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MILITARY CURRICULUM MATERTALS

The military-developed curriculum materials in’ this’course

package were selected by the National Center for Research in
Vocational, Education Military Curriculum Project for dissem-
ination to the six regicnal Curriculum Coordination Centers and
other instruttional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed- by the military more accessible to vocational
educators in the civilian setting.

The course materials were acquited, evaluated by project
staff and practitiorers in the field, and prepared for
dissemination. Materials which were specific to the mlitary
were deleted, copyrighted materials were either amitted or’-appro-—
val for their use was obtained. THese course packages contain
curriculum resource materials whith can pe adapted to support
vocational “instruction.’and curriculmn development.




" Understanding” between the U.S. Office of .

Military )
Curriculum Materials
Dissemination Is . . .

‘.an activity to increase the access.bulrty of

military-developed curriculum materials. {0
* vocational and technical educators. -
This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast ‘Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is °

provided through a "Joint Memorandum of
Education and the Department of Defense.

The acquired materials are reyiewed by staff
.and subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

Yhe Natuonal Cente r Research in

Vocational Educathn i$ the U.S. Office of

" Education’s designated representative to
scquire the materials and cond uct the project
activities, )

Project Staff:
Wesley E. Budke, Ph.D., Director

" National Center Clearinghouse

Shirley A. Chase, Ph.D.
‘Project Director
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What Materials
Are Available? |

Gne hundred twenty courses on microfiche
(thifteen in paper form} and descriptions of
éach have been provided to the vocational
Curriculum Coordination Centers-and other
instructionai materials agencies for dissemi-
nation. ° .

Course materials include prograrnrned
instruction, curriculum outllnes instructor
guides, studemt workbooks and technical
martuals.

The 120 courses represent the :folllowing
sixteen vocational subject areas;

Agriculture
Awviation
Building &
Construction
Trades
Clerical
Occupations_
Communications
Drafting Navigation
Electronics Photography
Engine Mechanics Public Service
The number of courses and the subject areas
represented’will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.

Food Service
Health -
Heating & Air
Conditioning
Machine Shop
Management &
.. Superyision_ .
Meteorology &

How Can These
Matenals Be Obtalned"

Y
Contact the Curriculum Coordination Center
in your region for information on_ obtaining
materials {e.g., availability and cost}. They
will respond 1o your request'directly or refer
you 1o an instructional materials agency

closer to you.
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Joseph F. Kelly, Ph D.

Director
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Trenton. NJ 08625
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NORTHWEST
William Daniels
Director
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Airdustrial Park
Olympia, WA 98504
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SOUTHEAST
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Director

-Mississlppi-State University——-
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Mississippi State. MS 39762
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WESTERN -
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The National Center for Research in
Vocational Education’s mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
. " lems relating to individual career planning,
preparation, and progression.” The National
Center fulfills its mission by:

¢ Generating knowledge through research |

e Developing educational programs and
products

Evaluating individual program needs ~
and outcomes

Installing educatlonal programs and
products

Operating in forrnatlon systerns and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
WRITE OR CALL .
Program Information Qffice
The National Center for Research in Vacational
Education
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
Telephone: 614/486-3655 or Tolf Free 800/
848-4816 within the continental U.S.
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OﬁiZEiéE/”/// | o . Thirty One
OVERVIEW

BASIC ELECTRICITY AND ELECTRONICS - o - \a
MODULE THIRTY ONE - : .

RF, If, and:Video Amplifiers
In this module you will learn about different types of .amplifiers that operate
at fréquencies above and bélow the.audio frequency range. You will determine
the characteristics of these amplifiers 6nd study their eperation. You wilj}
lgarn new terms and definitions, and you will appiy your knowiedge of basic

- amplifiers and electronics to troubleshoot them,

This module has been divided into four lessons:

Lesson 1 RF, IF, and Video Amplifier Characteristics
Lesson 2 RF Anplifigrs
‘Lesson 3 IF Amplifiers

Lesson 4  Video Amplifiers
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Overview _ ’ ‘ . | Ih1rty Une-1

OVERVIES
LESSON 1 °  «

RF, IF, and Video Amplifier Characteristics

-

In this lesson you will be introduced to different types of amplifiers tha§
operate at frequencies above and below the audio frequency range. You wili
become familiar with some important operating characteristics of these
amplifiers. You will learn to use amplifier frequency response curves.
You also will -learn how to find ampiifier gain by using decibel conversion
charts and graphs.

The learning objectives of this lesson are: 7

TERMINAL OBJECTIVE(S): ' i
31.1.52 When the student completes this lesson, {s}he will be able to
' IDENTIFY basic operating characteristics of RF, IF, and video
amplifiers to include selecting definitions of terms, deterwining
amplifier frequency response curve values, and determining
amplifier voltage and power decibel gain, by selecting state-
ments or values from a choice of four. 100% accuracy is required:

EMABLING OBJECTIVE(S):

when the student completes this lesson, (s}he will be able to:

31.1.52.1 DEFINE the general charaGteristics of an amplifier,-to include
center frequency (fo), cutoff frequency (fco), . frequency response,
and bandwidth, which are shown in a frequency response curve, by
- selecting the correct definition froma choice of four. 100%
accuracy js required. '

31.1.52.2 DETERMINE the frequency reéponse characteristics of an amplifier,
givern its frequency response curve, by selecting the correct = °
statement from a choice of four. 100% accuracy is required.

31.1.52.3 DEFINE the term "selectivity" as it applies to RF, IF, and video
" amplifiers by selecting the correct definition from a choice of
four. 100% accuracy is required. -

31.1.52.4 IDENTIFY the general operating characteri§%ics of RF, IF, and
- -video amplifiers, including frequency range, selectivity, and
tuning, by selecting the correct statement from a choice of four.
100% accuracy is required.
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31.1.52.5 CONVERT given amplifier voltage and power gain ratios to decibels

(dB), and vice“versa, given a decibel conversion chart/gqraph, by

®  selecting thé correct value{s) from a set of four choices. 100%
accuracy j required

31.1.52.6 DETERMINE total gain and output levels {in terms of voltagc,

‘ power, or decibels) for a given single of cascaded amplifier
circuit when provided a decibel conversion chart/qraph &nd input
data, by selecting the correct value(s) froma set of four

. ch01ces 100% accuracy is required,

-
-

BEFORE'YOU START TH}S LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW
THE LIST OF STUDY RESOURCES: ON THE NEXT PAGB . _

F4
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Study Resources ' . - S Thiriy'ﬂné-l .

1
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.

LIST-OF STUDY- RESOURCES
; ~LESSON 1 N

RF, 1F, and Video Amplifier Characteristics

I\e . : r
L N 5

To learn the mater1a1 “in_ this lesson you have,the option hoésing,' . o
according to your experxence and preferences, any or gll of the following
study resources: . -

Written IessdnEpresentation in: L _ ' o
Module Booklet: - . ‘
Summary -
Programmed Instruction
Narrative

Student's Guide;’

Summary '
Prouress Check.

Additional Material(s):

35 mm sound/slide Thirty One-1 "RF, IFQq\nd vmeo Amplifier _ ‘
Characterwst1cs :
Enrichmedt Material(s): T
NAVSHIPS 0867-000~0120 "Electronic Circuits" jes Installation

© andtMaintenance Book (EIMB) Naval Ship Engineering (énter, Nashington,'
0.C.7 0.5, Govermment Printing Office 1965, -

YOU MAY- USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING.
CENTER INSTRUCTOR HONEVER ALL MATERIALS: LISTED ARE MOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS 'CHECK MAY BE TAXEN AT ANY TIME,
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SUMMARY
"LESSON 1

RF, IF, and Video Amplifier Chargcteristics

"RF, IF, and video amplifiers are important in communication and radar electronic
equ1pment. Two major categories of information in a hasic transmit-receive
-system are audio signals (20 Hz*to 20,000 Hz) and video signals (0 Hz to 6

MHz). Ampliifiers you have studied were in the audio frequency response range
and were designed to amplify about equally well any signal within that range.

. This lesson descrwbes some important operating characteristics .of amplifiers.
Recall that frequency response is expressed as two numbers, the uppér Fco
(cut-off frequency) and lower Fco, while bandwidth is expressed as the differ-
ence between them. The amplwtude of an output signal has its maximum (100%)
gain at the center, or resonant frequency (Fo). The upper and lower Fcos, or
half-power points, defiﬁe the two frequencies at which the output voltage '
amplitudes are reduced to 70.7% of the maximum gain.

These amp]1iser characteristics can be presented in a frequency response curve
as shown in Figure 1,

OUTPUT |
vOLTAGE

¥ L] LI L2 L
* F° *
OMHT 1MHI  2MHI JMHE  4AMHL SMHI SMHI  TMHI

FREQUENCY wme—ipr

Figure 1

L]

" ERICUEMCY RESPOMSE CURVE
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Sutimary ' ’ T . . Thirty One-

In this example; the voltage output at Fo.equals .1 yolt input X gain of 10,.
or 1 volt. Therefore voltage output at the half-power points equals .707
 volts. The frequency response is 3 MHz to 4 MHz and the bandwidth 1 MHz.
Signal amplification outside of the: frequency respﬁnse is normally considered
as an unusable output.

RF amplifiers have about any frequency response characteristic and bandw1dth
within the frequency range 30 kHZ to 300 GHz {G is giga and means 107}._ They
are either untuned producing a broad bandwidth, or variable tuned pro&vcing a
narrow bandwidth over chosen center frequenc1es. The ampltfier's selectivity
separateS and amp11f1es a chosen signal and excﬁudes most others.

IF amp]if1ers are basically f1xed-1uned RF amplifiers with a relatively narrow
bandwidth. The frequency range is similar to RF amplifiers. Video amplifiers
are untuped with a frequency response from about O Hz to near 6 MHz-and are

" useful in amplifying square or sawtooth wave forms. ¢

)
In e]ectron1cs, a measurement unit called the decibel (dB) is used to simplify
solving such problems, as combining amplifier gains {(i.e., the ratio of output
over input}. .Voltage and power gains can be converted to_equivalent decihel
values by the use of charts and/or graphs as shown in Figure 2. °

L

190, 000

’ - ono 17 ]
" ¥WOLTALE ’." ]
" RATIC DECIDELS 7

F_..

T (TS FPae

ucna/,us
‘Figure 2
DECIBEL CHART/GRAPH

Inspection of Fi qure 2 shows that voltage and power .ratios convert to different
decib va]ues. -
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A typical problem which involves coabining decibels is to find the total
circuit voltage gain of several amplifiers connected in series, or “cascade",

~&s shown in Figure 3.

k _ VOLTAGE ™_ | A TOTAL VOLTAGE GAIN = 20

GAIN= 10 . GAINZ 2 ] TOTAL dB GAIN = 20 dB

dBe 20 ' ‘dB= G
10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) = 20 (VOLTAGE GAIN)
20 dB (VOLTAGE GAIN) 4 6 .dB (VOUTAGE .GAIN) = 26 dB (VOLTAGE GAIN)

Figure 3
CASCADED VOLTAGE AMPLIFIERS--VOLTAGE AND DECIBEL GAIN

In the example, the total circuit voltage gain equals the product of the
individual amplifier voltage gains or 20 as shown. If the individual amplifier.
voltage Qains are first converted to their decibel values, the total circuit
voitage gain equals the sum of the individual amplifier dB gains. The ‘

identical procedure of couuertlng_galni to decibels and summing decibels can
be used to find total circuit output power gain. .

Another common decibel apphcatwn is to find an amplifier voltage or power

.output signal, given the input signal and dec1be1 gain. A diagram of a simple
.. problem is shown 1n Figure 4, ‘

_ = OUTPUT =7 VOLTS
g 1 MILLIVOLT '

Figure 4
NOLTAGE OHTPUT VS INPUT USING DECIBLES

9
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Summa ry ' ; ' T Thirty One-1

In this example, the dB.gain is converted back to a voltage gain of 100. . The
product of 100 X 1 mi1livolt input ‘equals the output, or 10D millivolts. The
same procedure s followed to find an amp]1f1er ocutput s1gna1 given the input
signal and dec1be1 power gain.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. -IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY-, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE -~
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS OR FRAMES SD THAT YOUu

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE' HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT

AND USE ANOTHER WRITTEN MEDIUM OF ENSTRUCTION. AUDIO/VISUAL MATERIALS (IF
AFPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UWTIL YOU CAN

ANSHWER ALL SELF-TEST ITEMS OM THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED* INSTRUCTION
" LESSON 1

RF, IF, and Video Amplifiar Characteristics
1Y -

o

TEST FRAMES ARE 8, 16, AND 24. PROCEED-TO TEST FRAME 8 FIRsT‘AND SEE
IF YOU CAN ANSWER THE'hUESTIOE. FOLLOW DIRECTIONS GIVEN AFTER THE TEST
FRAME. RETE '

(::) Radio Frequency (RF}, Intermediate F;gquency (1F), and Video

' ampiifiers are used in communication and radar equipments. Before you

- can understand some of the more important chéracpéristics of ampi%-

. fiers, you need to know how they function in electronic equipment.

A .
VOICE SOUND WAVES f )
. RADID WAVES

@ 1)) D— TRANSMITTER . . RECZIVER
) . .
N - '

4

. figure;l' :
. TRANSMIT—RECEIVE SYSTEM

" A basic transmit-receive system is shown in Figure 1. Information sucﬁff‘
f;’gs spoken words may be Sent, or transmitted, between two points using

- rééjo’waves.,_ﬁ transmitter generates highly amplified radio frequehcy

”'energy contéjning the information so that it may be sent over-]ohg
B . ‘ - / N




Polo -t . Tb,ir‘ty One"l

distances. This radio frequency.energy méy be greatly weakened by the
time it -s picked_up by a receiver. The receiver then amplifies the
desired radio frequemncy signals and converfs them into the original .informa-

x

tion that was transmitted.
™~
Radio frequency signals must be - at both transmitter and receiver

s0 that communication may take place-over long distances.

- e am VA A R SRR W RV TR U T PR T TR TR e TN T AR A v ey VAT T T T e Tl T TR T -

amplified _

(::) Two major .categories of information transmitted in a system are audio

(sound) and video (image) signals. Examples of these are shown in Fidure 2.

Audio Information " Video Information

Voice Television Pictures

Music Radar

Code

Figure 2

ELECTRONIC-IN?ORMATION
Audio signals contain frequencies in the :'ange of the human ear, and range
?rom'about,ZOAHz to 20,000 Hz. Video signals contain frequencies required

to convey images, and range from about”® Hz to 6 MHz. These two frequency

, \ ranges will have.an important*effect on the amplifier-circuits used to send
f - Al L] .
and receive these signals.
L}

~ [

19




Thirty One-l

‘Audio‘signals contain frequencies in the range of Hz to

Hz, while video signals contain frequencies in the range of

Amp11f1ers must be able to amp11fy the h1ghest and Iowest frequenc1es
o
_conta1ned in the audijo or video signals.or a loss of information may l/

e

result. The amp]ifigrs/yoﬁ'éiudied in ear]ier modules were designed to ‘
amﬁ]ify signals iﬁ the audiv range {20 Hz to Zd,OOO-Hz). This means
tha; those ampli%;ers had a frequency response of 20 Hz to 20,000 Hz,

and therefore could amplify just about equally well any signal in that
frequency range. ‘ L

"

An amplifier designed to amplify audio signals 'has a

in the range of 20 Hz to 20,000 Hz.

- e et W D o e Rt e e ot U e P iy B Ok B W s s iy oy W W A

-

fregquency response

-,

.NO” you will apply some of the terms you have learned to determine .

some important operating characteristics of amplifiers. Recall that in

your study of resbnance you learned that bandwidth is the lower Fco

- ~

Al T
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£ -

s ]

(cut-of f frequency) subtracted from the upper-Fco. The basic difference
between frequency response and bandwidth is that frequency response is
always expressed as two numbers which are the upper Fco-and lower Fco,

while bandwidth is expressed as the frequency difference between the

upper and Tower Fco's.

-
£

Bandwidth is the ' subtracted from the

ta
o --------n--------.._---w-------%-------n---------------

M d E o A E A ——

lower Fco, upper Fco

(::) Generally speaking, an amplifier ha; an output signal that is
unchanged from the input signal except for amplitude and phase. The
amplitude‘of the output signal is maximum for a particular amplifier at
thé £ehter, or resonant, frequency (Fo). This amplitude at Fo is equal
tqvthé amplifier input voltage at Fo multiplied by the amp{ifier gain,
For example: :

Amplifier Fo = 3 MHz
Amplifier gain = 5
Amplifier_input at Fo 2V

E;

Anplifier output at Fo = wmplifier-input x gain ...

10 v : ’

CIf the'amplifier gain is 10 and the ihput is «5 V at the center frequency
. * “ -

of the amplifier, the output voltage is / .

-n--------—--n---'-—---nnn-n---——--—--—--—-----@-- -

— -

. 5 volts
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If our input frequency varies eithe-r' above or be'Il;w the center )
Ve : : .
. frequency qf'the amplifier, the signal will still be amplified, but to a

lesser amount than at Fo. Figure 3 shows the ampiitude of the output

'voltages at various freguencies of the inbut_voltage. _

-

tco LOWER fco UPPER

100% -
. 70.7%
QUTPUT
VOLTAGE

0
FREQUENCY —»  fo

e - e s e e T E e s s Em e

" Figure
A ! ‘
F_REQUENCY RESPORSE CURVE

‘Notice t.hat at the center frequ]ency" the amplit.uda of the output vthage
is at'iob‘z. Thiﬁ means that thelinputl vo]ta%' at' Fo is amplified the
“maximum amount for the amp"lifie'r.' ‘i’ou can see’ that the ampl”*ude of
dufput '\ro;1tage_s are 'IO;qsr when the j‘nput frequency is either hjgner or

i, .
lower than Fo. VYou also can easily find the two points where the
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X ‘

amplitude'of the output vo]tage is"only 70.7% as high as the amplitude

.- ‘at Fo. These two 70.7% points, also ca]’ed half-power p01nts, defing

4

the upper 2nd lower Fco's for the amp11f1er

I£ the input siggal freqhency is 1ncreased above the “center frequency

of the amplifier until the output voltage falls to 70.7% of maximum,
the amplifier is operating at its upper Fco. If the frequency is

decreased below the center freqﬁéncy until the output falls to 70.7% of

maximum, the amplifier is operating at its lower Fco.

The two frequency points at which the ampltitudes of the output voitages-

of an amplifier are 70.7% of the maximum amplitude at Fo, are called the

and the

oy T T o kA g T P g e R it T W ot R n o

'l - .

-. upper Fco, lower Fco

.
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(::) The amplifier characteristics you have covered can be presented in a

' frequeny response curve as shown in Figure 4.

I.O\’-]- Feo LOWER I Fco UPPER

RLVC . \
C Jory

S T T A

oo

[ ]
]
]
]
]
]
]
]
t
[ ]
]
]
.

ouUTPuT

VOLTAGE ‘s AMPLIFIER OUTPUT

\

b T
_-_i.

vy T T Ly

Fl° L L L ¥
OMHZ MM 2MHE 3MHT  4MHZ BMHD AMH: TMHL

FREQUENCY w—eipr
Figure 4_’
FREQUENCY RESPONSE CURVE

’ 7 . o y
Frequency response curves will be common in your study of electraonics.

- Figurg-4 shows, a frequency response curve for an amplifier wi?h an
inﬁut.of .1 volt and 2 gain of 151 The frequenéie§ of the input
voltage are divided along the horiionta] (or X} axis. The amplifier
odtput voltages are divided along the verticg] {or Y) axis. The curve
of the amplifier output shows the output voltageé\whicﬁ go with dif-
ferent frequencies of the input voltage. Recall tﬁat the ﬁaximum
output for amplifiers = gain X input‘voltagé at Fo: In this example,
‘the maximum outp;t =10 X..1> Qolt, o: 1 volt. Now you'can see that the
upper and Jower Fco's, or ha]f-power.points, are located at the fre-

quency points on the ‘response curve at which the output voltage is only

L 70:.7% of the output voltage at‘the center frequency. In this example,

'70.7% of the maximum output voltage = .707 X 1 volt,-or .707 volts.

17

24
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L3

Upper and ﬁqwer Fco's are found first by locating the .707 bolt division
point on the vertical axis, and by reading across until the two points on
the reﬁponse gLrve a}e found. Then read down from those points on the
and identify the two freﬁuency division points on the hor{zontal axis.
These are the lower and upper Fco'ﬁ for the amplifier, and are located
Mz and at 4 MHz. Recall that the bandwidth is the difference between

upper and lower Fco's. Therefore, for this examnle, the bandwidth =

4 MHz - 3 MHz, or 1 MHz. You will potice that the amp1ifi$r may still

amplify signals outside its ﬁéndwfdth. However anythihg less than 70.7% of

full gain is nonma]]y cbnsidereq to be an unuéab]e output.
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. . 3
n Figare 5 below, the shaded area represents the - of the amplifier.

- - -
---.—-_2--_-----_-----..---.-...-_-..--....------.-------_-_-----------_-_--_-_-
- B

bandwidth

r

2.0V~

1.8V

1.6V=

T 1.4v=
OUTPUT ,

VOLTAGE .
L 1.0V=

.8V

Ve

LV
U‘v-
2V -
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« Figure 5
FREQUENCY RESPONSE CURVE
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(Eg) THIS 1S A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR ANSHERS
WITH THE ANSWERS GIVEN AT fug TOP OF THE PAGE FOLLOWING THE TEST QUESTIONS.
REFER TO FIGURE 6. STUDY THE FREQUENCY RESPONSE CURVE FOR AN AMPLIFIER WITH'
A GAIN OF 5 AND AN INPUT VOLTAGE OF .4 VOLTS, IN ORDER TO ANSWER THE QUESTIONS
THAT FOLLOW. |

2.0V

1.8V

1.6V
ool
OUTPUT 4 5y

VOLTAGE
. 1.0V=

.8V~
.6V
L4V~
.2v-

-1-‘-0-.-— — A —— O j—
- ﬂh--ﬁ\- - . Sk, el -

ov T T
OMHz 2MHz 4MHz 6

i L LS

Hz 8MHz 10MHz 12MHz 14MHz

<

4 _Figure 6

1. The upper Fco for tris amplifier is

2. The lower Fco for this amplifier is

3. The output voltage for this amwplifier at the center frequency is

4. The bandwidth for this ampiifier:is .
5. The outlput voltage at the half-power npoints is .

COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN ON THE TUP OF THE

L

" NEXT PAGE.
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8 MHz
5 MHz

volts
sz

1.414 volts, or approximately 1.4 volts

ALL YOUR ANSWERS MATCH, GO ON TO TEST FRAME 16. OTHERWISE, GO
BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE REFORE TAKING TEST
FRAME 8 AGAIN.

| The amplifiers you have studied had a frff;;ehcy response of 20 Hz
to 20,000 Hz. Other types of amplifiers may have frequency responses
above or below this level. Radic frequency (RF)‘amp]ifiers amplify any
signals within the f?equéncy range from 30 kHz to 307 GHz (G is pro-
nbunced Giga and means 109). These amplifiers may have just about
any frequency response charactéristics and bandwidth within thi§

frequency range.

A circuit which amplifies a frequency or band of freguencies between 30

kHz and 300 GHz can be called a/an __ . .. amplifier.

----------------------------------------------- o o

radio frequency or RF

The bandwidth of an RF amplifier, as with any amplifier, muyst be

broad enough to amplify the lowest to the highest information freguen-
cies contained in the signal. For example, an RF amplifier in a

S e COMMUNMTTCETTOR radio receiver designed to reproduce voice frequency
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radio transmissions would have a minimum bandwidth of about 3000 Hz.
In contrast to this, an RF amplifier in a television set would have a
minimum bandwidth of about 6 MHz to pass frequencies required for

,picture information transfer.

ki o A il o e il e U i U el e ol M e el . e M D s W ol U sl el i ok sk

no response required .

(::) An important term related to bandwidth size is tuning. ‘Reca1l that
~an amplifier is designed to operate within a certain fréﬁuencx range.
Untuned RF amplifiers are used to amplify RF signals over a relatively
wide bandwidth within their frequency range. Therefore untuned RF
amplifiers will ampTify about equally well any frequencigs within their

frequency range.

What type of RF amplifier will amplify RF §ignals”gver a relatively
wide bandwidth within their frequency range?
a. tuned ‘

b. untuned

i BT ot Al o i o o o o o i i WP P sk o e e o e

b. wuntuned
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(::) On the other. hand, tuned amplifiers are used to amplify RF signals
over a relatively narrow bandwidth within their frequency range. In
mpét cases, tuning is vatiable $0 you may choose any desired frequency
within the freﬁﬁencj“fange to be amplified. This ﬁeans,that with ;uned
RF amp]ifier§‘y0u_piék_é desired frequency and the amplifiers, due to
the narroﬁ béndwidth, will amglify that frequency and exclude most
‘dthers. This ability to separate wanted from unwanted signals is
called selectivity. Both tuned and untuned RF amplifiers find many

appjications in radio, television, radar, and communication equipment.

The ability for.tuned RF amplifiers to amplify a desired signal and

exclude most others is called

W iy it Sl e il ol ol i P sl E R it ol W e e b R o P s o o P N ommomm ot T o e -

Selecgivity

e (::)“'Intenmediate frequency (IF) }mp]ifiers are special types of tuned
RF .mplifiers. A major difference is that IF amplifiers are usually
tuned to a fixed frequenc&'whereasHRqumplifiers‘can be tuned.to

—_—

different frequencies within their frequency rangegfhw“““nm

IF amplifiers usually have _ tuning.
a. fixed

b. variable

p S W W T R A Ak it il e e mm tn S m ll all al m h m  a  m  mm h mm  al al M m  T  a m mm mmk B P aB P

a. fixed
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The bandwidth of IF amplifiers, just as in tuned RF amplifjers,
must be wide enough td émplify, or pass, the lowest to highest informa-
t%on frequencies contained in the s%gna] at or above the ?0.?ﬁ power
points. Also, the bandwidth must be narrow enough éo that unwantéd
frequeﬁcy_signals will be eliminated. Now recall that bandwidth
represents the range of signals we want to'amplify. We can séy that IF.
amplifiers provide large amounts of amplification over a relativel}
narrgw bandwidth. This means that IF amplifiers are designed to pass
desired signals that are rélatively close to their center frequencies.
¢ of course some equipment IF amp]ffier bandwidths may be wider than others
because oflthe partiéu]ér type o? information to be amplified. Figure 7
shows a list of common IF amplifier center fréquencies, the range_of ‘
bandwidths, and typical electronic equiphent appTlications. The banﬁQ
width and amplification characteristics pf'IF gmplifie}s make them
important %n the selectivity, sensitivity‘and gain of superhetero-

dyne type receivers. °

IF {center frequency) Range of Bandwidths Application

455 kiHz 2.5-20 kHz FM/AM Broadcast
: and Communication
receivers

100 kHz Television audio
16-200 KHz FM/AM Broadcast and

Communication
receivers

30 MHz e 1-10 MHz Military and Commer-
o . cial Radar L

45 MHz _ 3-5 MHz Television Picture-Video
» , _ ' IF o

60 MHz - 110 Mz Military and Commercial
' ’ : Radar

Figure 7

COMMON IF AMPLIFIEP CHARACTERISTICS AND APPLICATIONS
24

v 3 '
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-

- IF amplifiers are usua11§ designed to pags signals over a
| .
bandwfdth'relative $0 their center frequency.

a. narrow §

" b. broad

T kS e g S T ey o e e e T kT R e B S o e

a. narrow N T, ——

-~

.”x (::) Video amp[ifiers are untuned and usually have a frequency response
", from about O Hz (DC) to near 6 MHz, They are used in equipments that
_reduire aﬁbf%%%cation of wavefdrﬁ; that contain high and low freguency
_information such as square or-éawtooth-waﬁes. Some equipments’ that use -
v}deq amplifiers are radar, television and oscilloscopes. A common

element jn all of these is the visual disptay of information. -

T A N T e e T ¢ A

no response required

- -

L]
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THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND TMEN
COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE

FAGE FOLLOWING THE QUESTIONS.

1. RF.amp1ifiers usually amp]ify signals in the frequency range
from - ’ s
a. 0 Hz to 20 Hz
b. 0 Hz to 20 kHz
c. 20 Hz to 20 kHz
" d. 30 kHz to 300 GHz
2. Untuned RF amplifiers a}e used to“;mpTif§ over a
" bandwidth.
& a. narrow
b. wide

c. ‘relative
L
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The ability of an amplifier to separate wanted from unwanted input

§ignals is called
selectivity )
amplification
bandwidth

sensitivity

amplifiers usually have

vaf%able tuning, wide bandwidth -
variable tuning, narrow bandwidth
fixed tuning, low gadg

fixed tuning, high gain:

H




7/

NONEOF >

THESE THINGS WORK

R\ PROPERLY WITHOUT
y S ’ E 0 ’
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L

30 kHz to 300 GHz
b. widé
a. selbctivity

d. fixed tuning, hign gain . ¥

IF ALL YOUR AWSWERS MATCH GO ON TO TEST FRAME '24 OTHERWISE, GO BACK TO

FRAME 9 AND TAKE THE PROGRAMMED SEQUENCE REFORE TAKING TEST FRAME 16

3

AGAIN.

(::) Often in ‘electronics you will work with voltage and pbwer gains

(and losses). .A commor, way to express gain {and 1oss) is the ratio of

output, where output and input are expressed gitner ip voltage or
input
power.. For example, if ‘an amplifier has an output voltage of 1 vo]t with

an input voltage of .2 volts, then the gain is 1 Volt output op 5,

.2 volits- 1nput
Therefore, we can say that the output vo]tage is b t1mes greater than

the 1nput voltage, or that the ratio of output voitage to input voltage

is 5 to 1.

A commdh way to express ampiifier aain is
a. finput X output
b. irput/output

c. output/input

T e T o kW T A W N TR MR ML Y m m A m A ke R ke Oy A M W M Tk

" €. output/input
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f@ For now.we will talk only about gain. Often it is useful to know

what is the combined voltage or power gain of several amplifiers

working togethetﬂ You will learn how to do this a little 1étet on.

But in ﬁrder folégke a point, let 'us just mention that the answer
rgquires multiplying voltage or power gain ratios. This multiplication
can Pe a very cfumsy‘procedure, and iq unnecéssary, A unit of measu}ement
exists which Ehanggs the gain ratios into other numbers which can be
Simp]y added-fo %1nd the answer. As you know, addition-is eésier than

mu]tipliéétidn. The uhit we use is related to the bel, named after the

~s inventor of the telephone, Alexander Griham Bell. Howewer, in electron-

[P

. ) :
ics, the bel often is too large to use in many applications. Therefore,

- we actually use the unit called the decibel which ‘is one-tenth (1/10)
of a bel. The decibel is expressed as the letters “dB“.

Py . - :
A unit of measurement in electronics which is an expression of the

,

power or voltage ratio is calléd the.

T e W A s s e e R A e A W A W

decibel {or d8)
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Voltage and power ratios, or gains, can be easily converted to
their equivaient decibel {dB) value by the use of charts and/or graphs.

Figure 8 shows a typical dB chart and graph.

1 0DD,00D
Yisl, beob Yy .:.:Eﬁ.—. f’ E ijiz
H siE bk TE
RE

HA 1t [ XE TR Ly T1r [
A
i

ol

105,000 " - H

g

-

[T X- 3 EER R PR N P - )

ERREYET U

Dﬁci.(l. S

DECIBEL CHARY/GRAPH

To US;e the dB chart, fi‘r'st not ice thaf v 1tage ratios convert ‘to
differ'ént decibels than do power ratjos. \For example, é voltage ratio
,_of 2.8 (that is, output voltage is 2 timesigreater than input vo‘ltage)
converts to 6 dB. "AL_ ratio of 2.0 converts to onl_y 3 d8. The
na‘.:hemptica] reason for the differ'ence will not be mentioned. Just

remember to read‘down the correct column on the chart in or‘d/er' to

/
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find the vpltage or power ratio you want to convert, and then read
across to find the decibel uﬁit. To use the  dB graph, first finq the
power or voltage ratio you want to convert along the divisibn pd?nts of
the vertical, or "Y" ax;s. Then read across until you find the inter-
section point with the "power" or "voltage" diagonal line, dependipg

on whether you ére converting a power 6r a vo]fage ratio. Then read

J

down from‘that point to the decibel unit along the division points ef

the horizontal, or "X" axis. For example, a voltage ratio of 100

converts to a decibel unit -of 40. A power ratio of 100 converts to a

decibel unit of 20.

