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Measurements- Exercises

� 1.1 Exercise 1- Differentiator and Integrator

� 1.2 Exercise 2- V-A characteristic of diode & 
Transistor Characteristics curvesTransistor Characteristics curves

� 1.3 Exercise 3- Half- wave rectifier

� 1.4 Exercise 4- Operational Amplifiers circuits



Exercise 1- Integrator and Differentiator 

Tasks:
• 1.) To measure the amplitude- frequency characteristics of

integrator and differentiator
• 2.) To measure the response of differentiator and integrator when

the applied signal is a periodic square wave with different
parameters (amplitude, DC, frequency (f= 1/T)-τ < T, τ ≈ T, τ > T)



Exercise 1- Integrator

Low pass Filters are used to pass low-frequency sine waves and
attenuate high frequency sine waves. Thecutoff frequencyωωωωc is used to
distinguish the passband (ωc>ω) from the stopband (ωc<ω). An
elementary example of passive lowpass filter is given below.
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Exercise 1- Integrator

At cutoff frequency Gain  1 / 2  .  Substituting in (2)  result in
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From (3), we see that the phase angle at cutoff frequency is 45− o

The ratioV0/Vi is shown byH(jω), and is called thefrequency response
transfer function. The gain versus frequency, and the phase angle
versus frequency known as thefrequency responseis as shown.



Exercise 1- Integrator
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The ratioV0/Vi is shown byH(jω), and is called thefrequency response
transfer function. The gain versus frequency, and the phase angle
versus frequency known as thefrequency response is as shown.
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Exercise 1- Differentiator

High pass Filters are used to stop low-frequency sine waves and pass
the high frequency sine waves. Thecutoff frequencyωωωωc is used to
distinguish the stopband (ωc>ω) from the passband (ωc<ω). An
elementary example of two passive highpass filter is given below.
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Exercise 1- Differentiator
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The ratioV0/Vi is shown byH(jω), and is called thefrequency response
transfer function. The gain versus frequency, and the phase angle
versus frequency known as thefrequency responseis as shown.
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Exercise 1- Differentiator

The ratioV0/Vi is shown byH(jω), and is called thefrequency response
transfer function. The gain versus frequency, and the phase angle
versus frequency known as thefrequency response is as shown.



Exercise 1- Differentiator and Integrator

Tasks:
• 1.) To measure the amplitude- frequency characteristics of

differentiator and integrator
• 2.) To measure the response of differentiator and integrator when

the applied signal is a periodic square wave with different
parameters (amplitude, DC, frequency (f= 1/T)-τ < T, τ ≈ T, τ > T)



Exercise 2- V-A characteristic of diode

D- general, LED, Zener diode (ZD)
Tasks:
• 1.) Measure the V-A characteristics of diode (for input voltage u1)

• 2.) Find the quiescent operating point (Q- point : for input voltage 
u1=3V)
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• Figure illustrates the operating
characteristics of a practical diode. This
curve differs fromthe ideal characteristic
in the following ways: As the forward
voltage increases beyond zero, current
does not immediately start to flow.

Exercise 2- V-A characteristic of diode
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• It takes a minimumvoltage, denoted by
UF, to obtain any noticeable current. As
the voltage tries to exceed UF, the
current increases rapidly. The slope of
the characteristic curve is large but not
infinite, asis thecasewith theidealdiode.

Exercise 2- V-A characteristic of diode

0,2 0,7 uD

Reverse- biased region

Breakdown voltage (not to scale)

Si

Ge

Avalanche breakdown

Leakage current

 Slope = 1
Rr

UF ((((Si)

infinite, asis thecasewith theidealdiode.



iD

Ge Si
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• The minimum voltage required to
obtain noticeable current, UF, is
approximately 0.7V for silicon
semiconductors (at roomtemperature) and
approximately 1.4V for LED.

Exercise 2- V-A characteristic of diode
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• When the diode isreverse-biased, there
is some small leakage current. This
current occurs provided that the reverse
voltage is less than the voltage required to
break down the junction.

Exercise 2- V-A characteristics of diode
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• If the negative voltage becomes large
enough to bein the breakdown region, a
normal diode may be destroyed.

Exercise 2- V-A characteristic of diode
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• The curve is not to scale in the reverse-
biased region as the avalanche breakdown
is usually at a large negative voltage
(typically 50V or more).

Exercise 2- V-A characteristic of diode
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Exercise 2- V-A characteristic of diode
• The damage to the normal diode at breakdown is due to the

avalanche of electrons, which flowacross the junction with little
increase in voltage. The large current can cause destruction of the
diode if excessive heat builds up. This breakdown is sometimes
referred to as thediode voltage breakdown.



Exercise 2- V-A characteristic of diode
• The damage to the normal diode at breakdown is due to the

avalanche of electrons, which flowacross the junction with little
increase in relative high voltage of the electric field. The large
current can cause destruction of the diode if excessive heat builds
up. This breakdown is sometimes referred to as thediode voltage
breakdown.

• Diodes can be constructed to
utilize the breakdown voltage to
simulate a voltage-control
device/ source. The result is a
Zener diode.



