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1 (a) e.g.infinite inﬁ)ut impedance / resistance

2

zero output iImpedance / resistance
infinite gain

infinite bandwidth

infinite slew rate

(any three, 1 each)

(b) (i) with switch open, V™ is less (positive) than V*

(a

(b)

(ii)

(i)
(ii)

(ii)
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output is positive

with switch closed, V™ is more (positive) than V* so output is negative

(allow similar scheme if V™ more positive than V" treated first)

1. diodes connected correctly between output and earth
2. green identified correctly
(do not allow this mark if not argued in (i))

point X shown correctly

op-amp has very large / infinite gain

non-inverting input is at earth (potential) / earthed / at 0 V

if amplifier is not to saturate, inverting input must be (almost)
at earth potential / 0 (V) same potential as inverting input

total input resistance = 1.2 kQ
(amplifier) gain (= —4.2/1.2) = -3.5
(voltmeter) reading = -3.5 x-1.5
=525V
(total disregard of signs or incorrect sign in answer, max 2 marks)

(less bright so) resistance of LDR increases
(amplifier) gain decreases
(voltmeter) reading decreases

B3

M1
A1
A1

M1
A1

B1

M1
M1

A1

C1

C1

A1

M1

M1
A1
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3 (a (i) fraction of the output (signal) is added to the input (signal) M1

out of phase by 180° / = rad / to inverting input

(i) e.g. reduces gain
increases bandwidth
greater stability
reduces distortion
(any two, 1 mark each)

4.4 /0.062
71

(b) (i) gain

(i) 71 = 1+120/R
R=17x10°Q

(c) for the amplifier not to saturate
maximum output is (71 x 95 x 10~ =) approximately 6.7 V
supply should be +/-9V

4 at16°C, V'=1.00VandV =098V or V' >V~
diode R is ‘on’ and diode G is ‘off’

as temperature rises, diode R goes ‘off and diode G goes ‘on’
(allow e.c.f. from 2" to 3" marks and also 3" to 4" marks)
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at 16 °C, output isS POSItIVE  ........euviiiiiiees
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A1 [2]
B2 [2]
A1 1]
C1
A1 [2]
B1
M1
A1 [3]
..................................... B1
........................................ M1
........................................ A1
....................................... B1 [4]
[Total: 4]



5 (a) e.g.reduces gain
increases bandwidth
less distortion
greater stability 1aCh, MaxX 2) . B2 [2]

(b) gain = —R:/ R,

S T 0 O USRS SPSEPRR M1
NUMENICAl VAIUE IS 2 .ottt e e e e e e e e et s e e e e e e e eeteaa e e eneaaeenes A0 [1]
o3 T 20 < T 1 o N PRSI A1 [1]

(if) e.g. digital-to-analogue converter (allow DAC)
adding / mixing signals with ‘weighting’ ........ccccoiiiii B1 [1]

[Total: 5]

6 (a) (part of) the output is added to /returned to / mixed with the input B1
and is out of phase with the input / fed to inverting input B1 [2]
(b) 25 =1 + (120/ R) C
R = 5kQ A1 [2]
(c) (i) -2V Al [
(i) 9V A1 [1]
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7 (a) (i) 1.2invertin amplifier) B1 (1]

gain of op-amp Is' very large / infinite B1
non-inverting input is at earth / 0V B1
for amplifier not to saturate, P must be at about earth / 0V B1 [3]
(if) input resistance is very large B1
(so) current in R, = current in R, B1
I= V|N / R1 B1
I=-Vour/ R, (minus sign can be in either of the equations) B
hence gain = Vour / Vin=—-R2 | Ry A0 [4]
(b) ( 1. feedback resistance = 33.3 kQ C1
gain (= 33.3/5) = 6.66 C1
Vout (5 6.66 x 1.2) =8.0V (+ or— acceptable, allow 1 s.f.) A1 [3]
2. feedback resistance = 8.33 kQ C1
Vout (= {6.66 x 1.2}/ 5) =2.0 V (+ or — acceptable, allow 1 s.f.) A1 [2]
(if) (Increase in lamp-LDR distance gives) decrease in intensity M1
Feedback / LDR resistance increases M1
voltmeter reading increases / becomes more negative A1 [3]
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