Using erther the d8 chart'or dB graph in Figure 8, find the decihel
conversions for the following voltage and power ratios:
a. voltage ratios = 10, 2.5, 200 |

b. power ratios = 10, 2.0877300 -

a. 20 dB, 8 dB, approximately 46 dB

b. 10 dB, 3 dB, approximately 25 dB

-

Now that you can convert gain ratios to decibeis, let's see Row

useful decibels are in solving some typical problems. A commen problem
is to find out what is the total-voltage_gain in a circuit containing
' more than one amplifier. Figure 9 shows a diagram of -a circuit contain- .

ing two amplifiers connected in series, or "cascaded".
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VOLTAGE VOLTAGE TOTAL QUTPUT

“ - VOLTAGE GAIN
GAINZ 10 | GAIN=2 = 20
i to. ’

10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) = 20 (VOLTAGE GAIN)

- F%gure g
) CASCADED‘VOLTAGE AMPLIFIERS - VOLTAGE GAIN

P

The voltage gain ratio (VG in Figure 9) for the f.ir'st émph'fier is 10

and for the second amplifier is 2. -

This arrangement gives a totaf circuit voltage gain equal to the’

_product of the individual amplifier voltage gains, or in this case-a

“gai-n of 20. Now decibels could also be useg to. express this gain.

Figure 101|shovis the' samé setrup including the decibel corversions for
the voitage gain of each amplifier.

[

At ]

» - ’ ' 4 "
VOLTAGE . VOLTAGE i TOTAL VOLTAGE GAIN & 20
GAINZ= 10 7" ; "l GaN=2 TOTAL dB GAN = 26 dB

aB=20 .dB= 6 : .
10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) = 20 (VOLTAGE GAIN)

20 dB (VOLTAGE GAIN) 4+ 6 dB (VOLTAGE GAIN) = 26 dB (VOLTAGE GAIN)

1\._

, Fidure 10 o J .
CASCADED VOLTAGE AMPLIFIERS - VOLTAGE AND DECIBEL GAIN

33




P.1. ) : Thirty One-1

As an exercise use Figure 11 and verify that voltage gain‘ratios
of 10.and 2 éonvgrt to dB gains of 20 and 6 respectively. Now the
punch line is that the total circuit voltage gain in decibels equals

the suw of the individual anplifier voltage’gains in decibels, or 26

dB.,

Use Figure 11 again and verify that the total ciccuit voltage gain ratio

of 20 converts to a total circuit vo]taée gain of 26 dB.

1,000,000,

LIUR IR
hea T bt tid 02

10

an
(L)
315t
[T
IR T
100 BYo

3
[ 0] 48

Fiqure 11

DECIBEL CHART /GRAPH
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The total gircuit'voftage gain in decibels for the two cascaded ampli-

fiers shown in Figure 12 s dB.

#

> “ ? dB OUTPUT

Figure 12

T T T W T o T A i —

25 dB

(::) You .have Tearned to convert voitage gain ratios and power gain
"ratios to decibels using charts and graphs. You have also learned to
use gecibels to find the total voltage gain in some simplé circuits.

Now jetfs try a probiem in which you will be combining power'gain
ratios instead of voltage gaip Eatios. The procedure is the saﬁe. The-
only difference is that power gain ratios convert to different decibel
nuibers than do voltage gain ratios. The decibel conversion chart and

graph are repeated in Figure i3.

42
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\ 1000000

U NGLTAGE PUAEN -
RATIO DECIDELS RATIO

L

"] Tt . 100,000
oh

o

10,606 k3

-
DECINELS

Figure 13-
DECIBEL CHART/GRAPH

Figure 14 shows a diagram of a circuit containing two cascaded amiplifiers,

POWER S - TOTAL POWER GAINZ 20
GAIN 10 ™ TOTAL 4B POWER GAIN =13 dB

10 (POWER GAIN) X 2 (POWER GAIN) = 20 (POWER GAIN)
10 dB (POWER GAIN) + 2 dB (POWER GAIN) = 12 d& (POWER GAIN)

Figure 14 : \

——

‘ CASCADED POKER AMPLIFIERS - PONéR AND hECIBEL GAIN
The power gain ratio in-Kigure 14 far the first amplifier is 10, and for
the secs,nd amplifier is 2. The total circuit power gain equals the product
of thle %ndividua'l amp;lifierl power yains, or in this caSe a gain of 20, You

Al

will notice that decibels can also pe used to- express

44
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-

this gain. Figure 14 also shows that the decibel conversions for the
power gain ratios of 10 and 2 are 10 dB and 3 dB respectively. As an
exercise, vérify the debibeﬂ conversions by using Figure 13. Remember
to read down the "power ratio” column on the dB chart; or read across

to the "power gain" didgonal line on the dB graph. As you can see, the .

tot al circuft;power gain ‘in decibels equals the sum of the individual

amﬁ]ifier pover gains. in decibels, or 13 dB. Use Figure 13 again and
verify that the total circuit power gain ratio of 20 converts to a
tota]lcircuit power gainiof‘13 dB.

The total circuit power gain in decibels for the two cascaded amplifiers

shown in Figure 15 is

INPUT)—b 10 dB

Figure 15
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@ You have Tearned to convert voltage and power gain rat‘iosltp
decibels, and to combine decibels to find the total voltage and power
gain in some simb'le circuits., One other type of problem is quite
common, Suppose you are given an amplifier Jinput in terms of vo'ltagt;.'
or'power, and are Fl‘sp givén the ampl{fier voltage or/p"ower' gaillh. |

4

expressed in decibels. Your problem is to find the amplifier voltage

output or power output. To make it easy, let's first solve a problem
‘for' voltage output. Figure 16 shows a diagram of a typical problem

'involving voltage output. »

L

P QUTPUT VOLTAGE =7 VOLTS

* 1 MILLIVOLT
V.G.= VOLTAGE GAIN = 40 dB

Figure 1§

VOLTAGE OUTPUT VS INPUT USING DECIBELS




P.1. _ ' . Thirty One-1
This amplifier has an input signal of 1 millivolt RMS, and a 40 dB
-vdltage gain. What is the voltage output? The "answer is easy to find

by using the dB gain chart or graph shown in Figure 17.

LOOO0 00

NOLTAGE | POWLH
RATIO - DECINELS

oo Qn ? 100,000
N ah 3

E

b
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”“I’"“"""V:’-.
AT PN -] A e

Zog“
w -
-
h-4-1 TRl RETE By O

Fo

Rk

&
o

3

|
_L_:!!- 4
335+
1
]

10 000, 00C 00C

DECINELS

Figure 17

L

DECIBEI:Q‘CHART/GRAPH

First find the 40 dB entry doﬁn the middle column of the dB chart. Now
read across to your left and find the voltage ratio related to 40 dB,

which in this example equals 100. Now recall that a voltage ratio of

100 means that the ratio voltage output =100. Therefore, a little simple
voltage input -

math shows you that voltage output = ,100 X voltage 1nput. In this. example,

voltage output equals 100 times 1 millivolt, or 100 m1111v01ts. You can

also solve this problem by u51ng,the dB grgph‘ F1rst find the 40 dB entry
along the horizontaf axis. Thér read up Jntil you tind the “"voltage gain"
'diégonal line, Flnally, read across to your left from that point and read
" the ratio value (that is, 100) found on the vertical axis.

An amplifier has an 1nput sfgnal of 2 millivolts and a 20 dB voltage

gain. Using the dB chart or qraph in F1gure ]? “the voltage: output is

T L S L W Ty oy T T

o

- 20 mi]1iyplts outﬁut

9 47
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@ A similar problem looking for power output is shown in Figure 18,

- OUTPUT POWER =7 WATTS
10 MILLIWATTS : \

P.G. = POWER GAIN = 20 dB

Figure 18
~ POWER OUTPUT VS INPUT USING DECIBELS

This amplifié; has ah input signal of 10 milliwatts and a power gain of
30 dB. What is éﬁe output power? Again the solutfbn is easy. First
find the 30 dB value on the dB chart of the dB graph in Figure 17. If you
use the'HB chart, read across to your right to find the power fatio,
which in this eiample equals 1000, If you-useﬂéhe_dB graph, read up
until you find the "power gain" diagonal line,-and/£hen read across to
your left to find the ratio value on the vertical axis. We now know '
that the ratio of output to input is 1000. Therefore thé power output
equals 1000 x 10 millwatts or 10,000 milliwatts. However, since |
I"nilli” is the metric prefix for the ratio 1/1000, the most correct wa}
't0 stéte the power output would bel{P watts, which is 10,0700 divided by
1000, | -

An amplifier has an input signal of 5 milliwatts and a 20 dB power

gain. Using the dB chart or graph in Figure 17, the power output is
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o t

- THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR ANSWERS
NITH-THE ANSWERS GIVEN AT THE TOP- OF THE PAGE FOLLOWING THE TEST QUESTIONS.
NHERE NEEDEO USE THE OECIBEL CHART/GRAPH SHOWN IN FIGURE 19 TO FINO YOUR ANSWERS.
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Figure 19 | e

DECIBEL CHART/GRAPH

A voltage ratio of 100 converts to the same dB value as does a
power ratio of 100. ‘

2. true
b. false

l

A voltage ratio of 1.40 converts to dp.

A power ratio of 4,0-converts to dB.

AMgplifiers A and £ are wired in series (that is, cascaded) in a

circuit. Amplifier A has a voltaue i of J0 dR.  Amplifier B hos a

‘voltage gain of 10 d8. _Ige total circuit amplifier gain- is

»

a0
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5. Amplifiers A and B are wired in series (cascade)-in a circuit,

Amblifier A has a voltage gain ratio of 100, ‘Amplifier B has a voltage

gain ratio of 2, The total circuit amplifier gain is

dB.,

6. An amplifier has an input power of 10 milliwatts and a power gain

of 3 d8. The output power for this amplifier(is milliwatts.
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b. false
approximately 3 dB
6 dB
40 dB
. H
46 dB
20 milliwatts output

IF YOUR ANSWERS MATCH THE CORRECT AMSWERS YOU HAVE’COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 1, MODULE THIRTY ONE.OTHERWISE GO BACK T0O FRAME 17
AMD TAKE THE PROGRAMMED SEQUENCE BEFORE TALING TEST FRAME 24 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON .PROGRESS CHLCK. 1F YOU ANSWER Aii.
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE LESSON TEST. [IF YOU INCORkcCTLY
ANSWER ONLY A FCW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES S0 THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU

FEEL THAT YOU HAVE FAILED TO UMDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION AUDIO/UISUAL MATERIAL S (1F
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER TWSTRUCTOR, UNTIL YOU CAH
ANSWER ALL SELF-TEST.ITEMS ON THE PROGRESS CHECK CORRECTLY.
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MARRAT IVE
To- . LESSOM 1

-

RF, 1F, and Video Amplifjer Characteristics

&

RF, IF, and video amplifiers have important functions in communicatjon
and radar electronic equipment. An application in communication is
shown in the basic transmit-receive system diagram in Figure 1.

s

- L .
. /'/’/./ *

' -
| VOKE SOUND WAVES ' ' f '
\ RADIO WAVES
TRANSMIT TER - RECEWER

Figure 1
* TRANSMIT-RECEIVE SYSTEM

Information such as spoken words may be transmitted between two relatively
distant points using highly anplified radio frequency energy waves containing
the informations A receiver then amplifies the desired radio frequency
signals and converts them jnto the original informatien that was transmitted.

Two major categories of information tFfansmitted in a system are audio and
video signals. ‘Examples of these are shown in Figure 2.

~hudio Information - ' Video Information

Voice . Television Pictubes
Music . T Radar ‘ .
Code . -

‘Figﬁre 2
ELECTRONIC INFORMATION
- »

4553
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This lesson describes some important operating characteristics of amplifiers.
In your study of resonance you learned that frequency response is expressed
as two numbers, the upper Fco (cut-off frequency) and lower Fco, while
bandwidth is expressed as the-frequency difference betweenp these two

numbers. For example, an amplifier is said to have a frequency response from
8 MHz to-9 MHZ but a bandwidth of 1 MHz. Within the freguency response of an
amplifier, the amplitude of the output signal is at maximum (or 100%) at the
center, or resonant frequency (Fo).” The maximum amplitude at Fo equals the
amplifier input voltage at Fo multiplied by the amp!ifier gain. For example:

Amplifier Fo = 3 MHz
Amplifier gain = 5
Amplifier input at Fo = 2 ¥

———

Amplifier output at Fo = amplifier input x gain = 10 V.,

Audio sigpals contain frequencies ranging from about 20 Hz to 20,000
Hz. “Videoisignals contain frequencies ranging from about 0°Hz to 6
Miz. These two frequency ranges have an important effect on the
‘ampMfier - circuits in transmitters and receivers. Amplifiers you
Nave studiéd, in earlier modules were in the audio frequency response
range, and were designed to anplify about equally well any signal
within that range. Amplifiers will still amplify input signals:
above and below the center frequency, but at less than maximum gain.

Figure 3 shows an amplitude_curve of output voltages at various
input frequencies around Fo.

) *
fco LOWER fco UPPER ©.
100% ---\;-‘i-

70.7%

T

OUTPUT
VOLTAGE

L

0

FREQUENCY ——» ° fo
' figure 3

FREQUENCY RESPbNSE &U RVE

47
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The amplitude of the output voltage js at meximum (I00%) at Fo, but is
reduced to 70,7% -of maximum at the upper and lower Fco, or half-power
" points., ‘The half-power points indicate the two frequencies at which

the ampiitudes of the output voltages are 70.7% of the max1pun amp) itude
.at Fo. ,

‘These amplifier characteristics -can be presented in a freqUency response
curve as shown in Figure 4,

: Fco UPPER

|’///

[}
UTPUT

. VOLTAGE ~ AMBLIFIER OUTPUT

F T T
Oln-u IMHI ?uﬂl IMHE IMH! Mnu AMMHE mm

FREQUENCY i

Figure 4

FREQUENCY RESPONSE CURVE °

Such curves will be common in your study of e]ectrbnics. In this
example, the ma X i mum voltage output at Fo equals .1 volt input X a
gain of 10, or 1 volt. The output voltage at the half«power points
equals .?0? voTts, The two input frequencies which produce this
output voltage are 3 MHZ and 4 MHz, Therefore, the frequency response
for this amplifier is 3 MHz to 4 MHz and the bandwidth 15 1 MHz, Any
'signal amplification outside of the frequency response is normally
considered an unusable output,

L
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Radio frequency amplifiers may have just about any frequency response
charactertstic and bandwidth within the frequency range from 30 kHz

to 300 GHz (G is pranounced giga and means 109). Untuned RF amplifiers
‘amplify RF signals over a relatively wide bandwidth, whereas tuned RF
amplifiers amplify RF signals ovey a relatively narrow bandwidth. Tuning
of RF amplifiers is variable which allows you to choose the fregquency to
be amplified.within the frequency range. The amplifier selectivity will
amplify the chosen signal and exclude most others.

Intermediate frequency {IF) amplifiers are basically tuned RF amplifieis
with fixed rather-than variable tuning. IF amplifiers in AM receivers have
a2 relatively narrow bandwidth, which means that they are designed to pass
desired signals that are relatiyely close to their center frequencies. The
center intermediate frequency has 2 wide range of possibilities, but each IF
amplifier has a relatively narrow bandwidth when compared to its own center
frequency.

Figure 5 shows a2 1ist of common IF amplifier center frequencies, the

range of bandwidths, and typical electronic equipment aprlications.

The bandwidth and amp11f1cat1on characteristics of IF amplifiers make them
important in the se1ect1v1ty, sen51t1v1ty, and gain of superheterodyne type
rece1vers.

IF (center frequency) Range of Bandwidtns " Application

455 kHz- - ' 2.5-20 kHz FM/AM Broadcast
. & Communication
recejvars

100 kHz . feTevision audio

10-200 kHz FM/AM Rroadcast
and Communication .
receivers

1-10 MHz . Military and
Commercial Radar

#

3-5 MHz Television Picture-
: Video 1F

1-10 Miz ‘Military and
Commercial Radar

Figure 5

COMMON IF AMPLIFIER CHARACTERISIICS AMD APPLICATIONS
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Video amplifiers are untuned and usually have a frequency response from
about 0 Hz (DC) to near 6 MHz. They are used in equipment that require
amplification of waveforms that contain high and low frequency information
Some equipments that use v1deo amplifiers
are radar, television and osc11losc0pes.

such as square or sawtooth waves.

One tommon way to express voltage or power amplifier gain is the ratio of
output divided by input. As an example, 1 volt output divided by .2 volts
input equals a 9ain of 5. Often it is useful to know the combined voltage

or power gdain of several amplifiers in a gircuit,’

In electronics, the

procedure for combining gains is greatly simplified by. first converting
‘each amplifier gain to @ measurement unit called the decibel (dB}. The
decibel equals 1/10 of a bel. The basic unit s naMed after Alexander

Graham Bell, and is called a "bel".

Voltage and power ratios, or gains, can be easily converted to their
equivalent decibel (dB} value by .the use’of charts and/or graghs., Figure 6

shows @ typical dB chart and graph.
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VECIBELS

Fiqure 6

DECIBEL CHART/GRAPH

Note that' voltage ratios and power ratios convert to different decibel
values. To use the dB chart, locate the voltage or power gain you wish to

convert under the "voltage ratio" or

to the decibel value in the center.

converts to 20 dB.

“power ratio! column,

and read acrnss

To use the dP 9raph, first locate the
gain ratio along the vertical axis, and read across tn the corredt diagonal
ling. Then read down to the decibel value on the horizontal axis. [I'ér °
example, a voltage gain of 100 converts to 40 dB and a power gain' of 100

1
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Figqre 4 shows a diagram of a circuit containing two ampliviers conne#ted in

series, or "cascaded". ‘That is, the collector ?p]ate) of the first stade is

connected to the base (grid) of the second stage. .
}

VOLTAGE VOLTAGE ~ TOTAL VOLTAGE GAIN = 20
lNPUT>_.wa GAIN= 2 TOTAL dB_GAIN = 26 dB
dB=20 d8=c

10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) = 20 (V OLTAGE GAIN)
20 d& (VOLTAGE.GAIN) 4 6 dB (VOLTAGE GAIN) = 26 dB (VOLTAGE GAIN)

- ' Figure 7
CASCADED VOLTAGE AMPLIFIERS VOLTAGE AND DECIBEL GAIN

The voltage gains shown in Figure 7 are 10 and 2, respectively. The total’
circuit. output voitage gain equals the product of the. individual amplifier
voltage gains, or 20 in this example. %? the individual amplifier voltage
gains are first converted to their.decibel values of 20 dB and 6 dB using

the decibel charts/graphs, the total circuit output voltage gain in dB
‘equals the sum of the individual amplifier dB voltage gains, or 26 dB. the
dec1gEl chart/graph verifies that .the total voltage gain ratio of 20 converts
to 26 dB. . . '

The same procedure is used tc f1nd the total power ann in cascaded circuits
- as shown in Figure &. :

pOWER . TOTAL POWER GAIN= 20
GAIN 10 o TOTAL d8 POWER GAIN =13 d8

10 (POWER GAIN) X 2 (POWER GAIN) = 20 (POWER GAIN)
10 98 (POWER GAIN) + 3 db (POWER GAIN) = 13 a8 (POWER GAIN) -

Figure 8

' CASCADED POMER AMPLIFIERS-POWER AND DECIBEL GAINM.
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The power gains (PG in Figure &) are 1D and 2, respectively. The total
circuit output power gain equals the product of the individual amplifier
gains (i.e,, 20), or the sum of the individual amplifier dB gains (i.e.,
13 dB). Figure 6 again verifies that the total power gain ratio of 20
converts to 13 dB,

Arother common application of -decibels is to find amplifier voltage
or power output signal levels, given the input signal and decibel gain.
Figure 9 shows a diagram of a typical problem involving voltage output,

.

= OUTPUT =7 vOLTS

1 MILLIVOLT
V.G.= VOLTAGE GAIN =40 dB

Figure 9
VOLTAGE OUTPUT VS INPUT USING DECIBELS

This amplifier has an input signal of 1 millivolt RMS, and a 40 dB voltage
gain, Referring to the d8 chart or graph in Figure 10, 40 dB converts back
to a voltage ratio of 100.. This gain of 100 means that the output signal is
100 times greater than the input signal, Therefore, the voitage output
equals 1 millivolt X 100, or i00 millivolts. ‘

1,000,000

VOLTALE . AL
RATIO DECWELN, - NaTw

LR

g:
o2
il

r| )

gonlorl~-a

A RS AY | o ma | a
A MY - -
- oylsay

:'g??agkzc,uo,-u»ﬂ

OECINELS

Figure 10
DECIBEL CHART/GRAPH
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Figure 11 shows a similar prob]em involving power output.

*" OUTPUT POWER =7 WATTS

10 MILLIWATTS

P.G. = POWLUIR GAIN = 30 dB

Figure 11
POWER QUTPUT VS INPUT USING DECIBELS

This amplifier has an .input signal of 10 milliwatts, and a 30 dB power gain.
Again referring to the dB chart or graph in Figure 10, 30 dB converts back
to a power ratio. of 1000. Ths power output equals 10 milliwatts X 1000, or
10,000 milliwatts, or 10 watts.

That sums up dB for th1s'1esson 0f course.there are other applications for
dBs in electronics. You will learn more about these additional uses as you
continue your_study of electronics. Good Yuck:

AT THIS POINT, YOU MAY TAKE THE LESSUN PROGRESS CHECK. IF YOU ANSWER ALL -
~SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY

ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS OR FRAMES SO THAT YOQu

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. 1IF YOU

FEEL THAT YOU HAVE.FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT

AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF

APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN

ANSWER ALL SELF-TEST ITEMS ON TH[ PROGRESS CHECK CORRECTLY.
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OVERVIEM
LESSON 2

RF Amplifiers

1

~

In this 1esson you will learn the functions of RF amplifier components,
and some important operating characteristics of RF amplifiers. You will be
able to look at RF amplifier diagrams and identify the types and functions
of transformer couplings. You will understand how important the resopant
circuit property called "Q" is to_amplifier operation. You will become
familiar with the function of neutralization components. You will learn the
differences in operation petween the classes of amplifiers. You will
understand how thr fank cNcCuit flywheel effect shapes amplifier output
waveforms. You will become acquainted with the functions of the sweep
frequency generator, and you will determine amplifier frequency response
curve charactEr1st1cs using test equipment.

The learning objectives of this lesson are:
TERMINAL OBJECTIVE(S):

31.2.53 . When the student completes- th1s lesson (s)he will be able to
. IDENTIFY the component functions and operating characteristics of

RF amplifier circuits, including types of input and output ’
transformer coupling, factors affecting and affected by Q in
resonant circuits, response characteristics of different classes.
of amplifier operation, and one method for testing the frequency
response of an amplifier, by selectinn statements from a choice
of four. 1N accuracy is reouired. )

ENASLING OBJECTIVE(S):
When the student complete§ this lesson, {s)he will be abie te:

31.2.53.1 IDENTIFY the components which accomplish tuning in a tuned,
. transformer-coupled RF amplifier circuit, given—a schematic
diagram, by selecting the correct component(s) from a set of four
choices. . 100% accuracy is required.

31.2.53.2 IDENTIFY the type of tuning (Single, ganged, capacitive, induct ive)
used in a tuned, transformer-coupled RF amplifier circuit,. given
a schematic d1agram, by select1ng the correct type from a cho1ce
of four. 100n accuracy 1s required. .

31.2.53.3 IDENTIFY or CALCULATE the effect-of changes in inductive reactance,
capacitive reactance, or resistance on the Q of a coil or tank
circuit, by selecting the correct statement or value from a
.choice of four. 100% accuracy is required.
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31.2.53.4 1IDENTIFY or CALCULATE the effect of changes in Q on the bandwidth
of a tank circuit, by selecting the correct statement or value
from a choice of four, 100% accuracy Iis required,

31.2.53.5 [IDENTIFY the effect of load#ng on the ( of a tank circuit by
. selecting the correct statement from a choice of four, 100%
accuracy is required. :

31.2.53.6 IDENTIFY the function of components and circuit operation {including
neutralization of oscillation) 4n a tuned RF amplifier circuit by
-selecting the correct statement from a choice of four, 100%
accuracy is required.

31.2.53.7 IDENTIFY the conduction time, operation, output waveforms, and
relative efficiency of class A, B, #B, and C amplifiers by selecting
the correct amplifier class, waveform, or statement from a choice
of four, 100% accuraqy is resuired, . :
31.2.53.8 IDENTIFY the effect of adding tuned tanks to transistor outputs
(flywheel effect) on class AB, B, and C RF amplifier circuits by
selecting the correct statement from a choice of four. 100%
accuracy is required. . .
'31.2.53.9 1DENTIFY the sweep frequency generator method of testind the
- frequency response of an amplifier by selecting,the correct
statement from a choice of four, 100% accuracy is rgquired.

31.2.53.10 MEASURE and COMPARE frequency response curve characterist?cs of
an RF amplifier, given a training device, circuit boards, test
. equipment and proper tools, schematic diagrams, and a job program
containing references for comparison. Recorded data must be -
within limits stated in the job program.

N

7/
1 * x
- I -
BEFORE LOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW
THE LEST OF STUDY RESOURCES ON THE NEXT PAGE.,
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LIST OF STUDY RESOURCES
LESSON 2

RF Amplifiers

To Tearn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the following
study resources. '

Written Lesson presentation in:
Module Booklet:

Summary’
Programmed Instruction
" - Narrative

Student's Guide:

Summary -

Progress .Check b .

Telonic 1232A Sweep Generator 1.S. :

Job Program Thirty-2 "RF Amblifiers ‘and the Sweep Frequency Generator"

Additional Material(s):.-

Enrichment Material(s):

NAVSHIP 0967-000-0120 "Elect}onic Circuits” Electronics Installation
and Maintenance Book (EIMB) Maval Ship Engineering Center, Washington,
D.T.: 0.5, Government Printing Office 1965.

NAVSHIP 0967-LP-000-0130 "Test Methods andﬁbracticesﬁ‘EIectronics
Installation and Maintenance Book (EIMB) Naval Ship Engineering Center,
Washington, D.C.: U.S. Government Prionting Office 1970.

YOU MAY USE ANY, OR ALL, RESOURCES LISTEQ ABOVE, INCLUDING THE LEARNING
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME.
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SUMMARY .
LESSON 2

RF Amplifiers

mplifiers are called RF amplifiers only because they have untuned o- :
tuned input and output coupling with a frequency response in the ’
“ RF range. Tuned coupling is more common because we ~re usually interest-

ed in the RF amplifier's selectivity when we tune to a cpecific station *
cin a radio receiver,

Transfurmers can be made into tuned parallel resonant coupling circuiis
by placing a capacitor across either or both windings., An example

using tuned coupling transformers in a basic amplifier circuit is shown
in Figure 1, : -

o ' TUNING

— e e S

_ ‘.
+VBB igure 1
TUNED RF- AMPLIFIER

If all the resonant circuits are tuned to the same frequency, the

signal input to Yl and signal output from T2 will be maximum at that

. Fo. 4

i ) »
ot . . .
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Amplifier selectivity is directly related to the number of circuits tuped to
" the same frequency in the amplifier's signal path. This relationship is
showr. in Figure 2.

b

RESONANT, FREOUENCI _
ONE TUNEu CIRCUTT

.~ THO TUNED CIRCUITS
THREE TUNED CIRCUITS

OUTPUT —»

4

FREQUENCY —p-

Figure 2
RF AMPLIFIER FREQUENCY RESPONSE CURVES
The input and output coupiing tanks~tan be variable tuned at the same time

if the capacitors or induet®©S are connected together, or “"ganged". Figure
3 shows a circuit with ganged variable capacitors.

+Ves

Figure 3
GANGED CAPACITIVE TUNING
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Capacitors may be ganyed by gears, pulleys, and most often by a cocmmon
shaft.

Figur‘e 4 shows schematics and a pictOrmT view of an individual induce
tive tuned RF trans former. .

POWDERED IRONH géggémug’
. MiIN
TUNING CORE?s\ L CAN
PRIMARY
COw - i
- BAKELITE
——FORMER
. AND BASE
SECONDARY .
COIL — . asuy Il ~SILVERED -, .
= MICA TUNING
. CaPACITOR

. CONNECTING — T T
PINS d

_Figure 4 ‘
INDUCTIVE TONED RF TRANSFORMER

The primary and secondary windings can be independently .tuned. The
entire unit is conpletely enclosed within a metallic shield. This

_ device is very -common 1n radio receivers and transmitters.

Transforuer coupling is inefficieat for higher RF signals. To get
around this problem,-t:2 modified coupling circuit in Figure 5 retains
the selectivity advantages of the parallel resonant ¢ircuit. C3
provides additional couplinyg between L1 and L2

7 ' L L

v Figure 5
-:CAPACITIUE COUPLED TUMED TANKS*

vl _’68
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The Q of an jnductor, tank, Or loaded circuit expresses the relationships
between inductive reactance (XL), capacitive reactance (XC), and
res1stance {R). The Value Q, or dquality, represents the ratio_of

“energy stored/energy used". Figure 6 shows the Inductor equ1va1enf
for XL and Rc {coil resistance).

Xi_= 500 1

Rc =20

Figure 6
INDUCTOR EQUIVALENT

The formula for Q of a coil is Qcoil = XL divided by Rc, or 25 in the example. -
F1gure 7 shows a simple LC tank c1rcu1t

v

L -
Fi g:rr)e 7

TANK CIRCUIT

In the tank, botk: XL and XC are equ1valent'expke5510ns for energy
stored. Therefufe, the formula for Q of the tark is Qtank = XL {or XC)
ajvided by R¢, or 25 in the examp]e
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Bandwidth can be determined by the formula BW = Fo divided by Q-tank.
The relationship between the Q of a"tank and bandwidth can be seen in
the tank circuit diagram and tank frequency response curve in Figure 8,

1000 kHz
— e — UPPER Fco =

FREQUENCY Fo lo_gws=
FREQUENCY _\Fo |eBw=4a0kH:

Figure 3
TANK Q vs BANDWIDTH

“~

*The figure shows & 40 kHz bandwidth. You can calculate the bandwidth

by plugging the circuit diagram values into the formula for Q and .

" bandwidth. }n the example, Q equals. 25, and bandwidth equals 1000 kHz

, divided by Q, or 40 kHz, The steep sides, or skirts, on the frequency
response curve Tndicate that the Q of the tank produces high selectivity.
If the coil resistance in the tank increases while XL, XC, and Fo

remain constant, the Q wculd lower and the bandwidth would widen. Coil

resistance can be increased by winding coils of the same.XL w1th
.smaller diameter wire,

L

Figure 9 shows a loaded’ circuit which Includes a tanP switch, and
parallel load (Rp).’

P SWITCH

Rp= 5K

Figure 9
LOADED CIRCUIT

63
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ahen the switch is open, the Q of the unloaded tank is expressed by the
farsiliar ratio XL (or XC) divided by Rc, or 100 in the example. When
tne switch i§ closed, the Q of the lvaded tank circuit is Q ckt = Rp
¢ivided by AL {or XC), or 10 in the example. The Q of the circuit will
2 lower wnen @ load is placed on 2 tank than the Q of the tank without
a load. . In wideband RF anplifjers, “swanping" resistors sometimes are
placad across tank circuits to purposely lower the Q of the circuit and
widen the pandwidth.

P
Figure 10 shows a typical RF amplifier input stage in a broadcast band
radio receiver,

TUNING

Figure 10
TYPICAL TUNED RF AMPLIFIER

K2 and R3 form a voltage divider to provide forward bias for Ql. (3
places the potton of L2 at RF ground potential and ensures all signal
developuent is across L2. TI is a step-down transformer with the low
impedance winding L2 connected to the base of QI. This impedance match
provides for maximun energy transfer between the antenna and base of
wl, 3nd also preserves the § of the LI-CI tank,

Sein e ¢ oane seleltivily oF ténk -2-L2 2re preserved in a 3imilar manner.
The techinique of Zapping L3 provides a good impedance match between the
collector of Q1 and tank t3-C2. Therefore maximum eneray transfer occurs
between the output of Ql and the input to the fo]lowing stage. Note. that
Vs and Vgo are often one and the same source.

In Figure 10, tank L1-Cl selects one of the many freQuencies received by

the antenna. The signal then is coupled to L2, fed into the base of QI,
anplified, and coupled by T2 to the next stage. : '
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? . , A
Figure 11 shows one of: the many different ways the amplifier circuits .

- in*Figure 10 can be drawn. —vVee

N

lc4

T ? Jd .
R3 i:s

T2 . :
7—CHASSIS GROUND
Figure 11

TUNED RF AMPLIFIER
Une minor difference is that the tank L3-C2 in Figure 11 is grounded on
one side-allowing easy attachment of the capacitor frame to the chassis.
Transistors in tuned RF amplifiers have an internal regenerative
feedback circuit which may cause oscillation at the higher frequencies.’

