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INTRODUCTION

The place of laboratory work in Electrical and Etenic Engineering is very
important. Laboratory course work enables studémtslo experiments on the
fundamental laws and principles encountered in ttleoretical work. In these
formative years the student is made to identify mlewrange of electrical
components, measure their values thereby learrongandle instruments and
equipments and to appreciate their limitationsd&tis are also made to learn how
to bread board, connect simple circuits and vetifg simple laws of Ohms’
Kirchhoff 's Current and Voltage Laws, TheveninNprton’s, and others who
have contributed immensely on the formulation @fdaand theories. Other aspect

of Electrical and Electronic practical were all Weath.

It may also be observed that the background infaomdo every experiment is the
‘theory’ aspect and it is quit lengthy in many cadeé is aimed at ensuring that the
students are sufficiently familiar with the theacet aspect of the experiment and

consequently sharpen their focus on the resulteaz.

The laboratory exercises in this manual are dedigte provide a working
knowledge of some of the more fundamental prinsipteElectrical, Electronic an
d Computer Engineering. All the experiments on tlasdbook were simulated to
get the response of each circuit, and were alldouarking properly as expected.
While working through the manual the student wdkcbme more familiarize with

the manual and the basic theories in ElectricalEEedtronic Engineering.

In order to fully understand the principle beingestigated, the student is advised
to read extensively in the related topics beforeramg the laboratory. At the end
of each laboratory, questions and exercises shioelldompleted and returned to

the Examiner for proper grading as scheduled.



GENERAL LABORATORY SAFETY

Safety is an important factor in any laboratory kvdt should be understood that
any use of electricity inherently involves some réegof safety hazard. The best
way to achieve safety in the use of electrical popaent is to adhere to all the

safety rules which include;

1. Understanding equipment you are proposing to udetamating,
2. Understanding the application to which the equipneto be use for,
3. Ensuring that all reasonable safety measures hosvéd,

4. Taking no chance, nor short cut, in safety proceslur



GENERAL ENGINEERING LABORATORY RECORDS AND REPORTS

The formats for the experimental records and repoftthe experiments to be
conducted are expected to be outlined as.

1. Experiment number, Title and Date: These shouldthéed clearly at the
beginning of the report;

2. Objective of Experiment: The aim for which the esipeent is taken;

3. Theory: This include the laws related to the expent;

4. Apparatus: Description of apparatus, where applahbe serial number of
the apparatus and any special features of theapganust be stated,;

5. Procedure (method): These should include the qeguriof the connections
made, the nature and range of inputs, how readergs taken, any
adjustment made, etc.;

6. Circuit Diagram: The circuit diagram must be clgdabeled,;

7. Results: Readings obtained should be clearly tédailacalculations should
be clearly outlined, graphs where necessary mudtdsen neatly.

8. Observation: Difficulties encountered, precautiakein etc should be clearly
stated;

9. Conclusion: Comment on the result obtained, whetheresult confirms the

theory. If theory is not confirmed, give possibdasons
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EXPERIMENT ONE: THE BIPOLAR TRANSISTOR CHARACTERIST ICS

1.0 OBJECTIVES:
(1) The bipolar transistor.
(2) The bipolar transistor characteristics.

(3) Operating line and operating point.

1.1EQUIPMENT REQUIRED
TPS-3321
Power supply
A multimeter
Banana wires
Transistor 1N2222
Resistors: 10Q, 1kQ, 10k, 91kQ

1.2 PROCEDURE

Step 1: Connect TPS-3321 trainer to the power supply amshect the power
supply to the Mains.

Step 2: Implement the following circuit on the main plughboard.

+12V

1K

\/_

\

1NN

Fig 1.0



Step 3: Turn ON the power supply.

Step 4: Change ¥g according to the following table and register tieasured
values of \4, Vc and e

Table 1.0

No. |12 3|4 |56 |7 (8]9]10|1112|13

Vs[V] |0/0.3/0.6/09/1.2/15(1.8/2.1|24|2.7 3 |3.3|3.6

Ve [V]

Ve [V

Ve [V]

\ BE
[V]

Ve
[V]

le

[MA]

lc
[MA]

le
[MA]

hee

Step 5: Calculate e for every column according to the following forraul
Ve =V V¢ (1.1)

Step 6: Calculate ¥g for every column according to the following forraul



Ve =Vg Ve (1.2)
Step 7: Calculated for every column according to the following forraul
IE =-— (12)
Step 8: Calculated for every value of ¥ according to the following formula:
_ Vee —Ve)
Ig= "¢ °¢ /Rc (1.3)
Step 9: Calculate 4 for every column according to the following forraul
VB

B :E (14)

Step 10: Calculatehpg = IC/IB for each column in the table.

Step 11: Plot your results on the following graph.

Ic
A

Fig 1.1
Step 12: Mark the three region on the graph:

. The cutoff region.
. The linear region.
. The saturation region.

Step 13: Plot your results on the following graph.



0 > Ve

Fig 1.2
Step 14: Mark the three regions on the graph:

. The cutoff region.
. The linear region.
. The saturation region.

Step 15: Implement the following circuit on the main plughoard.

+12V

Ry |:| 91K 1K

2N2222

VB-

N,

R, u 10K 100Q |:| Re

Fig 1.3




Step 16: Measure ¥, Vc and e

Step 17: Calculatel, = (ec ~Ve) /x.

Step 18: Mark the operating point on the graph that youtptbin step 13.

Step 19: Implement the following circuit on the main plugboard.

+12V

I

o] o

Vi ¢

R, u 10K

1K

Rc

Ve
2N2222
Ve

Fig 1.4

Step 20: Measure ¥, Vc and k.
Step 21: Calculate ¢ = (Vcc - Vo) / Re.

Step 22: Mark the operating point on the graph that youtptbin step 13.

(1.5)
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EXPERIMENT REPORT:
1) Write the name of each experiment and draw bel@netlctronic circuit.
For each circuit include the experiment measurespeesults and graphs.

2) Compare between the preliminary questions and ttemples with the
measurement results.

12



EXPERIMENT TWO: THE BIPOLAR TRANSISTOR AMPLIFIER

1.0 OBJECTIVES

1. Amplifier gain measurement.

2. Input impedance measurement.
3. Output impedance measurement.

4. Phase shift measurement.

1.1 EQUIPMENT REQUIRED

. TPS-3321

. Power supply

. A Multimeter

. An oscilloscope

. Banana wires

. A transistor 2N2222

. Resistors: 10Q, 1kQ, 5.1k, 10k, 91kQ
. Capacitor: 10F

1.2 PROCEDURE

Step 1: Connect TPS-3321 trainer to the power supply amthect the power
supply to the Mains.

13



Step 2: Implement the following circuit on the main plughoard.

4192V

Fig 2.0
Step 3: Turn ON the power supply.
Step 4: Measure ¥, V¢, Vce and \E.

Step 5: Calculate ¢:
Vee =V, 12 -V,
I = (Vee C)/Rc — ( C)/1000 (2.1)

Step 6: Plot the operating line and the operating pointrengraph.

Ic
A

A
\Vc\
VCC

Fig 2.1

Vcc
Rc + Re

Step 7: Connect the function generator output probe totkpoint.

Step 8: Connect the scope probe CH1 to the function ggoeroutput. To
calculate the amplifier's parameters, it does natten if we use Vpeak or
Vp-p or an effective voltage as long as we are isters.

14



Step 9:

Step 10:
Step 11:
Step 12:
Step 13:
Step 14:
Step 15:
Step 16:

Step 17:
Step 18:
Step 19:
Step 20:

Note: To annotate AC parameters we use small letters.
We use the 1® resistor as the fXesistance.

Use the following h parameter values for your gltons:

H¢ = 100, hie = 2KQ, 1 - 20KQ

hoe

CE Amplifier:

Connect a by-pass capacitor of @0 parallel to R thus short circuiting
the AC voltages R We do not short circuit Rn order not to change its
DC operating point.

