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ML ITARY CURRICULUM MATERIAIS

'Ihemlitary—cbvelcpequﬂxmmtermlsinthmme
-~ package were selected by the National Center for Research in
Vocational Education Military Quriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional 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.

. mausemteﬁalswerea@ﬁ.red,evaluatedbypm*ect
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military.
were deleted, oopyrighted materials were either amitted or appro-
crriculim resource materials which can be adapted to support
vocational instruction and curriculun development.




]

Military
Curriculum Matenals
.'Dmsemmatlon Is .o

h_ﬁ_.n;L- et et et = e N o

. an activity to increase the accessibility of - -
. military-developed curricutum materials to
vocational and technical educators.

|- This project, funded by the U.S. Office of

Education, includes the identification and
acquisition of curriculum materials in print -
fornf from the Joast Guard, Air Force,
Army, Marine Corps and Navy.

- Access 1o military curriculum materials is

" provided through a “Joint Memorandum of
~ Understanding” between the U.S. Office of
Education and the Department of Defense.

- The acquired materials are reviewed by staff

- and subject matter specislists, and courses
~ deemed applicable 10 vocational and tech-

nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education’s designated representative to
acqu_ire the materials and conduct the project
activities.

Project Staff:

Wasley E. Budke, Ph.D., Director
Nation#! Center Clearinghouse

Shirley A. Chase. Ph.D.
ProjectsDirector

v U 4

for dipeminat\gon.

What Materials
Are Available?

- S L [P YRR  SP —
b : : . H ™ FEr TR

L

How Can These - -
Matenals Be Obtalned°
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One hundred twenty courses on microfiche
{thirteen in paper form) and descriptions of

each have been provided 10 the vocational
Curriculum Coordination Centers axd other
instructional materials agencies for dissemi- 9
nation. °

Course materials include programmed
instruction, curriculum.outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent’the following

sixteen vocational subject areas:

Agriculture Food Service
Aviation Health
Building & Heating & Air
Construction Condit:oning
Trades Machine Shop
Clerical - Management &
Occupations Supervision
Communications Meteorology &
Drafting Navigation
Electronics Photwography

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-educztion ave identified and selected
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: Overview Twenty Four

© DVERVIEW
BASIC ELECTRICITY AND ELECTRONICS
MODULF. TWENTY FOUR .

Wave Shaping Circuits

In the last two modules, we've seen how to generate sine:waves and square
waves with electronic circuits. This module is designed to show you how
we Can modify these two basic weveforms into countless other waveforms,

You will find that the circuits usad f'.or wave shaping are not complex
and that you already have all the basic theory néeded to solve them.

This module has bean divided into the following three lessons:

Lesson | Clippers » ; _

Lesson 11 Clampers . . .
Lesson 11t (ntegrators/Differentiators )

-t
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OVERVIEW
LESSON )

imers

This lesson will show you the functional operation of a clipper, how to
recognize the schematic diagram and the actual circuit, and how you will
put this theory and practical information to use by troubleshooting the
ciipper circuits. . -

The learning objectives of this lesson "are as follows:
TERMINAL OBJECTIVE(S): " off?

24,1 .46 When the student completes this course he will be able to
" IDENTIFY wive shaping circuits and their stfects on input
waveforms by matching an output waveform .. & vave shaping
circuit and its input waveform given input and output wave-
form illustrations and wave shaping circuit schematic diagrams.

ENABLING OBJECTIVE(S):

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

24.:.46.1  IDENTIFY the function of a clipper circuit by selecting the
correct statement from & list of four ;tatements. 10023
8ccuracy is required, . .

25.1.46,2  IDENTIFY the schematic diagrams for eich of the five basic
clipper circuits (series positive, series negative, parallel
positive, parallel negative, and parallel positive and nege-
tive), given a set of five schematic diagrams, Be selecting
the schematic that matches the name given for each type of
clipper circuit., 100X accuracy is required.