This internal regenerative feedback path is shown in the shaded area
of Fiyure 12, ' '

Figure 12
TRANSISTOR - INTERNAL FEEDBACK
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We can-neutralize this internal feedback, and orevent oscillation, by connec-
ting an external feedback circuit which produces a voltaae equal in amplitude
and onposite in polarity to the internal feedback voltaae. Fiqure 13 shows
two types of ampiifier neutralization circuits, each labeled Cn.

e N

\\LL“/ ' _

—

Q

Figure 13

L

TYPICAL NEUTRALIZING CIRCUITS

RF amplifiers are designed to- take into consideration any "stray
reactances” .at high frequencies caused by the position of wires and .
components in relation to the chassis. The capacitances Co and Cin in
Figure 14 are examples of stray reactances.

' +\/BB

Re
OUTPUT

Figure 14

STRAY REACTANCES IN RF AMPLIFIER CIRCUIT
66
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You must be neat and cautious when you repair a circuit so that replaced
components will be positioned as they were before repair. OQtherwise
you may cause a frequency change or oscillation.in the amplifier.

Awplifiers can be biased to operate either Class A, B, AB, or C.
Figyure 15 shows the signal input, transistor conduction waveform and
time, and signal output for one cycle in Class A and Class B .common emitter
(CE) amplifiers with resistive lpads.
, \ ,

L : Ic

Ein ov{/--\-_y

0

CONDUCTION
TIME —

Figqre 15
CLASS A OPERATION

CONDUCTION 5% 75, , 1
TIME — = |

—— 360"—-’1 :
COLLECTOR OUTPUT
CURRENT

Figure 15
CLASS B OPERATION

L]

In Class A awplifiers, the forward bias is set high enough so that the
Lransistor conducts over the entire input cycle, In Class B amplifiers,
"ithe bias is set near zero which causes the transistor to conduct for
about half the input cycle. This produces a clipped, or distorted,
output siynal. The reduced conduction time makes Class B amplifiers.”

~wore efficient than Class A amplifiers,
67
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f
Figure 16 shows the 0perat10n for Class AB and Class C amplifiers with
resistive loads. .

1

T

 ln Class AB amp11f1ers%]the bias is set to ‘cause the transistor to
conduct for between 180° and 3A0° of the input cycle. Class AB amplifiers
have less output distortion, but lower efficiency, than Class B amplifiers.

le— 360° —|

COLLECTOR ' OUTPUT
CURRENT

Figure 16
CLASS AR OPERATION

Ic
0

[
i
CONDUCTION | ey
|

o 360°

I

I

!

|

COLLECTOR . OUTPUT
CURRENT. :

- 360° "-'—I

Figure 16
CLASS C OPERATIONS

In Class C amp11f1ers, the reverse bias causes the transistor to conduct
for about 120° of the input cycle.
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Class C amplifiers have the.greatest output signal distortion, but the
yreatest efficiency of the four operating classes. Figure 17. shows an
application of a Class C amplifier circuit. :

¢ —°

| . o1 _

~ e ()
Eom .

ot Lo : U

O

Figure 17
CLASS C RF AMPLIFIER

The actual output wave in Figure 17 is not the expected clipped wave
which is characteristic of Class C RF amplifier circuits. The flywheel
effect of the tank produces a damped sine wave output signal for each current
pulse from the transistor. In Class C RF amplifier circuits, the tank
receives the current pulse as shown in Fiqure 18.

E N To ampLIFIER /\ /\ /\
A VARVIRV;
I PULSE TO TANK /\ /\ i

-

E ouT FROM TaNK

l Figure 18

TANK OUTPUT FROM CLASS C AMPLIFI1ER OPERATION

69
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The repeated current pulses change the damped output wave {shown by the
dotted 1ine) to reseuble the reasonably good sine-wave (shown by the

“ -s01id Tine). The flywheel effect is oftén used in Class = AB, B, and C
RF/IF amplifiers to provide a non-distorted sine wave output.

Anplifier efficiency is inversely related to the amount of operating
power, and therefore, the amount of operating current. Class C ampli-
fiers are the most efficient, and are used in applications which

require large amounts of output power such as the final output amplifier
of a ratio transmitter. ’

One method to, test an amplifier's frequency response is to injedt each
frequency value fron a standard signal generator into an amplifier, and
then 9raph each output signal as displayed on an oscilloscope. A more
efficient and accurate -test method is to use a sweep frequency generator
as input to the amplifier, and then directly observe the frequency
response cyrve output on the oscilloscope. The sweep frequency genera-
tor produces a variable FM signal that sweeps back and forth over a
.section of the frequency spectrum.

e s

Figure 19 shows a typical sweep'frequéncy genergtor/oscilloscope
set-up, - . . - . )

/ \

VARIABLE RF 0'SCOPE
| ¥ X
N A O 5

‘ . L _/>/\ A ) ,!-_J
. Ce . |/<;\'“\/// \ ’

SWEEP VOLTAGE
Figure 19 -

| / SWEEP

FREQUENCY ;'6‘\ -

GENERATOR

FREQUENCY SWEEP

" The variable frequency signals from the generator are fed to the
vertical input (Y) terminal of ‘the oscilloscope. The CRT produces a
rectangular - display which .is @ combination of the sine waves from the
input frequencies, and is often callied a “frequency sweep®. The
generator also produces a horizontal sweep sawtooth wave output that
s synchronized with the variable fréquency output signal. The
horizontal sweep output is connected to the X terminal of the oscilio-
scope. Since the oscilloscope inputs are synchronized, the CRT display
1s based on frequency and not on time.

70
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A typical CRT dfsplay s shown in Figure 20,

I

Figure 20

1 MH2
MARKER PIPS

FREQUENCY SWEEP WITH MARKERS
In the fidure, the frequency marker pips show a sweep of 5 MHz on.
ejthér side of an Fo of 5 MHz.

Figure 21 shows a typical sweep frequency generator test set-up.

. A
SWEEP | .
FREQUENCY OSCOPE A,

GENERATOR
VARIABLE ) :
= B
W I A
T Jg S L.
2

SWEEP | _1_-

VOLTAGE
—_—

A
a
Figure 21
SWEEP FREQUENCY GENLRATOR METHOD
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-

In switch position #1, the CRT displays insert A. " In switch position
#2, the. rectifier-filter demodulator converts the CRT display to the
frequency response curve in insert B. . .

You will have the opportunity to use the-sweep frequenéy generator in
the job program for this lesson. With this device, you will measure
the frequency response of an RF amplifier in the NIDA trainer.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAFHS, OR FRAMES SO THAT YOU

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. 1F YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
ARG USE ANOTHER WRITTEW MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEAPHING CENTER INSTRUCTOR, UNT;L YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRFCTLY.
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PROGRAMMED INSTRUCTION
LESSON 2

RF Amplifiers

TEST FRAMES ARE 6, 11, 20, 29, 36 AND'@I.-\PROCEED TO TEST FRAME 6 FIRST

AND SEE IF YOU CAN ANSWER THE QUESTIONS. FOLLOW DIRECTIONS GIVEN AFTER
THE TEST FRAME. -

(::) You know thatlradio frequency (RFi amplifiers are circuits commonly
used in most electronic equipménts. SomeNequipnaent examples are radios,
television sets, and radars. Al the infonﬁatiou you learned aﬁout basic
amplifiers can be applied to these circuits. For exaqp]e, you can still

-use PNP or NPK transistors in any of the three basi. configurations:
Common émitter, Common Collector, or Common Base. In this lesson you
will take a.closer look at the operation of the input, conversion, aﬁd-

output sections of RF amplifier circuits.

A Ay A A Ty A T A W e s A M e A A e W

no ~esponse required

(g;) You recall that the bandwidth of amplifiers must be wide enough to
pass the highest information frequency_;n the signal. For example, video
information requires a bandwidth of aﬁﬁht‘G MHz, and audic infonmatiog
requ€res a bandwidth of about 5 kHz. MNow amplifiers are called RF
amplifiers only because they have a frequency response within the radio
frequency range. The same basic amplifier can be set up to amplify ‘t:
whatever fre&uency response we desire? We change the frequency response
by modifying the input and owtput coiip)ing.

=

80
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In amplifiers, we modify the input and output ‘ . tq/achieve

desired frequency responses.

coupling

(::) We may use tuned or untuned coupling circuits in amplifiers. Tuned
coupling circuits are far more common, and will be covered later on in

this lesson. For now, look at Figure 1 and see if you remember this type

: -
% OUTPUT

- T2

of circuit from your study of basic amplifiers.

Figure 1
7 - BASIC RF AMPLIFIER
The coupling devices Tl and. T2 “are untuned, air-core transformers: They
will pass a wide band 6% radio frequencies. This would make the ampli=

fier in Figure 1 an untuned RF amplifier.

The RF amplifier in Figure 1 is (tuned/untuned) which allows it to pass a

- {wide/narrow) band of radio frequencies.

a. tuned, narrow
b. tuned, wide
¢. untuned, narrow

d. untuned, wide
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d. untuned, wide

When we amplify RF signalg, as in a radio receiver, we also are
1 x

concerned with selectivity. In other ﬁbrds, we want to awplify only the

frequency of the radio station that we select. Since a transformer is
_ . 4
actually two coupled inductors, we can put a capacitor across either or

both windings, as shown_,in Figure 2, to make the coupling circuit
I

selective.

-

e EE R

LN

Figure-2
TUNED TRANSFORMER COUPLING
The capacitors parél!el to the windings in Figure 2 make the transformer

a paraliel resonant circuit.

The capacitors in transformers a, b, and ¢, of Figure 2 make these

" circuits . . R

s

a. parallel capacitive
b. parailel resonant
C. series resonant

. *untuncd :

75
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(::) If we put these transformers into our basic amplifier, we have the

circuit shown in Figure 3.

Figure 3

TUMED RF AMPLIFIER
Our basic amplifier now has an input and an output that are téﬂgd to
specific freﬁﬁencies, If both resonant circuits are tuned to the same
frequency; the input signal level to Q1 and the output signal level from
T2 will be maximum at that resonant frequency (Fo). At frequencies'above
or below the resonant frequency, these tuned circuits will develop 1é;s
than macimum voltage to be coupled through transforiner acticn. a
Which transformer(s) in.?igure 3 is/are tuned?

a. input only '

b. output only
c. both input and output

d. neither input nor output {

PR PR Py ke PP e R S e o o PR R RSy A PRy e AR PR e O kP ey kA ey kA g

c. both.input and ocutput
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THIS ¥S A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP 0F THE PAGE

‘ ©° .
c:I E BUTRUT

T2

FOLLOWING THE QUESTIONS.

Study the diagram below to answer quéstion 1.

+ V88
“Figure 4

1. Which components of this cir;uit make Ji a tuned RF amplifier?
a. Cl and C2
b. Vgp and V¢¢
¢. Rl and C3
d. Q1 and T1

A

2. RF amplifiers achieve desired frequency response characteristjcs by

the selection of the proper ‘
transistors ‘;
qoup&ing circuits .
configurqfion (CB - £C - CE)

bias

[1
-
.
.
[
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1. a. Cl and C2

2. b. coupling circuits

o ' J '
IF YOQR ANSWERS MATCH THE CORﬁ;CT ANSWERS YOU MAY GO TO TEST FRAME 11,
OTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED.SEQUENCE BEFORE

TAKING TEST FRAME 6 AGAIN.

-

(::) thn we add'ﬁnre resonant circuits tuned to the same frequency in the
signal path of an RF amplifier, we get a narrower bandwidtn (that is, '
- more selectivity). Figure 5 shows the relationship between the numbér of

tuned circuits and frequency response.

RESONANT, FREQUENCY
ONE TUNED CIRCUIT

TWO TUNED CIRCUITS
THREE TUNED CIRGUITS

-
=
o
-
=2
o

: ] a
. FREQUENCY —#

Figure 5
RF AMPLIFIER FREQUENCY RESPONSE CURVES

Adding dore resonant circuits tuned to the same. frequency increases the

of an RF ampli fier.
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' You know that wé can amplify a desired frequency in an amplifier by

making the input and oufpyt couﬁ]ing circ its parallel résoﬁant. We then
have a frequency selectiyé.amh]i}ier. 'However, our amp]if{er is néwl

- tuned to only one frequency. l% we desire énother frequency, we must
retune both the input and outout coupling gircuits. The problem is how
do we retune Hithdu; physically replacing components? A]so: how can we
tuﬁe the 3ﬁput coupling at the same tiée as the output coupling?

AU oo , ) -
Figure 6 shows a diagram of one solution tc the problem,

L}

Figuée 6

GANGED CAPACITIVE TUNING
Inthis citéuit, the two tuned sections, or “tanks”, are hdthhtuned for
high selectivity. , Some circuits may have on]} one }énkw but this decreases
amplifier selectivity, . In ;he diagran,'fhe arrovs ;brouqh_ﬁl and €2 mean
that the capacitors are variable, Thq dotted line connecting them meons

they also are mechanically connected toagether, or.'dangéd".

87
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Capacitors may be ganged in any one of several ways such as by gears or by

pulleys. They are most often ganged by a common shaft as shown in Figure

TWO INDIVIDUAL SECTIONS -EACH SECTION
IS AN INDIVIDUAL CAPACITOR AND ADJUSTS
-THE FREQUENCY OF ONE TUNED CIRCUIT

)

COMMON SHAFT

Figure 7
TWO éECTION-AIR VARIABLE CAPACITOR

‘e

In Figure 7, a{1/2)section variable capacitor is ganged using a

(shaft/pulley)

e

L]
#

. 2, shaft

: Figure 8 shows another way to retune, at the same time, both the

" input -and output ‘co'upling circuits in an amplifier.
TUNING

Figure 8 -

L]

GAN" D INDUCTIVE TUNING p

In the diag’ram, the arrows through the windings in Tl and T2 mean that the

inductors are variable. a1

88
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Inductively tuned RF/IF transformers are in common use in electronic
equipment. Figure 9 shows two schematics, and a pictorial view of an

individual inductive tuned RF transformer.

-

1

L
-
POWDERED [RON f ALUMINIUM
NING € E SCREENING
TUNING oasﬁ .~ SCRE!
PRIMARY i
con =
BAKELITE
~—FORMER
AND BASE

SECONDARY
(=118 | —SILVERED -
MICA TUMHING

CAPACITOR

. COMNECTING Y]
PINE T —

INDUCTIVE TUNED RF TRANSFORMER

In both schematics, notice that the capatitors are fixed. The primany‘

and secondary windings are each single tunéd by moving the powdered irgn
cores inside: the transformer coils with special non-metallic tuning wands
(see pictorial). The upper core tunes’the primary winding, and the lower
core tunes the secondary winding. The entire unit is completely enclosed
within.a metallic shield or can to prevent stray electramagnetic fields

'

from affecting the tuned circuits.
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The components which are variable in Figure 8 are the
a, capacitors
b. “transformers
€. inductors

d. transistors

T o Sy Sy Sy S S W S e Sy W W W e e P e W e A S P e T e e W e e i W iy

¢. ‘inductors
He have been talking about tuned transformer coupling, which is

very good for many applications. However, the transformer's efficiency

is considerably reduced when we try to couple signals at the higher RF
" L

frequencies. To get around this problem, we can u.e a coupling circuit

like the one shown in Figure 10.

Tigqure 10
CAPACITIVE COUPLED TUNED TANKS

.

S ‘1!'}.‘- S

The coupling is done by capacitor C3. This type of coupling circuit

wohagi e T L

allows us to keep the selectivity advantages of the parallel resonant

e

W

circuit.

In Figure 10, courling is done by compoﬁent
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(::) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR

ANSYERS WMITH THE CORPECT AMSWERS GIVEN AT THE TOP NF THE PAGE FOLLOWING
THE QUESTIONS, '

1. If resonant circuits tuned to the same frequency are added to an
amplifier, the bandwidth will
a. remain the same
_ b. become wider
c. become narrower

USE THE DIAGRAM BELOW TO ANSWER QUESTION 2.

Figure 11

The RF amplifier circuit in the diagram has
tuning.

L]

ganged capacitive
ganged inductive
single capacifive

single inductive
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USE THE DIAGRAM BELOW TO ANSWER QUESTIONS 3 AND 4.

——l
et

<

e e e = J

£

Figure 12

3. The RF transformer has " tuning.

a. capacitive

b. dJnductive

Thirty One-?

4. The tuning in the primary and secondary-is
ca» single |

b. ganged
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c, becomé narrower
b. 9ganged inductive
€. inductive
1

a. single - -

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 20.

OTHERWISE GO BACK TO FRAME 7 AND TAxc THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 11 AGAIN. .

[}

. 4
@ You have learned about inductive reactance {XL)} and capacitive

¥

reactance {XC), and how they are related in a resonant circuit. You also

are familiar with resistance {(R). You now will learn some important new
)
applications of these properties.

In electronics, it is useful to express in measurable values the relation-

ships between properties of circu..s. For example, you are familiar with

output

“gain" which is & measure of the ratio of jppyt ° Because a resonant:
circuit is so common in electronic equipment, it is often useful t¢

express the property called "Q" of a resonant circuit and its components.

energy stored )
Now Q, or quality, represents the ratio of epergy used * -You cun

see in this ratjo that Q becomes larger as the amount of energy stored

-

becomes larger, or as the amount of energy used becomes smaller.

The letter "Q" in ¢ - .onant circuit represents:
a. energy stored times ener  used

b. energy stored minus <nergy used

energy used
energy stored

energy stored
energy used .
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energy stored divided by energy used

(::) In this lesson, we are concerned with the Q of thi/dnductor {or

coil), the tank, and a loaded circuit. First we will talk about the Q of

a coil.

You know that all wire has resistance. Since inductorg are made by
winding wjres on a form, inductors have resigtance.‘ TheFefore, inductors
have two oppositions to AC current flow, inductive reactance (XL) and coil
resistance (Rp). The Q of a coil is expressed as the ratio of inductive

reactance (energy stored} to coil resistance (energy used). The formula

is Qcoil = "gee Figure 13 shows the inductor equivalent for the two

components XL and Rc.

Figure 13
INDUCTOR EQUIVALENT

' 500 chms -
In Figure 13, XL equals 500 ohms and Rc equals 20 ohms. The Q equals 20 ohms

or 25. A Q of 25 simply indicates that this coil has a 25 to 1 ratio of
reactance to resistance. The Q figure is useful in comparing one coil or

inductance with another,

34
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XL to Rc, {or inductive reactance to coil resistance}

We now will talk about the Q of 2 tamk in which 'the coil is a '

component. Fiqure 14 shows a simple tank.

Figure 14
TANK CIRCYIT

In Fiqure 14, the tank is a resonant circuit containing a coil (L) and a
capacitor (C). Within these two components, XL is the inductive reactance

of the coil, XU is the capacitive reactance of the capacitor, and Rc is

the resistance of the coil. Energy is stored in fhe magnetif and electric
fields of the coil and capacitor. Energy is uysed in the form of heat

caused by resistance. Now in a resonant circuit, the inductive reactgnce
equals the capacitive reactance. TQErefdre XC can replace XL in tHe
_expression for Q. We can define the 0 of this tank -as the ratio of nductive

or capacitive reactance to the cojl resistance. The formula is

XL or XC

Qtank =
Rc Rec

500 ohms

The tank in Figure 14 has a Q equal to %% or %E, which equals 20 ohms’
C .

or 25,




o
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wup

What is phe Q of a tank with Rc equal to 10 obms and XL equal to 100 ohms?

@ Resonant circuits in electronics are seldom found in the isolated
— .
situation we have just used to present the principles of Q. Tanks are

found in circuits connected to other components and devices. These
b .

external c?ﬁbonents and devices load the tank and affect the tank circuit.

We will talk about some of these affects in a later frame. ow we are
interested ‘in some yseful applications of Q.

[

s -
S An important application of Q in & tank circuit is the relationship

between the Q of a tank and bandwidth (BW}. ‘You remember that a narrow
bandwidth is ré]atpd to gooq se]igsivity, or the ability to‘select a
desired frequgncy and reject othérs. e can say that a high Q tank has a
narrov bandw%dth, and therefore, prcduces 9ood sejectivity. The relation-

ship -betveen ﬁandwidnh and Q of tne tank is expressed in the formula
' Fo '

Bandwidth (BW) = Qrank® You can see from this formula that as Q@ of
the .tank ircreases, the bandwidth around the resonant’ frequency {Fo)
becomes narrowér.

; } o~ '
The relationship between bandwidth, Fo, and Qiapk is exprcssed in wh..on

formula?

a. - BW g_(t)_ank
- Fo
Qt ank

Fo x Qtank

Fo + Qeank
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BW = fo__
Qtank ©°

" Figure I5 shows both a diagram of a tank circuit, and the frequency

response curve for the tank.

N & -
I0003kHz >
— e e s J UPPER Feo =

LOWER Fco = / . |020 kb2

FREQUENCY Fo .
L 9l —| 0 |a—BW= 40 kHz

Figure 15
_ TANK Q VS BANDMWIDTH

In Figure 15, tﬁghtank has 2 resonant frequency (Fo) of 1000 kHz, a
frequency response of 980 kHz to 1020 kHz, and 2 bandwidth of 40 kHz.
Now you can calcul%te ihe bandwidth by plugging values into-the formulas

for both Q ‘and bandwidth. From Fidure 15, Q" of the tank equals XL (or AC

: ' S . . Re

or 500 ohmss or 25, Since Fo equals 1000 kHz, the bandwidth equais

‘Fo 20 oh?a i ' . .
> or 1000 kHz, or 40 kHz, In Figure 15, notice that the

Qtank 25 \ o

frequency response curve at the upper “and loger Fco points has steep

sides, or skitts. ~Fhis indicates that the Q of this tank produces high
. ) . \

selectivity. - ' o

g0

NS
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A tank circuit with an Fo of ‘500 kHz and a Q of 10 has a bandwidth equal

(::) Now let’s examine the tank circuit- diagram and frequency response
s + . -

curve shown in Figure 16. '

. . KO0 kHz
(-] — — — = ' UPPER fco =
LOWER Fco =

H.
B
5
Qo
0

FREQUENCY
——l

Figure 16
, TANK Q VS BANDWIDTH
The only value difference on the tank diagrams between Fiéureﬁ 15 and.16
is that the coil resistance (Rc) is ipcreased_from 20 ohms to 5Q ohms.

500 ohms, o 10. Since Fo

50 ohms

still equals 1000 kHz, the bandedth now equals 1000 kHZ, or 100 kHz. You
10

can see that Q changes as reST§tance changes. It is obv10us from the

The Q of the tank in Figure 16 now equais

previous examples that an increase.in the resistance in series with a

tank produces a decrease in.Q, and also a wider bandwidth. \j

hust,tarmk in Ltank C1rcu1ts is rv]dlvd Lo the resistance uf the coil wire
and any other series resxstance. The r951stagte of the coil will be

determined by the diameter of the wire used to make it. Thus coils with *

o1 I8
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“the same inductive-reactance (XL) but made with larger wire, should have
a smaller resistance, and higher Q. Coils with the same XL but made with

smaller wire, should have a larger resistance, and - a_lower Q. ¢

In a tank, an increase in Rc produces {an increase/a decrease) in Q of

the tank.

e e T T T W i m ml W b R mk wk a ak  a m  e  a  wk  a  a  a ak  k  e le  k  ke —

3 decredse

You have Tearned to apply Q to tank circuits. MNow you will Jearn to
apply Q to a loaded circuit in which the.tank is a part. F1gure 17 shows

d Toaded circuit wh1ch includes a tank a sw1tch and a paral]e] 1oad.

{(Rp}.

_ Jwon.

7’

Rp= SN

.
\

Figure 17°
LOADED CIRCUIT Q

A

The resonant tank in Figure 17 relates Q to a practical circuit, Thg\p

of the tank ‘with the sthch open +is calculated by a method w1th which yoir

- are familiar, and eqguals 500 ohms, or 100, Howeve
9 5 ohms N r

is closed, the tank will deliver energy, to the parallel load which is

, when the sw1tch

1

92
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expressed as the parallel resistance, Rp. Now the tank is not isolated

- any mone,'buf becomes part of the total loaded circuit. Therefore, when
the switch is c]dsed, we are interested in the-Q of the cirFuit. The
important ‘point is that the Q of the circuit will be lower when a Toad is

placed on a tank than the Q of the tank without a load.

When a Toad is placed on a tank, the Q of the circuit will be (higher/iower)
than the Q of the unloaded tank.

Figure 18 a‘ga'in shdﬁé the loaded tank circuit from Figure 17.

SWITCH

Figure 18
LOADED CIRCUIT Q

The fornwla for the Q of the loaded tank circuit is expressed as Qckt = %%,or %%e
This forrula is different fron: the formula for Q of & tenk. In Figure
18, XL equals XC which equals 500 ohms, and Rp"EQtaﬂs-S'kilohms. The Q

| of the circuif with the switch closed equals %ﬁ%i%ﬁggg’ or 10,

-

100
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Remember that the Q of the tank with the switch open eqﬂals 100.
Therefore, you can seae thét the loaded tank circuit has a lower Q, and
a wider bandwidth, than the unloaded tank. circuit,  1ln wideband RF
amplifiers, resistors sometimes are placed across tank circuits tO"ﬂ
widen the “andwidth, Resistors that are used to lower the Q of the
circuit anqlwidén bandwidth are called "swamoing” resistors. In narrow-
band RF amplifiers, circuits are designed to preserve the Q of ‘the

‘tank,

In a tank circuit, resistors may be placed in parallel in order to

{increase/decrease) the bandwidth,

iﬁcreasé : _

THIS 1S A TEST FRAME. COWPLETE THE TEST QUESTIONS AND COMPARE YOUR
ANSHERS WITH THE CORRECT ANSHERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE
QUESTIONS. = | y

1. Inarn inductér, XC is 2000 ohms and Rc is 50 ohms, The Q of the

coil is . .

s

2, Coil A has a Q of 10 and coil B has a Q of 20, - Each coil s ysed
Ttn a'different tank circuit with the same Fo, Which tank circuit has
the wider bandwidth? ‘ .
a. tank circuit using coil A-

b, tank circuit using coil B

I
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" Complete the formula: HUtank

Re
XL.

Rc x RL

XL
Rc

XL + RL
Rec

a'tank, the Fo is 5 MHz and the Q is 100. The bandwidth is

i

5. The loaded tank has a Q and . bandwidth than |

an unloaded tank.
lower, wider
lower, narrower
higher," wider

higher, narrower
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-
™

40

5. tank circuit using coil A
c. XL/R¢

50 kHz

a. lower, wider

+

Ry YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 29.
OTHERWISE, GO BACK TO FRAME 12 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 20 AGAIN. ,

i {"(::> The circu%t shoyﬁ in Figure l?jis a typical RF amplifier input stage

" in a broadcast band radio receiver.

=1
T 1

)
[
|
1
!

=  +VBB ' |
INPUT | CONVERSION OUTPUT

Figure'19
TYPICAL TUNED RF AMPLIFIER
You are familiar with the biasing and stabilizing compuneqps, and with -
the ganged capacitive tuning. You will now Egcome-fémiliar with the

function of components:not already discussed.
96
103
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In Figure lé, R2 and R3 form a voltage divider to provide forward bias
for di. C3 places fhe bottom of L2 at RF ground potential and ensures’
all signal development‘is across L2. Tl is a step-dbwq transformer with
the low impedance w?nding L2 connected to the base of Q1. This impedance
match provides for maximum energy transfer betweep the antenna and base -

-

of Q1, and also presérves the Q of the L1-C1 tank;

~

Maximum energy transfer between -antenna and the base of Q1 is provided by

the low -impedance winding of

-
-------- o v . i T

_Lz

(::) In Figure 19, both the Q and selectivity of thef/tank L3-C2 are

preserved in a similar manner. The collector Bf bl is connéctedlto a tap
oé L3. fhfs technique provides a good impedancé match between the -
collector of Q1 and thé tank L3-C2. Therefore maximgm energ& transfer
hoccu;s between the output of Ql and the input to {he fo}low{ng stage., Of
course Rl and C4 make up the familiaﬁ/éhitter stabilization resistor and

bypass capacitor. You should note'that Vgg and Vgg often are 0pé and the

same source.

4

1}

In Figure 19, the Q‘aﬁd selectivity of tankiL3-C%_are preserved by a |

connection between the ' of Q1 and a

L
collector, tap
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//;/,,{gﬁj//;;; let's trace & s{gnal through the entire amplifier, shown acain

in Fiqure 20, to see how it operates.

F ]

TUNING .

~ +VeB,
INPUT | CONVERSION

Figure 20

' .TYPICAL’TUNED RF AMPLIFIER
First, a number of received frequencies are present as an input to the
antenna pircqit. ﬁhen we tune L1-Cl to the fFequency we want, that
freduency will be developed by the tank. Since the tank-is tuned, it
will develop maximum voltage at that frequency only. The signal i3 then
coupled by transformer action t6 L2. Our desired frequency is fed into
the base of Ql and amplified. This amplified signal is then passed to
‘the next amplifier ihrough the coupling transformer T2, We achieve
additional selectivity by tuning the primary of T2 in tank L3-C2,
Therefore, we ‘can say that this RF ampiifigf pas a relatively narrow

'bandwidth.




Pl ' Thirty One-2

_In Figure'zo, the tuned signal is coupled to L2 by

s T R e R A R A AL U A A e AN el S e L g g e A A e O
- )

transformer action

Look carefully at Figure 21 and compare it to Figure 20.

-VcCce

TUNING

" Figure 21 ‘4
TUNED RF AMPLIFIER

The circuit in Figure 21 is another way of drawing the circuit in Figure
20. At first glance they may appear different to you. After some study, -
you should see the similarities. Often in your electronics career, you

will see what first appears to be a strange'cirbhit. However, on closer,

examinatfon, it will be just a different way of drawing a2 common circuit.




Thirty One-2

!
l
|
|
i
1
|
|

INPUT CONVERSION

Figure 20

TYPICAL TUNED RF AMPLIFIER

TUNING

Figure 21
TUNEG RF AMPLIFIER..

' 10’2bo

. './
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Y,

ﬁne minor difference between the tfo circuits is that the tank L3-C2 in
| Figure 20 fs:groundéd on one gide. The circuit. arrangement as drawn_in

Figure 21 provides_an‘eaﬁy/;ay to place tank capacitor C2 on chassis

ground. Chassis QFOUnd connections can Pe an advantage with large,

variable, air capacitors which have large metal frames for easy

chassis mounting. This technique also reduces hand-capacity effects

when tuniﬁg the capacitor.

How are igentical circuits in different diagrams drawn?
a. always the saﬁe‘
b. sometimes differentiy

——— T T - - ———— o T e o e P ol

b. sometimes differently

(::) RF amplifiers may have some winor problems. One, problem that
Isbmetimes occurs wiih RF amplifiers is that they may tend to oscillate.
This tendency inqﬁeases as the ;mplified freguency increases. §0u may
easily understand this principle if you recall your study of basic 4
oscillators (Module 22). There you learned that an oscillator:is nothing.
more than an ampiifie}, a tuned tank, and a regenerative feedback circuit:

@

"connected as in Figucg 22.

FEEDBACK
CIRCUIT

TANK ' w_ | AMPLIFIER
CIRCUIT == CIRCUIT

® Figure 22
BASIC OSCILLATOR CIRCUIT
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Figure 23
. RF AMPLIFIER SECTIONS -
In. the figure, the outiined area "A" s the tank circuit. The outlined

area "B" is the amp11f1en cquUmt. If*we added a regenerat:ve feedback

<idirCUit, we would have an RF oscillator;

. .
TR

I'n Figure 23, the secE?Bﬁ“misstpg that would make the diagram an RF
« 0scillator is the regenerative

~_Ci Fél}it:
T S

- Ag

N » feedback

Transistors in tuned RF. amplifiers have.a built in, or internal

feedback circuit which can cause oscillation problems, The feedback " is
-causéd by the design of the transistor,

Figure 24 shows the way the
transistor looks electrically when if is amplifying a signal ”

i
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© " Figure 24

- TRANSISTOR INTERNAL FEEDBACK

The shaded area on side "A" representéosome.of the <nternal resistances
and»capaciiance;'of ah’Opgra;ing transistor, Side "B" represents the
-'transistor diégraﬁ as }ou'normaliy see it., The intefna] feedback is
caused when part oﬁ the siénaT at the collector is passedﬁéo the base of
the trqnsistorﬂ The result is that éhe funed,RF amp]ifjgr.tendﬁ to

oscillate near the resonant frequency of the tuned tank.

Transistors have a-built in circvit which makes thgm tend to

oscillate in RF amplifiers,

feedback
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. (::) We want an RF amplifier to ampl{fy rather than to oscillate. To

ﬁfevept oscil]ation, we can subply another iFedchk circuit which is
éxternél to the transistor. If this feedbagk'is exactly equal in vditage
and opposite iﬂ polarity to the internal féedback, the two feedbatks will
cancei each othér. No ogcillatiogf will occur because we have neutralized

the amplifier's tendency to oscillate. The circuits in Figure 25 show

two ways an amplifier can be. neutralized. The neutralization component

is labelled Cn.

_] | OUTPUT

~ Figure 25
TYPICAL NEUTRALIZING CIRCUITS

A transistor's internal feedback can be cancelled by adding a

component.