Adjust the function generator to generate a,} MKHz sine wave.
Connect the Ckprobe to the ¥ point.

Calculate and record thg,pAA;, R, R, according tdh parameter model.
Measure the voltagesc\(V,), Vrsand V.

Calculate and record the AV,,A/R according to your measurements.
Check the phase shift between the output anchiine.i

Compare the amplifier calculation characterisaosl the measurement
characteristics.

CE Amplifier with Re:

Disconnect the by-pass capacitor @f R
Adjust the function generator to generate a 1 \Akpiz sine wave.
Calculate and record the AV,,AR according to h parameter model.

Measure the voltagesc\(V,), Vrsand V.

Step 21: Calculate and record the AV, AR according to your measurements.

15



Step 22: Check the phase shift between the output andhiihe.i

Step 23: Compare the amplifier calculation characterisacsl the measurement

characteristics.

Emitter Follower Amplifier:

Step 24 Connect the CH2 probe to point.V

Step 25: Calculate and record the AV,,/A&R according to h parameter model.
Step 26: Measure the voltages=\{V,), Vrsand V.

Step 27: Calculate and record the,AA,, R according to your measurements.
Step 28: Check the phase shift between the output andhihe.i

Step 29: Compare the amplifier calculation characterisacsl the measurement

characteristics.

CB Amplifier:

Step 30: Implement the following circuit.

+12V

16



Step 31:
Step 32:
Step 33:
Step 34:
Step 35:
Step 36:
Step 37:

Adjust the function generator to generate a,} 3KHz sine wave.
Connect the Chprobe to point V.
Calculate and record the,AA;, R according to h parameter model.
Measure the voltagesc\(V,), Vrsand V.
Calculate and record the,AA;, R according to your measurements.
Check the phase shift between the output laadhput.

Compare the amplifier calculation characterisaosl the measurement
characteristics.

EXPERIMENT REPORT:

1) Write the name of each experiment and draw bel@naetactronic circuit.

For each circuit include the experiment measurespeasults and graphs.

2) Compare between the preliminary questions and ttemples with the
measurement results.
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EXPERIMENT THREE: INVERTING AND NON INVERTING OP-AM P
CIRCUITS

3.0 OBJECTIVE
To demonstrate the operation of both inverting amakinverting amplifier

circuits, using a 741 operational amplifier. Boittgits operate in the closed-loop

mode.

3.1 MATERIALS

Resistors (1/2 W): 1k; 4.7k; (2) 10k; 22k; 47k; kOO
741 op-amp (8-pin mini-DIP)

Two 0-15 v dc power supplies

Signal generator

Dual trace oscilloscope

Breadboard.

3.2 PREPARATION

The inverting amplifier's closed-loop (voltage) gaan be less than, equal to, or
greater than 1. As its name implies, its outpunaigs always inverted with respect
to its input signal. On the other hand, the norerting closed-loop (voltage) gain
Is always greater than 1; while the input and ougpgnal are always in-phase.
Inverting amplifier closed-loop voltage gain

— —R¢
Av = 2 (3.1)

Non-inverting amplifier closed-loop voltage gain
Av= 1 +Rf/Ri (32)

18



XFG1

LM

XSC1

XSC1

R1
10k Ohm_5%)
21— LR2
%1.0k0hm_5%
| 4 741
+ il
V1 V2
<
15v -15v
il
15V 1LY
Fig. 3.0: Inverting Amplifier Circuit
R3
XFG1 100kohm 9
(IR L
| 7 1 5 Ul
S 3
R1 + 6
21— R2
10kOhm_5% § 1.0kOhm_5%
. /‘ 4 741
- V1 V2
15v -15v
I 1|
15v 15v

Fig. 3.1: Non inverting Amplifier Circuit
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3.3 PROCEDURE

STEP 1:

STEP 2:

STEP 3:

STEP 4:

STEP 5:

Wire the inverting amplifier circuit shown in therematic diagram of
fig 3.0, and set your oscilloscope for the followisettings: Channels 1
and 2: 5 v/ division, ac coupling Time base: 1 nvsstbn

Apply power to the breadboard, and adjust tipativoltage to 1v peak-
to- peak and the frequency at 500 Hz. Positioniripat voltage above
the output voltage on the oscilloscope display. Wbathe difference
between the two signals? Notice that the outputadigs of opposite
form, or is inverted, compare to the input sigfidle output voltage is
then said to be inverted from, or 180° out-of-phagh, the input, since
the positive peak of the output signal occurs wiieninputs peak is
negative.

Measure the peak-to-peak output voltage. Thearche the voltage
gain and compare it to the expected value, ré&egrgdour results in
table 3.0 The peak-to-peak output voltage shouldhieesame as the
input (1v), so that the voltage gain is -1. The usirsign indicates that
the output is inverted with respect to the input.

Keeping the input signal at 1v peak-to-peak, gearesistor Raccording
to table 3.0, recording your results as in stelpa&h time, disconnect the
power supplies and signal generator before yougdhdime resistor. Do
your results agree with those obtained from theatgn for the
inverting amplifier voltage gain? As the resultstalble 3.0 indicate, the

voltage gain of an inverting amplifier can be mdadebe less than 1,
equal to 1, or greater than 1.

Wire the non-inverting amplifier circuit showm the schematic diagram

of fig 3.1. Apply power to the breadboard and aidjhe input voltage
to 1v peak- to-peak and the frequency at 500HaiR@osition the

20



STEP 6:

input voltage above the output voltage on thellosciope’s display.
What is the difference between the two signals? diflg difference is
that the output signal is larger than the inpuhalgBoth signals are
said to be in-phase, since the output signal gosgiye exactly when
the input does.

Measure the peak-to-peak output voltage. Thetarohine the voltage
gain and compare it to the expected value, recgrgiour results in
table 3.1The peak-to-peak output voltage shoulaggroximately 2V,

so that the voltage gain is 2.

STEP 7: Keeping the input signal at 1v peak-to-peak, geamesistor Raccording

to table 3.1, recording your results as in stegdch time, disconnect
the power supplies and signal generator beforecyamge the resistor.
Do your results agree with those obtained froendfuation for the
non-inverting amplifier voltage gain? As the resubbf table 3.1

indicate, the voltage gain of a non-inverting arfigrlican never be less
than 1 or equal to 1.1t will always be greater than

TABLE 3.0 INVERTING AMPLIFIER

Rf | Measured Measured Expected %

Vo Gain Gain Error

10k

22k

47k

100k

4.7k

1k

21



TABLE 3.1 NON-INVERTING AMPLIFIERS

Rf

Measured

Vo

Measured

Gain

Expected

Gain

%

Error

10k

22k

47k

100k

4.7k

1k

22



EXPERIMENT FOUR: OP-AMP COMPARATORS

4.0 OBJECTIVE

To demonstrate the operation of non-inverting aveiting comparator circuits
using a 741 operational amplifier. A comparatoed®ines whether an input
voltage is greater than a predetermined referened.|Since a comparator
operates in an open- loop mode, the output volipgpeoaches either its positive or
its negative supply voltage.

