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Data Sheet
symbol meaning
start the program
é) C? link to part of the program with the same label a

stop stop the program

0

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

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

©OCR 2016



Data Sheet
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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 2016
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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.

1 The circuit of Fig. 1.1 contains a bistable made from NAND gates.

+5V
NAND gate bistable

Fig. 1.1
(@) The LED glows when switch M is pressed and switch L is released.

(i) State what happens to the LED if switch M is now released.

(ii) Switch M is released. Describe the sequence of switch operations required for the
bistable to now store a 0.

...................................................................................................................................... [2]
(b) Complete the circuit diagram of Fig. 1.2 to show the construction of the NAND gate bistable of
Fig. 1.1.
So—
1 4 —o
Ro—
Fig. 1.2

[2]
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2 Fig. 2.1 shows how a rising-edge triggered D flip-flop can be made from a master-slave pair
of latches.

o D Q P D Qf——o0
° {>c EN EN
1 2
Fig. 2.1
(@) On Fig. 2.1, label the input, output and clock terminals. [1]1

(b) Explain why a bit placed at the input is only copied to the output when the clock goes from
low to high.

©OCR 2016 Turn over
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3 Fig. 3.1 is a circuit diagram for a voltage amplifier constructed by a student.

5V
220 k€2
‘ —
output
® +
47 k<2 100kQ2
ov

Fig. 3.1

(a) Draw on Fig. 3.1 to show how an electret microphone should be connected to the amplifier
input with a resistor and a capacitor. [2]

(b) When the student whistles into the microphone, a signal of amplitude 50mV and frequency
450 Hz appears at the input of the amplifier.
Calculate the amplitude and frequency of the signal at the output.

amplitude = . mV
frequency = ..., Hz
[3]

(c) Explain why the maximum amplitude signal from the microphone which can be amplified
without distortion is about 2.3 V.

©OCR 2016
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(d) The student adds a tone control with the transfer characteristic shown in Fig. 3.2.

500 ,.......... - —

gain

5
0.5
0.05 : : : :
3 30 300 3k 30k
frequency/Hz
Fig. 3.2

Complete the circuit of Fig. 3.3 to show how the tone control can be assembled.
Show all component values and justify them with calculations.

Fig. 3.3

[6]
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4 The circuit of Fig. 4.1 makes the LEDs glow in a sequence.

33kQ
counter
¢ {bc > R—
P A B CD
—— )
X— 1
Y——1
logic system— ya
red green yellow
N AN
oV —e ®
Fig. 4.1

The circuit follows this sequence:
e all three LEDs glow
¢ only the red and green LEDs glow
¢ only the red LED glows.

The sequence repeats continuously, with each step lasting for 500 ms.

(a) Calculate a suitable value for the capacitor in the relaxation oscillator.

(b) Complete the pulse table below for the system of Fig. 4.1.

pulse at P C B A X Y Z R
0 0 0 0 1 1 1 0
1 0
2 0
3 1

[3]

©OCR 2016
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(c) Draw on Fig. 4.1 to show how a logic gate can be used to generate the signal at R. [2]

(d) Draw straight lines to link each output of the logic system with its correct expression in
terms of its inputs.

output expression
C.BA
X C+B
C.B
Z C+B+A
C.(B.A)

[3]

©OCR 2016 Turn over
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5 The system shown in Fig. 5.1 allows signals from two separate sources to be combined and played
through a loudspeaker.

input 1 volume
control v
summing { tone > power »— |oudspeaker
amplifier control amplifier
A
input 2 volume
control
Fig. 5.1
(@) Describe the transfer characteristic of the volume  jnpyt
control shown in Fig. 5.2.
}—o output
.................................................................................... oVv
Fig. 5.2

(b) Each input of the summing amplifier has the following characteristics:

e avoltage gain of 20.
e aninput impedance of 50kQ.

Complete the circuit of Fig. 5.3 to show how the summing amplifier can be assembled. Give
all component values and justify them with calculations.

Fig. 5.3
[3]

©OCR 2016



www.xtrapapers.com

11

(c) A circuit for the tone control is shown in Fig. 5.4.

inputo— }——e———o output 10, R e :
8kQ gain : : : : :
—— 10nF : : ; : :
0.9 e ........ ........... ..........
OV—re—o 0.01 b SN D R —
Fig. 5.4 S
g 0.001

frequency/Hz

Fig. 5.5

(i) Calculate the break frequency of the tone control. On the axes of Fig. 5.5, draw the
transfer characteristic for the tone control.
Label the frequency axis with suitable values. [4]

(ii) Suggest why the tone control has been included in the system of Fig. 5.1.