--------------- e e B R e Y R e e e e O W e T R e B e -
' | 3

neutralization {or neutralizing}
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‘At high frequencies, even a straight pi;ece of‘ wire has sope of the
characteristics of an inductor or capacitor. When an enginéer designs
an;RF_amplifier, he takes these "stray reactances” into consideration.
The major concern for you to remember when working with RF circuits ié ‘
"neatness and caution”. Wires should not Ee physically moved. A
repaired ;ircuit should be made to 1ook‘as nearly as possible 1ike the
originail circhit.‘ Just moving a wire a small amount may-change the Fo
of an amp]%fier by sgveral kHz or make it oscillate. An example of the
effect of stray reactance is shown in the amplifier circuit in Figure

26.
+VBB

Rg v
OUTPUT

Figure 26

STRAY.REACTANCES IN RF AMPLIFIER tIRCUIT

The capacitances {Co and Cin) shown with dotted lines represent the

accumulation of reactances due to the position of wires and components in
relation to the chassis. These stray capacitive reactances are shown

across the signal pdth and directly influence amplifier gain.
. ) o
If you move wires or components in an RF amplifier circuit, you may cause

to change the Fo of the amplifier or make it oscillate.

reactances

#
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THIS 1S A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE
FOLLOWING THE QUESTIONS.

USE THE DIAGRAM BELOW OF A TYPICAL TUNED RF AMPLIFIER CIRCUIT TO ANSWER
QUESTIONS 1 AND 2.

I3

TUNING

Figure 27 .

Which component places the bottom of LZ at RF ground potential?

a. Re " _ \
b. R3 o
. €
d. Tl
"-2. The tap on L3 provides a good impedance match between the\collector
of Q1 and '
| c2
L3-C2
R1
. Lé
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3. A common RF amplifier circuit may be drawn way(s).

d. One
b. two
c. five

d. many

‘Neutralization cdﬁponents are placed in RF amplifier circuits
a. reduce heat buildup in circuits

_b. prevent amplifiers from becoming oscillators

C. jncrease the Q of coupling transformers

d. increase the bandwidth of resonant tanks

5.- You can best eliminate the effect of stray ;eactances during circuit
repair by e o B : ’
a. adding compensating reactances to the circuit
b. shielding replaced components
'_ c. retuning any affected LC‘coﬁponenés

d. rep]acihg components as théy were before removal

- ot

. f'_“‘\‘
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3
. tank L3-C¢

-

nueny

prevent ‘amplifiers from“becoming oscillators

replacing componknts as they were before removat

L3

IF ALL YOUR ANSWERS MATCH GO TO TEST FRAME 36. OTHERWISE, GO BACK TO

FRAME 21 AND TAKE THE PROGRAMMEO SEQUENCE BEFORE TAKING TEST'FRAME 29
AGAIN. ' ’

(::) You have learned that amplifiers can be bjased t0'opérate either

vlass A or Class B. We will now contwnue our d1scu531on about c]asses of

amplifier operation. ngure 28 shows the operatuon of Class A amp11f1ers

-1Ic

0

CONDUCTION PRTrrey

Figure 28 .
CLASS A OPERATION

In tj!bfugure, the 1eft dlagran labelled "4 in" is the input signa]

vult ge waveform for one cycle, or 360°

The center dzagram 1abe11ed "Tc"

incivdes both the collector: currant waveform and a bar_chart of transistor
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LY

-
-

.conduction time. The right diagrém labelled “"E out” is the amplified ~

-

output voltage waveform. The output waveforms are from a CE transistor

amp11f1er using a collector 1oad resistor. In Class A amplifiers, the-

*

transistor conducts for the entire duration of the input cyé]e, or

360°. : 4

In the center diagrém of Figure 28, the bar chart'shows the duratiOn of

time the tran51stor conducts during one cycle of the 1nput SJgnal. This

e

$ame. d1agram also shows that Class A _amplifiérs have forward bias, and

therefore will conduct evenwhen no input signal is present. An important

feature of Class A amplifiers is that the bias is set high enough $o that
) ‘ .

conduction will occur over the entire input cycle. Notice that the

output signal is 180° out of phase with the input signal, This is a

" typical output from common emitter amplifiers.

-

€lass A amplifiers conduct for (part/all) of the input cycle.

- . - -
- - T T W W W A T T A T A e e am W  am am  amm T a E am

. ’.
{ . N

all
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CONDUCTION Frrn:
TIME - —

| -
e— 360° —=
COLLECTOR
CURRENT

Figure 29 M“““Qn\ .

CLASS B OPERATION

o

In Class B amplifiers, the transistor conducts for half the duration of

the input cyc]e; or 180°. In the center diagram of Figure 29, the bar

chart, shows that the transistor conducts, for half of the cycle. Nopiéé

that Class B amp]ifiers have near zero b{és which causes the transistbr

to cut off.

L]

In Figure 29, the outzut waveform is clipped for 180° due to no trangistor
conduction. Therefpre,.the clipped outbut s}gnals of C]as; ﬁ amplifiers
are distorted when com?ared.to.the output signals of Class A amplifiers.

* However, Clasg B amplifiers are mﬁre gfficient due to the reduqed'conduction
time. We will discuss,md;e abput'efficién;y ipﬁ?llater frame.‘ | |

.‘ '-‘o

_-Class B amplifiers econduct for ghalf/af1!'of thé“inpyt_cycléﬁi
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L]

@_ A third class of amplifier combines the best features of both clas3

A and B amplifiers, and is Class AB. Figure 30 shows the operation of

Class AB amplifiers.

: [
oViE—=

CONOUCTION E

COLLECTOR OUTPUT
~.CURRENT '

Figure 30
- CLASS Al OPERATION

In Class AB.amplifiers,'fhe transistor conducts for a longer duration

than in Class EJEmplifiers; But for a shorter duration than Class A amp]ifieré.
In tﬁé'Center djagramfof Figure ?0, the bar chart shows that the transistor
.conducts for one c0mp1etg half-cycle, and for parts of the other half-cycie.
Notice that the biaslin Class AB amplifiers -is seil to cause the transistor

to cutoff’for less than half of the ﬁnput cycle. Théhoutput-wavéform'in
Figure 30 is.clipped of f slightly, and is less distof%ed than for Class B
amplifiers. The efficieﬁcy of;CIass AB amplifiers is between Class A and

Class 5 amplifiers. o .

Class AB amplifiers.conduct for of the input cyc]_e.l

!

~all
half .
between half ‘and all’

less than half
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(::) The concludihgmplaﬁs gf amplifier biasing is Class C. Figure 31

shows the operation of Class C amplifiers.

-~ v e ——

CONODUCTION,
= TIME ———pp

I
—
i

COLLECTOR
CURRENT

Figure 31
CLASS C OPERATION

In Class C amplifiers, the transistor conducis for the shortest duration
of the~four amplifier classes. Iﬁ fhe center diagram of Figure 31, the

| bar chart shows fhat the tramsistor condugts for .less than a half of the
input cycle, or abgut 120°, C]ass C amplifiers are reverse bissed which
causes the-trangistof to cutoff for over half of the jdput cycle. The
0utput‘wavef6rm'in Figufe 31 is the most distorted of all amplifier
“classes. However, Class. C amplifiers are also the most efficient because
they conduct for the shortest time duration, .

‘ ’ .
The transistor in Class amplifiers conducts for less than half of

an input cycle.
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It doesn't look like‘.the voltage and current outputs of Class (

anﬁlifiers would do much gooud, does it? Now 1ut's look atl an actual

circuit in Figure 32, and see how Class C bias is used.

VBB

T 3+

Figure 32

CLASS C RF AMPLIFIER

In the figure ycu can see the reverse bias on Ql as -Vgg. Therefore,
you would expect Ahe output signal to resemble class C as shown in Figure

3, However, as shown ip Figure 32 the output signal actually looks* 1ike

an. amplified version of the sine-wave input signal,

-

"The reason for the wodification becomes clear when you apply some facts

you already know. - Remerber that when you put a pulse into a tank, the

flywheel effect causes the tank to oscillate for a short. time. The tank's

output resembles the "damped” sine wave shown in Figure 33,

AN AN

DAMPED OUTPUT WAVE

Figure 33
. FLYWHEEL EFFECT
113
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The outpuc frequency will be the resonant frequency of the tank.l In a
tlass C amp]ifier, the fank will get a current pulse from the transistor
céi]ector one time for each input cycle. You just learned that these

pulses occur above the transistor cutoff, near an ,input signal peak.

Figure 34 shows the effect of Class C amplifier operation on tank output.

E w TO~AMPLIFI.ER /\ /\ /\
' \VARVERV/
JANVA _ N

I puLsE TO TANK

E ouT rrom Tank \/[\\/
: o’

Figure .34
TANK QUTPUT FROM CLASS C AMPLIFIER OPERATION . !

In Figure 34, the first EQ}fenp pulse starﬁs the tank osci]]ati?g. If
there were no more pulses, the tank flywheel effect would make the tank
output resemble the dotted lines. However, théﬁéﬁﬁtai be another pulse
on the nexf cycle when the transistor c&nducts. Therefore, the next

current puise will jiake the tank output actually resemble a reasonably
! . ’ - ‘::::‘ Rt
-yood sine wave as shown by the solid line. The flywheel effect is often

. used in Class AB, B and C RF/IF amplifiers to provide a non-distorted ,
. _ o Al

sine wave output. : _ ; 2@5

- ’ 1 ¢ ';'$

In Class C amplifiers, the output from a resonant tank resembles a good f&

sine wave pecause of the tank's éffect.
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' (::) We will now ‘cont inue our- discussion on efficiency of the amplifier .
operaték% classes. Efficiency relates to the amount of AC power oﬂtput T v
comparkd to the DC input power of an amplifier. Amplifiers which - K

-

L. UA : ‘
reqlire mpfe DC power to produce the same AC output Eower are less

. : I
efficient. You_know that power -equals “current x voltage.” Therefore, .
amplifiers wnich require more operziing current néed more power, and

ahe‘less_efficient,,‘CIass'ﬁ amplifiers have a continuous qurrent flow

»

-

;hrough their transistors; and are .the least efficient to Operate. -

« ]
Both Class AB énd 8 amplifiers use less current and poﬁer ;hgn Class A
auplifiers, and are @orelefficient to operate. Class C amplifiers uée-
the least amount of current and power, and are the most efficigntlto

. operate. Because of theirlefficiency,ﬂc1ass C amplifiers $r€ u;ed in
apglications where aaﬁge amounts of output power are reouired, such as®
the fin§1 outbht'éﬁp]ifier-of a radio tr;nsmitterl A largg‘amount of
powerlis produced Lecause the transistor is ;;t conducting.for most ﬁf
the oﬁtput waveform, and the tank'suppl{es the output voltade and

 current. _ ' | §23

Class anplifiers use the least amount of operating power,

) - N b

‘ THIS IS A TEST FRAME. CCMPLETE THE TEST QUESTIONS AND WHEN
i COMPARE “YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT TE TOP OF THE /

PAGE FOLLUWING THE QUESTIONS. ‘ o _ .
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USE THE DIAGRAMS BELOW SHOWING THE INPUT AND OUTPUT WAVEFORMS OF F(_JUR

AMPLIFIER CLASSES OF OPERATION TO ANSWER QUESTIONS 1 THROUGH 4.
| | | -
‘ Ic
E out

CONDUCTION f
TIME ——

CONDUCTION

CONDUCTION £

0

CONDUCTION
TIME ~——»

he— 360° —u
1 23 F'igur‘e 35
11¢
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Diagram 1 shows the operation of class ~ amplifiers. .

a. A

b. B
C

d. AB

Oiagram 2 shows the operation of class amplifiers. -

a. A §
b. B

c. ¢
d. AB

Diagram 3 shows the operation of class amplifiers.

a. A
b. B8
c. C

d. AB

The Jeast efficient class of amplifier oberation is class
a. A

b. B

c. .C

d.  AB

Current flows through the transistor during the entire input cycle in

class amplifiers.

a. A
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C.
d.
d.

d.

IF ALL YOUR ANSWERS MATCH GO ON TO TEST FRAME 41, OTHERWISE, GO BACK T0

- FRAME 30 ANO TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 36
AGAIN.

(::) In the first lesson in this module, yoﬁ Tearned éhat amplifiers”must
aplify signals in the audio or video frequency range. Therefdre, you
nust be.ablg to'determiné whether an amplifier is actually amplifying the
required frequencies. We riow will discuss a method to test thé frequency

response of any amplifier, Figure 36 shows a diagram of one test method,

SCOPE

SIGNAL

RN

-

/
,f N\
- ’ ’ :’l I l [\
GENERATOR

FREQUENCY —»

Figure 36
MANUAL FREQUENCY RESPONSE CURVE
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The test equipment includes a.standard signal generator and an oscilloscope.
To perform the test, you first set the signa! generator to exact frequency
values within the frequency range of the test amplifier. The amplifier's
oﬁtput is then measured on the oscilioscope. In Figure 36, the height of
éhe vertical line onrthe oscilloscope's CRT shows\the-ﬁmp]itude of the
output from the amplifier at one test frequéncy. You can plot a graph of
the vertical lines for all test frequercies as shown in the figure. You
then get a frequency response curve by connecting the cop of the vertical

1ines on the graph with’E'Smooth curve.

In Figure 36, the image oh the oscilloscope represents the

of the signal output at anj input frequency.

~ amplitude

,The test method ‘pre'vious]y described is slow work. . It is also
inacpqrate because you guessed at the shape of the curve betﬁeen test -

f >quencies when you drew the graph. A far better test method is to use

a piece of test equipment called a2 sweep frequency generator. A sweep
frequency generator is a special type‘ofﬂ?féﬁﬁéﬁiy“generqpor.” It is
'capab]e of producing an output signal that varies-back and forth over a
seétion of the frequency sbectrum. For example, it can be set to generate
a frequency band from 5 to 15 MHz. This means that the sveep frequency
generator would produce all “requencies within the 5-15 MHz range, buf

not at the same time. Rather, the génerator."sweeps" across the frequency

spectrum like a uroom sweeps across the floor. The changing frequency




p.1. ' ' ‘ Thirty One-2

siynal fs often called a frequency moculated {FM) signal which is so

"bppu]ar in high fidelity radio broadcast.

The sweep frequency uener;tor produées a sawtooth voltage waveform output
and an Ri outpul which varies‘at a sawlooth rate. 1he sawtooth voltage
waveform is fed to an internal RF oscillator and controls if§ frequency.
Thg nost nebative portion of the sawtooth Causes the output'%rom the \
oscillator to be at its lowest frequenCy. As the sawtooth goes positive, the
frequency of the oscillator increases. A} the most positive portion of the
sawtooth the oscillator will prbduce its highest frequency. Thus the output

of the sweep frequency Generator “sweeps" across the frequency spectrum at a

sawtooth rate.

"

Figure 37 shows a typical sweep frequency generator/oscilloscope set-

up.

—

0'SCOPE

VARIABLE RFe
SWEEP .
FREQUENCY r"’é‘ﬂ \
| ;

GENERATOR

Y
W ©

A A
AV

SWEEP VOLTAGE

Figure 37
FREQUENCY SWEEP

In the figure, the variable frequency signals from the generator are fed

to the vertical input (Y) terminal of the oscilloscope. The CRT produces

4 rectangular display which is a combination of the ‘sine waves from the

iany input frequencies,
120

127
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- Actually, the display QouId shoﬁ_each sine wave if the output frequency
of the sweep.ggnerator were slow enough. An important point to remember = ¥
is thét the display produced‘from the sweep generator is dffferent from

the normal scope display you hsve stﬁdied. The‘display from the sweep

"yenerator is based on frequency instead of on time, and is often called a

. "frequency sweep”. - _ . ; .

- -

The rectangular display on an oscilloscope produced by the input from a

sweep frequency generator is based on (time/frequency). '

e W e e o W S e e ol el Wl

freguency ’ ‘ ¢

. .- Figure 38 again shows the sweep frequency generator/osci'lioscope
Set-up. ) . )
0'SCOPE

— VARIABLE RF , @
SWEEP - ql‘

FREQUENCY ,
O | gl
. o LO

A
AV

SWEEP VOLTAGE

Figure 38
FREQUENCY SWEEP

. You recall that varfable radio frequencies (RF} are inmput into the f

terminal of the oscilloscope. The CRT displays the amplitude of all
. ' _ )
frequencies within-the range you have chosen. We now will briefly

i

discuss how the horizontal frequency sweep is produced.

The sweep generator has circuité which generdte a linear sweep Sigpﬂ1i

Tnis output i$ called a sawtooth sweep voltage.

o 121
L - 128
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The sweep generator is designed SO fhat-the sawtvoth horizontal sweep
voltaye also determines the variable radio frequency (RF) output

- siynal, In Figure 38, the sweep generator's horjzontal sweep (sawtooth
wave) vutput’ is connected to the horizontal plates of the oscilloscope
-through the X terminal, §ince the inputs to the oscil]oscope's X and ¥
torminals are synchronized, the CRT display will be based on fregoencz,'

and not on time, A typical display is shown in Figure 39.

L
. - 1 MHz
/ MARKER PIPS
i 1
. \!'"’“l
~ I'
Figure 39
FREOUENQX SWEEP WITH MARKERS
Tne pips on the frequency sweep in Figure 39 are the result of marker
. frequencies added to the variable radio frequency signal. Techn1c1ans
" use markers to set the desired limits on the variable frequency 51gna1
‘ coming from the sweep generator., A w1de range of marker frequencies is

usually available to allow precise settings of the sweep-generator
variable frequency output about a center frequency. In the example in
Figure 39, the Sweep generator is sweeping frequencies from 0 to about

10 MHé. In other words, the sweep is 5 MHz each side of the center
frequency of b MHZ,

-

1o . ] | .
. §9
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In a sweep generator, a sawtooth sweep voltage géne-rﬁtés the

on the CRT, ~

horizontal sweep

Now let's use the sweep-frequency generator to test the frequency

response curve of an amplifier, Figure 40 shows a typical test set-up.

SWEEP | ,
FREQUENCY - OSCOPE A

GENERATOR .
- VARIABLE
RF -
Oy S

L > .
e

SWEEP

VOLTAGE
> 1

a . Figure 40

SWEEP FREQUENCY GENERATOR METHOD _

In this test method, the sweep generator is u,_sed to produce a band of
frequenéies that varies back ana forth over the amplifier's frequency
range., The awplifier will then amplify the variable input frequencies
according to its ability at .a‘pny point in thé frequency spectrum. The
result of this amplification is shown in insert A of Figure 40, Although

B!
this display does provide some indication of the amplifier's response, it

L]

is not ‘the smooth curve desired.

Tn the figure, notice a two-position switch, In position #1 as shown, you
yet the display in insert A. If the switch is placed in position #2, you

yet the desired smooth frequency response curve (shown in 'B)., The rectifier-

123

130
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combination placed in the circuit is called a "demodulator”. This test
wethvd perwits direct observation of amplifier frequency response curves.
You will have the opportunity to use the sweep frequency generator in the

Job program for this lesson. With this device, you will measure the

frequency .response of an RF amplifier in the NIDA trainer.
\ _

The test method using a sweep frequency generator allows you to directly

" observe the frequency ’ of amplifiers.

response curves

@ THIS IS A TEST@ERAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE

YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP- OF THE PAGE
'FULL:UHING THE QUESTIONS. S -/
1. A chargcteristic of a sweep fréquency generator is &
frequency output. b
a. single
b.  variaple o
2, Which test quipment allows you to directly observe an amplifier's
frequency responsé curve? | |
a. VOM |
b. DV
C. ;ﬁeep frequency generator
d. ‘standard RF signa] generator
3. Thé marker pips on a sweep signal generator display are.used to indf&ate
divisions of :
~a. time

b, frequency

c. amplitude’
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~ variable
c. -Sweep frequency generator

L. freguency

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 2, MODULE 31, CONGRATULATIONS! OTHERWISE GO BACK TO
FRAME 37 AND TAKE THE'PRUGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 41
AGAIN.

AT THIS POINT, YOU WAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ARSWER ONLY A FEW DF THE PROGRESJ CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER-YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, DR FRAMES SO THAT YQU

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF lNSTRUCTION AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS-CHECK CORRECTLY.
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" HARKATIVE
LESSON 2

RF Amplifiers

Radio frequency (RF) amplifiers are circuits commonly used in electronic
eyuipment including rodios, television sets, and radars. All the
informalion you learned asbout basic amplifiers can be applied to these
circuits. You can still use PNP or KPH transistors in any of the threc
configurations: conmon emitter, -common collector, or common base.

‘Amplifiers are called RF amplifiers only because they have a -frequency -
- response within the radio frequency range. The frequency response is
determined by modifying the input and output coupling which may be
. tuned or untuned. Tuned coupling is more common, and will “be ‘covered

. later in this Iesson.- : ~

An untuned basic RF amp11f1er diagram is shown in ngure 1.

Figure 1
BASIC AMPLIFIER

The coupl1ng circuits T1 and T2 are untuned, air-core transformers
which pass a wide band of radio frequenc1es.

When amplifying RF signals, as in a radio receiver, you want to amplify

only the frequency of the de51red radio station. Therefore, you are
concerned with the amplifier's selectivity. Since a transformer is actually
two coupled inductors, you can put a capacitor across e1thqr or both windings,
as shown in Figure 2, to make the coupling circuit selec;}ye.

R

127 ]34




'Nafrative . ‘ : Thirty One-2

.

B EE ‘

Figure 2.
TUNEG TRANSFORMER COUPLING *

The capacitors parallel to the windings in Figure 2 make the transformer
a parallel resonant circuit. - e
.Placing the coupling transformers from Figure.2 .into the amplifier of
Figure 1, will produce the tuned amplifier shown in [igure 3.

—

pi

+ V8B " Figure 3
” TUNED RF AMPLIFIER

The amplifier in Figure 3 has an input and an output that are tuned to
specific frequencies.. If all the resomant circuits are tuned tg the
same frequency, the input signal level to Ql and the output signal
level from T2 will be maximum at that resonant fréquency (Fo). At
frequencies above or below Fo, these tuned circuits will develop less
than maxipum voltage to be coupled through transformer action. If more
resonant ;/circuits tuned to the same frequency are added in the signal

- path of ﬁn RF amplifier, the result .is a narrower handwidth (that is,

\

~
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»

wore selectivity), Figure 4 shows the rel@tﬁoﬁship between the numbér
of tuned circuits and requency response.

]

" RESONANT , FREQUENCY

= ONE TUNED CIRGUIT

TWO TUKED CIRCUITS
THREE -TUNED CIRCUITS

OUTPUT —»

FREQUENCY-—»‘

Figure 4
" RF AMPLIFIER FREQUENEY_RESPONSE CURVES

¢

We have shown amplifiers tuned <o one frequency.. The problem 45 how tg
retune both the input and’..utput coupling circuits~at the same time?

Figure 5 shgws a diagram of one solution.
. N - t -

-

+Vae
. Figure 5 -

GANGED CAPACTIVE TUNING

In Figure 5, the two tuned seciions, or "tanks", are poth tuned which
provides high selectivity. The arrows through €1 2ad 22 mean that the
cepacitors are*variable, The dotted line means they are mechanically
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connected together, or "gyanged". Capacitors méy be ganged by gears, by
pulleys, and wost often by a common shaft as shown in Figure 6.

TWO INDIVIDUAL SECTIONS -EACH SECTION
1S AN INDIVIDUAL CAPACITOR AND ADJUSTS
THE {'REOUENCY OF ONE TUNED CIRCUIT

N

COMMON SHAFT

_ Figure 6
TWO SECTION-AIR VARIABLE CAPACITOR

Another method to retune both input and output coupling ci -
shown in Figure 7. P P oupling circuits is

TUNING

GANGED INDUCTIVE TUNING \

130
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-~

In Figure 7, the arrows throlgh the windings in T1 and T2 mean that the
inductors are variable, and the dotted line means they also are ganged.

Figure 8 shows two schematics. and a pictorial view of an individual inductive
tuned RF transformer.

POWDERED IRDN "y ) ALUMINIUM
CORES B H SCREENING
TUNING 3 L 2in

PRIMARY
coIL

BAXELITE
“~FORMER
AND BASE

SECONDARY a . .
COlL |— SICVERED - '
HICA TUNING
CAPACITOR

CONNECT|NG-.._._...|
PINS T ;

Figure 8
INDUCFIVE TUNED RF TRANSFORMER

In the figure, the primary and secondary windings are each tuned by moving

the powdered iron cores inside the transformer coils with speciail non~metallic
tuning. wands. The entire unit is completely enclosed within a metallic

shield or can to prevent stray electromagretic fields from effecting the

tuned circuits.

Transformer coupling has many épp]ications. However, transformer coupling

efficiency is considerably reduced at higher radio frequencies. Figure 9
shows a coupling method which gets around this probtem.

C3

C
T,

L2 .

Figure 9
CAPACITIVE COUPLED TUNED TANKS
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L.oup'lwg capacitor €3 provides a low veactance path to the Sianal and thns

retains tne seiectivity advantages of the double-tuned paralle] resonant
coupling circuit,

In electronics, it is useful to express in measurable values the relationships
petween such resonant circuit properties as jnductive reactance (XL),

" capacitive reactamce {XC), and resistance {R}. One important property
derived from these relationships is calied "Q", or quality, of a resonant
circuit. The value Q represents the ratio of energy stored/energy used. In

this lessony, we are concerned with the Q of the inductor (or coil), the

tank, -and a loaded resonant circuit. ﬂnq

Inductors have internal resistance since they are made of wire. Therefore,
two oppusitions to AC current flow in inductors are XL and coil resistance

(Rc). The 4 of a coil is expressed as the ratio of XL (energy stored) to Rc
{energy useg).- The formula is: Q coil = XL divided by Rc.

Figure 10 shows a diagram of the inductor equivalent for XL and Rc.

XL = 500N
O VY Y e AAANAAA )
Rc 2000

Figure 10
INDUCTOR EQUIVALENT

By applying the fornmula for | of a coil, Qequals 500 ohms divided by 20

uhiis, or 25, The ¢ is useful in comparing one coil or inductance with
anotier. ’ ’
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The  of a tank s very similar to the ¢ of a coil. .Figure 11 shows a
simple tark.

XL=500n ¢L |

Xe = 5000

20ndRc

Figure 11
"TANK CIRCUIT

The tank is a basic LC resonant c¢ircuit with the properties of XL, XC,
and Rc. Energy is stored in the magnetic and electric fields of the
coil and capacitor. Energy is used or dissipated in the form of heat
due to resistance. 1In a resonant circuit, the capacitive reactance
equals the inductive reactance. Therefore, XC can replace XL in the
expression for Q. The formula is Q tank = XL {or XC) divided by Rc.
The Q of the tank in Figure 11 equals 500 ohms {capacitive or inductive
reactance) divided by 20 ohms, or 25.

An important application of the Q of a tank is the relationship between
Q and bandwidth (BW)., The formula for bandwidth is BW = Fo divided by
Q tank. The formula indicates that as the Q of a tank increases, the
bandwidth about a center frequency becomes narrower. A high f} tank has
a narrow_bandwidth, and therefore produces good selectivity {rejects
adjacent frequenc1es) .

The relationshio betwaen the Q of a tank and bandwidth can be shown
.using the tank circuit diagram and re]ated tank frequency response

curve in Flgure 12.
1000 kHz

— e UPPER Feo = 1020 kHz
' LOWER Fco =

xc A
500.0

i
1

———

Figure 12

A

TANK Q vs BANDWIDTH
Qv 134

141




Narrative ‘ . ‘ ' Thirty One-2 -

In the figure, the tank has a 40 kHz bandwidth. You can calculate the
bandwidth by plugging the circuit diagram values into the formula for
both Q and bandwidth. The Q of the tank equals XL (or XC) divided by
Rc or 500 ohms divided by 20 ohms, or 25. The bandwidth equals Fo
divided by § tank, or 1000 kHz divided by 25, or 40 kHz. 1In the

- figure, the frequency response curve at the.upper and lower Fco points
has steep sides, or skirts. This indicates that the Q of this tank
produtes high selectivity.

If Rc s increased in the circuit shown in Figure 12 from 20 ohms to 50
ohms, the tank circuit diagram and tank frequency resonse curve are as

shown in Figure 13.
1000 kHz
UPPER Fco = IIOSO kHz

/

FREQUENCY
—l

Figure 13

TANK Q vs BANDWIDTH

By applying the formulas, the Q of the tank in Figure 13 equals 10, and
the .bandwidth equals 100 kHz. The increase in Rc has produced a tank’
with a lower Q and a wider bandwidth. ‘

Resistance in fank circuits is related to the resistance of the coil
wire apd any other series resistance. Coils with the same XL made with
larger diameter wire should have smaller resistance, and higher Q, than
-coils made with similar diameter wires. '
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We now will apply Q to a loaded resonant circuit in which the tank is a
part. Figure 14 shows a loaded circuit which includes a tank, switch
and paraliel load {(Rp).

SWITCH
—" o—

XL
5000

Xel - ZRps 5K

Re¢
50

&

Figure 14
LOADED TANK CIRCUIT Q

In the Figure, the tank is unloaded when the switch is MNa The Q of
the unloaded tank eaczls the familiar XL {or XC) d1v1dpd y Rc, or 100.
The tank is loaded when the switch is closed, and delivers energy ta
the parallel resistance,.Rp. The important po1nt is that the Q of the
circujt will be lower when a load is piaced on a tank than the Q of the
tank without a load.

The formula for the Q of a loaded tank circuit is Q ckt = Rp divided by
XL, or Rp divided by XC. 1n Figure 14, XL equals XC which equals 500
ohms, and Rp equals 5 K ohms. the Q of the circuit equals 5 K ohms
divided by 500 ohms, or 10. Since the Q of the unloaded tank was 100,
the loaded tank circuit has a lower Q, and a wider bandwidth, than the
unloaded tank. In wideband RF amplifiers; "swamping" resistors sometimes
are placed across tank circuits to purposely lower the Q of the circuit
and widen the bandwidth.
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Figure 15 shows a typical RF amplifier 1nput stage in a broadcast
band rad1o receiver,’

TUNING

CONVERSION OUTPUT

" Figure 15 ‘
TYPICAL TUNED RF AMPLIFIER

* The function of the circuit components will now be discussed. 1In
Figure 15, R2 and .R3 form a voltage divider from Vgg to ground to
provide forward bias for Q1. C3 places the bottom of L2 at RF ground
potential  and ensures all signal development is across L2. Tl is a
step-down transformer with the low impedance winding L2 connected to
the base of Q1. This impedance match provides for maximum energy
transfer between the antenna and base of Ql, and also preserves the {
of the L1-C1 tank. :

Both the Q and selectivity of the tank L3-C2 are preserved in a similar
manner. - The technique of tapping L3 provides a good impegance match
between the collector of Ql and the tank L3-C2. Therefore maximum

energy transfer occurs between the output of Ql and the input to the
following stage. The components R1 and\C4 make up the emitter stabiliza-’
tion resistor and bypass capacitor. Note that Vgg and V¢ often

dre one and the same source. ) '

In Figure 15, tank L1-€1 is tuned to select one of the many frequencies
received by the antenna. This signal is transformer coupled by Tl into
the base of Ql. The amplified signal is coupled by T2 to the next

- amplifier. We achieve additional. seTectzvity by tuning the tank in the
primary circuit of 72.

144
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There are many different ways to draw circuits. Figure 16 shows
another way to draw the RF amplifier circuit shown in Figure 15.

—-Vee

L3 :
L4
g QUTPUT
T2
«—CHASSIS GROUND
TUNING

Figure 16
TUNED RF AMPLIFIER

One minor difference betwgen the two diageéms Yis thiat the tank L3-C2 in
Figure 16 is grounded on One side thus allowing one side of the capaci-
tor to be attached directly to the chassis.

RF amplifiers sometimes tend to oscillate as the amplified frequency
increases. Transistors in tuned RF amplifiers have .an internal regenera-
tive feedback circuit which may have caused this oscillation. The

shaded area in Figure 17 represents the internal regenerative feedback path
of an operating transistor.