4.1 MATERIALS

Resistors (1/2 W): (2) 1k; 4.7k; (2) 10k; 47k0k0 100k potentiometer
741 op-amp (8-pin mini-DIP)

1N914 (or 1N4148) diode

LED

2N3904 NPN transistor

Two 0-15v dc power supplies

Signal generator

Dual trace oscilloscope

Breadboarding socket

4.2 PREPARATION
Non-inverting comparator output

VO = + Vgyu when Vi > \kge

VO = - Vg when Vi < \kge

Inverting comparator output
23



VO = + Vsy
VO = - Vgqt
XFG1

when Vi < \ker

when Vi > \kege

Fig. 4.1: Inverting Operational Amplifier Comparator Circuit

1klohm

—

R1

2.2kOhm
Key=a

741

V2
-15v

15v




XFG1

Ll s

R1 + 6
glkohm
2 |-
R3
4 741 § lkohm
LED1
R2 x
2.2kOhm  shoe !X
ﬁé Key= a Vi V3
g
= 15v -15v
t | | 4
15V 15V

Fig 4.2 Non Inverting Amplifier Comparator Circuit

4.3 PROCEDURE

STEP 1:

STEP 2:

Wire the circuit shown in the schematic dagrof fig 4.1, and set
your oscilloscope for the following settings:

Channel 1: 1v / division. Dc coumgli

Channel 2: 10v / division, Dc caogl

Time base: 1ms/ division

Apply power to the breadboard, and adjustitipait voltage at 3v
peak-to-peak and the frequency at 300 Hz. Whatptiarity of the
output voltage when the input signal goes positivéhen the input
goes negative? When the input signal Vi is appteedhe op-amp’s
non-inverting input, the output signal polarity Mbe the same as that
of the input, so that this circuit is a non-invegicomparator. In this

case, the reference voltagezeY is zero (the inverting input is

25



grounded). Because of high open loop gain of tharmp, the output
immediately goes positive when Vi is greater thanozvolt (Vkep),
and vice versa. This circuit is also referred t@a®n-inverting zero-
level detector since it detects the polarity of thput signal. The
maximum output (saturation) voltagess, for the 741 op-amp is
typically 12V to 14V when using a 15V supply.

STEP 3: Disconnect the power and signal leads to thediv@ard, and reverse
the input connections to the op-amp so that thetirgignal is now
connected to the inverting input while the non-mwg input is

grounded, as shown in fig 4.1.

STEP 4. Again apply both the power and signal leadshto lireadboard. Now
what is the difference between the operation of ticuit and that of
the circuit used earlier? Notice that the outputhed comparator circuit
has a polarity that is inverted with respect to ithgut signal. Such a
circuit is called inverting comparator. Furthermosence the reference
voltage (the voltage at the non-inverting inputizeso, this circuit is
also referred to as inverting zero-level detedfdnen the polarity of t
he input signal is positive, the output voltage agu-Vsar, and vice
versa. As can be seen, both circuits are usefobmverting sine waves

into square waves.
STEP 5. Disconnect the power and signal leads from tieadiboard, and wire

the circuit shown in fig 4.1. Make sure that yowédhe 1N914 and

LED diodes, as well as the NPN transistors, wineemily.

26



STEP 6:

STEP 7:

Apply power to the breadboard. Depending on tk#ing of the
potentiometer, the LED may or may not be ON whea gonnect the
power. If the LED is on, turn the potentiometer#ge point at which
the LED is off.

With your oscilloscope, measure the voltagehatdp-amp’s inverting
terminal (pin 2), which is the reference voltaggpor the comparator,

and record the value in table 4.0

STEP 8: Now connect the oscilloscope to the op-amp’s mwediting input (pin

2). While watching the LED, vary the potentiomejigst until the LED
lights up. Measure this voltage at pin 3, Vi (camd record your result in
table 4.0. How does this value compare with the yme determined in
step 7? These two values should be nearly the s@hen the input
voltage Vi at the non-inverting input exceeds tbhenparator’s reference
voltage at the inverting input, the op-amp comgarstoutput switches
from its negative saturation voltage to its positsaturation voltage. This
circuit is a non-inverting comparator whose nonzgference voltage is
set by the 10R and 1K) resistors connected as a simple voltage divider.
The transistor-LED circuit connected to the outpéitthe comparator
allows you to determine visually whether the inpaltage is greater or
less than the reference voltage. If the input gyatexceeds the reference,
the LED is lit.

STEP 9: Disconnect the power to the breadboard. Verifydperation of this non-

inverting comparator by varying voltage-dividerisésr R, and repeating
step 6, 7 and 8, according to table 4.1

27



TABLE 4.0 INVERTING COMPARATOR

R1

Measured ¥cr

Measured Vi (on)

1k

10k

47k

TABLE 4.1: NON-INVERTING COMPARATOR

R1

Measured Wer

Measured Vi(on)

1k

10k

47k
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EXPERIMENT FIVE: FIELD —EFFECT TRANSISTORS (FETS)

5.0 OBJECTIVES
To examine the characteristics of a field-effean&istor.

5.1 MATERIALS

1 FET Transistor 2N3819 or equivalent
One PSU 20V variable D.C. metered output
One 8.2 resistor

One PSU 0—5V D.C. metered output

One voltmeter 0-5V D.C.

One voltmeter 0-20V D.C.

One milliammeter 0-10mA D.C.

5.2 PREPARATION
The field effect transistor (FET) is a three — terah semiconductor device having

characteristics similar to that of a pentode vacuwine. Unlike the bipolar

Transistor, the FET is woltage operateddevice (i.e. instead of being biased by
current, the FET is biased by a voltage. There tew® kinds of field —effect

devices: The Junction FET (JFET) and the metal deoxgemi-conductor FET
(MOSFET). The FET has an extremely high input tasise and has no offset
voltage when used as a switch (or chopp)
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XMM1

E R2
ID

5kOhm
jé Key =a

R1 Ql 50%
1 v 50% 2SKLLT
= on XMM2 YES)\E)
2.5kOhm 1 1.
Key=a —_—
XMM3 ' T
R3
5000hm
VDS Key —-a

50%

VGS

L

Fig. 5.0: JFET Characteristics Circuit

5.3 PROCEDURE:
Connect the circuit in fig 5.0 Ensure the powerpynits (psu) control is set to

minimum. With the values of Vgs = 0, switch on fh@ver and note M and b;
Increase Vgs in steps of -1V until -4V is reacheting I, for Vps =1, 2, 3,4, 8V

and 12V for each increment of Vgs. Tabulate yolnes

Now set \bs to +1V and repeat the full set of readings as ab&inally take more
readings for s = + 2V, 3V, 5V, 10V and 12V.

Using The Table Of Values Obtained Above

STEP 1:Plot a graph ofd against \,s(called Transistor characteristics).
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STEP 2: Plot b, against s(called drain characteristics).

STEP 5: Locate the knee on the forward drain charactesisfps max and plot
log Ip Versus log 10¥s max and comment on the slope. Comment on

the shape of your graphs.
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EXPERIMENT SIX: ACTIVE LOW- PASS AND HIGH — PASS FI LTERS

6.0 OBJECTIVES

1. Plot the gain-frequency response and determineuteff frequency of a
second-order (two-pole) low-pass active filter.

2. Plot the gain-frequency response and determineutieff frequency of a
second-order (two-pole) high pass active filter.

3. Determine the roll-off in dB per decade for a satonder (two-pole)
filter.

4. Plot the phase-frequency response of a secondpbha)-filter.

6.1 MATERIALS

One function generator

One dual-trace oscilloscope
One LM741 op-amp

Capacitors: two .001 pF, one pF

Resistors: one 1¢k one 5.86K, two 10 K2, two 30 Ko

6.2 PREPARATION

In electronic communication system, it is often es=sary to separate a specific
range of frequencies from the total frequency spett This is normally
accomplished with filters. Ailter is a circuit that passes a specific range of
frequencies while rejecting other frequenciéstive filters use active devices
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such as op-amps combined with passive elementsveAéiters have several
advantages over passive filters. The passive elsnpeavide frequency selectivity
and active device provide voltage gain, high inpopedance, and low output
impedance. The voltage gain reduces attenuatitimeadignal by the filter, the high
input impedance prevents excessive loading of thece, and the low output
iImpedance prevents the filter from being affectgdtlie load. Active filters are
also easy to adjust over a wide frequency rangéowit altering the required
response. The weakness of the active filters isiffper-frequency limit due to the
limited open-loop bandwidth (fi,) of op-amps. The filter cut-off frequency cannot
exceed the unity-gain frequencyiff) of the op-amp. Ideally, a high-pass filter
should pass all frequencies above the cut-off f'eegy (fc). Because op-amps
have a limited open-loop bandwidth (unity-gain fregcy, fniy), high-pass active
filter have an upper-frequency limit on the higlspaesponse, making it appear as
a band-pass filter with a very wide bandwidth. Hfere, active filters must be
used in applications where the unity-gain freque(fgy,) of the op-amp is high
enough so that it does not fall within the frequenenge of the application. For
this reason, active filters are mostly used in fosguency applications.