24.1.46.2.1 JDENTIFY by selecting, the schematic diagrams of series/
parallel cilpper configurations given a set of schematic dis~
grams which includes one of eich of the configurations. 1003

accuracy if requirsd.

L

IDEIﬁII-‘Y by selecting, the output waveform for each of the
following three clipper circuits (positive, negative, end
parsliel negative and positive), given Input and output wave-
shapes and schamatic diagrams. 100X accuracy is required,

>

¢
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OVERV 1EW

24.1.46.4 IDENTIFY by selacting, output waveforms showing bias effects
on series and paralled clipper circuits given a choice of
_ five schematic diagrams and their respective output waveforms.
i 1003 accuracy is required.:

24.1.46.5 OBSERVE and INTERPRET clipper output waveforms (norma! and
" _ abnormail) by varying the bias voltage on a series or parallel
; clipper cirdait, given an oscilloscope, & job program, and »
. tralnlng device circuitr. 100% accuracy is required,

2610 .} IDEMTII-‘Y the input section, conversic section, and the output
section in each of the five basic clipper circuits (- ~eries,
positive, and parallal positive and negativa) by locating all
of the‘'componants in each sectlon, given a training device or
circult boards containing clipper circuits, a job program, snd
the appiicable schematic diagrams or technical manuals. 1003
accuracy Is required. .- )

. : <, ‘ D .
.EFGIE You ST”T JHIS LESS@' READ THE LESSON LEARNING ONECTIVES Alll}
P“Vl“ THE LIST OF STUDY k. ‘IRCES ON THE NEXT. PAGE. 2.

5
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LIST OF STUDY RESOURCES
LESSON |

Cl ippers

To iearn the material in this lesson, you have the opticn of choosing,

" according to your experience and preferences, any or all of the follow-

ing study resources:
Vritten I.cuqn presentation in:
Module Booklet:
 Summary * _
Programmed Instruction
Narrative
Student’s Guide:
Job Program Twenty Four-i-1 CLIPPERS"
Job Program Twenty Four=-i-2 ''CLIPPERS"
| Progress Check
Additions! Material(s): ‘
Audio/Visual Program Twenty Four-l “Introduction to Clippars"
Enrichmant Material(s): ¢

+ Electronics Installation and Maintenance Book, Electronic Circuits,
NAYSHIPS 0967-000-0120 (EinB)

YOU MAY USE ANY, OR ALL, RESOURCES LISTEO ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTEO ARE NOT NECESSARILY REQUIRED
10 :mm LESSON OBJECTIVES. .THE man:ss CHECK MAY BE TAKEN AT ANY
1) , Lo

Ld
-
) * 6
Ll * - * .
- . - E -
I . - .
P I R R . . B .
A o 13 f e v
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SUMMARY
- LESSON |

introduction to Ciippers

A cilpper or iimiter (both tarms mean the same thlng) Is jittie more than
a half wave rectifier. Using a diode, resistor, and sometimes a DC po-
tential, a clipper/limiter can be used to eliminate the positive or
 negative alvernation of an input waveform or can ciip a desired amount
from gither alternation. In a clircuit where the voitage limits are
extremaly critical, a clipper may be emoioyed as a safety device. In
~his lesson you will be Introduced to five types of -cllippers: (see
illustration on next page) series positive; serles negative, paraiiei
positive, -parsllei negative; and paraiiel positive and negative clippers.

Since the dioda Is actuaily the limiting component,. its location with
respect to the slonal fiow and its polarity are the factors that deter~ <«
mine circuit configuration.” In the series ciipper, the diode is in
series with the input in parallel ciippers, the diode Iis iIn parallel

with the output.

- Remembering “hat a dlode wiii pass current Iin only one direction, and

“that the anoce (srrow) of the diode must be iess negative (more positive)
with respect to the cathode (vartical iine) to make the diods conduct,
you can look at the waveform as applled to the diode and determine what
the output will be,

In a seriss clipper the diode must be forward bisséd In order to obtain
.an output. In & parallel clipper whose diode Is forward bliased the
sigral will be shorted to the reference voltege. $0 in order to obtain
an output the diode must be reverse blased.