Exercise 2- V-A characteristic of diode

D- general, LED, Zener diode (ZD)
Tasks:
• 1.) Measure the V-A characteristics of diode (for input voltage u1)

• 2.) Find the quiescent operating point (Q- point: for input voltage 
u1=3V)



Exercise 2-Transistor Characteristics curves

Tasks:
• 1.) Measure the input characteristic of transistor (Emitter- base)
• 2.) Measure the output characteristics of transistor (Collector-

emitter), where base current is a parameter



Exercise 2-Transistor Characteristics curves



Exercise 2-Transistor Characteristics curves
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Exercise 2-Transistor Characteristics curves



Exercise 2-Transistor Characteristics curves



Exercise 2-Transistor Characteristics curves



Exercise 2-Transistor Characteristics curves

Tasks:
• 1.) Measure the input characteristic of transistor (Emitter- base)
• 2.) Measure the output characteristics of transistor (Collector-

emitter), where base current is a parameter



Exercise 3- Half- wave rectifier

Tasks:
• 1.) Measure the static transfer characteristic of half- wave rectifier

u2=f(u1)
• 2.) Measure the output waveformof half- wave rectifier in time

domain with (and without) capacitor C1, for different parameters of
input periodic signal (for different frequency )



Exercise 3- Half- wave rectifier

• Within this exercise we will familiar with the diode configuration to
perform useful function- rectification- major application of the
diode



Exercise 3- Half- wave rectifier
Half-Wave Rectification
• Since an ideal diode can sustain current flowin only one direction,

it can be used to change an ac signal into a dc signal.

• The task of our exercise is measure a simple half-wave rectifier
circuit:

• Whenthe input voltage is positive, thediodeis forward-biased• Whenthe input voltage is positive, thediodeis forward-biased
and can be replaced (assume it is ideal) by a short circuit.

• When theinput voltage is negative, the diode is reverse-biased
and can be replaced by an open circuit (provided the voltage
does not get sufficiently negative to break down the diode).



Exercise 3- Half- wave rectifier
Half-Wave Rectification
• Figure shows an example of the output waveformassuming a 100V

amplitude sinusoidal input, R1=10Ω, and R2 = 90Ω.

• When the diode isforward-biased, the output voltage across the
load resistor R2 can be found fromthe voltage divider relationship
R1&R2. Alternatively, in thereverse-biased condition, the current
is zero,sotheoutputvoltageis alsozero.is zero,sotheoutputvoltageis alsozero.



Exercise 3- Half- wave rectifier
Half-Wave Rectification
• The half-wave rectifier can be used to create an almost-constant dc 

output if the resulting waveform is filtered. We note that the half-
wave rectifier is not very efficient. During one-half of each cycle, 
the input is completely blocked from the output. If we could transfer 
input energy to the output during this half cycle, we would increase 
output power for a given input- full- wave rectifier.output power for a given input- full- wave rectifier.
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Exercise 3- Half- wave rectifier

Tasks:
• 1.) Measure the static transfer characteristic of half- wave rectifier

u2=f(u1)
• 2.) Measure the output waveformof half- wave rectifier in time

domain with (and without) capacitor C, for different parameters of
input periodic signal (for different frequency )



Exercise 4- Operational Amplifiers circuits

Tasks:
• 1.) Measure the output waveform of inverting amplifier in time domain, for 

different parameters of input periodic signal (frequency) and different values of 
feed- back resistor R2. Find the gain of the circuit for particular values of R2.

• 2.) Measure the output waveform of noninverting amplifier in time domain, for 
different parameters of input periodic signal (frequency) and different values of 
R2. Find the gain of the circuit for particular values of R2.

• 3.) Measure the DC transfer characteristic of inverting and noninverting amplifier 
for particular values of R2.



Exercise 4- Operational Amplifiers circuits



Exercise 4- Operational Amplifiers circuits



Exercise 4- Inverting OA



Exercise 4- Noninverting OA
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Exercise 4- Noninverting OA



Exercise 4- Operational Amplifiers circuits

Tasks:
• 1.) Measure the output waveform of inverting amplifier in time domain, for 

different parameters of input periodic signal (frequency) and different values of 
feed- back resistor R2. Find the gain of the circuit for particular values of R2.

• 2.) Measure the output waveform of noninverting amplifier in time domain, for 
different parameters of input periodic signal (frequency) and different values of 
R2. Find the gain of the circuit for particular values of R2.

• 3.) Measure the DC transfer characteristic of inverting and noninverting amplifier 
for particular values of R2.



Equipments
http://meas-lab.fei.tuke.sk/pracoviska.html

• 1.) Multimeter (http://www.wisc-online.com/objects/ViewObject.aspx?ID=eng802)
• 2.) Generator (http://www.ee.usyd.edu.au/tutorials_online/topics/labintro/wav.html)
• 3.) Oscilloscope (http://www.slideshare.net/prasadpawaskar/prasad-5700898)
• 4.) Power supply (http://www.ee.usyd.edu.au/tutorials_online/topics/labintro/dc.html)


