Exercise 3
Amplifier with carrier wave generator

3.1. Aim of exercise


Aim of exercise is to get to know operation principle, different ways of measurement properites examinations and amplifier with carrier wave generator application possibilities.

3.2. Introduction


In measurement technique of electric and non-electric quantities, amplifiers are used in processing of measurement signal during which also amplification of power of associated signal occurs.

Mostly two types of measurement amplifiers are utilized:

· broadband amplifiers made in intergrated circuit technology
· amplifiers with carrier wave generator


Properties of selected amplifiers are presented in tab. 3.1.


From table 3.1. it can be seen that the characteristic feature of amplifiers with beat frequency generator is lack of sensitivity to interference signals in the form of direct voltage and alternating voltage at frequency different from carrier frequency fn. This feature constitutes considerable advantage of amplifiers with beat frequency generator, allowing utilization these devices in measurement systems where interference sources in the form of direct voltage occurs, e.g. thermoeletric forces rulling out using broadbend amplifiers. Such devices are unbalanced bridges with parametric sensors, widely used in measurement technique of non-electric quantities by electric methods. Amplifiers with carrier wave generator were work out for unbalanced bridges and their metrological application are limited to this group of measurement devices.
Table 3.1. Comparison of properties of amplifiers applied in electric and non-electric measurement technique.

	Amplifier class

Properties and

parameters
	Wide-band

amplifier
	Amplifier with carrier wave generator

	Technology


	intergrated
	discrite, hybrid, intergrated

	Device structure


	simple


	complex



	Application possibilities
	wide
	limited to circuits with parametric sensors

	Bandwidth
	0…100kHz
	0…0,1fn
fn – carrier wave frequency

fn = 200Hz – 500kHz

	Zero floating
	typical for intergrated amplifiers
	typical like for amplifier with processing

	Sensitivity to disruption signals:

· direct voltage

· alternating voltage
	sensitive

sensitive
	insensitive

filters signals that f ≠ fn

	Sensor supplying
	direct voltage
	voltage at frequency fn


3.3. Operation principle of amplifier with carrier wave generator


Structural diagram of amplifier with carrier wave generator, cooperating with unbalanced bridge, is presented in Fig. 3.1. Unbalanced bridge is fitted with parametric measurement sensor. Value of Z parameter from this sensor changes under the influence of physical quantity X.


If quantity X=X0, value of parameter Z=Z0, bridge is balanced and voltage in diagonal of the bridge U0=0.

If physical quantity X changes its value with respect to time, and 

	x(t) = X0 + Δx(t),
	(3.1)


so parameter value Z of sensor also changes with respect to time, and

	z(t) = Z0 + Δz(t).


	(3.2)
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Fig. 3.1. Structural diagram of unbalanced bridge cooperating with 

amplifier with carrier wave generator.

From operation principle of parametric sensor one results that

	ΔZ = kΔX

Δz(t) = kΔx(t),
	(3.3)


k – constant of sensor.


Instantaneous value Δz(t) determines bridge detune from balance state and causes appearing unbalance voltage signal u0(t) in diagonal of the bridge.


Analysing unbalanced bridges exploited in linear range, one can notice that unbalanced signal waveform is deternimed by formula

	u0(t) = mΔz(t)uz(t)
	(3.4)


m – constant of bridge

uz(t) – bridge supplying voltage

Assuming that

	Δz(t) = Δz sinωt,


	(3.5)

	uz(t) = Uz sinωnt,
	(3.6)


ω – pulsation of physical quantity X
ωn – pulsation of bridge supplying voltage Uz, also called “carrier pulsation”, 

one can obtain:
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Expresion (3.8) proves that unbalanced singal waveform is in fact modulated waveform, in specrtum which does not exist carrier pulsation ωn (Fig. 3.1). Unbalanced signal uo(t) (according to Fig. 7.1) is provided to amplifier with gain kw and then to phase-sensitive rectifier (PF), controlled by voltage uz(t) = Uz sinωnt, which is proportional to supplying voltage. This rectifier does not react to magnitude of Uz’, but only to its phase. Phase‑sensitive rectifier works as element multiplying electric signals which results in output signal

	uPF(t) = u0(t) kw p sinωnt 
	(3.9)


p – constant of rectifier.

After substitution equation (3.8) to (3.9), one obtain
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	(3.10)



In signal spectrum of uPF(t), shown in Fig. 3.1, pulsations ω; 2ωn-ω and 2ωn+ω are seen.


After filtering in low-band filter waveforms with 2ωn±ω pulsation, one obtain demodulated signal determined by relationship
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	(3.11)


Assuming that 
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	ΔZ = kΔX,
	(3.12)


we obtain bridge unbalance signal in final form

	uWY(t) = c k ΔX sinωt
	(3.13)



As it turning out from above expression, such signal represents waveform of changing values of measured quantity X.


Properties of amplifier used in circuit in Fig. 3.1 (alternating voltage amplifier with transformer input), contribute to eliminating, during processing, direct voltage disruptions imposed on uo(t) signal. Interferences in the form of alternating signals up(t) = Up sinωpt are amplified by described amplifier and come to input of phase-sensitive rectifier causing change of output signal described by expression (3.9) to form

	uPF(t) = [uo(t) + up(t)] kw p sinωnt,
	(3.14)


hence
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	(3.15)


3.4. Processing metrological analysis


According to formulas (3.11) and (3.12) output signal in circuit in Fig. 3.1. can be expressed in form
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	(3.16)


Basing on that relative borden systematic error of unbalance signal U0 processing, representing value of quantity X
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values m, kw, p, Uz, k exist in expression (3.17) as constants, so components of relative error δX should be interpreted as their relative changes with respect to their rated values.
Amplifier with carrier wave generator 
Static characteristic


Static characteristic we obtain in circuit shown in Fig. 3.1.
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Fig. 3.1. Measurement circuit to examining static properties of amplifiers with 

beat frequency generator

After assembling and starting of the circuit we choose by keyboard

· amplifier gain

· parameters of phase-sensitive rectifier


- half-cycle 


- full-cycle


- full-cycle asymetric

· filter frequency bandwidth


In the next step we select value of resistor RD1, for example RD1=100 Ω and RD2=0 Ω and adjust value of RD1 to obtain showing of digital voltmeter e.g. 1,000 V.

Amplifier has linear characteristic until output voltage is up to 2V. Changing value of RD1 steply by 10Ω, and meeting requirement that RD1+RD2 = const and RD1 = const (current flowing out from generator has contant value), we do measurements for positive and negative showings of digital voltmeter. Then we put results into tabel and determine nonlinear processing error of amplifier. 


Using oscilloscope we observe signal processing in measurement chain.

Dynamic characteristic 


Amplifier dynamic characteristic, magnitude characteristic, we obtain using circuit shown in Fig.3.2
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Fig. 3.2. Circuit to obtaining magnitude characteristic of

amplifier with carrier wave generator


The figure presents the circuit which simulates unbalanced bridge consists of generator and multiplier. Voltage from carrier wave generator is modulated by voltage from auxiliary generator G through multiplying system. 


First measurment of charasteristic is made for frequency fG=20 Hz from generator G,  value of output amplifier voltage, measured by digital voltmeter, is assumed to have 1V. Next we change frequency of generator in sequence 50, 100, 200, etc., and write down values of output voltages. Measurements are made for given settings of gain, rectifier work mode and bandwidth.


Particular attention should be paid on results obtained for generator G frequencies which are multiple of frequency provided by carrier wave generators. Measurement results should be contained in table. Determine frequency bandwidth of amplifier with 1dB and 3dB error.
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