The four basic types of filters are low-pass, higtss, band-pass and band-stop.

A low-pass filter is designed to pass all frequencies below the ffuteguency
and reject all frequencies above the cut-off freqye A high-pass filter is
designed to pass all frequencies above the cufrefuency and rejects all the
frequencies below the cut-off frequendy.band-pass filter passes frequencies
within a band of frequencies and rejects all ofrequencies outside the barl.
band-stop filter rejects all frequencies within a band of frequesi@rd passes all
other frequencies outside the band. A band-sttgr ii$ often referred to astch

filter. In this experiment, you will studgctive low-passandhigh-passfilter.
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The most common way to describe the frequency respaharacteristics of a
filter is to plot the filter voltage gain (VO/VmhidB as a function of frequency (f).
The frequency at which the output power gain dtopgs0% of the maximum value
is called thecut-off frequency (fc). When the output power gain drops to 50%, the
voltage gain drops 3 dB (0.707 of the maximum valUéhen the filter dB voltage
gain is plotted as a function of frequency usimgight lines to approximate the
actual frequency response, it is calleBae plot. A Bode plot is an ideal plot of
filter frequency response because it assumeslibatditage gain remains constant
in the passband until the cut-off frequency is heal; and then drops in a straight
line. The filter network gain in dB is calculatear the actual voltage gain (A)

using the equation
AdB =20 log A (6.1)
WhereA = Vo/Vin (6.2)

An ideal filter has an instantaneous roll-off a¢ ttut-off frequency (fc), with full
signal level on one side of the cut-off frequenag ao signal level on the other
side of the cut-off frequency. Although the idesahbt achievable, actual filters roll
off at 20- dB/decade or higher, depending on tlpe tyf filter. The -20-dB/decade
roll-off is obtained withone-pole filter (one R-C circuit). Atwo-pole filter has
two R-C circuits tuned to the same cut-off frequeand rolls off at-40 dB/decade.
Each additional pole (R-C circuit) will cause thkef to roll off an additional -
20dB/decade. la one-pole filter,the phase between the input and the output will
change by 90 degrees over the frequency range andedrees at the cut-off
frequency. In awo-pole filter, the phase will change by 180 degrees over the

frequency range and by 90 degrees at the cutadiincy.
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The three basic types of response characteridtaiscan be realized with most
active filters are Butterworth, Chebychev, and Bessel, depenalinthe selection
of certain filter component values. THgutterworth filter provides a flat
amplitude response in the pass-band and roll-of20fdB/decade/pole with a non-
linear phase response. Because of the non-lineasepresponse, a pulse wave
shape applied to the input of a Butterworth filkai have an overshoot on the
output. Filters with a Butterworth response aremadly used in applications where
all frequencies in the pass-band must have the gmime TheChebychev filter
provides ripple amplitude response in the pass-tmamd roll-off better than-20
dB/decade/pole with a less linear phase respomsethie Butterworth filter. Filters
with a Chebychev response are most useful whempid rall-off is required. The
Bessel filter provides a flat amplitude response in a pass-baddaaroll-off less
than -20 dB/decade/pole with linear phase respddseause of its linear phase
response, the Bessel filter produces almost nosbweet on the output with pulse
waveforms without distorting the wave shape. Beeaa§ its maximally flat
response in the pass-band, the Butterworth is thet midely used active filter.

A second-order (two-pole) active low-pass Butterwah filter is shown in
Fig 6.0

Because it is a two-pole (two R-C circuits) low-patter, the output will roll-off -
40/dB per decade at frequencies above the cutreffuency.A second-order
(two-pole) active high-pass Butterworth filteris shown in Fig 6.1. Because it is
two-pole (two R-C circuits) high-pass filter, thaitput will roll-off -40/dB per
decade at frequencies below the cut-off frequeddyese two-pole Sallen-Key
Butterworth filters require a pass-band voltagengaf 1.586 to produce the

Butterworth response. Therefore,

35



Av=1+(R,/R,) =1.586 (6.3)
And
(R,/R,) =0.586 (6.4)

At the cut-off frequency of both filters, the capiae reactance of each capacitor
(C) is equal to the resistance of each resistor ¢R)sing the output voltage to be
0.707 times the input voltage (-3 dB). The expeaedoff frequency (fc), based
on the circuit component values, can be calculated

Xc=R (6.5)

fc = (6.7)
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Fig. 6.0: Second-Order (Two-Pole) Sallen-Key Notchilter
6.3 PROCEDURE
Low-Pass Active Filter

Step 1: Connect the circuit in Fig 6.0. Run the circuilotRhe response curves
by taking measurements at different frequenciesdxt 100HZ and
100KHZ using oscilloscope. Plot the curves on segnilaper Notice
that voltage gain in dB has been plotted betweerirdguency 100Hz
and 100KHz.

Question 6.0
a. lIs the frequency responses curve that of a lovs-plsr? Explain why.

Step 2 Calculate the actual voltage Gain (A) from the mead Db gain
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Step 3 Based on the circuit component values in fig 6alguate the
Expected voltage gain (A) on tla part of the curve for the low-pass
Butterworth filter

Question 6.1:

a. How did the measured voltage gain in step 2 compatte the Calculated
voltage gain in step 3?

Step 4. Record the decibel gain and the frequency (cufreffuency, fc) on the

curve plot.

Step 5: Calculate the expected cut-off frequency) (based on the circuit

component values.
Question 6.2:

a. How did the calculated value for the cut-off fregag compare with the
measured value recorded on the curve plot forwlepole low-pass active
filter?

Step 6: Record the dB gain frequency)(bn the curve plot.
Questions 6.3:

a. Approximately how much did the dB gain decrease domone-decade

increase in frequency? Was this what you expeated fwo-pole filter?
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Fig. 6.1: Second-order (2-pole) High—pa_ss Butterwan Filter

High-Pass Active Filter
Step 7: Connect the circuit in Fig 6.1. Run the circuilotRhe response curves

by taking measurements at different frequenciesdst 100HZ and
100KHZ using oscilloscope. Plot the curves on segnilaper Notice
that voltage gain in dB has been plotted betweerirdguency 100Hz
and 100KHz.
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Question 6.4:
Is the frequency response curve that of a high-filtes? Explain why.
Step 8: Calculate the actual voltage gain (A) from the difihg

Step 9: Based on the circuit component values in Fig 6dlcuate the
expected voltage gain (A) on the flat part of theve for the high-

pass Butterworth filter
Question 6.5:

a. How did the measured voltage gain in Step 8 compatte the calculated

voltage gain in Step 97?

Step 10:  Record the dB gain and the frequency (cut-off fextuy, fc) on the

curve plot.