Figure 17
: o~

TRANSISTOR INTERMAL FEEDBACK
138

145
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We can neutralize this oscillation by connecting an external feedback
circuit which is exactly equal ‘in voltage and opposite in polarity to
the internal feedback. Figure 18 shows two ways an amplifier can be
neutralized. The neutralization circuit is labelled Cn. ~

P~
Cn \
I

R .+VBB R

Figure 18
TYPICAL NEUTRALIZING C {B_CLI.,!_I;.___,,J,-_,-,_,..T —

RF amplifiers are designed to take-{ﬁto consideration any “strey .
reactances® which may result Pt high frequencies.  An example of the °
effect of stray reactances is\ shown in Figure 19.° s

+Vee o - +vee

Re
OUTPUT
+vce
—_0

Figure 19

STRAY REACTANCES IN RF AMPLIFIER CIRCUIT

The capacitancgs.Co and Cin represent the accumulation of reactances
due to the position of wires and components in relation to the chassis.-
. When you regair a ¢ircuit, you must be neat and cautious so that
replaced components will be.positioned as they were before repair.
Otherwise you may cause a frequency change or oscillation in the
amplifier. ) —
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Amplifiers can be biased to operate either Class A, Class B, Class AB,
or Class C. Figure 20 shows C]ass A amplifier 0perat10n.

b | '

| | Ic I
OVE - N —~ = Ve
| | !
0 M

| | l B

i I CONDUCTION S PR On CCoRTI0D

I [ TIME ~———— e s 0 B 00 6.0 S ,

e 360° ! e 3600 — ]

INPUT COLLECTOR '

CURRENT . ouTRuT
Figure 20

CLASS A OPERATION

i

N In the figure, the left d1agram js the input signal voltage for one
cycle. The center diagram jncludes both the collector current waveform
and a bar chart of the transistor conduction time. The right diagram
js the amplifier output voltage waveform from a CE transistor amplifier
using a collector load resistor. In Class A amplifiers, the transistor
conducts for the entire duration of the input cycle. The forward bias
is set high enough so that conduction will occur over the entire input
cycle. The amplified output wavefonm is a non~distorted image of the

input waveform.

Thirty One-2
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Figure 21 shows Class B amplifﬁer operation.

| :
' I |
Y ‘ - Ve — — ]
. } )
CONDUCTION " v _' n - . I '
, - |
r*———-360°-—*1“
COLLECTOR OUTPUT
CURRENT

Figure 21
CLASS B OPERATION

>

In Class B amplifiers, the transistor conducts for half the duration of the
input cycle. The bias is set near zero which causes the transistor to cut
off and to produce a clipped, or distorted, output signal Class B amplifiers
are more efficient than Class A amplifiers due to the reduced conductiv» time.

Figure 22 shows Class AB amplifier operation.
" ‘

| |
fe— 360° ==

. COLLECTOR OUTPUT
_ CURRENT :

Figure 22 ' -

CLASS AB OPERATION

In Class AB amplifiers, the transistor conducts between 180° and 360° of the
input cycle. The conduction time is greater than for Class B, and less tgan
for Class A amplifiers. The bias in Class AB amplifiers is set to cause, the
transistor to cut off for less than half of the input cycle. "Class AB
amplifiers have less output distortion than Class B amplifiers, but also are
less efficient than Class B amplifiers due to the increased ¢onduction

time. * - _ c

- _ |
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Figure 23 shows Class ¢ amplifier operation.

LY

| :
. lc
) /’/ | .
T
e

— GO ——t

l
COLLECTOR
CURRENT

Figure 23 -~ AV
CLASS C OPERATION

In Class C amplifiers, the tramsistor conducts for abdyut 120° of the
input cycle.. The reverse bias causes the tramsistor to-cut off for
over half of the input cycle. Class C amplifiers have the greatest
output signal distortion, but are the most efficient .to operate-because .
they have the shortest conduction time. _ ’

Figure 24 shows an-application of a Class C amplifier circuit.

_O

o c1i P ,f

N)
Figure 24
»
CLASS C RF AMPLIFIER

142
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the reverse Lias on 1 is shown as -Vgg. The.expected output wave
is shown in Fiyyre 23, and the actual output wave is shown in Figure
24. The modified output wave is caused by .the flywheel effect of the

tank. A single pulse put into a tank produces the “damped” sine wave
~shown in Figure 25. *

ANANY PN
_J-I_ " —
s T 3, VvV VvV ¥

PULSE + TANK = DAMPED. OUTPUT WAVE

Figure 25

—=

FLYWHEEL EFFECT

In class C operation; the tank will get a current pulse from‘the
transistor coliector one time for each.input cycle as shown in Figure
{H '

e DN\
ARNAVARVIRY

r

1 euLse TOTA!;IK : /\ . A : /\

N .

u E our rrom Tank \/\\/‘\
. AR
. " ’ w -

Figure 26

TAHK OUTPUT FROM CLASS C AMPLIFIER OPERATION

Tne repeated current pulses change the damped output wave (shown by the
dotted Tine) to resemble the reasonably good sine wave (shown by the solid
line). The flywheel effect is often used in Class A8, B, and ¢ RF/IF
amplifiers to provide a non-distorted sine wave output.

auplifier efficiency -increases as the amount of DC operating power decreases.
Since operating power is directly related to operating current, the efficiency
of each amplifier class is affected by the transistor conduction time. e
Class A amplifiers have continuous transistor conduction, and are the ‘east
efficient to operate. Class C amplifiers are the most efficient to operdte,
‘and are used in applications which require large amounts of output power A
such as the final output amplifier of a radio trarsmitter, N

13 150
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One method to test the fréquency Eesponse of an amplifier includas a
standard 'signal generator and an oscilloscope as shown in Figure 27.

S

- SCOPE
SIGNAL

hY

*

0

U: .

T .

P s
Mg )

o N

/

.

GENERATOR

FREQUENCY —»

Figure 27
MANUAL FREQUENCY RESPONSE CURVE

The signal generator is manually set to exact frequency values. The
height of the vertical line on the CRT shows' the amplitude of the -
amplifier's output signal at one test frequency. You get a frequency
‘response curve by drawing a smooth curve connecting the top of each
line, for a number of different input test frquFncies.

A-more efficeent and accurate method to test the frequency response of
an amplifier is to use a sweep frequency generator. It produces a
frequency modulated (FM) signal that varies back and forth, or sweeps,

over a section of the frequency spectrum. Figure 28 shows' a typical
sweep frequency generator/oscilloscope set up. - .

\ VARIABLE I;'i-'*wh " O'SCOPE -
SWEEP .
FREQUENCY ,-’6% \

GENERATOR v
= ol AR

X
?

SWEEP VOLTAGE '
A __I

R

Figure 28

FREQUENCY SWEEP

sThe variable frequehcy signals from the genrrator are fed-to the
vertical input (Y) terminal of the oscilloccope. The CRT produces a
rectangular display which is a combination of the sine waves from the
many input frequencies. “The displax,nrom the sweep generator.is baﬁsd

Gn frequency rather than on-time, and is often called a “frequency

sweep . o
3

151
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A second generator output is called a sawtooth sweep voltage. The
sweep generator is designed so that the sawtooth horizontal sweep
voltage also generates the variable frequency output signal. In Figure
28, the sweep generator's horizontal sweep {sawtooth wave) output is
connect?d to the horizontal plates of the oscilloscope through the X
.terminal,

,Since the inputs to theoscilloscope'sx and Y terminals are synchronized,
the CRT display will be based on frequency, and not on time. Typical
display is shown in Figure 29. v

- ' t MHz

i ]

FREQUENCY SWEEP WITH MARKERS

Fidure 29

The pips on the frequency sweep are the result of marker frequencies
added to the sweep frequency signal. A wide range of marker frequencies
are usually available to allow precise comrtrol of Lhe sweep generator
output frequency. In Figure 29, the sweep is 5 MHz each side of the
center frequency of 5 MHz,
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F
Figure 30 shows a typical sweep frequency generator test set-up.

SWEEP : , T .
FREQUENCY ‘ OSCOPE  * A
GENERATOR - | .

VARIABLE
oy sy

L

Figure 30

SWEEP FREQUENCY GENERATOR METHOD

The Sweep frequency generator Sweeps a band of frequencies over the
amp11f1er s frequency range.  MWhen the switch is in position #1,

shown in Figure 30, the amp11f1er $.output resembles insert A on the
CRT., When the sw1tch is in position #2, the rectifier - filter demodu~
lator 15 ptaced into the circuit and c0nverts the amplifier output to
resemble insert B on the CRT. This test method permit$ direct observa-
tion of ampl1f1er frequency response curves. )

You will have the opportunity to use the Sweep frequency generator “in
the job program for this lesson. With this device, you will measure
the frequency response of an RF amplifier in the NIDA trainer.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS. CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PRNGRAM. IF YOU INCORRECTLY.
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORPECT ANSWER PAGE

WILL REFER YOU TO THE .APPROPRIATE PAGES, PARAGRAPHS, IR FRAMES SN THAT YOU

CAN RESTUDY. THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF
YOUSFEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, QF THIS LESSOM,

SELECT AND UISE ANOTHER WRITTEN MEDIUM QF INSTRUCTION AUDIO/UISUAL MATERIALS .
-(IF APPLICABLE), DR CONSULTATIOM WITH THE LEARNIMG CENTEP INSTRUCTOR, UNTIL YOu
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK COPRECTLY.
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OVERVIEM
LESSON 3

IF Amplifiers

~
In this lesson you! w111 Iearn some important operat1ng character1st1cs of
IF amplifiers. You will learn how synchronous and stagger tuning relite to
IF amplifier frequency response. You will be able to identify the function
“of IF amplifier components using schematic diagrams. You will find out how
dan amplifier becomes overdriven, and how gain control circuits prevent over-
driving by changing transistor forward bias. Youwill learn how a built-in
"S" meter on a superheterodyne receiver can help/you locate -a faulty receiver
“stage. You will determine IF amplifier frequency response curve characteris-
tics, and troubleshoot .an IF amp11f1er using test equipment.

The learning objectives of this lesson are:
TERMINAL OBJECTIVE(S)

31.3.54 | 'Nhen the student completes this Iesson {s)he w1II be able to TROUBLE-
' SHOOT and IOENTIFY faulty components and/or circuit malfunctions
in solid state IF amplifiers when given a training device,
prefaulted circuit board, necessary test equipment, schematic
diagram and instructions. 100% accuracy is reguired.

ENABLING OBJECTIVE(S):

When the student completes this lesson, (s}he will be able to:

31.3.54.1 IDENTIFY the function of IF amplifier circuits in a superheterodyne
receiver by selegting the correct statement from a choice of
four. 100% accuracy is required.

31.3.54.2 IDENTIFY the functions, characteristics and appiications of,
synchronous -and stagger tuned IF amplifier circuits by selecting
the correct statement frowm a cho1ce of four. 100% accuracy is
required.

31.3.54.3 IDENTIFY the function of components and circuit operation of a
common-enitter IF amplifier stage, given a schematic diagram, by
selecting the correct statement from a choice of four. 100%
accuracy is required.
31.3.54.4 TDENTIFY the output signal characteristics of an overdriven
. amplifier by selecting the correct statement from a choice of
four. 100% accuracy is required.

-
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31.3.%4.5 IVENTIFY the vain characteristics of a transistor biased in the
.linear and non-linear operating regions by selecting the correct
statewent from~a choice of four. 100% accuracy is required.

31.3.54.6 IDERTIFY the functions of an AGC circuit by selecting the correct
- statement from a choice of four. 100% accuracy is required.

31.3.%4.7 IDENTIFY the éomponents, component functions, and circuit operation
of an AGC circuit, given a schematic diagram, by selecting the

correct 1ist or statement from a choice of four. 100% accuracy
is required. .

31.3.54.8 IDENTIFY the faulty stage(s) in a superheterodyne receiver, given

’ a block diagram showing "S" meter location and failure symptoms,
by selecting the'.cor-ect fault from a choice of four. 100%
accuracy is required.

31.3.54.9 MEASURE and COMPARE frequency response and gain characteristics
of IF amplifier circuits given a training device, circuit boards,
test equipiaent and” proper tools, schematic diagrans, and a job
. prograsr conta]ning reference data for comparison. Recorded data -
st be within limits. stated in the job program. =

31.3.54.10 IVENTIFY the faulty cowponent o circuit malfunction in a given
"IF amplifier circuit, given a schematic diagram and failure
symptoias, by selecting the correct fault from a choice of four,
100% accuracy is required.*

A

“*This 0bJective 15 considered nmt upon successful compietion of
the terminal objective.

"8EFORE YOU START THIS LESSON READ THE LESSON LEARNING OBJECTIVES ANO PREVIEW
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 3

IF Amplifiers

To learn the waterial in-this lesson, you have the option of choosing.
according to your experience and preferences, any or all of the following
study resources. ' '

Written Lesson presentation in:
Module Booklet:

Summary

Programmed Tnstruct1on
Narrative :

Student's Guide’

Summary

Progress Check

Job -Program Thirty-3 "IF Amplifiers"
Fault Analysis I.S. '
Performance Test I.S.

additivnal material(s):

Enrichiient material(s):

:NAVSHIP U967-0U0-U120 "Electronic Circuits" Electronics Installat10n and
Mmaintenance Book (EIMB) Naval Ship Eng1neer1ng Center, Washington, D.C.:
U.5. wovernment Printing Office 1965. ,

YUu PmehSE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
CENTER InSTRUCTUR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY
REQuIRED TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT
AnY TIFE.

o/
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. SUMMARY
LESSOR 3

IF Amplifiers

Ik amplifiers are commenly found in both receivers and transmitters. IF
aplifiers provide the required siynal yain and selectivity in superht*ero-
ayne receivers such as radio,.television, and radar.

INTERY ouplifier is pasically a tuned, high gain, fixed frequency RF ampli-
frer with transforuer coupl1ng. IdeaI]y, the IF amplifier will select and

amp i 1fy with constant’ gain only the desired signal containing. all the
inforwation neeued for yood siynal reproduction. Therefore, the ideal IF
duplifier should have the rectangular frequency response curve shown in
Figure l.

—-ol BANWIOTH Iﬂ—

)
u
T
P
U
T

FREQUENCY ———»

Figure 1
IDEAL IF RESPONSE CURVE
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Aﬁ actual IF amplifier with tuned-primary transformer coupling has a
frequency response curve which more closely resembles Figure 2.

BANDWIDTH
TUNED
°© FREQUENCY

— FREQUENCY
Figure 2

SINGLE TUNED TRﬁNSFORMER COUPLING

There are ways to make the frequency response curve® of an IF amplifier
resemble the ideal curve and thus improve amplifier operation. One method
is to tune all circuits in the ignal path to the same frequency, or
synchronous tune. A tuned circuit may be added to the secondary of ‘the
transformer coupling in Figure 2. If the two tuned tanks are synchronous
tuned to the IF center frequency, the resulting frequency response curve
.is shown in Figure 3.

’

“— BANDWIDTH

—»4CV4CO

Q" f;'
FREQUENCY=—» -

) Figure 3
SYNCHRONOUS DOUBLE-TUNED TRANSFORHER COUPLING

In the figure, the bandwidth has become narrower and 'selectivity has
increased. -

Synchronous tuniﬁg may cause the bandwidth to become too narrow to.properly
amplify all of the desired signal. For example, television and radar
_signals require relatively broad bandwidth amplification.

J ) . .
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+ k R . '
One method to increase the bandwidth of an IF amplifier jis to tune each
tuned coupling circuit to a slightly different frequency, or stagger tune.

The resulting frequency response curve for an amplifier with three stagder-
" tuned circuits is shown in Figure 4,

k—aauowlnm—fﬂ

OVERALL RESPONSE

FREQUENCY ——s
Figure 4
STAGGER=-TUNED RESPONSE CURVE

You can see that stagger tuning resonant coupling circuits widens
-amplifier bandwidth, Y

Synchronous ang stagger tuning can be applied to the operation of a
typical common-emitter IF ampliifier stage shown in Figure 5.

OUTPUT

T2

4w
; -

Figure 5
TYPICAL COMMON-EMITTER IF STAGE

: . . H
This circuit contains two single-tuned interstage coupling transformers,
T1 and T2 can be synchronous slug-tuned to provide a narrow bandwidth
amplifier, with good selectivity. TI and T2 can also be stagger tuned to
increase amplifier bandwidth., Proper tuning in a string of I[f amplifiers
will produce just about any 9ain and selectivity required in the receiver.
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The RIDA trainer IF amplifier stage is shown in Figure 6.

Figure 6
NIDA IF AMPLIFIER

L]

The input signal is applied to coupling transformer Tl. The tap on Tl
provides an impedance match with the collector circuit in the previous
stage. This type of transformer is often enclosed in an aluminum
shield to prevent uriwanted coupling to nearby wires and transformers.
Inductive tuning is done by a tuning sluy. The step-down secondary on
T1 provides a low impedance match to the Ql base c1rcu1t. R1 and R2

- provide forward bias to Ql. R ‘

Decoup]!ng capacitor £5 ensures all signal voltage is developed across the

secondary of -Tl, and does not enter the power SuppIy. _

In the 01 collector circuit, the output tank in couoling transformer T2 is
tuned to the operating center frequency of 10.7 MHz. €4 and R4 are decou-
‘pPling components ‘which act to ensure that all s1gna1 voltage is developed
. across the tank, and does not enter the power source. R5 reduces the ,
. tendency .for :strong signals to forward bias the collector-base junction of
Ql,which might cause oscillation.
; 1]
1F amp]ifwers are usually cascaded to perform their function in a receiver
or transmitter. As the number of cascaded amplifiers increases, the gain
may become -high enough to cause oh€ or more amplifier stages to be overdriven.
Severe ‘'signal distortion woulc result as the design capabilities of the cir-
cuit and power supply would be exceeded. Therefore, some type of gain control
. 1s needed.

162
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The amount of forward bias on the transistor's: base-emltter Junct1on (VBE)
afiects the. static operating level of the transistor which, in turn, -
affects the.amount of gain. The transistor produces a reasonany constant

" .gain within"a certain bias range called the linear cperating region for the
transistor. “When the forward dias is s1gn1f1cant1y above or below the
linear region, the transistor is operating in the non-linear -operating
reg1cn,. In these regions, the transistor produces Tower yain and, with

- large sugnals possible distortion.

The relationship between bias, conduction, and gain are found in the
transistor charac;eristic curve in Figure 7.

. f

LINEAR | NON-LINEAR
REGION | REGION

OUTPUTS

. FORWARD
BIAS

Figure 7

TRANSISTOR CHARACTERISTIC CURVE

-

The curve is used to determine the amount of gain related to bias and
conduction levels for a Qiven input signal. Figure 7 shows examples of
three identical input signals applied to a transistor at bias levels | .
within each of the regions. The amplitudes of the input signals are shown
above the region labels. The differences in the resulting output amplitudes
demonstrate that 9ain is reduced by app1y1ng forward bias either in the

"p" region (reverse bias gain control) or in the "F" region (forward bias

gein control). You should note that distortion in the non-11near regions
is minimized with small signal levels.

- 156
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A manual method of controlling transistor gain can be shown for the NIDA
trainer IF amplifier stage in Figure 8.

-

Figure 8

1S

MANUAE TF GAIN COWTROL -

- 1In the figure, forward bias is provided by Rl, R2, and R6. As the arm of
R6 is moved upward, a more positive voltage is placed on the base of 0}
which reduces the'forward bias on Ql. 'If the arm of R6 is rioved upward

high enough. reverse bias gain control will result.

/.
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. An automatic gain control (AGC) circuit provides a more constant output
from the audio or video eqiipment in which it 1is used.,” Figure 9 shows the
addition of an AGC circuit 4o the IF amplifier stage in Figure 8,

REVERSE 53
AGC BuS

.‘_
Figure 9
AUTOMATIC GAIN CONTROL (AGC)

The AGC components provide an automatic reverse bias gain control over
previous RF and IF amplifier stages. The AGC voltage in a receijver is
uysually tied to an AGC "bus™ which provides feedback to previous stages on

the same bus.

In the figure, C7 couples a part of the IF output signal to CR1, This
leaves a rectified small positive average DC voltage at the junction of
CRYl, C7, ana R7. This small positive voltage decreases toward zero as the
amplitude of the IF signal increases enough in strength. R6é and R7 form a
voltage divider between + Vgcand the AGC output voltage. As the positive

~voltage at the CRl, C7, and R7 junction decreases (but never becomes
negative), the AGC output .voltage becomes less positive. This lowers the -
AGC bias voltage on the bus and reduces the gain of previous stages. RS
and C6 filter the AGC voltage -to produce a smooth DC level.

You will be using the "S" meter in the NIDA trainer as part of the Job
Program for this Tesson. The meter is often used in superheterodyne receivers
to indicate the sirength of recei-od signals, and to help center-tune thd
receiver, Calibration for "S" meters can be in "S" units, decibels, or

some other numerjcal scale units., In the NIDA trainer, calibration is on a
scale from 0 to 10, The "S" meter on the NIDA trainer is found in the

second IF amplifier stage.

158 _1(}55
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T - . : - i LY
*

Fhgulk iuv Snbds, Lng LR LGt CLLORErts in tne NoZA trainer.

Figure 10

IF AMPLIFIER STAGE WITH "S™" METER

For the weter circuit to operate, part of the IF signal is tapped off the
4l coliector circuit. The pulsating +DC voltaye across the half-wave
rectifier CR1 is applied to droppiny resistor R6, and meter Ml. The meter
pointer ingicates the average bC vultage tevel across {R1,

Technicians often use the "S® meter as a piece of buiit-in test equipnent
{81TE) to aid in troublesiipoting. When a Signal is tumed in, an "S" meter
deflection indicates that receiver circuit problems are likely to be
located in stages following the meter. If no deflection occurs, reteiver
problens are Tikely to be located in stages somewnere leading up to and
including ‘the neter circuit.

AT TnIS PUINT, YUU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST 1TEMS CORRECTLY, PROCEED TO THE JOB PROGRAM., IF YOU INCORRECTLY
ANSWER UNLY A FEW UF THE PROGRESS CHECK QUESTIORS, THE CORRECT ANSWER PAGE

wILL REFER YUU TU THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAW RESTUDY THE PARTS UF THIS LESSON YOU ARE HAVING DIFFICULTY WITH, IF

YUU FEEL THAT YUU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,

SELECT AND USE ANUTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIQ/VISUAL MATERIALS
(1F APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU
Chit ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECl CORRECTLY.

Z
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PROGRAMMED INSTRUCTION
LESSON 3

IF Amplifiers

L3 ° ) )
TeST FRAMES ARE 7, 14, 24, and 28. PROCEED TO TEST FRAME 7 AND SEE 1F YOU,
CAN ANSWER THE QUESTIONS. -FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST
FRAME .

(::) IF amplifiers are common circuits found -in both receivers and trans-

mitters. You now will learn some operating characteristics of IF ampli-
3 . .
fiers in superheterodyne receivers. Most modern radio, television, and

radar- receivers are of the superheterodyne type. You have worked with this

type of receiver in Module 18,  Basic Troubleshooting Techniques, and Module

19, Troubleshooting the Amplifier Stage in a Radio Recéiver. In a super-

. heterodyne receivér, the incomiﬁg signal is mixed, or heterodyned, with a
signal produced by & local osci]]afor. This nixing aétion produces a
cuntinuous fixed frequency output signa1'called the Intermediate Frequency,
or IF. The.iF c0n§ains all the information of the original antenpna é%énad.
-A11 5uperheter6dyne receivers jpust amplify these I# signals. Therefore,

IF amplifiers are used to provide whatever signal gain and selectivity are

-

-reguired in a receiver.

_An 1F signal is produced when an incoming signal is

with a local oscillator signal.

neterodyned (or nixed)
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. (::) An IF amp]ffier is basically a tuned, high gain, RF amblifier with

transforaer coupling. You rec€]1 that one difference between RF and IF
anplifiers is that IF amplifiers are thned to‘agfixeq frequency. The
input sfgnal into an IF amplifier has beén converted to a fixed frequency
by the converter stage in the receiver.. Once an IF amplifier has been
tuned to a center frequency at or near tie fixed input frequency, no

wmore retening is necessary. ‘

IF amplifiers are basically RF amplifiers with (fixed/variable) tuning.

+
--------------------------------------------------- A

Y]

IF amplifiers commonly use tuned transformer coupting. In the previous
lesson, you Tea’ped that amplifier coupling is important in determining
amplifiér bandwidth and selectivity. Now let's look at a practical situa-

tion which sﬁbws_how coupl ing affects amplifier operation.

L.
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-

Suppose you tune in your favorite rock station at.790 kHz on the AM radio

dial. ‘In order to get'good sound reproduction, your radio receiver will

be tuhed to select-a center freguency of 790 kHz with a 10 kHz bandwidth as

BANOWIOTH P—

shown in Figure 1.

_S (| I R 3 | |
T — 1 _ | [

0 TTOkHz © 780 kHz 790 kHz 800 kHz 810 kHz
. . , r‘ -

FREQUENCY — fy

Figure 1. 1IDEAL RECEIVER FREQUENCY RESPONSE CURUE‘

Idea]]y! your radio receiver should select and gmp]ify only the signal
which contains the necessary infonmation, and completely reject all other
signals. To do ths, an ideal feceiver would need the rectangular frequency
reSpénse curve ;hown in ?igure 1., fn the figure, the flat top indicates
that the receiver should HSJE constant gain within the 10 kHz bandwidth.
~ The.vertical sides at Fx and Fy inQicafelthat frequencies on either side of
' these point$ would not be amplified. . ' ‘ ‘
In)ﬁgﬁre 1, the™flat top-shows that tﬁe'ideal receiver has constant

within the bandwidth around a Sele;ted Fo.

™
gain {or amplitude)
s
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. The converted input signal into an IF amplifier in your radio receiver

contains all the original information needed for good sound reproduction.

Therefore, the idesl IF amplifiér should have the rectangular frequency

?

response curve shown in Figure 2.

2
—] o —

- -HCV-HCO

FREQJQUENCY ————»

IDEAL TF RESPONSE CURVE

Notice that the shape of the response curve in Figure 2 is the same as for
the ideal receiver response curve in-Figure 1. Therefore, the ideal IF
amplifier should have constant gain within its bandwidth, and no gain.

eyond the bandwidth 1imits as Fx and Fy as shown in Figyre 2.
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As you have learned, an actual 1F amplifier with tuned transformer coupling
has a frequency response curve which more closely résembies Figure 3.

BAHDWIDTH
TUNED -
FREQUENY

™

——-COo-HCO

— FREQUENCY

Figure 3 _
TYPICAL FREQUENCY RESPONSE CURVE _ °

The sloped sides indicate that the gain does not stay cdnstant within the
bandwidth, and that some amplification occurs beyond the 1imits of the’

bandwidth.

The frequency response curve of an IF amplifier has. (vertical/sloped) sides

wiich indicate that (no/some) amplification occurs beyond the bandwidth

Timits.

sloped, some

(:) There aré ways to make the freguency response curve of an IF amplifier
reselee the jdeal curve in order to improve amplifier operation. You
recall that amplifier selectivity increases as more resonant circuits tuned
to the same frequency are added in the signal path. Figure 4 shows a

coupling circuit with a tuned primary, L1, and related amplifier frequency

" response curve. : ‘ BA#B:‘L%TH

FREQUENCY

-
L ]
o EIE N
..
EROCIENE I

——» FREQUENCY
‘ Figure 4
SINGLF-TUNED TRANSFORMER COUPLING FREQUENCY RESPONSE CURVE
16

4
- | 177
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T A tuned ¢ircuit wey be added to the secondary, L2, as shown in Figure 5.

—+—-CTVHCO

° _
FREQUENCY——p
Figure 5

DOUBLE-TUNED TRANSFORHER,COUPLING FREQUENCY RESPONSE CLRVE
both brimar& and secondary can be tuned to the same frequency. This is

~called synchronous tuning. Synchronous tuning occurs when all tuned

circuits in the signal path are tuned to the same frequency. If the two -
tuned tanks are synchronous tuned to the 1F center frequency, the resulting
frequency respoﬁ;e_curve is shown in Figure 5. Notice that the sices are -
re]ativg]y steep and the bandwidth has become narrower. Thishindicates
good-selsctivity. -

-

The selectivity of an amplifier increases if resonant circuits are added in

tne siynal path and ‘ tuned to the IF center frequency.

synchronous

@ You know how wg inclrease amplifier selectivity. However, as selectivity
increases, the J;ndwidth becomes more and more narrow. If the bandwidth
becomes too harrow, part of the desired signal nﬁy not receive enough
smplification and the result will be a distorted cutput {sound, picture,
etc.) For examnle, a ielevision or radar sjgna1 has 5 very broad band-
width. Radar and TV receivers use iF amplifiers wﬁich must have a wide

enough bandwidtn to receive .and amclify this brOj?eﬁgd signal.
. 1&5




¥

P.I. , ' . . Thirty One-3
- \ ] . - .

One method to Yincrease the bandwidth of an IF amplifier is to use stagger

'tuning. In stagger tuning, each tuned coupling qircdit is tuned to a

slightly different frequency. The resulting amplifier frequency response

curve for an amplifier with three stagger-tuned circuits is shown in Figure

6. : | ) o

e——BANDWIDTH—|
f ty |

OVERALL RESPONSE

f

A

ffl
(
|

NS

- —JCV-HCO

!
|
\Lh/

)

FREQUENCY ——

Figure 6
/ STAGGER-TUNED RESPONSE CURVE
Pﬁ the-figure, the curve now has a fairly flat top which indicates that the
Irgain js at a relatively constant level across the bandwidth. The sides of:
f the ?urve are sloped, howefer the shape resemb]es.phe idea]_responée. You
can see that adding and tuning resonant coupling circuits affect amplifier

bandwidth and selectivity.

One way to widen the bandwidth of an IF amplifier is to -tune the
resonant coupiing circuits.

A A e A e R e ﬁ-
[ ' "

stagger
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) @ THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE

YOQR ANSWERS WITH THE CORRECT ANSWERS GIVEM AT THE TOP OF THE PAGE FOLLOW-
ING THE QUESTIONS.
1. Tne flat-top-part of the frequencyﬂzurve for an ideal IF amplifier
indicates

a. good se]ectiviiy

b. constant gain

c. narrow bandwidth

d. amplifier efficiency

o
b

'Synfhronous tuning of an IF amplifier
a. widens the bandwidth

" b. incréases the center frequency
c. heterodynes the input signal

d. Jncreases selectivity

The bandwidth of an IF amplifier is widened by
a. gtagger tuping

b. synchronous tJﬁTng

c. adding tuned circuits in the signal path

d. increasing selectivity




n reererer

INCREASES i ¥ - DECREASES
RECEIVER | RECEIVER -
SENSITIVITY
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constant yatin
¢. increases selectivity

a. Stayyer tuning

© YUUK ANSWERS MATCH THE CORRECT ANSHERS ?OU}wAY GO TO TEST FRAME 14,

UTHERKWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAXING
TeST FRAME 7 AGALN. |
(:) Now let's look at the diagram of a typical common-emitter IF amplifier

stage shown in Figure 7.

o

Figure 7

TYPICAL COMMON-EMITTER IF STAGE

You recall that single-tuned transformer coupling has 6n1y one tuned tank,
and that double-tuned transformer coupling has two tuned tanks. Double-
tuned transformers are quite common in IF stages when a narrow bandwidth is
uesired.* However, the bandwidth requirenments for the circuit in ngure 7
are best provided by the single-tuned tanks. In the figure, neutralization
components have not been included. You will find that neutralization-

_ conpunents are often added to amplifiers operating at high intermediate

»

Cfrequencies,

169 176
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. \ -
Iﬂ Figure 7, the coupling circuits are _Qi_n_g_le/double)_ - tuned, and the

amp]ifief has {some/no) neutralization components.

single, no
You have learned how both synchronous and stagger tuning .improve

amplifier operation. Let's apply this knowledge to the operation cf the

coupling components in the common-emitter IF amplifier stage shown again in

Figure 8.

Figure 8
- TYPICAL COMMON-EMITTER IF STAGF

In the figure Cl tunes the primary of T1. and C2 tunes the primary of T2.
If a narrow bandwidth amplifier is desired, C1 and.C2 can be tuned to the

. R . ’ '

sane ?requency, or synchronous tuned. If a wide bandwidth amplifier is

desired, C1 and C2 can be tuned to a s1ightly different frequency, or

stagger tuned. C

If C1 and-C2 in Figure 8 are stagger tuned, the IF amplifier bandwidth will

become (wider/narrower).
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(EE)‘ The overall amplification of a receiver can be increased by ugjng a
string of IF amplifier stages., Just about any frequepcy response charac-
teristic can be achieved by properly funing tiie various stages, An IF .
amplifier fherefore accomplishes two major funi}ions in any receiver. It

estavlishes gain, and controls béndwidth which affects selectivity,

-

Two fredﬂeﬁcy response charapferistics affected by tuning IF amplifier

gain, bandwidth (or selectivity)

(:) You are familiar with the circuit diagram of a typical IF amplifier.
Now let's look at the IF amplifier circuit that you will study on the NIDA

trainer. The circuit is shown in Figure 9.

Figure 9

NIDA IF AMPLIFIER
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At-first glance, this circuit may.appear totally different tc you from the
tvpical common-emi tter IF amplifier stage you have been.studying which is

shown again in Figure 10.

Figure 10

TYPICAL COMMON-EMITTER IF STAGE

_However, on closer inspection, you will see that the diagraus iﬁ Figures 9
and 10 are basicdlly the same common-~mitter IF amplifier circuit. The
types of coupling tran;formers at Tl and 12 are different between the
figures (inductive ys capacitive tuning). Also, the Veo source voltage is
a nlied top the emitter in Figure 9, vhereas it is applied to the collector
in Figure 10. However, these differences do not change the ¢ircujt opera-

tion or the function of the components.

