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1.

This question is about noise and signal recovery.

a)

b)

d)

/(Jj ; 4(9/C‘/‘/\v ,

Define the noise factor and noise figure of a signal processing device. Argue whether
the output S/N ratio of a device can be larger, smaller than or equal to that at the input.
What is the S/N ratio of a voltage source V; with internal resistance Ry ? What is,
therefore, the S/N ratio of a 1.5 volt battery of internal impedance 0.1Q2 over a
bandwidth of 100 Hz?

[5 marks]

Write an expression for the noise factor of a cascade of three amplifiers of gains and
noise factors G; F;, G» F>and Gs Fj respectively. Derive an expression for the noise
figure of the cascade of an infinite number of identical amplifiers of gain G and noise
factors F. (Hint: notice that the cascade forms a geometric series) What is the limit of
this noise factor as G tends to zero? as G tends to infinity?

[5 marks]

Derive the signal to noise ratio of a quantised sinusoidal signal, in terms of the

quantisation step size.

[5 marks]

With the aid of a block diagram describe the A A/D converter. Explain how it
achieves multibit resolution despite its using a 1 bit converter internally. If a final
sampling bandwidth B is required, what is the maximum resolution of the converter in

terms of the oversampling ratio?

[5 marks]

Explain how the S/N ratio of a measurement can be enhanced by averaging a number N
of repetitions of the measurement. How many measurements must be averaged if the
S/N ratio is to be enhanced by a factor of 10? How many measurements are needed to

enhance the Voltage signal to noise ratio by a factor of 107

/ [S marks]
T P JZ/CLJ,(’
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2. Inthis question we study a binary weighted D/A converter.

a)

b)

Design a 4 bit binary weighted D/A converter. Draw and fully label schematics for this
converter, including component values. You should choose component values so the
error arising from the 10 pA input bias and offset current of the OPAMP you use is less
than % LSB. Write an expression for the voltage output of this converter involving the
4 binary inputs.

[S marks]

Define when a converter is monotonic. Assume the resistors you use to construct a
binary weighted D/A converter are supplied with a tolerance of 2%, i.e. a resistor is
guaranteed to have an actual value within 2% of its nominal value. Write an expression
for the converter output involving the individual resistor tolerances. What is the
maximum number of bits for which a binary weighted converter is guaranteed to be
monotonic? Is your 4 bit converter of part (a) above guaranteed to be monotonic?

[10 marks]

Define the sensitivity of an instrument with respect to a component value. What are the
sensitivities of the binary weighted D/A converter of part (a) with respect to each of the

resistors you use?

[10 marks]
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3. In this question we will study a transimpedance amplifier

a) Draw and fully label the schematic for a simple OPAMP based transimpedance
amplifier.
[2 marks]

b) You are given the following specifications for the OPAMP:

e [t is a dominant pole OPAMP with an open loop gain Go and a pole at wo.

o The OPAMP has zero input admittance and zero output impedance.

e The OPAMP has zero voltage offset and current offset and bias.
Write an expression for the transimpedance gain as a function of frequency for a feedback
resistance Ry . Write an expression for the input impedance of the transimpedance amplifier

as a function of frequency.

[6 marks]

c) Write expressions for the sensitivities as a function of frequency of the
transimpedance gain to
e the value of the feedback resistor
e the value of the open loop gain of the OPAMP
o the value of the dominant pole frequency
What happens to these sensitivities in the extreme cases that the open loop gain is large or
unity?

[9 marks]

d) Describe and write expressions for the errors in the current measurement that will arise
if the OPAMP deviates from ideality in each of the following ways:

e Has a non-zero offset current.
e Has a non-zero bias current (Hint: this is equivalent to a non-zero input admittance)

[8 marks]
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4. General measurements

* Frequency
* Magnetic field
* Velocity

[2 marks each method]
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b)

d)

Wheatstone bridges.

Draw a diagram for a wheatstone bridge. Describe its operation. Derive its balance

condition.

[5 marks]

Calculate the bridge voltage output sensitivity to the impedance value of one of its

branches.

[5 marks]

Devise an AC bridge that can be used to measure capacitance. You may use variable
resistors, capacitors or inductors. Solve your bridge for the balance condition, and
derive its sensitivity to the change in the unknown capacitance. How can we minimise
the dependence of the sensitivity on the magnitude of the unknown capacitance?

[S marks]

Suggest a way to extend the range of this instrument, and discuss advantages and

drawbacks.

[S marks]

Design, draw a circuit diagram and discuss an amplifier suitable for amplifying the
error signal of the bridge. As the error lies on a large common mode signal your
amplifier must have a high CMRR. Write an expression for the differential gain of this
amplifier

[S marks]
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6. Oscilloscopes.

a)

b)

d)

Define the risetime of an oscilloscope. Write an expression for the risetime if the

vertical amplifier has a 3dB bandwidth B.
[5 marks]

The electron gun in the CRT has a current Ig. If 1 photon is generated for each electron
hitting the screen derive an expression for the trace intensity (i.e. number of photons
per unit trace length) when a sine wave of frequency f is displayed at a timebase setting
such that the total time displayed horizontally is 7.

[6 marks]

Describe and draw a qualitative schematic of the trigger circuit. Explain how events
preceeding the nominal trigger time can be displayed.

[6 marks]

Describe how the electronically intensified sweep method works. Draw an appropriate
diagram to assist your description. Explain how this circuit can be used to augment the

trace intensity.

[8 marks]
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