Step 11: Calculate the expected cut-off frequency (fc) basedthe circuit

component values.
Question 6.6:

a. How did the calculated value of the cut-off freqeyercompare with the
measured value recorded on the curve plot forwleepole high-pass active

filter?
Step 12: Record the dB gain and frequency (f2) on the cpigée
Question 6.7:

a. Approximately how much did the dB gain decreases doone-decade

decrease in frequency? Was this what you expeoteal tivo-pole filter?
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EXPERIMENT SEVEN: ACTIVE BAND PASS AND BAND STOP
FILTERS

7.0 OBJECTIVES

1. Plot the gain-frequency response curve and deterthi& centre frequency
for an active band-pass filter.

2. Determine the quality factor (Q) and bandwidth of @ctive band-pass
filter.

3. Plot the phase shift between the input and outprua two-pole active band-
pass filter.

4. Plot the gain-frequency response curve and deterthia centre frequency
for an active band-stop (notch) filter.

5. Determine the quality factor (Q) and bandwidth ofa&tive notch filter.

7.1 MATERIALS

One function generator

One oscilloscope

Two LM741 op-amps

Capacitors: two 0.01 pF, two 0.05 pF, and 0.1 pF

Resistors one 1, two 10 kQ, one 13 k2, one 27 K, two 54 kQ, and

One 100 K2
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7.2 PREPARATION

In electronic communications systems, it is ofte@cassary to separate a specific
range of frequencies from the total frequency spect This is normally
accomplished with filters. Ailter is a circuit that passes a specific range of
frequencies while rejecting other frequenciéstive filters use active devices
such as op-amps combined with passive elementsveAéiters have several
advantages over passive filters. The passive elsnpeavide frequency selectivity
and active device provide voltage gain, high inpopedance, and low output
impedance. The voltage gain reduces attenuatitimeadignal by the filter, the high
input impedance prevents excessive loading of thece, and the low output
impedance prevents the filter from being affectgdtte load. Active filters are
also easy to adjust over a wide frequency rangéowit altering the required
response. The weakness of the active filters isiffper-frequency limit due to the
limited open-loop bandwidth (i) of op-amps. The filter cut-off frequency cannot
exceed the unity-gain frequencyy(f) of the op-amp. Therefore, active filters must
be used in applications where the unity-gain freqygf,.1,) of the op-amp is high
enough so that it does not fall within the frequenegnge of the application. For

this reason, active filters are mostly used in fosguency applications

A band-pass filter passes all the frequencies lying within a bandredfuencies
and rejects all other frequencies outside the bahd.low-cut-off frequency (i¢
and the high-cut-off frequency ficon the gain-frequency plot are the frequencies
where the voltage gain has dropped by dB (0.703nfthe maximum gain. A
band-stop filter rejects a band of frequencies and passe®thkr frequencies

outside the band and the high-cut-off frequency) @a the gain-frequency plot are
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the frequencies where the voltage gain has droppe&ldB (0.707) from the pass-
band dB gain.

The bandwidth (BW) of a band-pass or a band-sltgr s the difference between
the high-cut-off frequency and the low cut-off fuscy. Therefore,

BW =fg_ -fc, (7.1)

The centre frequencygffof a band-pass or band-stop filter is the geametean

of the low-cut-off frequency (fc1l) and the high-ait frequency (fg). Therefore,

fO:1/fC1fC2 (72)

The quality factor (Q) of a band-pass or a bang-§tter is the ratio of the centre
frequency (fo) and the bandwidth (BW), and is adlidation of the selectivity of
the filter. Therefore,

Q= % (7.3)

BW

A higher value of Q means a narrower bandwidth ardore selective filter. A
filter with a Q less than one is considered to lwade-band filter with a Q greater

than ten is considered to be a narrow-band filter.

One way to implement a band-pass filter is to cdsa@alow-pass and a high-pass
filter. As long as the cut-off frequencies are midntly separated, the low-pass
filter cut off frequency will determine the low-caff frequency of the band-pass
filter and the high-pass filter cut-off frequencyllwdetermine the high-cut-off

frequency of the band-pass filter. Normally thisaagement is used for a wide-

band filter (Q<1) because the cut-off frequenciesdito be sufficiently separated.
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A multiple-feedback active band-pass filter is show Fig 7.0. Components R1
and C1 determine the low-cut-off frequency, andRd G determine the high-cut-
off frequency. The centre frequency (fo) can bewdated from the component

values using the equation

1

1
fo= 21 JR1R,C1C;  21C\/R R,

(7.4)

Where C = ¢= C,.

The voltage gain (Av) at the centre frequency Isudated from

Av = 22 (7.5)

2Ry

And the quality factor (Q) is calculated

Q=05 [z (7.6)

Fig 7.0 shows a second-order (two-pole) Sallen-Ketch filter. The expected

centre frequency (f0), can be calculated from

= 1

fo- 2mRC .

At this frequency (fo), the feedback signal retuwnth the correct amplitude and
phase to attenuate the input. This causes the touttthe attenuated at the centre

frequency.

The notch filter in Fig 7.1 has a pass-band vol@gaja
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Av=R211
R

1

and a quality factor
(7.9)

_ 05
Q= 2-AV
The voltage gain of a Sallen-Key notch filter mhstless than 2 and the circuit Q

must be less than 10 to avoid oscillation.
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Fig 7.0: Multiple-Feedback Active Band-pass Filter
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7.3 PROCEDURE

Active Band —Pass Filter

Step 1: Connect the circuit in Fig 7.0.

Step 2: Run the circuit. Plot the response curves by takmegsurements at
different frequencies between 100HZ and 10KHZ usisgjlloscope.
Plot the curves on semilog paper Notice that geltgain in dB has been

plotted between the frequency 100Hz and 10KHz.

Question 7.0:
a. Is the frequency response curves that of a bansl{pies? Explain why.

Step 3: Based on the dB voltage gain at the centre frequaadculate the actual

voltage gain (Av)

Step 4: Based on the circuit component values, calculaeipected voltage
gain (Av) at the centre frequency (fo).

Question 7.1:

a. How did the measured voltage gain at the cengguigncy compare with

voltage gain calculated from the circuit values?
Step 5:Record the frequency (low-cut-off frequency,) fan the curve plot.
Record the frequency (high-cut-off frequency) fan the curve plot.

Step 6:Based on the measured values @ffad fg, calculate the bandwidth (BW)

of the band-pass filter.
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Step 7: Based on the circuit components values, calcula¢eeixpected centre

frequency (fo).
Question 7.2:

a. How did the calculated value of the centre freqyeoompare with the

measured value?

Step 8: Based on the measured centre frequency (fo) andwadin (BW),
calculate the quality factor (Q) of the band-palésrf

Step 9: Based on the component values, calculate the eegbeciality factor (Q)

of the band-pass filter.
Question 7.3:

a. How did your calculated value of Q based on themament values compare

with the value of Q determined from the measureanid BW?
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EXPERIMENT EIGHT: PASSIVE LOW- PASS AND HIGH —PASS
FILTERS.

8.0 OBJECTIVES
1. Plot the gain-frequency response of a first o(dee-pole) R-C low pass filter.

2. Determine the cut-off frequency and roll-off axf R-C first order (one-pole)

low pass filter.
3. Plot the phase frequency response of a firgrqahe-pole) low pass filter.

4. Determine how the value of Rand C affects theofiufrequency of an R-C low

pass filter.
5. Plot the gain-frequency response of a first o(dee-pole) R-C high pass filter.

6. Determine the cut off frequency and roll-offeofirst order (one-pole) R-C high-

pass filter.
7. Plot the phase-frequency response of a firgrgi@he-pole) high pass filter.

8. Determine how the value of R and C affects timeodf frequency of an R-C
high —pass filter.

8.1 MATERIALS
One function generator
One dual-trace oscilloscope

Capacitors: .02uf, .04uf
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Resistor: 1k, 2k
8.2 PREPARATION

In electronics communications system, it is oftecassary to separate a specific
range of frequencies types of filter from the toli@quency spectrum. This is
normally accomplished with filters. A filter is @cuit that passes a specific range
of frequencies while rejecting other frequenciepaasive filter consists of passive
circuit elements such as capacitors, inductors, rasstors. There are four basic
types of filter, low-pass, high-pass, band-pasd, lzand-stop. A low- pass filter is
designed to pass all frequencies below the cuth@fjuency and reject all
frequencies above the cut-off frequency. A highspakfrequencies above the cut-
off frequency and reject all frequencies below theoff frequency. A band-pass
filter passes all frequencies within a band of freacies and rejects all other
frequencies outside the band. A band stop filtgecte all frequencies within a
band of frequencies and passes all other frequencitside the band. A band stop
filter is often referred to as a notch filter. Img experiment, you will study low

pass and high pass filters.