The NIDA IF anplifier circuit shewn in Figure 9 is basically differentafrom

the typical comnon-emitter IF amplifier circuit shown in Figure 10.

a. true
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(::) ‘Let's take another Touk at the WIDA IF amplifier circuit in Figure 11,

and check out the operation of the base-emitter circuit components.

Figure 11

NIDA IF AMPLIFIER

Tne input signal js applied to the first IF transiormer, Tl. Notice that
Tl is a single-tunea transformer with a fap on the primary. This tap
provides an impedancé match with the collector circuit in the previo®
stage. This type of transformer is often enclosed in an aluminum shield to
prevent unwanted coupling to nearby wires and transformers. Inductive
tuning is done by a tuning slug. Tl has a stepdown secondary to provide a
low impedqnce_match to the base circuit of Ql. Forward bias is provided to
Ql by Rl and RZ to establish Class A Operat%on. Decoupling capacitor C5
ensures all signal voltage is developed across thesSecondary of Tl.

Emitter stabilization is provided by R3 and (3.

which components in Figure 11 pro#ide'forwarq bias to Q17

. oy S o e S g . A o D o g . D e i A D D o A T

™
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Q:)‘ Now we will cover the operation of the collector circuit components in

'the NIDA IF ampiifier circuit.

4

s Ve

Figure 12
NIDA }F AMPLIFIER

-

In Fiéure 12, T2 is a single-tuned transforuer. The primary of T2 and

C2 meke up the output tank circuit whwfh acts as the collector load for

Pl. This.tank is tuned to the center Operatlng frequen-y of the IF awp11f1er

which is 10.7 Mz, T4 ang R4 acts as a~gecoup1ang cwncn1t to ensure that

all signal voltage is developed acrass the tank; and iherefere does not

enter the power supply. ”R5~is the main-reason whyfednitfdnal neutralize-
R5®reduce: the tendency for the'“

coTTector-base Junction of Ql to become forward biased on strong signals,

Such forward bias could produce enough positive feedback to. cayse osc1}13t1on

[ * N
. k)

thich component in Figure 12‘redhces the possibiiity‘of'amplifier‘oscﬁlla-

. ——— W ——

P.S._._-_._.._.-_.._ e e ——— e e e

ey, ———— e o skt T . ik =

oA 174
181
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THIS 1S A TEST FRAME. COMPLETE THE TEST QUESEZONS AND THEN ;:or»imums,‘L
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOW-_
ING THE QUESTIONS, g

USE THE DIAGRAM BELOW OF AN 1€ AMPLIFIER CIRCUIT TO ANSWER QUESTIONS 1 THRU

4,

< . +Ver . '

' 7o

9 )
]
|
I| OUTPUT

P Figdre 13

If. }he inductive cbup}ing gjrcuits ére stagger tuned, the amplifier’s
bandwidth would } ”
a. remain the same

b. becone wider

¢c. become narrower




2. The transfurmers Tl and T2 are each
a. double-tuned

b. single-tuned

3. T1 nas a step-down secbndany in o¥der to
de neuf??%ize tﬁe_effect of st;ay reacténces
__&7 change the Fo of the tank in Tl
c. provide emitter stabilization to Q-

d. provide an impedance match.with Q1

is used to reduce the péssibi1ity of amplifier
oscillation |

Qegeneration

neutralization

decoupling

" Thirty One-3
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become wider -
single-tuned
provide an impedance match yith Q1

oscillation

IF YOUR ANSWERS MATCH THE CURRECT ANSNERS-YOU MAY GO TO TEST FRAME 24.
OTHERHISE GO BACK TO FRAME 8 AND TAKE THE PROBRAMMED SEQUENCE BEFGRE TAKING

)

TEST FRAME 14 "AGAIN.

IF aglp}iflérs are usually found connv_:ctéd together in series to
perform the1r function in a recejver or transn]tter. In other words, the
out put from one IF anp11f1er stage becoﬁps the input jinto the next Staqe.
You recall fraw';our study of dqube]s that amp11f19rs connected in ser1es,
or cascaded, can produce a very high tota] ga1n. _An example of three

cascaded. amplifiers is shown‘in-f1gure 14.

-

QUTPUT

Figure 14

HIGH, GAIN IF AMPLIFIERS

L .

d
- .

Each amplifier in the figure has 2 20 d8 gain. Therefofe, the total gain
is the sum of the dB'gains for each amplifier, or 60 dB. You can use the

familiar dB chart ind- graph, shown in Figure 15, to find the vo]tage ratio
. '
convers1on forja 60 dB gain.

177

-
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VOLTAGE
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Figure 15

*

dB CHART/GRAPH

By -
1

From the chart, you find that 60 dB converts to a voltage ratio of 1000,
This means that the output signal from the third amplifier is 1000 times -
. greater than the input signal into the first amplifier. For example, a one

v .
“millivolt input produces a total output signal amplitude of 1 volt,

Several cascaded amplifiers produce a voltage gain of 100, This means that

an jnput signal of 2 millivolts produces a total output signal of___ e

¥

- - Y U W D A e - - - - — - -

.2 volt {or 200 millivolts)
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R

. : . 4 .
@ Suppuse that several cascaded IF amplifiers have a normal operating

input siynal of one millivolt into the first stage, and a total voltage
“gain of oy, 1f a relatively strong input signal of one voif were applied,
you miyght think that the total output would equal 1000 volts. Of course
this larye an qutput signal will not happen because it exceeds the des}gn
capability of theﬁhircuits and power supply. However, severe limiting, or
clipping, of the signal would bcéqr and produce unwanted distortion. Each
If amplifier stage has @ normal operating input signa],voltage. If this
voltage is exceeded enough to caus: clipbing of the 0utput‘§igna1,:}he

amplifier stage is said to be overdriven.

&

an IF awplifier is when the input sygnal voltage is high

enouyh to cause clipping of the 0utpuf signal.

overdriven
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@:) Some type of gain control is needéd to_avoid oberdriving an IF'ampli-
fier. To understand how the gain of an IF amplifier may be éontrol]ed, we
first must examine the effect of bias oﬁ transistor amplification. You

" recall that transistors require a certain amount operafing bC current to
funétipn.’ The amount of forward bias on the tranz::tor‘s base-emitter
junction (UBE),affectS'the level of operating DC current in the transistor.

As an example, Figure 16 shows the effect of forward bias on transistor

- . J
operation in a Class A amplifier.
u I . 1
CIc : ﬁ
STATIC OFERATING —= € — =g — =
DC (RRENT ‘<;-—"1
O{ 1
X |
CONDUCTION €S 00 00080C003C 030
TIME——\F & ceEcstrCoc o000 . Lt
e 360° —wd PR
Figure 16 o

CLASS A AMPLIFIER OPERAfﬁﬁ;
,You remember that Class A amplifiers conduct‘even when na signal 1is present.
" This is called the transistor's static operating level, and is shown by the
dotted line in Figure 16. When the transistor ;eceives an'input signal,
the transistor produces.a current waveform that varies aﬁout this static
operating level. Tﬁ%s waveform. is shown by the sine wave in the figure.

If the forward bias is changed, the static operating level of the transistor

is changed:
- = ’) -
The amount of . __affects the static operating level of

the transistor.

S e e A ol e W e ol L e e e e T W . e o e . . il e sl W . e ol ol e e W

forward bias - 1.C
AT
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. ;‘\ . .
(:) The amount of transistor gain is related to the transistor's static

vperating level. Since the static operating level is affected'by the
aimount of furward bias, gain is alsp affected by the amount of forward
bias. within.q‘certain rangebaﬁ bias levels, the transistor produces 4
reasonably congtan; gain; This' range. is Ea]ﬂtd the linear operating

reyion for the transistor. When the forvard bias is signifiéant]y above or
velow tne linear région, the transistor is operating in whét'are called the
“non-1inear” operating regions. A transistor operating in the non-linear
operating rengnS produces-]ower gain, and possible distortion.

A transistor produces reasonab1y.c0nstant gain when condugtjng within the |

- .

{1inear/non-1inear) operating regions.

T S o S e TR U S e S S T e S O e SR e U -

1inear

18s
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@ ‘The relationship between bias, conduction, and gain are found in the

transistor characteristic curve in Figure 17,

HON-UNEAR| LINEAR | NON-LINEAR

L

0

'R
Figure 17

TRANSISTOR CHARACTERISTIC CURVE

Tne horizontal axis (Vgg) is the amount of forward bias applied to the
transistor, The vertical axis {Ic) is the amount of collector cﬁrrent.
The curve is used to determine the amount of transistor output, or gain,
related to bias and conduction levels fu. a given inpuf signal,

In the fiyure, a transistor biased at any peint within the linear oﬁerating
region "N will produce maximum §ain. [f the bias is reduced to any point
within the non-linear operating region "R", the transistor will produce
less yain, The transistor also will produce less gain if the bias is
increased to any point within the non-linear operating.region "F'. The
dashed lines in the figure represent specific bias points in the "R", "N",
and “F" regions. The heights of the dashed lines represent the static

operating. levels for a tra. = .or at these specific points.,

Tne transistor characteristic curve is used to determine the -amount of

transistor re‘ated to specific bias and conduction levels,

yain {ur outpu?)
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(::) Figure 18 shows examples of three identical input signals applied to a

transistor at bias levels within the "R", "N, and "F" regions.

INON-LINEAR] LINEAR| NON-LINEAR
REGLON

FORWARD BIAS
"Figure i8

“" TRANSISTOR CHARACTERISTIC CURVE

in the figure, the amplitudes of the input signals are shown above the
region labels. The vertical lines extend from the input signal amplitude
linits to the points where the& meet the ch%racteristic curve. The hori-
zontal lines represent the upper aﬁd Tower émp11tude jﬁmits of the transis-

© tor-output sigmals:- Notice the'difference'in—the“uutput"amﬁ1itudes*ﬁEtWEEh"”_*‘“
the three regicis. It is now obvious that the gains related to bia§ levels
within the non=Tinear operating'regions are smaller than gains ﬁithin the

linear operating regions. Therefore, amplifier gains can be reduced by

applying forvard bias at levels within either the "R" or "F" regions: The

tecanique of reducing gain by applying forward hHias in the "R" region is

t.called reverse—-bias gain control. The technique «f reducing gain by

- applying forward bias in the "F" region is called forward bias gain control.

S

In reverse bias gain control, the transistor bias is set at a level (below/

abuve) the bias levels which produce maximum gain.
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@:) Now that you know the principle for controlling transistor gain,
lets's apply y&ur knowledge to the componants in a typical IF amplifier
circuit. Figure 19 shows the familiar IF amplifier stage from the NIDA

trainer.

Figure 19

;

. MANUAL 1F GAIN CONTROL

In the figure, the one addition to the diagram {s potentiometer Rb. .
Forward bias is provided by components R1, RZ, and R6. As you can see, the
amoitnt of forward bia} can be manually cpntrolled by vary{ﬁg R6. When the
arm of R6 is in the bbftom position, the forward bias in o circuit is in
the normaf linear operafing'reéion. Transistor gain is ai a maximum in
this region. Howe@er; as the arm of R6 is moved upward, a more pos{tiv¢
voltage is pIazed on the base of Ql. This positive vo]fagé_ranEgg the
forQSrd bfas on Ql. If the arm of R6 is moved upward high enough, the
reduced level of forward bias-would enter a non¥1inear operating region.

In this regior, the transistor would produce less gain. You can see that

manual operation of R6 is an_example of reverse bias gain cohtro[.
185

192
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In Figure'lg,'manual operation of.potentiometer R6 provides

gain control tb the IF amplifier circuit,

reverse bijas

@ Manﬂuall gain control might Je fine if there are a lot of extra peopfe

with nothing to do but run around adjusting "pots" to compensate for weak

and strong RF and 1F anplifier signals, Happily, there is an automat ic

'gé{n control (AGC) circuit which does the job quite nicely. AGC provides a

more constant output from the IF'amp1ifier stages, and from the audio Pr'

video equipment -in which AGC is used. . {
o ,
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Fiyure 20U shows the IF amplifier stage from Figure 19 with the addition of
: . Hee :
the AGC components.

/
REVERSE ‘5&'_

AGC BUS ~ 2 v — —
Figure 20

- -

AUTOMATIC GAlN.CONTROL (AGC)

In the‘figure,,the‘addﬁtional components are Jocated withip the oval, and
are ldbgled ERI, 6, C7,R6, R7, and RE. Tﬁe AGC ‘components provi&e_an ,
autonatic reversé pids yain control over RF and IF amplifier s%ages which
are greviou% to thi§ stager As the siynal level within the stage in
Figyure 2y starts to overdrive'xhefénplifier, 2 reduced positive AGC
voltaye is automatically fed back to limit the gain of previous stages.
This will ca‘se a ‘reduction in the signal level input to this stage, and
pfevent overdriving. The gGvao]tage in a receiver is usually tied to a

comon interconnecting ]{ne, sometimes called an AGC "bus”. This AGC ‘bus.

providés feedback from the AGC circuit to previous sfages on the same

bus. ; .

In Fiyure 20, the ' components provide a reduced bias

=

-

voltaye which is fed back .to previous amplifier stagess h
. .-
- 187 |
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(:) Now that you know-the purpose of AGC circuit components, let's seeé how

they function in an‘lF amplifier. Figure 21 shows the IF amplifier with

AL components added.

REVERSE
AGC BUS

'“51m\ ' Figure 21

AUTOMATIC GAIN CONTROL (AGC)

1n the figure, the IF output signal from QI is.felt across che output.

cuupling tank(C2-T2 primary). C7 is a small value capatitor that couples
_a saaple of the IF output signal to the AGC diode CR1. CR1 has a static
. operating level of ab0ut + 7 DCV. This diode rectifies the 1F signal and
leaves a smal] positive voltage at the Jjunction of CRI c7, '—‘H\R?. Nhen
the 1F szgna] increases enough in amplltude the DC voltage across CR1 -

reauces.,
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Figure 21

AUTOMATIC GAIN CONTROL (AGC)

This reduced vBltage'approaches zero, but is never.nebative. In

other words, as the IF oﬁtput signal geté stronger, the voltage‘at the
junction gets smaller. Now R7 ana RE forﬁ a vo]tagé divider between fvcc

- d the AGC'output voltage. Thérefore, the AGC output is 2 small pd%ftivel
" 0C voltage. As the voltage at the junction of CRl, C7, and R7 decreases,

. the AGC output voltage also decreases. This lowers the bias voltage on the
AGC bug, thus reducing the'gainlof ﬁrevidus stages. R8 and C6 provide

) filtering of .the AGC voltage to prodﬁce a smooth DC level. ~ .

When the voltage decreases at the junction of CR1, C7, and R7 in Figu}e 21,
the AGC output voltage becomes '

a. less bd;itivg

b. ﬁore positive

less negative .

4 A A e i, B S — T ek PR 4 A ——— . ———— A ———— .__-___._____’_-....__

2. less positive

S s - —
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THIS 1S A TEST FRAME. *COMPLETE THE TEST QUESTIONS AND THEN COMPARE

B Y
YOUR ANSWERS ﬁ THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOW-
ING THE QUESTIONS. | .

1. The purpose of IF amplifier gain control is to
a. impéﬁve SelectiLity ;

b. tune coupling tanks

C. ﬁrevent ovefdriﬁ?ﬁgwu

d. 1limit the number of cascaded stages
o

2. The IF amplifier produces ~_____gain within the
linear operating region.
a. fairly constant

b. relatively small

'S

3. In reverse bias gain control, the amount of forward bias applied to an

IF amplifier is in the operating region of the

anplifier.
v,
a. normal linear
upper non-linear

lower fion-linear
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" USE THE DIAGRAM BELOW OF AN IF AMPLIFIER Ta ANSWER QUESTIONS 4 AND 5.

- Figure 22

[

‘By moving the arm of the potentiometer upward, forwa-d bias on Q1
*a. remains the same -
,b. “is reduced
c. 1is increased

‘.
iyt

5. By moving the arm of the potentiometer u;:%hQ; i

. high
\.

enough, what function
is performed?
a. forward bias Qain control
b. reverse bias g9ain contro)
»* ¢, increased selectivity

~d. decreased selectivity
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E,

YWSE THE .DIAGRAVN BELOW OF ANiIF AMPLIFIER TO ANSWER QUESTIONS 6 THROUGH 8, ~
’ " +Vee o ' % . l

= oW

B S |

+vee
CRI f
Y i
- REVERSE - S,

AGC BuS

'Fipure 23
Which six labeled components are part of the AGC circuit?.

As the IF amplifier output signal level becomes weaker, the AGC output

[+

© level beéomes more
& rectified )
b. negative
' affective

positive

AGC circuit affects the gain of
- previous amplifier stages
this amplifier stage

the following amplifier stages
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prevent uverdfiving
faifl;‘consiani
lower non-1inear
is reduced
v. reverse bias yain control
Ck1, Co, C7 ,k6, R7, RS
d. positive

da. pravigus ampfifier stages

“IF YUUR ANSWERS MATCH THE‘CORRECT ANSWERS YOU MAY GO TO TkST FRAME 28.
UTHERWISE GU BACK TO FRAME 15 ANU‘TAKE THE PROGRAMMED SEQUENCE BEFbRE
TAKING TEST FRAME 24 AGAIN. ' )

o N
@ You will be wu_rking with‘the NIDA tr;iner as part of the job program‘

activity for this lesson. You will need to use the built-in meter on the

" trainer. Figure 24 shows the meter 1ocatioh on the block diagram of the
. y . X

T

NIDA trainer.

Figure 24

BLOCK DIAGRAM OF WIDA TRANSCEIYEB TRAINER

\ ’ 193

200
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T | j

. | :
* The block dia@ram in the figure is similar to that of a typical superhetero-
! recejver. ’Many communication-type receivers use some method to

.

indicate the strength of received signals. This indicator is usually
N »

called an "S" meter and is calibrated in either "S" units, decibels, or

some other numerical scalg,un%ts;ﬁ’lh,the NIDA trainer, the scale units
/,—-' .

range from 0 to. 10. “The meter 1s used to indicate the relative strength of

received é%gnaTs, and is helpful for center-tuning the receiver to &

»

desired siynal. You probably have seen a similar type oi meter on a CB

transceiver or hi-fi set.

-

A function.of an "S" meter in a transceiver is to indicate the
voltage o.utput from ]'.'Jﬁwer‘supply
. ré]ativé strength of received signals
‘current output from power supply

amount of transistor collector current
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Let's look at the operation of an "S" meter in a circuit. Figure 25 -

shows the components for the “"S" wmeter circuit in the NIDA trainer IF

awplifier stage. | ‘ch
.-
Ri ’
1 |
) 3
o
INPUT ==
Figure 25
< . IF AMPLIFIER STAGE WITH “S" METER

in the finge, the meter circuit components are labelled Mi, CR1, C6, and -
Rb. For the weter circuit to operate, a sma]]lpart‘of the IF output §ignéT
is tapped off the yl collector circuit. This TF.signaT is fed to the
ha)f-wave rectifier CR1 which, in thi§ case, eliminates the negative _
glternations of the cycle. The puléating 4DC across CR1 is applied to the
geter dropping resistor R6, and then s fed toé}ﬁé meter-Hl. The meter
pointer indicates the average DC level of volt ge-across CRr1. Therefbre,
ds the IF signal amplitude jncreases, M1 yiiﬁ show a greater defiection,
or novesent, of the pointer. across the-scale. |

ks the IF signal qupl%tude increases, the pointer on the "S" méter in

Fiyure 26 will show . movement across the scale.

a. yreater
. \ I '
0. Mo

€. lesser .
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a. greater

1-F

7
2N

® 5 METER

Figure 26

pFm-——————

BLOCK DIAGRRM QF SUPERHETERODYNE RECEIVER

Uswng Figure 26, when a signal is tuned in, a meter deflection indicates
that 211 circuits prior to and 1nc1ud1ng*the meter are funct10n1ng. Any
receiver circuit problems are then located in stages fol]owing the meter.
If no meter deflection occurs, receiver circuit problems are then lbcated
in ;iréﬁits leading up to and including the meter. This is true wherever

an "S" meter might be located in a receiver. Therefore, an "S" meter is a

definite ajd in isolating a faulty receiver stage. - ~
. « - :

~ An "S" peter on a radio recciver shows no deflection as you tune across the

dial. This indiéates that the receiver has circuit problemns in stages

(before/after) the meter.

- — e -.......‘-_.._-__ e T B e m mm s e — ) . T p—— . 1} i

before

—— e ks i P | = = RS S mm pm i W — e _— - — v .
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(26) THIS 157 TEST FR&MET//;;HPLETE THE TEST CUESTIONS ALD THEH COMPARE

YOUR AHSWER WITH THZ CORRECT/ ANSWER GIVEN AT THC TOP -OF THE PAGE FOLLCWING
THE QUESTION. o

USE THE BLOCK DIAGRAM BELOW OF A RAUIO RECLIVCP TO AMSWER QUCSTION 1,

=

Figure 26

. . : ¢
1. You notice that the "S" meter on your radio receiver deflects as you

tune across the receiving range. However, there is no audio output. Using

the block diagram, vou suspect a fault jﬂ either the .__or
L& RF anglifier, mixer- _
b, IF amplifier, oscillator
c. Qﬁdio amplifier, detector

d. mixer, oscillator
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1. ¢. audio amp]ifier, detecfor h

X
3

IF YOur ANSWER MATCHES THE CORRECT ANSHER YOU HAVE COMPLETEO LESSON 3,
" MUDUEE 31. CONGKATULATIONS! OTHERWISE GU BACK TO FRAME 25 ANO TAKE THE
_ PRULRAMIEY SEQUENCE BEFORE TAKING TEST FRAME 28 AGKIN.

kY

Al THIS POINT, YUU MAY TAKE THE :LESSON PROGRESS CHECK IF YOU ANSWER ALL
SELF-TEST ITEFS CORRECTLY, PROCEED TO THE JOB PROGRAM. ~ IF YOU INCORRECTLY
ANSWER ONLY A FEW' OF THE PROGRESS” CHECK. QUESTIONS, THE CORRECT ANSWER PAGE
WILL KEFEk YOU TO THE APPROPRIATE PAGES, PRRAGRAPHS OR FRAMES SO THAT YOU
Cain RESTUOY THE PARTS OF THIS LESSON YUU ARE. HAVING DIFFICULTY MITH. 1F

. YOU .FEEL THAT YOU HAVE FAILEQ TO UNOERSTANO ALL, OR MOST, OF THE LESSON,
SELECT ANO USE ANOTHER WRITTEN. MEDIUM- UF']NSTRUCTION AUOIO/VISUAL MATERIALS
{1F -APPLICABLE), OR CONSULTATION WITH THE“LEARNING CENTER INSTRUCTOR, UNTIL YOU
CA ANSWER ALL SELF-TEST ITEMS ON THE PRUGRESS CHECK ‘CORRECTLY.,  *

N \ L]
= .
. . 1 . i
'
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NARRATIVE
LESSON 3

IF Amplifiers

L

1F amplifiers are commonly found in both receivers and transmitters.
Most modern radio, te]ev1s1on, and radar receivers are of the superhetero-
dyne type which you have studied in Module 18, Basic Jreubleshootin
Techniques, and Module 19, Troub]eshoot1gg the Ampiifier Stage in a Radio
Receiver. In this type of receiver, the incoming signal is mixed, or

. heterodyned, with a local oscillator to produce a continuous fixed
frequency output called the Intermediate Frequency, or IF. 1IF ampJ]ifiers

are used to prov1de the required signal gain and selectivity in the
receiver

An IF amp11f1er is basically a tuned, high gain, RF amp11fwer with
transforuer coupling. IF amp11f1ers are tungd to a fixed frequency. The
input signal into the IF awmplifier has been converted to a fixed frequency
py earlier receiver circuits. Once the IF amp¥ifier is tuned to a center
frequency at or near this fixed 1nput frequency, no more tuning is
necessary.

bandwidth and selectivity. The converted input signal into an IF amp11f1er
contafhs all the information needed for good_signal reproduction.

Ideally, the IF amplifier will select and amplify with constant' gain only
the desired signal and completely reject all others falling outside the
bandwidth limits. Therefore, the ideal IF amplifier s should have tt,/ﬂ
rectangular frequency response curve shown in Figure 1. ;

- 1F amplifier tradsformer coupling is important in dﬁ;erm1ning amplifier

BANWIDTH

FREQUENCY = ——p»

« Figure 1
IDEAL 1F RESPDONSE CURUE

NUtE the straight sioes which indicate 1dea1 se]ect1v1ty, and ‘the flat
top which indicates constant amplificationh within the bandwidth..

199 -

206
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. An actual IF amplifler with tuned-primary transformer coupl;ng has a
frequency reSponse curve which more closely resembles F\gure 2.7

'/

/f

BANDWIDTH
TUNED
FREQUENCY

\
— FREQUENCY

Figure 2 ,
SINGLE TUNED TRANSFORMER COUPLING

'» are ways to make the frequency response curve of an IF ampfifier
resemble the ideal curve and thus improve amplifier operation. For
example, a tuned circuit may be added to the secondary of the transformer
shown in Figure 2. Both primary-and secondary then can be tuned to the
same frequency, or synchronous tuned. If the two tuned tanks are
synchrorious tuned to the IF center frequency, the resulting frequency
response curve is shown .in Figure 3.

. =

FREQUEN CY-+ :

Figure 3
SYhCHRONOUS DOUBLE TUNED . TRANSFORMER COUPLING

! q‘ 3
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} .

~ Synchronous tuning occurs when all tuned circuits in the s1gna1 path are
tuned to the same frequency. In Figure 3, notice that synchronous tuning
has caused the bandwidth to become narrower and selectivity to increase.

-As amplifier se]ect1v1ty 1ncreases bandwidth becomes narrower.. However,
1f the bandwidth becomes too narrow, part of some desired signals may not
- receive proper amplification. For examp]e a television or radar signal
requires a relatively broad bandwidth to pass all the information contain-
ed in the signal, One method to.increase the bandwidth of an IF amplifier
is to use stagger tuning. .In stagger tuning, each tuned coupling circuit
is tuned to a slightly different frequency. The resulting frequenqy _
response curve for an amplifier with three stagger-tuned c1rcu1ts is
shown “in F1gure 4. '

. [——BANDWIDTH—=
fx f

: OVERALL RESPONSE

-

0
U
T
P
U
T
t
0

Figure 4
. STAGGER TUNED RESPONSE\CURVE

In the f1gure the curve has a fairly flat t0p 1nd1cat1ng relativeély
constant gain within the bandwidth. Also, the sides of the curve are
sloped. The curve in the figure resemb]es the ideal curve. You can see
that adding and tuning resonant coupling circuits affect amplifier
bandwidth and selectivity. .

]




harrative ‘ ' Thirty One-3'

"Let's apply the methods of syﬁchrdnous and stagger tuning to the operation
ot a typical common-emitter IF amplifier stage shown in Figure 3.

Figure 5

-~

TYPICAL COMMON-EMITTER IF STAGE .
This particul Eirguit requires a bandwidth best provided by the simgle-
tuned tanks &s shown. However, double-tuned coupling circuits are also
comon. Neufralization components are not-included in the figure.
However, they often are added to amplifiers oOperating at high-intermediate
frequencies. 1In’'the Figure, both C1 and C2 can be synchronous tuned to

~~provide a narrow bandwidth amplifier with good selectivity. If awider
bandwidth amplifier is desired, Cl and C2 can '‘be stagger tuned. Stagger:
tuning tends to decrease the selectivity for the particular stage to
which the method is applied. However, proper tuning in a string of IF
amplifiers will produce just about. any gain,bandwith, or selectivity
requirel -in the recéiver.. 2

The common-emitter IF amplifier stage described above, ‘and shown in
Figure 5; is very similar to the NIDA trainer IF amplifier stage you
will be ‘studying. ’ . '
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Figure 6 shows the NIDA.IF amplifier-stage diagranm.

Fjgure 6
"~ NIDA IF AMPLIFIER

One minor difference between the two IF amplifiers is that the cirguit i;'
Figure 6 has tuned inductive coupling instead of tuned capacitive coupling.
Another -minor difference is that the Vcc source voltage in Figures§ is
applied td™the emitter rather than to the collector of Ql. These differ-
ences change neither the circuit operation nor the component functions.

The tnput signal is apthed to. s1ng1edtuned transformer T1 which couples
the signal into the base-emitter circuit of Ql.. The tap on Tl a
provides an impedance match with the collector circuit in the previous
stage. This type of transformer is often enclosed ir an aluminum shield
to prevent unwanted coupling to nearby wires and transformers. Inductive
tuning ¥s done by a tun1ng slug. Tl has & step-down secondary to provide
a low: impedance match to the Q1 base circuit. Rl and R2 provide forward
bias to Q1 for Class A operation (about .6 V). Decoupling capacitor C5
ensures all signal vQltage is developed across the secondary of Tl.

L]

In the collector circuit of Q1, T2.is a single-tuned transformer. The
output tank (T2 primary-C2) is the main Toad for Ql. The tank is tuned .
to the operating center frequency of this IF amplifier which is 10.7 MHz.
R4 and C4 are decoupling components which act to ensure that-all signal
voltage is developed across the tank, and does not enter the power

source. RS is the main reason why add1t10na1 neutralization is pot .
required in this circuit. BR5 reduces the tendency for the collector-base’
Junction of (1 to become fortard biased on strong 519nals and cause e
oscillation. . .

203
210

oot




Narrafive . ' Tnirty One-3
. H *

IF amplifiers are usually connected together in series, or cascaged, to
perform their function in a receiver or transmitter. As the number of

> cascaded amplifiers increases, the main gain may become very high. An

~ amplifier stage can become overdriven when the normal operating input
signal voltage level is exceeded encugh te cause clipping, or distortion,
of the output signal. Therefore, some type.of gain control is needed to
avoid overdriving an IF amplifier. ’ ’

An example of a high gain IF amplifier is shown in Figure 7.

£

Figure 7

- HI&H GAIN IF AMPLIFIERS

Each amplifier in the figure has a 20 dB gain. The total gain of the
three stages is the sum of the individual dB gains, or 60 dB. You ‘can
use the familiar dB chart and graph, shown in Figure 8, t6 find the

" voltage ratio conversion for a 60 dBPgain.

OUTPUT

-
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From"the chart, 60 df converts to a voltage ratio of 1000. Therefore, the
total output signal from the-cascaded amplifiers is 1000 times greater than
the initial input signal. 1If the normal input signal is 1 mV,' the total
output signal is 1V. MNow if a relatively high initjal input s:gnal of IV
were applied, you might expect 2 1000 V total output signal. However. the
design capab111twes of the:circuit and power supply would be exceeded.

Severe signal clipping, or distortion, would otcur as t?e cascaded ampllfiers
become overdriven. Some type of gain control is needed. :

Ampllfler gain is related to the transistor's static operating level. The
static operating level is ‘the amount of DC current needed by the transistor
"in order-to function as an amplifier. "The amount of forward bias on the .
transistor's base-emitter junction (Vge) affects the static operating level,
and therefore, affects transistor gain. The transistor produces 2 reasonab]y
constant gain within 2 certain range of bias levels. This range is called.
the-linear operating region for the transistor. When the forward bias s
51gn1facant1y above or below the linear region, the transistor is operat1ng
in what-are called the non-linear operating regions. In these regions,

the transistor produces lower gain, and possible disortion. Small s1gna1 ,
1e;$ls tend to minimize the distortion produced in these non-11near operating
re ons..

5.
.

205

212
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The relationship betweaen bias, conduction, and gain are found in the
transistor characteristic curve in Figure 9.

[NON-LINEAR] LINEAR] NON-LINEAR

il

0

R- N
FORWARD
BIAS

Figure 9
TRANSISTOR CHARACTERISTIC CURVE

The curve is used to determine the amount of transistor output. or gain,
related to bias and conduction levels for a given input signal. In the
-f1gure, a transistor biased at any point within the linear operating
region "N"- produces Rimup gain. A transistor biased at :ny points
" within the non-linear operating regions “R" and "F" produces less gain.
The heights of the dashed 1ines represent the static operating levels for
.a transistor at spec1f1c points within the operating regions.

*
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el

Figure 10 shows examples of three 1dent1ca1 “input signals applied to-2
tran51stor at bias levels within each of the three regions.
N v .

LIHEAR HOP*LlHEAR

Figure 10
TRANSISTOR CHARACTERISTIC CURVE

In the figure the amplitudes of the input signals are shown above the
region labels. (Note the low amplitude signais). The vertical lines
extend from the input signal’ amplitude 1imits to the points where they
meet the characteristic curve, The horizontal lines represent the upper.
and lower amp11tude limits of the transistor output signals. Notice the
difference in the output amplitudes between the three regions. It is now
* obvious that the 'gains related to bias levels within the non-linear
operating regions are smaller than gains within the linear operating
region. Therefore, amplifier gains.can be reduced by applying forward
bias at levels within either the "R* or"F" regions. Application of - .
" forward bias in the "R" region is called reversed bias ga® coptrol, and -
in the “F" region is called forward bias_gain control, .