To clip only a portion of sither alternation a DC potential is piaced

in pars)lel with the output. This potentlal, depending upon its polarity,
will kesp the diode conducting or cut-of f unti! the !nput waveform exceeds
the DC potential.

i




Summary Twenty Four-|

To ¢lip both alternations, two diodes are utilized in a parallel configura-

tion. Actually this circulit is sothing more than a combination of two
paraliel clippers with D aiding reverse blas.

o o—

Ll |
INPUT | ouTPUT INPUT OUTPUT
o— -0 o — )
SERIES POSITIVE CLIPPER SERIES NEGAT!VE CLIPPER
o AN~ —o
INPUT QUTPUT
_ O~
PARALLEL MEGATIVE CLIPPER PARALLEL POSITIVE CLIPPER
o—A NN\ ©
- INPUT : 1 oureur
o —v—F 0

PARALLEL POSITIVE AND NEGATIVE CLIPPER

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YoOU
NSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
#}F YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
. TME  CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR +RAMES SO THAT YOU "AN RESTUDY THE PARTS OF THIS
sLESSON YN ARE HAVING DIFFICULTY WITH. |F 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 LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY, . .-~~~ -~

e
¥
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PROGRAMMED INSTRUCTION
LESSON |

Introduction to Clippers

A

- TESTS FRAMES ARE 9, 12, 15, 17. TRY FRAME § FIRST AND THEN FOLLO’H THE
INSTRUCTIONS AT THE END OF THE FRAME. .

1. Perhaps the title should read “Introduction to HalfanQ Rectifiers'.
A clipper {or limiter) circuit is essentially a diode and a resistor,
sometimes used with a DC potential. in the power supply module, you
learned that a diode will pass current in only one direction. When a
waveform having positive and negative alternations is appl ed to a diode,
only the positive or egative alternation, depending upon the diode’s
insertion in the circ It. is passed. A simple ¢ ipper/limiter circuit
el iminates either the/positive or the negative alternation which is what
a halfwave rectifier does. How do you teil which alternation is to be
eliminated? Since the circuits contain the same components, only the
direction of the diode determines which alternation (the positive or
negative) is to be clipped (iimited):,

Whan a waveform is applied to a diode either the:positive or the nega-
tive alternation will be passed depending on the

-------------------------------------

direction of the diode as it is connected into the circuit {or words
to that effect)

2. Since the dlode is the component that controls current flow, it is
essentlal that you understand how a diode conducts. Current always flows.
agalnst the arrow, sO the cathode must be more negative then the anode for
conductjon to take place. .

T ]
Identify the anode and cathode of the diode illustrated below.

A._Cathode . B. Anode

s 16




P.l. Twenty Four=-|

We have studied two waveforms that were generated electronically - - sine
wave and square wave. These waveforns are symmetrical; that is, the
positive half cycie is exactly the same shape as the negative half cycle:

-

The sine ‘wave and square wave are basic signals used in eiectronics but
they aCe often not the kind of signal we need. For example, we might
easily need one of the following waveforms.

A. /1~ _ C. -= l_--l -
1

B. D.
] [} I} t [ =
I ' [ [} ]
i . f : 1 4- Oy : Ov
v ) v :
/ \
‘s o L M |

Waveforms A through 0 cannot be nenerated by any oscillator circuit
because they are not symmetrical. The addition of the dotted line to
the waveforms skows that the basic waveform could be either a sine wave
or square wave. The clipper circult can change the basic two waveforms
into the waveforms shown in A through D.

A clipper circuit |s like a customized kit. The manufacturer sends out
sine waves from its oscillator plant and square waves from Its multivi-
brator plant. You, the customer, use a clipper to modify the standard
waveforms into shapes you want.