The most common way to describe the frequency respaharacteristics of a
filter is to plot the filter voltage gain (YV,) in dB as a function of frequency (f).
The frequency at which the output gain drops to 5f%he maximum value is

called the cut off frequency (FC). When the out posver gain drops to 50 %, the
voltage gain drops3dB (0.707 of the maximum valwéhen the filter dB voltage

gain is plotted as a function frequency on a s@gidraph using straight lines to
approximate the action frequency response, itllect@a Bode plot. A Bode plot is
an ideal plot of filter frequency response becamsassumes that voltage gain

remains constant in the pass-band until the cufre§uency is reached and then
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drops in a straight line. The filter network volagain in dB is calculated from the
actual voltage gain (A) using the equation

A(db) = 20logA (8.1)

Where A = (8.2)

n

A low pass RC filter is shown in fig 8.0 At frequees well below the cut off

frequency, the capacitive reactance of a capa€tas much higher than the
resistance of the resistor R, causing the outplge to be practically equal to the
input voltage (A=1) and constant with variationdnequency. At frequencies well
above the cut off frequencies, the capacitive esae of capacitor C is much
lower than the resistance of resistor R and deeseagh an increase in frequency,
causing the output voltage to decrease 20 dB

Per decade, increase in frequency. At the cut w#fjufency, the capacitive
reactance of capacitor C is equal to the resistaht®e resistor R, causing the out
voltage to be 0.707 times the input voltage (-3dB)e expected cut off frequency
(fc) of the low pass filter in figure 19.0, basadtbe circuit component values, can

be calculated from

Xc =R (8.3)

i R (8.4)

Solving for fc produces the equation

1
2mRC

fo=
A high pass RC filter is shown in fig 19.1. At fremeies well above the cut off

(8.5)

frequency, the capacitive reactance of capacitoisnuch lower than the
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resistance of resistor R, causing the output veltagbe practically equal to the
input voltage {A= 1} and constant with variations frequency. At frequencies
well below the cut-off frequency, the capacitivag@ance of capacitor C is much
higher than the resistance of resistor R and ise®avith a decrease in frequency,
causing the output voltage to decrease 20 dB peaddedecrease in frequency. At
the cut-off frequency, the capacitive reactanceagiacitor C is equal to the resistor
R, causing the voltage to be 0.707 times the inpitage {-3 Db). The expected
cut-off frequency {fc} of the high-pass filter inigf 8.2, based on the circuit

component values, can be calculated from

fo = 5onz (8.6)
When the frequency at the input of a low-passrfiitereases above the cut-off
frequency, the filter output voltage drops at astant rate. When the frequency at
the input of a high- pass filter decreases belosv dht-off frequency, the filter
output voltage also drops at a constant rate. Tdrestant drop in filter output
voltage per decade increases {x10}, or decreas@}-it frequency is called roll-
off. An ideal low- pass or high-pass filter wouldve an instantaneous drop at the
cut-off frequency [fc], with full signal level onne side of the cut-off frequency
and no signal level on the other side of the ctifrefjuency. Although the ideal is
not achievable, actual filters roll off at -20dBddele per pole [R- C Circuit]. A
one-pole filter has one R-C circuit tuned to theaffi frequency and rolls off at -
20dB/decade. A two-pole has two R-C circuits tuteethe same cut-off frequency
and rolls at -40dB/decade. Each additional pol€[Bircuit] will cause the filter to
roll an additional -20dB/decade. Therefore, an RHér with more poles [R-C

circuits] more closely approaches an ideal filter.
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In a one- pole filter, as shown in fig 8.0 &hil, the phase [g] between the input
and the output will change by 90 degrees over thquency range and be 45
degrees at the cut-off frequency. In a two- pdterfi the phase [g] will change by
180 degrees over the frequency range and be 9@eakegt the cut-off frequency.

XBP1

XFG1

l ANN o
1kohm
R1 c1
= 002uF

7 .

Fig. 8.0: Low-pass R-C Filter
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Fig. 8.1: High-pass R-C Filter
8.3 PROCEDURE
L ow-pass filter

Step 1: Connect the circuit in Fig 8.0. Make sure thatfilllowing Bode plotter
settings are selected: Magnitude, Vertical (Log=FdB, I= -40dB),
Horizontal (Log, F = 1 MHz, | = 100Hz).

Step 2: Run the circuit. Plot the response curves byngkneasurements at
different frequencies between 100HZ and 1MHZ usiegilloscope. Plot
the curves on semilog paper Notice that voltagen gaidB has been
plotted between the frequencies of 100Hz and 1MHz.

Question 8.0:

a. Is the frequency response curves that of a lovs-plsr? Explain why.
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Step 3: Calculate the actual voltage gain [A] from theditage gain [AdB].

Questions 8.1:

a. Was the voltage gain on the flat part of the fremyeresponse curve what

you expected for the circuit in Fig 8.0? Explainywh

Step 4: Calculate the expected cut-off frequency) (based on the circuit

component values in Fig 8.0.

Questions 8.2:

a. How did the calculated value for the cut-off fregag compare with the
measured value recorded on the curve plot? How ndighthe dB gain
decrease for a one-decade increase (x 10) in fneg@eWas it what you

expected for a single-pole (single R-C) low paksrf?

Step 5: Connect the circuit in fig 8.1. Plot the resporz@ves by taking
measurements at different frequencies between 1G0tdlZ1IMHZ using
oscilloscope. Plot the curves on semilog paperdgdtat voltage gain in

dB has been plotted between the frequencies of 2@did 1MHz.
Question 8.3:
a. Is the frequency response curves that of a high-filéer? Explain why.
Step 6: Calculate the actual voltage gain [A] from thg\bltage gain [AdB].

Step 7: Calculate the expected cut-off frequency (fc) dasm the circuit

component values in Fig 8.1

Questions 8.3:
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a. How did the calculated value for the cut-off fregog compare with the
measured value recorded on the curve plot? How ndidhthe dB gain
decrease for a one-decade increase (x 10) in fneg@eWas it what you

expected for a single-pole (single R-C) high- ddtes?
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EXPERIMENT NINE: PASSIVE BAND-PASS AND BAND-STOP FILTERS

9.0 OBJECTIVES

1.

Plot the gain-frequency response of an L-C seassimant and an L-C parallel
resonant band-pass filter.

Determine the centre frequency and the bandwidtthefL-C band —pass
filters.

Determine how the circuit resistance affects thediaadth of an L-C band-
pass filter.

Plot the gain-frequency response of an L-C seassmant and an L-C parallel
resonant band-stop [notch] filter.

Determine the centre frequency and bandwidth of thdand-stop filters.
Determine how the circuit resistance affects thediadth of an L-C band-

stop filter.