©OCR 2016 Turn over
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(d) (i) Explain why the system contains a power amplifier.

...................................................................................................................................... [2]
(ii) Acircuit for the power amplifier is shown in 2 7kQ 2 7kQ

Fig. 5.6. State and explain the voltage at Z.

input

.................................................................. Z

.................................................................. output

.................................................................. —e—(V

.................................................................. Fig.5.6

...................................................................................................................................... [4]

©OCR 2016
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BLANK PAGE

Question 6 begins on page 14
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The circuit of Fig. 6.1 counts up from zero when a pulse is applied to G.

www.xtrapapers.com

P counter
m ® D> R
A B C D
B @ $
- A B C D
- T a
L
oy —e— 2_|_ a
X : f b
e e C
| I —
g [
OV —e—

Fig. 6.1

(@) The block marked X in Fig. 6.1 is a decoder made from logic gates.
Explain the function of the block marked X.

©OCR 2016
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(c) Explain in detail how a pulse at the input G allows the circuit to display the sequence of
numbers.

©OCR 2016 Turn over
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The microcontroller shown in Fig. 7.1 contains five four-bit registers.

&

portO

ADC

program
memory

SO

port1

S1

S2

S3

S4

=

Fig. 7.1

(a) Each register can hold a four-bit word.

(i) Draw on Fig. 7.2 to show how one of the registers can be made from four D flip-flops.
Label the input, output and clock terminals.

_> —

D
D

Q

—D Q
—P

Fig. 7.2

[3]

(ii) Each of these registers can be used to hold a word which will eventually appear at the

output port.

Describe three other ways in which registers are used during the running of a program.

©OCR 2016
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(b) Explain the difference between the terms hardware and software as applied to a
microcontroller system.

©OCR 2016 Turn over
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8 The microcontroller circuit of Fig. 8.1 controls the indicator lights of a car.

V1
|.||_|0 |_|_|0 R |_|0 microcontroller z SZ\:‘ leftlamp | [Fight lamp
— 1, o,—__ cluster cluster
5 O FH— -
ol 05— 1+ I
I 0, |<_]
I3 Os— -
1l O,— ‘ |
1l oF
1l Oo[—
X
\V4 N \V4 \:y
ov—= ¢ ¢ o
Fig. 8.1
(@) The first part of the microcontroller program has to switch
off all the LEDs and lamp clusters. It then loads three ( start )
registers with bytes for output later in the program. Y
(i) Complete the flowchart of Fig. 8.2 for this part of the let SO =
program.
Use only symbols from the data sheet. [2] : Y
(ii) Explain the effect of copying S3 to the output port. / /
.................................................................................. T
.................................................................................. oS 12
.................................................................................. T
.................................................................................. let S2 = 92
.................................................................................. "
.................................................................................. let S3 = DO
............................................................................. [3]
Fig. 8.2

©OCR 2016
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(b) The incomplete flowchart of Fig. 8.3 shows the next part of the program.

/ / let S4 = 03 /Iet output = SO/

Y Y
pause 125
o /Iet output = 83/
yes Y
Y
no let S4=54-01
o pause 125
Y
A
O
no
Fig. 8.3
(i) The program passes control to d if the switch marked L is closed.
Complete the flowchart of Fig. 8.3. [2]

(ii) Explain the effect on the system of the program shown between d and ¢ in the flowchart.

©OCR 2016 Turn over
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(c) The next part of the program makes the system behave as follows:
. when only H is closed, turn both lamp clusters and the LED z on and off with a
frequency of 2Hz, then pass control to e once H is open again

*  otherwise, pass control directly to e.

Complete the flowchart of Fig. 8.4.
The microcontroller circuit from Fig. 8.1 is repeated opposite.

O——

Fig. 8.4

©OCR 2016
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IR D G
|.||_|0 L,.IO R |_|o microcontroller z SZ\:\ ieftlamp | [right lamp

— |- o,— cluster cluster

lg Og — — |_|
t's Oj—__ I

I, 0, |::|

I3 Os— |—
il O,— ‘ |
1k 0O,

X
SZ\:\ SZ\Q/
oV ——o— .

[4]

Quality of Written Communication [3]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).
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