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J The number of marks is given in brackets [ ] at the end of each question or
part question. 3
o The total number of marks for this paper is 90.
o You may assume, unless otherwise stated, that: 4
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(i) the p.d. across a forward-biased silicon diode is 0.70V,

(ii) the base-emitter p.d. for a conducting silicon transistor is 0.70V,
(iii) the power supplies for operational amplifiers are +15V and -15V,
(iv) the saturation levels for operational amplifiers are +13V and —13V,
(v) logic1=5V andlogic0=0V.

o The quality of written communication will be assessed in your answers to all QWG
the questions.
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By describing their similarities and differences, distinguish between the following terms in the
context of microprocessor systems.

(a) RAM and ROM

.............................................................................................................................................. [2]
(b) Byte and Word
.............................................................................................................................................. [2]
(c) Data bus and Address bus
.............................................................................................................................................. [3]
(d) Binary Coded Decimal and Hexadecimal
.............................................................................................................................................. [2]
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Fig. 2.1 shows a transmission system to allow two signal sources A and B access to a data line.
Source A | X
V data line
Source B {%
D Q
clock _
Q
Fig. 2.1
(a) State the name of component X.

(b)

(c)

(d)

(e)
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.............................................................................................................................................. [1]
Describe the behaviour of this component.
.............................................................................................................................................. [2]
State whether the sources A and B should be analogue or digital. Justify your answer.
.............................................................................................................................................. [1]
Describe the behaviour of the D-type flip-flop as connected in this circuit.
.............................................................................................................................................. [2]
Explain how the transmission system operates.
.............................................................................................................................................. [2]
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Fig. 3.1 shows a circuit designed by a student to switch a lamp on or off under certain light
conditions.

5 +15V

E K T 22.\/\r/ms

+
8kQ 2kQ
2.4kQ |::| 18kQ2 400Q
wv— L |
-15V
Fig. 3.1
(@) The circuit contains an LDR.
(i) Putan X next to this component. [1]

(ii) State what the letters LDR stand for.

(b) The op-amp is set up as an inverting Schmitt trigger.

(i) On the axes of Fig. 3.2, draw a sketch graph of the output/input characteristics of the
Schmitt trigger.

VO ut

Fig. 3.2
[2]
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(i) Show that the switching thresholds for the Schmitt are +9V.

[2]
(iii) Show that when the resistance of the LDR is 9.6 kQ2 the voltage at A is 9V.
[2]
(iv) Calculate the resistance of the LDR when the voltage at A is +9V.
resistance of LDR = ..................... Q [2]
(c) The circuit of Fig. 3.1 contains a component labelled T.
(i) State the name of this component.
...................................................................................................................................... [1]
(i) Calculate the voltage on the gate of this component when the Schmitt output is +13V.
gate voltage = .........ccccuveeee. V [2]
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(d) The student found that without the diode the lamp remained on in all lighting conditions.

(i) Explain this observation.

(e) The lamp in the circuit is rated as 24V r.m.s. and 85W. Calculate the peak current in the
component T.

peak current = ..........ccoeeees A [3]
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4 Fig. 4.1 shows a circuit set up to play a short and simple tune which has been digitised and stored

in a memory.
Counter
320 Hz | | R
clock oV
A BCDETFGH I J
N
As
A; Ds
As Ds
As D, amplifier
Ay Ds DAC
As D2
A, D4
A4 Do oV
Ao
Fig. 4.1

(a) For the system of Fig. 4.1, calculate and show your working in each case:

(i) the total number of address locations inside the memory

number of addresses = ......ccccceee.... [2]

(ii) the total number of memory cells inside the memory

numberofcells=............................... [1]

(iii) the maximum time for which a tune could last before repetition

maximum time = ............................ s [2]
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(iv) the number of different voltage levels which the DAC can output to the loudspeaker

number of voltage levels = ...........ccccvvvieeenn. [2]

(v) the maximum frequency in the tune.

maximum frequency = .............cccceeeeee. Hz [2]

(b) Explain why the pin marked R has been connected to OV.
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5 Fig. 5.1 shows a circuit designed to maintain a steady temperature in a box.

o +15V

R 36 kQ

12 kQ

Integrator/
—__— neral >
generator
[} 12kQ % P N
R

box ~—

o —15V
Fig. 5.1

(@) (i) State the name of the type of op-amp circuit in Fig. 5.1. Choose from:

Bass cut filter Comparator Non-inverting amplifier Summing amplifier
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(b) (i) The circuit of Fig. 5.1 contains an integrator (sometimes called a ramp generator).

(ii)

(iif)

© OCR 2009

Draw the circuit of an integrator using the op-amp of Fig. 5.2.
You do not need to give component values but you should label the input and the output.

+
ov
Fig. 5.2
[3]
Describe how the integrator output Q will respond when the input voltage P is made
A CONSLANT NEJALIVE VAIUE ......ooiiiiiiiiiiee e e e
4= (o SRS [3]
State what the heater does when the integrator output voltage Q is
0TS 1Y
N[0 = L= [1]1
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(c) The temperature of the box is sensed by a thermistor which is connected in series with
a fixed resistor to form a potential divider. This arrangement is shown in R, and R, in
Fig. 5.1.

(i) State and explain, by referring to the properties of the thermistor, which of the two
resistors R, or R, should be the thermistor.
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6 Fig. 6.1 shows a microprocessor system designed to operate as a digitally controlled generator of
saw-tooth waveforms.

Amplitude (4 Oy
O 0O0O ls Os
O 0O0O . 0.

Frequency 4 Oy
O OO I3 O3 DAC output
O OO O
0000 & Oz
O 0O0O Iy o}

+5V lo Oo
RU”‘I microprocessor
ov

Fig. 6.1

The system of Fig. 6.1 is operated as follows:

The user presses one of the eight buttons on the amplitude keypad to produce one of eight possible
amplitudes.

The user presses one of the sixteen buttons on the frequency keypad to produce one of sixteen
possible frequencies.

The user then presses the Run button and, for as long as this is pressed, the DAC will output the
saw-tooth waveform.
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(@) The first part of the program to make the microprocessor operate in the required manner
is shown below. Using the instruction set provided, explain the function of each section of

program.
Address Contents Explanation
00 BA  EF e e
02 EB B e e
04 CB T e e e e e e e e e aanna
06 B2 AA s
08 BA  EF e
0A EB 1B e e
0oC CB 00—
OE B2 BB e
[6]
(b) The next part of the program should make the system test the Run button.
If it is pressed then the program should move to address 60.
If it is not pressed then the program should return to address 00.
In the space below, write out the appropriate coding. Include an explanation of each line.
Address Contents Explanation
10 e et te et e reeaneeen
.................................................................................... [5]
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(c¢) The final part of the program enables the saw-tooth waveform to be produced.
Explain the function of each section of program.

© OCR 2009

Address

60

62

64

66

68

6A

6C

6E

70

72

74

Contents

3A

32

3A

32

D6

CA

32

3A

D6

Cc2

C3

AA

CC

CC

FF

01

10

CC

BB

01

70

64

Explanation

Quality of written communication [3]
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