9.1 MATERIALS

One function generator

One dual-trace oscilloscope

Capacitors: one 0.1uF, one 0.25uF

Inductors: one 50mH, one 100mH

Resistors: 10, 200Q, 2k, 4k, 5k, 200k
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9.2 PREPARATION

In electronic communications systems, it is ofte@cassary to separate a specific
range of frequencies from the total frequency spect This is normally
accomplished with filters. A Filter is a circulhat passes a specific range of
frequencies while rejecting other frequencies. Aspae filter consists of passive
circuit elements, such as capacitors, inductorg,ramistors. There are four basic
types of filters; low-pass, high-pass filter baras® and band-stop. A low-pass
filter is designed to pass all frequencies belog ¢ht-off frequency and reject all
frequencies above the cut-off frequency. A highspldter is designed to pass all
frequencies above the cut-off frequency and rejaitBequencies below the cut-
off frequency. A band-pass filter passes all fregies within a band of
frequencies and rejects all other frequencies deitdie band. A band-stop filter
rejects all frequencies within a band of freques@rd passes all other frequencies
outside the band. A band-stop filter is often nefdrto as a notch filter. In this
experiment, you will study band-pass and band-gtayich] filters. The most
common way to describe the frequency response deaistics of a filter is to plot
the filter voltage gain [Vo/Vin] in dB as functioof frequency [f]. The frequency
at which the output power gain drops to 50%, th&imam value is called the cut-
off frequency [fc]. When the output power drops 5@#e voltage gain drops 3db
[0.707 of the maximum value]. When the filter dBltage gain is plotted as a
function of frequency on a semi log graph usingigtrt lines to approximate the
actual frequency response, it is called a Bode plddode plot is an ideal plot of
frequency response because it assumes that treg®alain remains constant in
the pass band until the cut-off frequency is redclamd then drops in a straight
lime. The filter network voltage gain in db caldeld from the actual voltage gain

[A] using the equation
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A dB=20log A (9.1)

Where A= —° (9.2)
\%

An L-C series resonant band-pass filter is showfigir®.0. The impedance of the
series L-C circuit is lowest at the frequency andreases on both sides of the
resonant frequency. This will cause the outputag#tto be highest at the resonant
frequency and decrease on both sides of the res@mreguency. An L-C parallel
resonant band-pass filter is shown in figure 9He impedance of the parallel L-C
circuit is highest at the resonant frequency ancradses on both sides of the
resonant frequency. This will also cause the outliage to be highest at the

resonant frequency and decrease on both sidesgbrant frequency.

An L-C series resonant band-stop [notch] filtesh®wn in fig 9.2. The impedance
of the series L-C circuit is lowest at the resorfaequency and increases on both
sides of the resonant frequency. This will caugediitput voltage to be lowest at
the resonant frequency and increase on both sfdége cesonant frequency. An L-
C parallel resonant band-stop [notch] filter iswhadn fig 9.3. The impedance of
the parallel L-C circuit is highest at the resonfaagjuency and decreases on both
sides of the resonant frequency. This will alsoseaihhe output voltage to be lowest

at the resonant frequency and increase on botk sidée resonant frequency.

The centre frequency,]ffor the L-C Series resonant and the L-C para#lsbnant
band-pass and band-stop [[notch] filter is equdh®resonant frequency of the L-
C circuit, which can be calculated from

f _ 1
0 2mvVLC

(9.3)

For an L-C parallel resonant filter, the equatisnaccurate only for a high Q

inductor coil [QL>10], where Q is calculated
59



Q= 2t (9.4)

Rw

In addition, X is the inductive reactance at the resonant frequg¢centre

frequency, fo] and Ris the inductor coil resistance.

In the band-pass and band-stop [notch] filters, Itw-cut-off frequency [fgd
and the high-cut-off frequency PBlc on the gain-frequency plot are the
frequencies where the voltage gain has dropped®d@[] from the highest db
gain. The filter bandwidth [BW] is the differencetiveen the high- cut-off
frequency [fg] and the low-cut-off frequency [ff Therefore

BW = sz- ij_. @

The centre frequency [fo] is the geometric meé the low-cut-off frequency

and the high-cut-off frequency. Therefore,
fo =\ feafez €.

The quality factor [Q] of the band-pass and batog-$notch] is the ratio of the
centre frequency [fo] and the bandwidth [BW], amdsi the indication of the

selectivity of the filter. Therefore,
fo
Q=zw (9.7)

A higher value of Q means a narrower bandwidth and a more selective filter.

The quality factor [Qs] of a series resonant filier determine by first
calculating the inductive reactance [Xof the inductor at the resonant

frequency [centre frequency, fo], and then dividihg total parallel resistance
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[Rp] by the inductive reactance [Kby the total series resistance )R

Therefore,
Qs =t (9.8)
T
Where X, = 27f,L (9.9)

The quality factor (Qp) of a parallel resonantefiltis determined by first
calculating the inductive reactance [Xof the inductor at the resonant
frequency (centre frequency),fand then dividing the total parallel resistance
(Rp) by the inductive reactance (X

Ry
XL

Qp = (9.10)

Because the inductor wire resistancg][R in series with inductor L, the circuit
in fig 9.1 and 9.3 are exactly parallel resonardusts. In order to make them be
true parallel resonant circuits, the series conitmnaof inductance [L] and
resistance [Rw] must first be converted into aniajant parallel network with
resistance Req in parallel with inductance L. ;n9i1, the parallel equivalent
resistance [Req] will also be in parallel with ster R and resistor, Rs, making
the total resistance of the parallel resonant tirfip] equal to the parallel

equivalent of resistors R, Rs, and Reg. theref®pecan be solved from

1 1 1 1
Rp E"'?S +R_eq (9.11)

In fig 9.3, the parallel equivalent resistance [Red be in parallel with resistor,
making the total resistance of the parallel resorarcuit [Rp] equal to the

parallel equivalent of resistors R and Req. theeefBp can be solved from
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R, = RllRed] 9.12)

R+Req
The equation for converting resistance Rw to thewadent parallel
Resistance [Req] is
Req=Rw[Q* +1 (9.13)
The parallel equivalent inductance [Leq] is caltedefrom
leq = L[Q%+1] Q? (9.14)

This equivalent inductance can be considered dquiile original inductance [L]
for a high Q coil [QE10].

XBRL

=l ]
c 025w
il
]|
L Rw Vo
LYYV NV
\in 100mH 200hm
R
%4kohm

Fig. 9.0: L-C Parallel Resonant Band-stop (Notch) ifier
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Fig. 20.1: L-C Parallel Resonant Band-pass Filter
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Fig. 9.2: L-C Series Resonant Band-Stop (Notch) Fdr
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Fig. 9.3: L-C Parallel Resonant Band-Stop (Notch) iker
9.3 PROCEDURE

Band-passfilters

Step 1. Connect the circuit in Fig 9.0. Make sure that thllowing Bode plotter
settings are selected: Magnitude, Vertical (Log=FdB, I= -20dB),
Horizontal (Log, F = 2 KHz, | = 500Hz).

Step 2: Run the circuit. Plot the response curves byngkneasurements at
different frequencies between 500HZ and 2KHZ usisgilloscope. Plot

64



the curves on semilog paper Notice that voltagen gaidB has been
plotted between the frequency 500Hz and 2KHz

Question 9.0:
a. Is the frequency response curves that of a banslfpies? Explain why.

Step 3: Based on the dB voltage gain, calculate the astltdge gain [A] of the

series resonant band-pass filter at the centreidraxy.

Step 4: Record the approximate frequency [low-cut-off fregcy, fcl] on the
curve plot. Record the approximate frequency [hagtroff frequency,
fc2] on the curve plot.

Step 5: Based on the values of,fand f¢g measured on the curve plot, determine
the bandwidth [BW] of the series resonant band-filss.

Step 6: Based on the circuit component values in fig @dlculate the expected
centre frequency [fo] of the series resonant baask filter.

Question 9.1:

a. How did the calculated values of the centre fregyejfio] based on the
circuit component values compare with the measuedae recorded on the

curve plot?
Step 7:Based on the values of;fand fg; calculate the centre frequency [fo].
Question 9.2:

a. How did the calculated value of the centre freqydific] based on fcand

fc,compare with the measured value on the curve plot?
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Step 8: Based on the component values, calculate thetgualitor [Qs] of the
series resonant band-pass filter.

Step 9: Based on the circuit quality factor [Qs] and thentce frequency [fo],
calculate the expected bandwidth BW of the seresomant band-pass

filter.
Question 9.3:

a. How did the expected bandwidth calculated from ttedue of centre

frequency compare with the bandwidth measured erciinve plot?