17
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Depending on how you want *o customize a waveform, one of the fo!lowlng
clipper circults dould be used:

}. Series positive or negative clipper.’

2. farallel positive or negative clipper.

3. Parallel positive and negative clipper.
Let's take the serles negative clipper:
When the input wgﬁeform (in this case from a sine wave generator) is
positive, the diode in a series-negative clipper will conduct, current
will flow and a potential will be dropped across the resistor. Since the

resistor is in parallel with the output the same voltage that is dropped
across the resistor will appear at the output.

ST e < —°
INPUT /\ | : [\OUTNJT
ov'T ovl-.-\.
o o |

SERIES NEGATIVE CLIPPER

When the input waveform is negative, the anode is more negafive than tye
cathode, and the diode wlll not’conduct. No current will flow, and there

will be no output. ~

+

— 0
v—~- NO OUTPUT
_ o Y

SERIES NEGATIVE CLIPPER

-

18
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When the diode is conducting, it acts like & short circult. When it is
cut-off, it acts like an open circuit,

When the input waveform is positive the diode in & series negative clipper
acts like a/an circuit and when the input waveform is
negative the diode acts like a/an circuit,

short, open {in that order]

L, To convert the serles negative clipper to a series positive clipper, \\R
the diode is merely reversed. Current flows in the opposite direction, ~
g¢o the positive portion is removed,
iy
Cl | 1 {! ‘ .§%;
L ’ ,

TR T g Ui VUg

SERIES NEGATIVE CLIPPER - SERIES POSITIVE CLIPPER
When the incoming signal is pOSIsiVQ the diode In a serfes positive
clipper is » and when the incoming signal is nega-
tive the diode is .

tut-off, conducting {in that order)

8. Another type of clipper is the paralletl clipper. 1n thls circuit the

output is taken acros$ the diode. The resistor is in series with the
“tnput, |
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which of the circuits illustrated below is a parallel clipper?

A.IG—- ANN— © B. O —— -0

6. In a parailel positive clipper, the diode will conduct when the posi-
tive portion of the waveform Is applied. When the diode conducts, there
will he_a voltage drop across the resistor and no voltage wiil appear in
the output.

When the diode In a parallel positive clipper is cut ofF, the diode
(will/will not) have a voltage drop across ft.

will

7. In a parallel negative clipper; the diode will act like an open cir-
cuit {cut-off) during the positive half cycle of the input waveform and
like a short circuit {conducting) during the negative half cycle of the
. input waveform. , .

Draw the output waveform of the parallel clipper iliustrated below and
tdentify the cype (parallel po.itive clipper or parallel negative clipper).

O AN/ —0

" +18v,
O'f\) OUTPUT
-$8v .

o -0

- am W o Em = = o W o m o E m W R e W W E W e o W o o o s m o m w
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parallel positive clipper

-l5V J_U

} Ve
8. What are the relationships between series and paralie) c)ippers? 8oth
types of clippers are named after, the alternation they eiiminate. For
example, a series or parallel positive clipper wili remove the positive
portion of the wavaform. WNegative series or parallel clippers remove the
negative alternetion of the waveform. In series clippers, the diade must
conduct for an output.’ in the paraliel clipper, the diode must be cut-
off for an output,

Indlcate whether the diode Is conducting or cut=off for each cllpper to
produce eif ocutput,

A. Parallel Clipper 1, Dlode Conductlng
B. Series Clipper 2. Dlode Cut-off
R, 2; B. |
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9. TEST FRAME

1

In each circuit below draw the output wdvefol:m.

a. s AN N

5 ©
- +10v
o-/-\j
=10v o _o
. O———AAA ‘ o
o.f\J
-25v o— o
wh o1& S
~],
- 13+ -0

-------------------------------------

THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
SIVEN AT THE TOP OF THE NEXT PAGE. - K5~
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IF ALL YOUR ANSWERS MATCH THE LORRECT ﬁHSHER§ YOU HAY NOW GO ON TO TEST
FRAME 12, OTHERWISE, GO BACK TO FRAME 1 ANO TﬁKE THE PROGRAMMEO SEQDEHCE
BEFORE TAKING TEST FR&HE 9 AGAIN, )

