit diagram of a simple passive filter.

inputo—{ |—+———ooutput
47KkQ
——3.3nF

ov

Fig. 4.1

(@) Show that the break frequency of the filter is about 1 kHz.

(b) (i)

(ii)

© OCR 2011

[2]
Put a around the correct name for the filter shown in Fig. 4.1.
bandpass bass cut treble cut
1]
Complete the sentences to explain the operation of the filter.
Choose the best words from this list.
larger than smaller than the same as
At a frequency of 1Hz the capacitor’s impedance is .........ccccceeeiiiiiiiieeiic e 47kQ.
So the signal at the output is .........ccoceeiiiiiiiiiieeee the signal at the input.
At a frequency of 1 MHz the capacitor's impedance is ..........ccccceeviiiiiiieeeece s 47 kQ.
So the signal at the outputis .........cccuvieeeeiiiiiiie the signal at the input. a
4
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(c) On the axes below, draw the transfer characteristic of the filter shown in Fig. 4.1.

1000 7-oeeer o R v o
gain
100 ............. ............. ‘‘‘‘‘‘‘‘‘‘‘‘‘ ,,,,,,,,,,,,,
10
T RN SRS S S S——
0t

0.01

0.001

1 1IO 160 1IK 1(;K10I0K 1II\/|
frequency/Hz

[3]

(d) Fig. 4.2 shows the block diagram of an audio amplifier system.

—| tone control |— voltage amplifier —| volume control —| power amplifier

Fig. 4.2

(i) State which block could be made from a passive filter.
Describe its function in the whole audio amplifier system.

[Total: 14]
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Fig. 5.1 is the circuit diagram for a system which produces a train of pulses at E each time there is
a short pulse at S.

+5V —e— {>° J
counter

So—— ABCD

R X L ) I:l E

oscillator Y

Fig. 5.1
(@) The oscillator produces a continuous train of pulses at X.
Those pulses only get through to P after there is a pulse at S.
Explain why.

© OCR 2011



13
(c) Complete the timing diagram below where A, B and E start off low. [3]

(d) The binary counter of Fig. 5.1 can be made from D flip-flops. Each D flip-flop of the counter
has D connected to Q, as shown in Fig. 5.2.

[D Q o

CKo—

Q-

Fig. 5.2
(i) Explain how the flip-flop of Fig. 5.2 operates as a one-bit counter.

...................................................................................................................................... [3]
(ii) On the diagram below show how the four one-bit counters of Fig. 5.2 and a NOT gate
can be connected to make the counter of Fig. 5.1. Label P, A, B, C and D. [4]
[D Q [ D Q [ D Q [D Q
Qr— Qr— Q- Qr—

[Total: 17]
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A student designs the circuit of Fig. 6.1.

R,
H15V———
Y —
temperature X N z
sensor
Rln Rdn
oOV—:

Fig. 6.1

The data sheet for the temperature sensor provides the following information.

parameter

value

supply voltage

9V to 18V

output voltage

0.10T where T is the temperature in °C

output impedance

10k

(@) The student decides to amplify the signal from the sensor at X by +5.
Suggest values for A and R, which will achieve this.
Justify them with a calculation.

© OCR 2011

Ry = weveeveeeeessssssnmssssssssssssssssssssssssss s Q
Ry = coorreeseeeeeeeeeseee s Q
[3]
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(b) The student tests the system by holding the sensor at a temperature of 15°C and measuring
the voltage at Z. This is shown in the circuit of Fig. 6.2.

+1.5V

output impedance 5kQ

of sensor
oV

Fig. 6.2

(i) State the value of R, selected by the student.

(ii) Do calculations to show that the voltage at Z is +2.5V.

[3]
(iii) Suggest a value for R, which would allow the voltage at Z to be +7.5V.
Give a reason for its value.
R = e, Q[2]
[Total: 9]
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Fig. 7.1 shows a pair of NOR gates connected as a bistable.

Y
w —0Z
Xo
Fig. 7.1
(@) Complete the truth table for gate 2.
X Y y4

[2]
(b) Use the table to explain why X is an active-high reset for the bistable.
.............................................................................................................................................. [2]
(c) Complete the timing diagram below for the bistable of Fig. 7.1.
Z is initially low and Y is initially high.
W
X
AR
t|me ......................................... e
[3]
[Total: 7]

Quality of Written Communication [3]
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