&
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"

Let's apply a-manual method of controlling transistor gain in an IF

auplifier. Figure 11 shows the NIDA trainer IF amp11f1er stage with the
addition of potentiometer. Rﬁ. &

-~

Figure 11
MANUAL 1F GAIN CONTROL

Forward bias is provided by components R1, R2, and R6. When the arm of
R6 is in the bottom position, the forward bias is in the normal linear
operating region. Transistor gain is‘at a maximum. However, as the arm
of R6 is moved upward, a more positive voltage is placed on the base of
Q1 wnich reduces the forward bias on Ql. 1f the arm of R6 is moved-
upward high enough the forward bias-would be reduced to a non-linear
operating region causing less transistor gain. This manual procedure is
an example of reverse bias g9ain control.

Now let's apply an automatic method of controlling transistor gain’

in an IF awplifier. The. automatic gain control (AGC) circuit provides a

more constant output from the audio or video equipment in which AGC is

_used. Figure 12 shows the add1t10n of an AGC circuit to the IF amplifier
stage in Figure 11, .

|l
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Figure 12 _
AUTOMATIC GAIN CONTROL (AGC)

- In.the figure, the AGC components are located within the oval. and are

" labeled CR1l., C6; C7, R6, R7, and R8. The AGC components provide an
automatic reverse bias gain control over RF and IF amplifier stages which
are previous to this stage, As the signal level within the stage starts
to overdrive the amplifier, a reduced positive AGC voltage s fed back to
limit the g2in of previous stages., This causes a reduced signal level
input to this stage, and prevents overdriving. The AGC voltage in' a
receiver is usually tied to a common interconnecting 1ine called an AGC
"bus". The AGC bus provides feedback from the AGC circuit.to previous RF
or IF stages on the same bus. ,

The function of the AGC components in the If amplifier ‘;;Pwill be explained.
In Figure 12, the IF output signal from Ql is felt across the output
coupling tank (C2-T2 primary). C7 couples a part of the IF output signal
to the AGC diode CR1. (Rl rectifies this signal and leaves a small
positive average DC voltage level at the junction of CR1l, C7¥, and R7. .
This positive voltage level decreases toward zero as the amplitude of the
IF signal increases enough in strength, Now R7 and R8 form a voltage
divider between + V¢ and the AGC output voltage. Therefore, the AGC
output is a small positive DC voltage. As the positive voltage at the
junction of CR1,.C7, and R7 decreases (but never becomes negative}, the
'AGC output voltage becomes less positive. This lowers the AGC bias

- voltage on the bus and reduces the gain of previous stages connected to
the bus. R8 and C6 filter the AGC voltage to produce a smooth DC level.
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You will be using a built-in "S" meter in the NIDA trainer as part of the
Job Program for this lesson. Many superheterodyne communication~type
receivers, such as the NIDA trainer, use an "S" meter to indicate the
strength of received signals. The "S" meter also is helpful for center-
tuning the receiver to desired signals. CB transceivers and hi-fi sets
often use "S" meters. Calibration for the "S" meter is in eicther "S"
units, decibels, or some other numerical scale umits. - In the NIDA trainer,
the "S" meter calibration is on a scale from 0 to 10. The "S" meter circuit
in the NIDA trainer is found in the second IF amplifier stage. Figure 13
shows the b.aock diagram of the NIDA trainer which represents a typical
superheterodyne receiver.

pP
-Tn

=
® 5 METER

pmmm——m——

Figure 13
BLOCK DIAGRAM OF NIDA TRANSCEIVER TRAINER
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Ll

Figure 14 shows the components of the “S" meter circuit in the NIBA_

F .
tﬁémer.
e

-

=" Figure 14 ‘
IF AMPLIFIER STAGE WITH "S* METER

In the figure, the meter circuit components are labeled MI, CR1, C6 and
"~ R6. For the meter circuit to operate, part of the IF output signal is
tapped off the Ql collector circuit. The half-wave rectifier CRI elimates
the neyative alternations of the IF signal. The pulsating 40C across CR1
is applied to the dropping resistor R6 and the meter.Ml. -,
- The meter pointer indicates tne average voitage OC level across CRl. As
‘the IF signal amplitude increases, the meter pointer will have a gréater
~deflection across the scale. “

-Technicians often use the "S" meter as a piece of built~in test equipment
(BITE) to aid in troubleshooting. .When a signal is tuned in, a deflection
on the "S" meter usually indicates that receiver circuit problems are
located in stages following the meter. If no deflection occurs, there

are receiver circuit problems someéwhere in stages leading up to and” .
including the meter. The "S" meter is & definite ajid in isolating &
faulty receiver stage. o * -

. AT,THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER. ALL .
SELF-TEST ITEMS CORRECTLY, PROCEEQO TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

. WILL: REFER YOU TO THE .APPROPRIATE PAGES,. PARAGRAPHS, OR FRAMES SQ THAT YOO
.GAN RESTUDY THE PARTS OF THIS LESSON YOU -ARE HAVING OIFFICULTY WITH. IF
YOU. FEEL - THAT. YOU HAVE FAILED TO UNOERSTANO ALL, OR MOST, OF THE LESSON,

SELECT ANO USE ANOTHER WRITTEW MEQOIUM OF INSTRUCTION, AUOIO/VISUAL.MATERIALS .
(IF_APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU
CAMEANSWER AtL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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g OVERVIEW
LESSON 4.

—

Video Anplifiers

In this lesson you will learn some jmportant operating characteristics of
video amplifiers. You will be able tc identify the reasons why basic RC
coupled amplifiers have losses in gain at low and high frequencies. You
will find out what components are added to RC coupled amplifiers to improve
their frequency response, and allow them to operate as video amplifiers.
You will be able to identify the function of components in video amplifier
circuits using schematic diagrams. You will determine video amplifier fre-
yuency response curve characteristics, and troubleshoot a video amplifiet
using test equipment. ° '

The learning objéctives of this lesson ‘are as follows:
TERMINAL OBJECTIVE(S):

-31.4.55 When the student conplete this lesson (s)he will be able to
TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in solid state video amplifiers when given a
'training device, prefaulted circuit board, necessary test
equipment, schematic diagram and instructions. “100% accuracy is
required.

ENABLING OBJECTIVE(S):
when the student complete this lesson (s)he will be able to:

31.4.55.1 1DENTIFY the causes of low frequency response losses in a basic
- RF coupled amplifier circuit by selecting the correct statement
from a choice of four, 100% accuracy is required.

"31.4.55.2 IDEWTIFY the components which accomplish low frequency compensation
in an AC equivalent video amplifier circuit, giyen a schematic
diagram, by selecting the Correct list .of compohents from a
choice of four. 100% accuracy is required.

31.4.55.3 [1IDENTIFY the causes of high frequency response losses in @ basic
RC coupled amplifier circuit by selecting the correct statement
from a choice of four. 100% accuracy is required.

-31.4.55.4 1DENTIFY the components which accomplish high frequency compensa-
tion in an AC equivalent video amplifier circuit, given a
schematic diagram, by selecting the correct 1ist of components
from a choice of four. 100% accuracy is required.
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31.4.55.5 IDENTIFY the function of Components that improve frequency
: response in a video amplifier circuit, given a schematic diagram,
by selecting the correct statement from a cnoice of four. 100%
-accuracy is required. ’

31.4.55.6 " IDERTIFY the frequency response deficiency {(high or low) indicated
by output waveforins from a video amplifier, given illustration
of output waveforms, by selecting the correct indication from a
choice of four. 100% accuracy is required.

B1.4.55.7 MEASURE AND COMPARE frequency response and gain.characteristics o
of video amplifier circuits given a training device, circuit
boards, test equipment and proper tools, schematic diagrams, and
_a job pregram containing references for comparison. Recorded
data must be within 1imits stated in the job program.

31.4.55.8 IDENTIFY the faulty component or circuit malfunction in a given
video amplifier circuit, given a schematic diagram and failure
symptoms, by selecting the correct fault from a choice of four.
100% accuracy is required*. '

Footnote *This objective is considered met upon. successful completion C
of the terminal objective. : ‘

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW

THE L13T OF STUDY RESOURCES ON THE NEXT PAGE.
o 221

214




-

‘Study, Resources - - _ Thirty One-4

LIST OF STUDY RESOURCES
LESSON 4

Video Amplifiers

To learﬁ‘the waterials in this lesson, you have the option of'cboosing!
accordiny to your experience and preferences, any or all of the following
study resources. 4!

o+

Written Lesson.presentation
- Module Booklet:

Sumnmary
Programmed Instructio
Narrative :

Student's Guide:

Summary - ‘

Progress Check ) .

Job Program Thirty-4 "Video Amplifiers® ‘
- Fault Analysis (Paper Troub]gshooting) 1.S.

Performance Test 1.S. - ,

Additional Material(s):

"~ karichment material(s):

NAVSHIP U967-uUU-0120 "Electronic Circuits" Electronics Installation and

maintenance Book (EIMB} Naval Ship Engineering Center, Washington, 0.C..
U.5. Government Printimg Office.1965. ‘.

_— - .
—
——
—_
-

-

YUU iMAY USE ANY, UK ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
CENTER INSTRUCTUR; ‘HUWEVER, ALL MATERIALS LISTED ARE NDT NECESSARILY

Rﬁle'}'ThE TO ACHIEVE LESSUN OBJECTIVES. THE PROGRESS CHECK MAY RE TAKEIN AT
AN ik . ’
, . 215
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SUMMARY
Lesson 4

Video Amplifiers
an 4 . . .
Any electronic eduipment producing a visual display on 2 CRT requires the use

of video amplifiers. The ideal video amplifier should have a frequenqy
response curve resembling Figure 1.

_ - HALF-POWER LEVEL
——— BANDWIDTH

——— FREQUENGY — |

FIGURE 1

IGEAL VIDEO AMPLIFIER RESPONSE CURVE

Figure 2 shows the typical response curves for-actua]jtransformer-coup]ed and
resistance-capacitive (RC) coupled amplifiers.

TRANSFORMER COUPLING RC COUPLING

S D e e D =

L 4 L .
6 100 3K 0K IOOK ’ 0 mg K 10X 100K
Fre uency —= | requenty —~
q(o) . (b}
FIGURE 2

AMPLIFIER RESPONSE CURVES

Although RC coupled amp11fiers prov1de the wider -bandwidth, they fall short of
the wide bandwidth requirements of video amplifiers, .

223
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Figure 3 can be referenced to show what Timits RC amplifier low frequency
response. ' _

FIGURE 3 _
AC EQUIVALENT-RC COUPLED AMPLIFIER

<

At low frequencies, the capacitive reactance (Xc) of Cc is relatively high
causing some signal voltage to drop across Cc instead of across RL. Thus,
less voltage is felt across Rl which reduces overall amplifier gain at low
frequencies. .' ' -

Une method to partially compensate for low frequency response loss is to use a
larger value coupling capacitor. A more effective method is to add the RC
network shown in Figure 4.

- FIGURE 4
AC EQUIVALENT ~ LOW FREQUENCY COMPENSATION CIRCUIT
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At low frequencies, the Xc of C1 is large enough so that Cl acts as an open.
Therefore, the RC network has an ijmpedance equal to Rl. This makes the total
load impedance for Q1 equal to RL + R1, which increases amplifier gain by
compensating for the Cc voltaye drop. At high frequencies, C1 acts to short’
the RC network, which returns the gain from QI to that produced by RL alone.
Another method for amplifying low frequencies uses DC coupling (direct
"coupling} between stages. This method will be discussed in Module 34,

Figure 5 shows wha® limits video amplifier high frequency response.

Q) ()

i
i
| |
l u
N - QuTRuT
T
|

?

\co

”

—e : 0

FIGURE 5
AC EQUIVALENT - STRAY CAPACITANCE

The input and cutput stray capacitances Co and £i have low reactances at high
frequencies, and shunt the signal to ground. These stray capacitances result

from the ¢lose ~pacing between wires, foils, components, and the input/output
capacity of active devices. t i .
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One method to compensate for high fredupncy signal loss is to place an 1nduct0r
in parallel with Co and Ci as shovn in Figure 6.

=

)
OUTPUT

_ FIGURE 6
“SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

At high frequencies, Co, Ci and L]l form-a parallel resonant circuit which, at
resonance, develops an increased output impedance from Gl. This type of h1gh
frequency compensat1on is called shunt compensation, or shunt peaking., The
shunt compensation circuit has a wide bandwidthy and an Fo above the frequency
response of the uncompensated amplifier circuit.
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Shunt type compensation may not improve the high frequency response of video
anplifiers enough for some applications. The circuit can be further improved
by addiny an inductor in series with the signal path and Ci as shown in Figure

FIGURE 7

"SERIES" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

At high frequencies, the combination L2 - Ci forms a series resonant circuit
to the signal path. At resonance, the impedance in this LC circuit is at a
minisiut; and the voltage across the reactive components are at a maximum.
Tnerefore, the voltage developed by Ci is maximum at Fo and will be felt
across Rl and fed to the base of Q2. This method of increasing amplifier gain
gf called series goapensation, or series peaking. If the value of L2 is -
nosen properly, the Fo of the series compensation circuit will occur above
the frequency response of the shunt compensation circuit. -This will further
increése the amplifier's frequency response. '
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Figyura 8 shows the frequenqy response curve for a vydeo amp11ﬁler with combined
- Tow and high frequency compensation added

foSHUNT ~  fo SERIES
|

Y
A

el e wlls v o -

&
I
LI

4 ORIGINAL

0 FREQUENCY —>

L]

FIGURE 8
- COMPENSATED, VIDEO AMPLIFIER 'RESPQNSE
This fully compgnsated RC caupled video amplifier has a frequency response
from about 30 Hz to 6 MHz. P

Figure 9 shqws the schematic diagram of a two-stdge video amplifier as found
in the NIDA trainer. A description of component functions now followsﬂ

Q1 16pH
N2222h o0vtd

FIGURE 9 .
2-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT
221
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Class A forward bias is provided for QI by Rl-and R2, and .for Q2 by R8 and RS.
R7 completes the voltaye divider from Vcc with these networks. Emitter”™
stabilization is provided by R6 and RI3. RI3 is bypassed by €3 to prevent
deyeneration and  loss of gain. R6 is not bypassed.to improve low and high
frequency response at the cost of some galn

The interstage video signal coupling CI €2, and C4 have large values to
improve low frequency response. The R4-C5 and R11-C6, decoupling components
separate the signal path from_the DC power supply, and prevent the amplifier
from becoming an oscillator. The shunt high -frequency peaking coils L1 and L3
“are connected to the normal collector load re51stors R5 and R12. The series
hlgh frequency peaking coils are L2 and L4, -

RI0 acts to reduce the Q, and broaden the bandw1dth of the 12-C2 ser1es

compensation network. ‘R3 acts to perform a similar function in a previous
amplifier stage, ‘ -

The frequency response for a video amplifier can be measured us1ng a sweep
frequency generator as shown in the test set-up in Figure 10.

SWEEP GENERATOR . ODEMOD @ 0'SCOPE

, FIGURE 10
VIDEO AMPLIFIER FREQUENCY RESPONSE TEST

If tﬁe\generator is set to sweep from 0 Hz to 10 MHz, the output signal from a
test amplifier would resemble the display on the oscilloscope shown in the
figure. ‘A techinician can troubleshoot the video, amplifier by comparing the
actual frequency response curve with the expecteﬂ normal frequency response
curve, Deficiencies in either high or low frequency responses indicate which
cunponents may be faulty. _
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The frequency response for a video amplifier also can_be measured using a
square wave generator as shown in the test set-up in Figure 11,

O

L | 'DD‘ ®D'SGOPE
o] - -

+ SQUARE: WAVE GENERATOR

FIGURE 11
SQUARE WAVE-AMPLIFIER TEST

]

-~

Accurate reproduction of the square wave indicates good frequency response'in‘
a video amplifier., Any distortion of the square wave indicates a problem in
frequency response, - ’ '

In theory, a square wave is the result of combining a fundamental sine wave
frequency with an infinite number of odd-numbered harmonic frequencies, In
practice, a video amplifier which accurately reproduces a square wive is
capable of amplifying a fundamental frequency and at least the first 10
odd-num?s;gdﬁgarmonics. The display produced by a video amplifier with good
and poor~Treguency responses are shown in Figure 12, - .

GOCD

 FREGUENCY RESPONSE  POOR HIGH FREQUENCY POOR LOW FREQUENCY

]

FIGURE 12 o/
SQUARE WAVE DISPLAYS AND FREQUENCY REﬁéONSE
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-

You‘will have the opportunity to operate and troubleshoot a video amplifier in
tie Job Program for this lesson.

AT THLS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF yYOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORREETLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TU THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU .
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,

- SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS
(IF APPLICABLE), UR CONSULTATION WITH THE LEARWING CENTER INSTRUCTOR,UNTIL_ YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. - '

e
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PROGRAMMED -INSTRUCTION
LESSON 4 ¢

Video Amplifiers

" TEST FRAMES ARE 8, 16, 21, and 28, PROCEED TO TEST FRAME 8 AND SEE IR
YOU CAN ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST

) FRAME. . - - . . . ' ':
: . - . N

o . { .

(::) Host e1ectrenic equipment that has a cathode-ray tube {CRT) display*®
requires video amplifiers. The picture tube in a te]erision set and
the screen on en oscu]loscope are two good examples of CRTs. Both -~

of these electronic equipments also ut111ze vided- amp11f1ers.

Vi@eo aniplifiers, like any other ampljfier; mnst be able to amplify
dfl éne information containgd in ihe input signal. fTﬁé frequenQ;
range-of vjdeo infornation signals is 0; or a few Hertz: to about 6
MHz. As you cam see, video'amp]ﬁfiers are required to dmplify a wide
range of frequencieé. Now the ideal v1deo amplﬁf1er should be able

to auplify with constant ga‘n all s1gnals within the video frequency

ranfe.” Therefore, the bandwidth of a video amplifier. must be as wide
as the frequency range. The bandwidth and response curve for the’ 1deal

video amp11f1er are shown in Figure 1.
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HALF-POWER LEVEL

ag———— BANDWIDTH

OHz  —— FREQUENCY——— 6Nz

Q
Figure 1

) IDEAL VIDEO AMPLIFIER RESPUNSE CURVE

In the figure you can see the same rectangular shaped frequency response
curvé used in the previous lesson to show the ideal frequency response

_ for an IF qﬁxp]ifier. The ‘di fference between the amplifiers is that in
the case of a video amplifier, r:aw information in the frequency range
between 0 and 6 MHZ ‘1'5 being amplified while in the case of IF and RF
'amplifiers., a radio frequency carrier signal contdining the video infdrma-
tion is being amplified. For exampie, an RF amplifier for a_channél 2

” television signal‘m:uid have a frequency response of 56 to 62 MHz and a

bandwidth:of 6 MHz. " <\

'.-,\ A video amplifier_has’ a (wide/narrow) fréquenc_y response from about 0 Hz
i

P “to about® .

wide, 6 MH2
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(::) You might wonder whether the audio amplifiers you have studied can be

moquiéd to produce the wide bandwidth required of video ampiifiers. ﬁs
you know, bandwidth is related to the types of coupling used in ampli-
fiers. Two types of coupling you have studied are transtrmer‘coupling
and resistive capacitive fRC) codp]ing. The frequency response of a
typical'transtrmer.c0up1ed amplifier is similar to Figure 2a, and the
frequency response for a typical RC coupled amplifier is similar to

Figyure 2b.

_ TRANSFORMER CUlIPLINf RC COUPLING

TN

| 1 ] 1 I’ 1 I [ 1 1
10 100 1K 10K 100K 0 00 Ik 10K 100K
Frequency — Frequency —»
() ‘ ®)

el L L=

Figure 2
A AMPLIFIER RESPONSE CURVES
* It is obvious that neither type of coupling meets the frequency respOnsé
requirements of video amplifiers. However, the fiequency response of RC

coupled amplifiers come closer to what is required than do the frequency

- response of transformer coupled amplifiers.

In Figure 2, the typical RC coupled amp]ifiér has @ (narrower/wider)

bandwidth than does the typical transformer coupled amplifiér.
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€

,(::) How can the bandwidth of RC coupled amplifiers be made wide'enough to
cover the low and high frequencies needed in video amplifiers? To answer
this question,_you must learn what 1imits the frequency respbnse of RC
coupling, First, let’s discuss what limits amplification at low frequen-

-
cies. Look at Figure 3 which shows 2 simplified diagram of an RC coup-

led, two stage amplifier. The bias voltages and some components are

omitted for clarity.

ouTPUT

Fiéure 3
AC EQUIVALENT-RC COUPLED AMPLIFIER
In the figure. the output of Ql is developed by.RL, and then coupled
through Cc to be developed across Rl. "Since Rl and Cc are in parallel
with RL, any voltage deQeloped by RL will be divided between Rl and Cc.
The voltage dropped across R1 and Cc is related to the resistance énd
reactance, respectively, of these two components. You kﬁow that the
resistance of Rl 1s constant. However the reactance of Cc_changes with
_the applied frequency. As frequency decreases. the capacitive reactance
(Xc) increases. As the reactance of Cc ‘increases at low frequencies. the
signal voﬁtage divider,,Cc and 21. has more voltage dropped across Cc and
less across R1. Now the voltage dropped across Rl is the voltage fed to
the base of Q2. Therefore. at low frequencies, less vo]t;ge is fed tc Q2
than at higher frequencies and the overall Tow frequency reSEBnSe of the

amplifier depreases. 228
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n Figure 3, when the input signal frequency is low, the reactance of

|
\}Qc is (low/high} and the volitage fed to the base of Q2 is (1ow/high). .

.............................. S

. o
high,low
Now that you know why the RC coupled amplifier doesn't amplify Tow -

frequency signals, what can’be done abQut it? Refer to Figure 4 which is

the same as Figure 3.

OUTPUT

-
Figure 4

AC EQUIVALENT-RC COUPLED AMPLIFIER

If Cc has a large capacitance, its reactance (Xc) at low frgquencies

“will decrease. The decreased low frequency reactance will cause Cc

to drop less siynal vo]tage; Therefore, more signal voltage will be

developed across Rl and be fed into the base of Q2, increasing the low
fréqﬁenqy gain; However, the circuit will becomeﬂunstable.if tne value of
Cc is increased beyond a certain point. This 1imits the value of Cc, and
thus RC coupled amplifiers Eannof amplify very low frequencies, e.g. G ‘

Hz._
229
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To partially compensate for poor low frequency response in Figure 4, a

(laryer/smaller) value coupling capacitor can be used.

(::) Since the coupling capacitor's increased capacitance only partially

wakes up for low frequency losses, more compensation is needed. Figure 5

shows the same diagram as in Figure 4 with the addition of low frequency

compensat ion conponents.

QUTPUT

“Figure 5
AC EQUIVALENT - LGH FREQUENCY COMPENSATION'CIRCUIT

As you know, the gain of a transister amplivier is directly related
. to the value of the collector load resistance. If a means could be _
devised to increase the size of the load resistance.at the low frequencies

only, then the loss of igain due to the coupling capacitor couid oe

compensated for.

237




In Figure 6, tne collector load for @l at low frequencies equals the

resistance of plus the resistance of

(::) The effect of low frequency compensation on the overall circuit

frequency response is shown in Figure 7.

. LOW FREQUENCY
'/ COMPEKSATION

ORIGINAL
“//

0 FREQUENCY —

- Figure 7
LOW FREQUENCY COMPENSATION RESPONSE

Notice that the low frequency end of the curve has been extended beyond
the original uncompensated‘cu;ve. You can see that adding paﬂbllel RC

- components in ;ﬁe collector circuit and making Cc "as largé as possible
improves the response at the low end, butlnot at the high'end. However,
the improved response still is not taken down to the zero freqﬁency

point.




A type of amplifier circuit using direct coupding (DC) between stages may
be used to im;rove the frequency response down toIO Hz. “Inrfact, this
type of coupling is becoming very common with the latest state-of-the~-art
devices such as 1ntegrated tircuits. Direct coupled amp11f1er stages

were used in Fodule 30 power supply circuits and will be found again in

Module 34, Integrated Circuits.

%

The addition of a_parallel RC circuit in the collecé;:jgircuit of an RC

coupled amplifier improves {high/low), frequency response. i,
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/
THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE

YOUR ANSHE&S WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE
FOLLOWING THE ‘QUESTIONS. |
l. The frequency response apd bandwidth of fhe jdeal video amplifier

- most closely approximates and .

a. U - 20 kHz, 20 kHz
b. 0 - 600 kHz, 500 kHz
c. U - 2 MHz, 2 MHz

A, 070 & MUz R Mps

: ‘ t
USE THE DIAGRAM BELOW OF AN AC EQUIVALENT, TWO-STAGE AMPLIFIER CIRCUIT TO

ANSWER QUESTIONS 2 AND 3. /

Q

l QUTPUT

INPUT
o

ov

Figure 8
" 2. At low input frequencies, the reactance of Cc (decreases/increases}),

causing a (larger/smaller) voltage drop across Cc.

3. The-amplifie}'s frequency reéBOnse may be improved somewhat at

frequencies by, the capacitance of (c.

low, decreasing
high, decreasing
low, increasing

high, ircreasina
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USE THE DIAGRAM BELOW OF AN AC .MEQU‘IVALENT. TWO-STAGE AMPLIFIER CIRCUIT TO
ANSWER QUESTIONS 4 AND 5. ‘

™,

\

OUTPUT

| oo
Figure 9 “

.4, At high input frequencies. tre R1-C1 parallel circuit can be consid-

ered to be (2 short/an open).

E.. The R1-Cl parallel circuit has the effect of increasing the gain of

Q at __ frequencies.

a. all
b. low -

€. high
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d. 0-b MHZ, 6 Miz
increases, laryer
c. low, increasinyg
a short

b.: Tow

&

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME I6.
~ OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST ERAME 8 AGAIN.

!

(::) You know how to improve gain at low frequencies in video amplifiers,

How you will find out what 1imits gain at high frequencies, and what

can ve done about it. |

Any transistor circuit aq “high frequencies will have a definite amount of
‘stray capdcltance in both the input and output. " These stray capacitances
¢an be ceused by any number of things. One major.cause'%s the wiring of
the circuit. A wire or pr%nted circuit foil can act as one plate of a )
capdcitor when close to another wire or foil which can‘act as the other:
plate, Aﬁuther reason for the capacitance is the trhnsistor itself,
since each junction has capacity éssociated with it. These stray capaci~
‘tances are not cqmpoﬁentsk as such. Howevér, they affect the circujt;as_
if they weré actual cofponentss. Therefore, they can be drawn into the ?
siuplified AC Equiva]ﬁhthmpfifier,circuit as shown in Fiqure 10,

x

-
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i
o ! “ o
i " .
| |
INPUT _ -4 RL’ -do
TRy G
o _ —— ¢
Figure 10

AC EQUIVALENT - STRAY CAPACITANCE
1 .

+

In Ahe figure Co represents stray output capacitance and Ci represents e

stray input capacitance. The value of these equivalent capacitors. is

very small (that is, in the picofarad range}.

In Figure 10, Co and Ci represent at the input and output

of amplifiers.

T T TR D gy gy 3 S T T T A A i S gy T T e T

equivalent capacitances or words to that effect.. [
) * J
> . 243 ‘

- . 38
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How do stray capacitors limit gain at high frequencies? Refer to the

amplifier circuit shown in Figure 1t,

OUTPUT

O

Figure 11
" AC EQUIVALENT - STRAY CAPACITANCE

In_the figure, Co is in parallel with the output of G, and Ci is in
pifallel with the input to Q2. You know that the reactances of Co
andlCi are lov at high frequencies. Therefore, at high frequencies.
| Co and Ci act as signal shorts to ground. This causes the outpyt
signal from Q1 and the tnput signal to {2 to be shunted to ground.
Nhén this occurs, the high frequency signals a"e‘effectively shorted

o

out and lost.

In Figure 11, the (high/1ow} reactances of Co and Ci shunt the high

signal frequencies to ground,




o
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(::) dow that you know why a standard audio amplifier has poor high _
frequency response, what can be done to imprave it? Since it is not
possible to remove Co and Ci, they must be compensated for in some

wav. An inductor can be added in paralle! with Co and Ci to improve

high frequency gain of the amplifigr. Such a set-up is shown in Figure 12.
- r = // * .

0

Figure 12

"SHUNT™ HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

How does the added inductor L1 improve H}gh ffgqugncy gain? Héll,_if

&
L1 is the proper value, Co, Ci, and L1 will form a parallel resonant

circuit at the high frequencies where the frequency response would
normaﬂ‘ drop. Cc will not affect the operation of this parallel resonant
circuit ‘because Cc has a very large capacitance, and appéars as‘a sggrt at.t

high frequencies. ' ‘ .

O U PR .
Now as the freguercy applied to the circuit containing L1 increases;- .

the impedance represented by the inductor-resistor combination (L1-RL)’

. : . .z
increases also. This increased collector load impedance causes the gain of

240 - 245
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1

ine transistor amp]ifief to. increase. With careful selection of L1, the
rise in gain can be made to compensaté for the rpll-o%f in gain that
uquld have occurred without L1. Now as the frequency applied to the
aiplifier increases furthe;,‘the paralle! resonance frequency for |
L1-Co/Ci will be reached. The gain of this parallel resonant rircuit is
maxiium and fufther increases amplifie} gain. At frequencies apdve the
resonant point, amplifier gain will decrease rapidly. Since L1 is in

parallel with Co and Ci (that is "shunts" the input and output equivalent

capdcitors); this type of compensqtion is called shunt compensation, or

shunt_peaking.

\\\

Ih‘Eigure 12, L1 (increa§es/decreases) the gain andeoutput of Q1 at

{(high/low) frequencies.
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(::) Figure 13 shows how shunt compensation improves gideo amplifier

frequency response.

- ORIGINAL

—_—— " SHUNT COMPENSATION

(g RESINARCE CURVE

. (a)

N\
N\
N\
N\
AN

—-

7
WY

.

gL - VT S .

0 FREQUENCY ——

SHUNT
»— COMPENSATED

(b)

, 0 FREQUENCY ——>

Figure 13 .
SHUNT HIGH FREQUENCY RESPONSE CURVES

v : _ _
In_Figure 13a, the dashed 1ines show the frequency response curve for

the tuped shunt compensation circuit. Notice that the center frequeni

cy (Fo), is at a'poiﬁt higher than the frequency response of the original

video amp]ifier.' Also notice that the shunt compensation resonance curQe

hes a wide bandwidth. The wide bandwidth occurs because the circuit )

vresist&hte,]owers the circyit Q, which increases the bandwidth {using the
fo;mula BW=Fo/Q}. In Fiéure 13b, the overall frequency response curve
for the Video amplifier is shown. 'This.curve is thz result of c&mbining
the original video amplifier curve and the shunt compensation, or shunt

peakinyg,- resonance curve. 247
- ' T
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The shunt com@enﬁgtion resonant circuit has a relatively (high/low)
i—‘o, and a (narrow/wide) bandwidth.

high, wide
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(::) Shunt type compensation has improVe%Pthe high frequency response of

the basic video amplifier. However, the improved frequency response
stj]l may not be High enoth for some app]icat{ons. Fortunately,

there is another way to improve the high fréquency response of a video
amplifier. Thfs is done by adding an inductor in_gggigg with the signal

path and Ci as shown in Figure 14.

02-
OUTPUT

O

Figure 14
"SERIES" HIGH FREQUENCY COMPENSATED (AC EQUIVALENT)

How does the added inductor L2 improve high frequency gain? Well, L2 -
is-in series with both Cc and the small equivalent capacitor Ci. As
you know, Cc appears as a short at high frequencies. HNow if L1 is

the proper value, the combination L2 and Ci form & series resonant

circuit to the sibnaI path at high frequencies. .You recall that impedance

in a series resonant circi{ decreases to a minjmum at resonance. There-

fore, the series resonant circuit composed of L2 and Ci prbvides a low

- impedance path to the signal'paih from Q1 to Q2.

249
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a

in addition, a fundanental property of series resonant circuits‘is-

the increase in voltage across the reactive components. In this case,“
" the reactive components are L2 and Ci. This allows the voltage across
LZ and Li to be a maximum at -the resonant frequency. Since €i is in
parallel with R1, any voltage developed by Ci will be felt acress R1 and
fed ﬁo the Dasg of Qé. This method increaseg émplifier gain, at the

previous roll-off point and is called series compensation, or series

peakiny.