Ly

16
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10. §f you desire to clip just a portion of elther alternation in a series
or parallel clipper, a DC potential can be placed in paralie! with the out-
put. Thisg DC potential will elther forward or reverse bias the diode,
depending solely on how the diode and DC potential are inserted in the
circult. Indlicate whether each clipper circuit illustrated below is for-
ward biasaed or reverse biased. 0

q}<;
p e
q}<;
q#<;
i)
q}<;

Forward biased = | and 3
Revarse blased = 2 and &

21
17
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11. Series Clippers with Bias

1

+—

o~ -$§]ii:1 o o 'f -0

. A
wV — 0V
e N

1Hil -9

Series Negative Series Posl_t_lve
' BIASEO CLIPPERS

Both circuits have 10 volt OC supplies. Both circuits also have the OC
potential forward biasing the diode when Input signal is applied. There-
fore, both diodes conduct. The diode may only be cut~off if the input
signal is greater than -10 volts for the series negative clipper and
greater than +10 volts for the series pos'tive clipper. That means, that
any 'waveform with @ peak 10 volts or less will pass through these circuits
untouched, Vaveforms with peaks grazater than 10 volts wil) be limited,
The voltage level at which they are clipped is the voitage level of the {
battery potential at point A,

Let's check what we have just sald:

-10¥ Isv

As you can sez, only the negative peak was removed from the input wave-
form. Point A is -5 volts and the negative portion of the output
- waveform stopped at - S volts.

What ‘change- would you have to make in the figure on the previous page to
cause It to clip the output at -7 volts?

i8
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Thange the battery from 5v to jv,

12. TEST FRAME. I g

With a %0 volt p-p iaput waveform zpplied to the circuit iVlustrated
below, which of the output waveforms i. most correct?

z

Jo - !
N

L

e L :

: ] . .
cmeem 42V ' :
Oe o ,
l -’--m 4 '( )

--------------------------------------

THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GiVEN
AT THE TOP OF THE NEXT. PAGE.
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" 4.

IF YOUR- ANSWER MATCHES THE CORRECT NASWER, GO TO TEST FRAME 15. OTHER-
VISE GO BACK TO FRAME 10 AND TAKE THE PROGRAMMED SEQUENCE.

13. We have seen that' if the diode's forward bias is aided by a DC poten-
tial, the result is a waveform that extends both ebove end beiow the
r’efer_egi: line (more than one half cycle). Now, if the diode’s reverse .
bias is dided By the DC potent ial, we should expect the resultent output .
to 2 less than ane haif cycle . This happens because the diode remains

cut<of f durig most of the input cycle the only wey we get it to conduct

is to have a signal high enough to make the dlode conduct.

»
° —i¢ —°

g
il
7/

If this signal This signal will . .
Is_the Input: . > be the resultant‘output: .
0V -- /
ov 0’1-—-—?——
10V =~==-

20'--;-\‘ .

!
'
ov ﬁ—‘ '

20
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.

Given the following circuit, what DC potertial would we have to use to
get the indiceted output? *

. * ]
=N - :jq—- 2v
ov.) Y / ¢

— 1

I N
». -ZVDCi
b. +102vDC
c. +98vDC -
d. +2V0C

c. _LW

15. A DC potential can al'so be used with psrailel clipper circuits. When
.the diode conducts the DC potential wiil be observed In the output. At
the times when the diode 1Is cut-off, that portion of the Input waveform

* will be observed 8s the output.