Step 10:Change the resistance of R to 200o0hms. Run tkeicagain. Measure
the centre frequency [fo] and the bandwidth [BWnir the curve plot
and record the values.

Fo= BW=
Questions 9.4:

a. What effect did changing the resistance of R havée centre frequency of
the series resonant band-pass filter? What efidctltanging the resistance

of R have on the bandwidth of the series resonamtl4pass filter? Explain.

Step 11:Change the capacitance of C to 0.1yuF. Run theaitagain. Measure the
centre frequency [fo] and the bandwidth [BW] on th&ve plot and

record the values.
Fo = BW=

Questions 9.5:
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a. What effect did changing the capacitance of C lavéhe centre frequency
of the series resonant band-pass filter? What tefthd changing the
capacitance of C have on the bandwidth of the se@ssonant band-pass
filter? Explain.

Change the inductance of L to 50 mH. R circuit again. Measure the
centre frequency [fo] the bandwidth [BW] on thewaiplot and record the

values.
Fo= BW=
Questions 9.6:

a. What effect did changing the inductance of L hametlee centre frequency
of the series resonant band- pass filter? Whatcteftikd changing the
inductance of L have on the bandwidth of the seresonant band-pass

filter? Explain.

Step 13: Connect the circuit in Fig 9.1 Run the circuitlotRhe response curves
by taking measurements at different frequenciesvée 500HZ and
2KHZ using oscilloscope. Plot the curves on sempager Notice that
voltage gain in dB has been plotted between thguéecy 500Hz and
2KHz.

Question 9.7:
Is the frequency response curves that of a banslfps? Explain why.

Step 14: Record the centre frequency [fo] and the voltagje g dB on the curve
plot.
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Step 15: Based on the dB voltage gain, calculate the astlgdge gain [A] of the
parallel resonant band-pass filter at the cenéguency.

Step 16: Record the approximate frequency [low-cut-off fregcy, fg] on the
curve plot. Record the approximate frequency [faghoff frequency,

fc,] on the curve plot.

Step 17:Based on the circuit component values in fig 8dlculate the expected
centre frequency [fo] of the parallel resonant bpads filter.

Question 9.8:

a. How did the calculate value of the centre freqydifa] based on the circuit
component values compare with the measured vatarded on the curve

plot?
Step 18:Based on the values of,fand fg, calculate the centre frequency [fo].
Question 9.9:

a. How did the calculate value of the centre frequdialybased on fcand fe

compare with the measured value on the curve plot?

Step 19:Based on the value of L and,;Rcalculate the quality factor [Qof the

inductor.

Step 20:Based on the quality factor [Qof the inductor, calculate the equivalent
parallel inductor resistance [Req] across the tarduit.

Step 21: Based on the value of Req, Rs, and R, calculatetobal parallel

resistance [Rp] across the tank circuit.
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Step 22: Based on the value of Rp; calculate the qualityoia[Qp] of the parallel
resonant band-pass filter.

Step 23: Based on the filter quality factor [Qp] the cernfiequency [fo], calculate
the expected bandwidth [BW] of the parallel resarmmd-pass filter.

Question 9.10:

a. How did the expected bandwidth calculated fromvhkie of Qp and the
centre frequency compare with the bandwidth meadsomethe curve plot?

Step 24: Change the resistance of R to 5kohm. Run theitiagain. Measure the
centre frequency [fo] and the bandwidth [BW] frohetcurve plot and
record the values.

Fo= BW=
Questions 9.11:

a. what effect did changing the resistance of R havéhe centre frequency of
the parallel resonant band-pass filter? What effdict changing the
resistance of R have on the bandwidth of the pardland-pass filter?

Explain why.

Band-stop [notch] filters

Step 25: Connect the circuit in Fig 9.2. Run the circuRlot the response curves
by taking measurements at different frequenciesvéet 500HZ and
2KHZ using oscilloscope. Plot the curves on sempager Notice that

voltage gain in dB has been plotted between thguéecy 500Hz and
2KHz
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Question 9.12:

a. Is the frequency response curves that of a bargl{stutch] filter? Explain
why.

Step 26: Record the centre frequency [fo] on the curve.plot
Step 27: Record the dB gain on the curve plot.
Step 28: Record the approximate frequency [low- cut-offjinency, fg]

on the curve plot. Record the ragpnate frequency [high-cut-off

frequency, fg] on the curve plot.

Step 29: Based on the values of;fand fg; determine the bandwidth [BW] of the
series resonant band-stop filter.

Step 30: Based on the circuit component values in figure2 2@alculate the

expected centre [fo] of the series resonant baml{stch] filter.
Question 9.13:

a. How did the calculated value of the centre fregqyeffo] based on the
circuit component values compare with the measuadge recorded on the

curve plot?
Step 31: Based on the values of;fand fg; calculate the centre frequency [fo].
Question 9.14:

a. How did the calculated value of the centre freqydia] based on fcand

fc, compare with the measured value on the curve plot?
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Step 32: Based on the circuit component values, calculaeguality factor [Qs]
of the series resonant band-stop [notch] filter.

Step 33: Based on the circuit quality factor [Qs] and tleatece frequency [fo],
calculate the expected bandwidth [BW] of the sems®nant band-stop
[notch] filter.

Question 9.15:

a. How did the expected bandwidth calculated fromhkie of Qs and the

centre frequency compare with the bandwidth meadsomethe curve plot?

Step 34: Connect the circuit in file Fig 9.3. Run the citcuPlot the response
curves by taking measurements at different fregesnoetween 500HZ
and 2KHz using oscilloscope. Plot the curves onilsgnpaper Notice
that voltage gain in dB has been plotted betweenfriquency 500Hz
and 2KHz.

Question 9.16:

a. Is the frequency response curves that of a bam{statch] filter? Explain

why.
Step 35: Record the centre frequency [fo] on the curve.plot
Step 36: Record the dB gain on the curve plot.

Step 37: Record the approximate frequency [low-cut-off fregay, fG] on the
curve plot. Record the approximate frequency [faghoff frequency,

fc,] on the curve plot.
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Step 38: Based on the values of;fand f¢; determine the bandwidth [BW] of the
parallel resonant band-stop [notch] filter.

Step 39Based on the circuit component values in fig @8dculate the expected

centre frequency [fo] of the parallel resonant batop [notch] filter.

Question 9.17:

a. How did the calculate value of the centre frequealybased on the circuit
component values compare with the measured vatarded on the curve

plot?
Step 40:Based on the values of,fand fg calculate the centre frequency [fo].
Question 9.18:

a. How did the calculated value of the centre freqyelfio] based on fcand

fc, compare with the measured value on the curve plot?

Step 41: Based on the value of L and Rw; calculate the guédictor [Q] of the

inductor.

Step 42: Based on the quality factor [{Qof the inductor, calculate the equivalent

parallel inductor resistance [Req] across the tarkiit.

Step 43: Based on the value of Req and R; calculate tre¢ patrallel resistance
[Rp] across the tank circuit.

Step 44: Based on the value of Rp, calculate the qualityola@p] of the parallel

resonant band-stop [notch] filter.
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Step 45: Based on the filter quality factor [Qp] and thentte frequency [fo],
calculate the expected bandwidth [BW] of the patattsonant band-stop
[notch] filter.

Question 9.19:

a. How did the expected bandwidth calculated fromvhkie of Qp and the
centre frequency compare with the bandwidth meadsoimethe curve lot?

Step 46: Change the resistance of R to 2kohms. Run thaitagain. Measure the
centre frequency [fo] and the bandwidth [BW] frohetcurve plot and

record the values.

Fo = BW=

Questions 9.20:

a. What effect did changing the resistance of R havéhe centre frequency of
the parallel resonant band-stop [notch] filter? Wiidect did changing the
resistance of R have on the bandwidth of the paraflsonant band-stop

[notch] filter? Explain.
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