[
i

In Ftyure 14, the '2-Ci circuit at resonance (maximizes/minimizes)

the imped;nce betweenlul and {2 and (increa§es/decreases) the voltage .

applied to Q2. -

wininizes, increases
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L]
-

Figure 15 shows how series compensation further improves the video

anplifier's frequency response.
;

ORIGINAL + I-‘IF SHUNT

0 FREQUENCY ——>

Figure 15
SERIES HIGH FREQUENCY COMPENSATION RESPONSE

In the figure, the dashed lines .show the frequency response curve for the
tuned series compensation circuit. _Proper design of this circuit wilt
make the series peaking center frequency occur above the frequency
reéponse of the combined origihal‘vidgo amplifier and shunt compensagf;h
circuits. The .input voltage to the second amplifier stage will increase
within the bandwidth of the series compensation circuit and cause a

"boost" in the high frequency response.

A series compensation circuit extends an amplifier's response at (on(high)

frequencies.
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wn

(::) Figure 16 shows the result of combining RC low, frequency compensation

1"

and voth shunt_and series high frequency compensation. to the original

- videv amplifier.

fo SHlUNT fo SERIES

Figure 16
- COMPENSATED VIOEQ AMPLIFIER RESPONSE

As you study Figure 16, -you can see the total effect of frequenqy compen=

sation. (low and h1gh) by the sol1d Tine frequenqy response curve. The

-

‘dotted lines indicate the oriz 1na1 response curve before compenSatIOn is

applied. The dashed l!nes 1nd1cate the individual resonance curves for
shunt and series high frequency compensation. The overall improvement is
significant; and extends the feeqhency response of the video amplifier '(f‘

“froil apoul 3V Hz to 6 MHz. : 

v
¥

. A vjdeo amplifier's high frequency response is improved by adding both

compensation circuits.

shunt, series
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THIS 15 A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE
YOUR ANSWERS WITH THE.CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE
FOLLOWING THE QUESTIONS. '

1. The frequency response of a video amplifier is limited at high
. frequencies by the
a. value of the coupling capacitor

"b. stray capacitance

USE THE OIAGRAM BELOW OF AN A EQUIVALENT, THQ-STAGE VIDEO AMPLIFIER TO

ANSWER QUESTION 2.

)

-
Y OUTPUT

O

Figure 17 |
2. At}high fréquenciesf the réactaﬁces of Co and Ci are (low/high)

causing them to act as (shorts/opens} to ground.
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USE THE DIAGRAM BELOW OF AN AC EQUIVALENT, TWO STAGE VIDEO AMPLIFIER TO
ANSWER QUESTIONS 3 AND- 4.

0
OUTPUT

- .
-

~0

\ .
S e |

VA

b
—

?
|
|
|
H
(
|
L
r
(
[

o—

Figure 18.

The high frequency - of thié,ampljfier has been improved by.a method
called | ' '

a. . series compensapion'

b. shqnt‘peaking

c. capacitive bypassing

At high frequencies, L1 increases the
a..'capaciténces of Co-and Ci

b. resistance of Rl

cs output impedance of Ql

d. center frequency of QZ
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A

USE THE ULAGRAM BELOW OF AN AC EQUIVALENT, TWO-STAGE VIDEO AMPLIFIER TO
ANSWER QUESTIONS 5, 6, AND 7.

0
OUTPUT

Figure 19
A

4

5. - Components L2-Ci' form 5‘(paralle1/series) resonant circuit at

- (low/nigh) freguencies. -

6. At resonance, the purpose of L2-Ci is to (decrease/increase} the

!

impedance between Q1 and Y2, and t= {decreasé/inCrqug] the voltage
developed across Li.
ln vrder to improve the amplifier's frequency response, the L2-Ci

circuit should be tuned to a frequency which is the

amplifier's nigh f?equency half-power point.
a. above
b. at

c. below




g
8
B
3
g
£

.
58
O
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1.  b. stray cﬁpacitanée .
_2. low, shorts |
3. ﬁ: shunt peaking
4. c. output impedance of QI
5. series, high

6. decrease, increase

7. a. aboye

4

IF YOUR ANSWERS MATCH THE CORRECT ANSNE}S YOU MAY GO TO TEST FRAME ZI.
OTHEKWISE, GO BACK TO FRAME 9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
 TAKING TEST' FRAME 16 AGAIN.

(::) You have learned how to imﬁrove the frequency response of vjded
qmpl?figrs at low and high frgFUEntiES by adding Tow frEquenCy,}ghhnt;

' ,a&d series compensation circuits. Figure 20 shows-an AC equivalent
diag;am of a video amplifier which includes all three types of éo@pensé-

tion Circuits,

Figure 20

FuLLY CUMPENSATEL VIDEO AMPLIFIER-EQUIVALENT CIRCUIT

_57
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In the fiyure, low freguency compensétion is provided by R2-Cl. At‘h{gh'

frequencies, L1l provides shunt peaking and L2 provides series peakiﬁg to

extend the high frequency respdbnse. These added inductors nave Tittle

effect on low frequency response since inductors. have low reactance 2t

low frequencies.

In Figure 20, low frequency compensation is provided by componants
“a. Ll and L2
b. L2 and Cc
c. R3 and Cc

R2 and Cl

. KZ and C1

-




. i ' t
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. dp until now in this lesson, the hi gh and Tow frequency compensation

., Circuit« have veen shown in equivalent circuit form. Now let's place

e i an uétua'l video aimpiifier circuit with biasing cornponents present.
“iyure 21 she.s

& ‘two-stage video anplifier circuit from the NIDA tramer

'!;chc

R7
47000

I6pH

Ql 50p1d

- 2M2222A 0yt |
} oot i W
INPUT o |
} A
»
| 1
Figure 21
TWO-STAGE VIDEQ AMPLIFIER-ACTUAL CIRCUIT

254




Po I - . ’ Thil"‘ty One"d

Bbth stages use a common-emitter circuit arrangement, in the figure,
interstage coupTihg of the video signal i~ provided by capécitors Ci, Ce,
and L4, These ‘capacitors have large values and'help to improve the Tow

. frequency response. In the collector circuits, you will find the shunt
niygh ffequency peaking coils L1 and L3. These‘a;e c?nnected to the
nermal collector load resistors RS and R12, respectively. The series
high frequency .coils are L2 and L4. The output video signal from each
staye passes through these two coils. A§ you know, shunf peaking coils
resonate with the output {(C6) and input (Ci)-eqqivalent cabacitanpes,

X

wnile the-series peaking coils resonate with thg input capacity. These

e .
capacitances normally are it chown on a circuit schematic diagram since

the physical capacitors do not exist. However, the effects of the
capacitances definitg]y exist?

If Figure 21, the two components which provide high frequency series

peaking are and ~ .
- _— .

-.-------a--------------------—----—p----———---—----------a---- o o

Lz, id
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Let's: take another look at the two-stage video amplifter circuit

shown in Figure 22 and exqmine the components which provide forward bias

and emitter stabilization.

T
Moz

- Figure 22

TWO-STAGE 'VIDEQ AMPLIFIER-ACTUAL CIRCUIT y

dn the figure, Rl and R2 provide Class'A forward bias for Ql as do R8 and
R9 for Q2. Bﬁth of these forward Sias networks are connected to R7 to
compiete the voltage divider from Vcc. 'R6 and R13 provide emitter
stabil{zgtion for the transistors. Notice that R13 has a bypass capacitor
C3, whereas R6 does not. The unbypasséd enitter in the first stage
tiproves they]ow and high frequency response at the cost of some gain. .

The bypassed_emitter it the seconc stage prevents signal degeneration and

"luss of gain.
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In Figure 22, Class A forward bias for Q2 is provided by components

and ., and emitter stabilization for Ql is provided by

conponent

R8, RY, R6




s
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(E@) Now let's examine the function of the remaining components in the

two-stage video amplifier circuit shown in Figgre 23.

-

+ chc

> R7
41001

_ ; , —o
grllzzzlzi"" Soptd 0 sy 1004 l

OUTPUT

1

Figure 23 .
TWO-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT

, . .
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-(::) THIS IS A TESI F:AME. COMPLETE THE TEST QUESTIONS ANﬁ'THEN COMPARE

YUUR'ANSNERS WITH THE CORRECT ANSNERS}GfUEN AT THE TOP Of THE PAGE

FULLUWING THE QUESTIONS. _

USE THE UIAGRAM BELOW BELOW OF A TWO-STAGE VIDEO AHPEIFIER CIRCUIT T0

ANSWER QUESTIONS I THROUGH 5.

4:3!99

R4
NS

€5 T 85
" 15000

Figure 24

1. The two components which provide series high frequency peqhing are

and -
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2. R7 acts as a voltage divider between Vce¢ and which component networks?

a.
b.
c.

d.

shunt compensation
forward bias
coupling

decoupling ,

Emitter stabilization is performed by which two resistors?

The purpose of the R11-C6 network in'thé second stage is to

d.
b,

cl

decoup]e the signal from the power supply.

improve the high frequency response.

stabilize'the forward bias to Q2.

increase the output impedance~£ﬁ;£E&\‘
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In the collector circuits, R4;CS and R11-C6 provide decoupling of the

video signal. Each decoupling network provides the signal with a low
inmpedance path to ground at the junction of the resistor and capacifor.
This low jmpedance path serves to separate the signal from the DC power .
supply, and keeps signal-retated components out of the powér supply. 1If
the sigﬁal vo]tage entered the power supply and caused variations in Vees

the amplifier could oscillate instead of amplify.

RiU is in series with the signal path and the L2-Ci series high frequency
compensation network. R10 acts to reduce the Q of this network and
'broaden its bandwidth. R3 also is in series with the.signal path. .It
perforns the same_tygf of function as R10 on thg series compensation

& .
network which would be located in a previous stage. -

'y Figure 23, R4-C5 and R11-C6 act to prevent the amplifier from {decoupling/

osciltating), and RIU acts to (narrow/broaden) the.bandwidth of the

3

series cémpensation network.

oscillating, broaden
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L2, L4

b. forward bias
R6, R13 / )

a, decouple the signal from the power supply

IF ALL YOUR ANSWERS MATCH GO ON TO TEST FRAME 28. OTHERWISE, GO BACK TO

FRAME 17 AND TAKE THE PROGRA&MED SEQUENCE BEFORE TAKING TEST FRAME 21

AGAIN. -

£

(::) You know the frequency response curve and componeﬁt operation of the
basic video amplifier. Now let's look at two methods for measuring the
frequency response of a video amplifier circuit, These methods are

useful in troubleshooting circuit problems.

The first method uses the sweep frequency generator. You should recall
fro.. the previous lesson that a sweep frequency generator provides a wide
range of output frequencies. Figure 25 shows an equipment set-up for

rieasuring frequency response using the sweep frequency generator.

0’ SCOPE

Figure 25
" SWEEP FREQUENCY GENERATOR FREQUENZY RE'SPONSE TEST™ -

262 267
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If you set the generator to sweep from O Hz to I0 MHz and apply this
signal to a video amplifier, you get a frequency response curve as shown
on the CRT of the oscilloscope. The video amplifier will amplif} each -’
frequency according to its ability. The display oﬁ the CRT is an accurate

indication of the video amplifier's frequency response curve.

In Figure 25, the display on the oscilloscope is the video amplifier's

frequency response curve
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@ A technician can use the sweep frequency generator to test a video
amplifier by comparing the éctua] frequency respdnse curve tobthé normal,
or expected, curve. As an example, Figure 26 shows both actual and

normal frequency response curves for a test video amplifier.

NORMAL

-

ACTUAL

¢ FREQUENGY ——

// Figure 26
: ACTUAL VS NORMAL FREQUENCY RESPONSE

/

-

In the figure; you can see that the éctual curve (shown'by the sb]id
1iné) Aisplays less gain at low frequencies than indigated by the normal
curve (shown by the dotted 1ine). The technician would suspect some
problem in Jow frecuency responsé components. IHe then wou]d_check the

. coupling capacitors and 1ow frequency RC network components for defects.

-~

The. display in Figure 26 was produced by injecting a signal from a

sweep generator
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The second wethod for measul:ing the frequency response of a video
dplifier circuit uses the squaré wave generator. This test method is
less accurate than the one.previously described, but is effective in
troubleshooting. Figure 27 shows an equipment set-up for measuring

frequency response using the square wave yenerator.

_Eb_ 0'SCOPE

o

SQUARE WAVE GENERATOR

Figure 27
SQUARE-WAVE GENERATOR FREQUENCY RESPONSE TEST
This type of'siéﬁéﬁ generator produces square shaped waveforms which are
the input into a test video amplifier-as shown in the figure. If the CRT
on the oscilloscupe accurately displays the square wave, the vidéo amplifier
is functionihy properly. Any disiortion of the square wave signal indi-

cates a lack in the frequency response for the video amplifier.

In'Figure 27, the displays oh the oscilloscope indicates that the test

video awplifier

d. 1s functioning properly

0. has a lack in frequency respnrse
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- (::) No doubt the question in your mind js "how does an amplifier's

trequency response relate to its ability to accurately reproduce a square
wave?" The answer fequires a brief discussion about what frequencies make
up a square wave. In theory, a square wazve is the result of mebining a
basic sine wave frequency with an infinite number of frquéncies that are
mulgiples of that frequency. The basic frequency is celled the fundamental
frequency, and the multiple frequencies are all called the harmonics. In a

square wave, the only harmonics we are intergsted in are the odd-numbered

153
harwonics. For exawple, if the fundamental frequency is 10 kHz, the third

harmonic equals 3 times 10 kHz, or 30 kHz. The fifth harmonic of 10 kHz equals

) tjmes 10 kHz, or 50 kHz. The square wave related to the fundamental frequency -
of 10 kHz s the waveform that results from combining 10 kHz with a large

quantity of odd-numbered harﬁonié frequencies.

A square wave is produced by combining a frequéncy with many

of its odd-nuwbered frequencies. ' L

T TR T T D g v DR A T T W Y W AL DWW A W L B e R W

- fundamental, harmonic
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o J 'S
Figure 28 shows the effect of combining a typical fundamental

v frequency with its third and fifth harmoni.s.

L

3rd HARMONIC

* FUNDANENTAL ,
- 5th HARMONIC

RESULTANT

Figure 28

"COMPOSITION OF SQUARE WAVE

The lgft side of the fidure shows the individuai waveforﬁﬁ for the
fundanental frequency, and for the thiird-and fifth harmonics. The right
side shows the combination of these frequencies. Notice that the figure
closeiy resenbies a square wave when dhiy three frequencies are combined.
In actual practice, an almost perfect looking square wave is produced by
combining a fundauwental frequency with all the odd-numbered harmonics up
through the 2Ist hénnonic. Another way to say this is that & square wave
is the combination of a fundamental and its first 10 odd-numbered har-

nmonics.

A yuod square wave can be produced by combining a fundamental frequency.

with the first 10 {even/odd)-numnbered harmenics.
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(::) oW th;t you know the,compositibn of a square wave, let‘s see how
it relates to the fﬁeduency response of a video amplifier. 1f a video
amplffier can accurately reproduce a square wave signal, then it can
amplify the signal's fundamental frequency and at- least the first 10

. ‘odd~-numbered harmonics. Thus any distortion of the square wavé signal
indicates that the vjdeo amplifier is not amplifying some of the frequencies
wnich compose the square wave. The type of distortion produced by the

| amplifier relates to those frequencies which are not properly amplified.

Figure 29 shows examples of good and distorted square wave reproductions.

—
]

GOUD FREQUENCY RESPONSE POOR HIGH FREQUENCY POOR LOW FREQUENCY
RESPONSE RESPONSE

Figure 29
SQUARE WAVE DISPLAY AND FREQUENCY RESPONSE

A video amplifier which produces the left waveforwm in the figure has a
'good frequency response. 1f it produces the center waveform, there are
prﬁo]ems in the hiyh frequency response. If it produces the right
waveform, there are problems in the low frequency response. You will be
using the syuare wave yenerator in the Job Program for this lesson to

H

troubleshoot a video amplifier.

273
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The square wave display from a test amplifier appears as Figure 30

-

below.

Figure 30
This indicates that the video amplifier's frequency wesponse js poor

frequencies.
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1

THES IS A TLST FRAME.  CUMPLETE THE TEST QUESTIONS AND THEN C&MPARE
- YOUK ANSWERS GIVEN AT THE TOP.bF THE PAGE FOLLOWING THE QUESTIONS.
Ust THL FIGURE BELOW TO ANSWER QUESTION 1.

' - _DD_ @ 0"SCOPE |
O VIDED ' ,
o |

o ANP

Figure 31

".

e Yuu~ére using this set-up to test the frequency respense for a video B
awplifier. In order to produce the display on the oscilloscope, the

input siynal to the amplifier comes from a piece of test equipment

calleg

yst THE FIGURE BELOW TO AKSWER QUESTION 2.

| @ 0'SCOPE

O —<
Lpt0 ><

Figure 32

_2. You dre using this set-up to test the frequency response for a video
ampljf%er. In c¢rder to vroduce the display on the oscilloscope, the

input signal to the amplifier comes from a piece of test equipment

celled a .

[

()p--
~

T

270
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USE THE FIGURE BELUW TU ANSWER QUESTION 3.

,[;
-

A

Figure 33

A test video amplifier with poor high frequency response will

reproduce & Square wave that resembles which waveform?
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1. Syudre yave yenerator
2.. suecep frequency generatnr

3. b. b

IF YUUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED LESSON 4,
‘MUOULE 31, COHGRATULATIONS: 1IF YOUR ANSWERS DO NOT MATCH GO BACK TO FRAME
22 AKL TARE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 28 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. 1IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PPOCEED TO THE JOB PROGRAM. 1IF YOU INCORRECTLY
ANSKER UWLY A FEW OF THE PRUGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT ¥dU

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

YOU FE-L THAT YOU HAVE FAILEC TO UNDERSTAND ALL, OR MOST, OF THE LESSON,

SELELT AND USE AHOTHER WRITTE MEDIUM OF INSTRUCTION, AUDIOQ/VISUAL MATERIALS
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU
CAR ARSWER ALL SELF-TEST ITEMS OR THE PRGGRESS CHECK CORRECTLY.
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NARIAT TV, ' ' "
LESSON 4

ideo Amplifiers

Most electronic equipment that produces a visual display on a Cathode Ray
Tube (CRT) requires the use of video amplifiers.. Examples of this type of
equipment include radars, television sets, and oscilloscopes.

To amplify the types of siynals used to produce visual displays, a video
amplifier must have a frequency response that will allow it to amplify a
frequency from O, or a few Hertz, to about 5 or 6 MHz. The ideal video
amplifier should be able to amplify all these frequencies with equal gain, $0
its Landwidth must be as wide as its frequency response..

The frequency response curve for an ideal video amplifier is shown in Figure
ll

- -

¢ HALF-POWER LEVEL

}
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I
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RFQUENCY

FIGURE 1
IDEAL VIDEO AMPLIFIER RESPONSE CURVE

.

Amplifiers you have studied will not reproduce the low and high frequencies
required of video ampliifiers. Figure 2 shows the typical response curves for
actual transformer coupled and resistance-capacitance (RC) coupled amplifiers.

TRANSFORMER COUPLING | RC COUPLING

] 1 1 1 1 1 1 [ ] T
0 100 IK 10K 100K 0 100 K 10K 100K
Frequency <> . Froquency =
(o) . {b)

FIGURE 2
 AMPLIFIER RESPONSE
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. AS yuu can see, amplifiers with RC coupling provide a slightly wider bandwidth.
However, even these amplifiers fall short of the wide bandwidth requ1renent5
for vidvo amp11fiers.

Figure 3 can "be used to show what limits the low frequency response of RC
coupled amplifiers.

OUTPUT

FIGURE"3
AC EQUIVALELT-RC COUPLED AMPLIFIER

%

The circuit in Figure 3 is a simplified schematic.of an RC coupled, two-stage
anplifier, with bias vo]tages anc some cormponents omitted for clarity. In the
figure, the output of Yl is developed by RL. Therefore, the 51gna1 voltage
fed to the input (Dase) of ¢2 is equal to the voltage across RL minus any
signal vultage drOpped by Cc. When the input frequency decreaseS, the voltage
drupped across Cc W111 increase due to the increased capacitive reactance
(Xc). This leaves Jess voltage felt across R1 and the base of Q2, thus

" reducing the overa™ ngn at low ‘frequencies.

One wetnod to compensate for this 1055 of gain is to increase the value of the
. coupling capacitor (Cc} .in order to lower its impedance at low frequencies.
However, i the couplir: capacitor value is toc targe, the <ircuit becomes
unstable « . would not work ati all. Fortunate]d, there is an ther way to
compensate, for loss of low frequency gain as Shown in the simplified circuit
of Figure 4,
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-

FIGURE 4
AC EQUIVALENT - LOW FREQUENCY COMPENSATION CIRCUIT

In the figure, C1 and Rl have been added. At low frequencies, the Xc of
Cl is larye enough so that Gl acts as an open. Thus the parallel circuit
Cl-#¢l has an impedance equal to the the resistancé of Rl. The load for
¢l then would equal the sum of resistances RL and R1 at low frequencies.
This larger collector load impedance increases the gain, or output
voltage, from the amplifier at these low frequencies. The increased

yain makes up for the voltage loss caused by Cc. At hi,. frequencies,
the L1-Rl ¢ircuit does not affect circuit gain because the reactance of
Cl decreases, and effectively shorts out Rl.  Therefore, the gain from Ql.
returns to that produced by RL alone.

The effect of low frequency compensation on the overall circuit frequency
response s shown in Figure 5.

LOW FREQUENCY

- / COMPENSATION

”

.~ ORIGINAL

0 FREQUENCY ——

FIGURE 5

" LOW FREQUENCY COMPENSATION RESPONSE
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In the figure, you will notice that the low frequency end of the curve has
been extended beyond the original uncompensated curve. Although the technique
of adding a parallel RC network in the collector circuit improves the low
frequency response, it does not extend the response to the zero frequency
point. A type of amplifier coupling called DC (direct coupling) does not-use
a capacitor between stages. You nidy remember this type of amplifier from the
lesson on transistor voltage regulators, Module 30-2. A DC amplifier extends
the low frequency response down to O Hz and is extensively used in integrated
circuits. You will study more about integrated circuits in Module 34.

Figure 6 can be used to show what limits high frequency response of video
amp11f1ers

g
OUTPUT

FIGURE 6
AC EQUIVALEKT - STRAY CAPACITANCE

In any transistor circuit; there is a definite amount of stray capacitance
present in both the input and output stages. This is due to a number of
factors including proximity of wires, active device input/output capacity,
printed circuit board foils, etc. The innut stray capacitance {Ci) and outout
stray capacitance (Co)} can be drawn into the basic circuit as shown in Figure
6. The values of these equivalent capacitors are in the picofarad range. At
high frequencies, Co and Ci have low impedances and act as signal shorts to -
ground. The stray capacity shunts the signal to ground and prevents them from
being fully amplified.

Since it is not possible to phy51ca11y remove Co and C1, they must be compensat-
_ed for in some way.
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Une method to conpensate for h1gh frequency signal ]oss is to p]ace an
inductor of the proper value in para]]e] with Co and Ci as shown in
Figure 7.

¢
Y
Y

.

2

-

|
|
|
|
:
M ] oureur
T L]

I
1§

FIGURE 7
"SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

In the figure, Co, Ci, and L1 form & parallel resonant circuit at high frgg%%gfi
cies where the frequency response would normally drop. Ce will not affect
operation of this resonant circuit since Cc appears as a short at high freqﬁbﬂcxes.

[n the amplifier, the addition of L1 increases the output impedance of (1 ai
high frequencies because impedance in the parallel resonant circuit increase _
at resopance. With this increased output impedance, the gain of the amp11ﬁier
increases at high frequencies thus compensating for the losses that would °

occur without L1. . Since L1 s in parallel ("shunts" the input and output {;;‘
capacitance), this type of compensation is called shunt compensation, or sﬁﬁnt

peaking.
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Figure 8 shows how shunt compensation improves RC coupled amplifier high
frequency response.
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FIGURE 8
_SHUNT HIGH FREQUENCY RESPONSE CURVES

In Figure 8a, notice that the rescnant. curve of the shunt compensation circuit
is higher in frequency than the original RC coupled amplifier curve. The wide
bandwidth of the shunt compensation circuit occurs because the collector load
(RL) lowers the resonant circuit Q and increases the bandwidth (using the
formula BW = Fo/Q). 1In Figure 8b, the overall frequency response curve is
obtained by combining the original curve and the shunt compensation curve,
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.. Shunt type compensation has improved the high frequency r.sponse of the basic
video amplifier. However, this response still may not be high enough for some
applications. The circuit can be further improved by adding an inductor in
series with the signal path and Ci as shown in Figure 9.

FIGURE 9

o ' “SERTES" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

Series high frequency compensation uses the principle of series resonance to
improve high frequency response. 1In the figure,K L2 is in series with both Cc
and Ci. Since Cc acts as a short at high frequencies, the combination of L2
and Ci form a series resonant circuit to the signal path if the value of L2 is
properly chosen. You recall that the voltage across a coil and capacitor in
series is maximum at resonance because impedance is at a minimum., Therefore,
the voltage developed by Ci is maximum at Fo and will be felt across Rl and
fed to the base of Q2. This method ofqincreasing amplifier gain is called
series compensation, or series peaking. _

. - q\\*.-
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Figure 10 shows how series compensation further improves video amplifier
frequency response.

. ORI+ 4F SHUNT

. SERIES
/—--l}\( CONPENSATION

\

QUENCY ———
/ *  SERIES

‘Fléng 10

SERIES KIGH FREQUENCY COMPENSATION RESPONSE

- %
In the figure, proper design of the reSOnanE”series compensation circuit wil)
place its Fo above the frequency response of the combined original RC amplifier
and shunt compensation circuits. The input voltage to the second amplifier
stage in Figure 9 will receive a "boost”-when the signal frequency occurs
within the bandwidth of the series compensation circuit,

Figure 11 shows the résu?t of combining ki low frequency compensation and both
shunt and series high ngﬁuency corpensations to the original video ampiifier.
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FIGURE 11
COMPENSATED VIDEO AMPLIFIER RESPONSE

As you can see, the total improvement (shown by the solid line) is significant.
The frequency response for the fully coripensated video amplifier is about 30
Hz to 6 MHz. _ 28'-

) J
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Figure 12 shows a simplified diagram of a fully compensated video amplifier.

QUTPUT

FIGURE 12
COMPENSATED VIDEO AMPLIF.zR-EQUIVALENT CIRCUIT

Low frequency compensation is provided by the R2-Cl circuit. High frequency
compensation is provided by both L1 {shunt peaking) and by L2 {series peaking)

Now that the high ind low frequency compensation circuits have been presented
in equivalent circuit form, let's place them into a real circuit. Figure 13
shows the schematic diagram of 3 two-stage viceo ampiifier as found in the
NIDA trainer.
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FIGURE 13
2-STAGE VIDEU AMPLIFIER-ACTUAL CIRCUIT

The functions of components in this circuit now will be discussed. Rl and R2
provide Class A forward bias for Ql, as do R8 and R9 for Q2. Both of these
networks are connected to R7 to complete the voltage divider from Vcc. R6 and
R13 provide emitter ;tabilization. In the second stage, R13 is bypassed by C3
to prevent degeneration a:d loss of gain. Notice that R6 is not. bypassed.
This unbypassed emitter in the first stage pr0v1des 1mpr0vement to the Jow and
hiyh frequency response at the expense of some gain.

-
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{nterstayge coupling of the video siuynal is provided by C1, C2, and C4. These
capacitors have laryge values and help improve the Tow frequency response. In
the collector circuits, “the R4-C5 and RI1-C6 networks provide decoupling of
the video signal. Decoupling is a tera that indicates the Signal sees a low
jupedance. path to yround at the junction of the resistor and capacitor. This
lui impedance path serves Lo Separsce the cignal path from- the DC power
supply, and is necessary Lo keep »ignel components out of the supply. I the
siynal voltage should cause variations in Vecc, the amplifier could oscillate
instead of amplify.

Als0 in the coullector circuits, you find the shunt high fréquency peaking

coils L1 and L3 together with the no~ma’ collector lead resistors RS and Ri2.
The output video signal from each staye passes through the series high frequency
peaking coils LZ and L4. Of course, the series and shunt peaking coils
resonate with the output (Co) and input {Ci} capacities whiCh are not normally .
shown on a circuit schematic diagram.

R3 and R1U are in series with the signal path. R10 acts to reduce the Q of
the LZ-Li series compensation network and to broaden its bandwidth. R3 acts
to perfori a similar function in a previous amplifier stage.

S Huw let's Took at two methods for measuring the frequency response for a ~ideo
canigiifier.: The first method uses a sweep frequency generator. The test set
up s shown in Fiyure 14,

SWEEP GENERATOR . DI;IHOD @ 0' SCOPE

N
\
Loto >

FIGURE 14
VIDEO AMPLIFIER FREQUENCY RESPONSE TEST

. : P .
- recali that a sweep frequency generator-provides a wide band of ou.put frequen-
) cies. The yenerator can be set up to sweep from 0 Hz to 10-MHz, and this
siinal can be applied to a video amplifier. The output frequency response
c.rve from the amplifier would resemble *he display on the osc11105cope in
= rigure 14. This display would accurate., indicate the amplifier's ability to
aiplify each freyuency.
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As an example of a.test situation, assume the freduency response curve shown
in Figure 15 is produced on the CRT of an oscilloscope.

A

-~ NORMAL

’--

ACTUAL . o,

0  FREQUENCY ~~——w

FIGURE.15
v ACTUAL VS NORMAL FREQUENCY RESPONSE

In the figure, a technician can determine faulty components in the video

ampiifier circuit by comparing the actual frequency response curve (solid

1ine) with the.expected normal curve (dotted line}. 1In this example, the

actual curve indicates some defect in the low frequency response components of ‘
the amplifier.. The technician would then proceed to check the coupling L
capacitors and low frequency RC netwbrk parts as likely suspects. ’

The second method for determining video amplifier frequency response uses a
square wave generator. This type of generator produces square shaped waveforms
particularly suitable for testing frequency response. "However, this method is
less accurate than the method using the sweep generator. Figure 16 shows the
test set-up for measuring vided amplifier frequency.response with a square

wave generator.
@ 0'SCOPE '

./O 2

SQUARE WAVE GENERATR I

FIGURE 16 -
- SQUARE HAUE-AMPLEFIER TEST

If a video amplifier can accurate?y reproduce @ square wave input signal, it
has a good frequency response. Any d1stort1qn of the square wave indicetes a oz
 problem in the amplifier. _ R

LY ne ' hd
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Tne ncla;10nsh1p between frequency response and the ability to reproduce a
square wave is due to the types of frequencies which make-up a square wave.
In theory, a square wave is»>the result of combining a fundamental sine wave
freguency with an infinite number of odd-~numbered harmonic frequencies., A
harmwonic is just a multiple ‘of the fundamental frequency, For. example, the

third harwonic for a fundamental frequency of 10 kHz is 30 kHz, and the fifth
harionic is 50 kHz, .

L}

Figure 17 illustrates the comp051t10n of a square wave made by cnnb1n1ng a
, typ1cal fundamental frequency with ltS third and fifth harmonics. *

FUNDANENTAL 3rd HARMONIC .
\ Oth HARHONIC

1\

RESULTANT

FIGURE 17
COMPOSITION OF SQUARE .WAVE

Il the figure, the individual frequency waveforms are on the left, and the
‘conpination weveform is on the right. Notice that a fairly good square wave
results., In actual -practice, the combination of a fundamental frequency.and
tne first 10 odd-numbered harmonics produces an excellent square wave,
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How if a video amplifier can accurately reproduce a square wave signal, then

it 1s capable of -amplifying the fundamenta) frequency gnd at least the first

10 odd-numbered harmonics. Thus, any distortion of Lhe square wave signal is

@ direct tndicator of a lack in frequency response. Examples of this situation
are shown in Figure 18. : Ea

—

i

GOOD FREQUENCY RESONSE  POOR HIGH FREQUENCY ~  POOR LOW FREQUENCY
. RESPONSE RESPONSE
N

FIGURE 18-
SQUARE WAVE DISPLAYS AND FREQUENCY RESPONSE

In the figure, a video ampT1f1er with a good frequency response reproduces the
square wave on the left. An amplifier which reproduces the center waveform

- has poor high frequency response. The waveform on the right indicates poor
low frequency response. This test method is simple and provides information
suitable for troubleshooting video amplifier circuits. You will be given the
opportunity to operate and trdéubleshoot a v1deo amplifier in the Job Program
for this lesson.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL

SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY

AWSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAi RESTUDY THE PARTS OF TH1S LESSON YOU ARE WAVING DIFFICULTY WITH. IF

YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,

SELECT -AND USE ANOTHER WRITTEY MEDIUM OF INSTRUCTION. AUDIO/vISUAL MATERIAIQ

- (IF APPLICABLE), ©R COMSULTATIPN WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PRUGRESS CHECK CORRECTLY.
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