L

e === e == 10V

;/‘—o—"’\,'—'-wv
.

a
[ L]
N X 10V

-l

In the purallel case shown, the diode is forward biased when no input
signal 1s epplied. The diode cuts-off when tha voltage exceeds +5 volts
battery potentlal. Therefore, we will see only the portion of the input
signal which |s greater than +5 voits.

28
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p.1.

in either the series oé paralle) clipper, the-fQIIONing general rules
epply. ;
) f
1. Negatlve clippers remove the negative slternation either totally
or In part.
2. Positive clippers remove the positive alternation either totally
or in part. ‘
3. Output In serias clippers occurs when the diode conducts. Out-
put In parallel clippers-occurs when the diode is cut-off.

4. When the DC potential alds the forward biss in a series clipper,
the output will be greater than » helf cycle. Conversely, when
the OC potential aids the foward blas in a parallel clipper, the

S output will be less then & half cycle.
>

The jllustration above is & waveform that has been clipped by a parallel !
j

clipper.
is the diode cut-off or conducting when the waveform is at point A?

&

29
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15, TEST FRAME

Oraw. the output for the following circuits and identify them using their
proper names.

8. +

= 10V

q}-—-{

THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN
AT THE TOP OF THE NEXT PAGE.

23
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Series Positive Clipper
With Bias

Parallel Positive Clipper

With Bias

Parallel Negative Clipper
With Bias

iF YOUR ﬁNSﬁEEE MATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME 17. IF
NOT, GO BACK TO FRAME 13 AND DO THE PROGRAHHED SEQUENCE BEFORE TAKING-

TEST FRAME |5 AGAIN.

2k
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16. This next circuit is called a parallel negative and positive clipper.
if there is no OC bias either diode clircult there will be no output.

L B

The positive portion of the input signal passes through dlode 2 and the
negative portion passes through diode 1.

Result: No Output!

v

Now, If the diodes are cut-cff {reverse blased) during a portion of each
half cycle by using & OC potential, we wlil! ¢lip the peaks of both al-
ternations of the input signal. -

[T — - ——+4

- mmmeat1OOV \
.Q_._ o =av =4V A -
U ) ; ; \“'-"
.« <100V - _

NOTE: f the dlodes were forward biased by the OC potential, no output
would occur. Each diode would conduct for more than half of each cycle.

'?/ oo

25,
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The only time a parallel positive and negative clipper wlfl have an out-
put is when?

(a) Both diodes are hooked-up opposite but in parallel with each other
and the output, 2nd

{b) both diodes are reverse biased.

Fil1l in the missing components to produce a parallel positive and negative
clipper.

O_NWT T

- ="
| i ] -
o—AAN o
(= |
| |
- L.t
{ | | ]
l_ ! L 4
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17. TEST FRAME

Iltustrated below @re vartous configurations of clipper circuits. Identify
each with Its correct name and Jraw the correct output signal given an
lnput signal.

+1°v-

'“10» .....

cu LO=
+1°v - g -

THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN
AT THE TOP OF THE NEXT PAGE. .

34 ¥
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+j° 'f\\‘
I
a o : Series Positive Clipper
-0
+10
. 0 Parallei Negative Clipper .
With DC Aiding Reverse Bias
’ -
0 X
+10 . '
€. 0 A'ﬁ- Series Negative Cllpper
4 ’
0 ,
_ + .
bt "\ Parallel Negative And
49 Positive Biased Clipper
. =40 ‘\._!’ - I
o |
° 'of\‘_ . Series Positlve Clipper
’ T With DC Aiding Reverse Blas
- 1. +3 Series Positive Clipper
With DC AldIng Forward Bias
, ~-10 L I ' -
, [
0 Parallel Positive Ciipper
9 0
-10
+10 :
» 0 Parallei Negative Clipper
' With DC Aiding Reverse Bias
- v

28
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IF Yﬂuﬁ ANSWERS MATCH THE CORRECT ANSWERS, YOU HAVE COMPLETEQ THE
PROGRAMMEO INSTRUCTION FOR LESSON ). OTHERWISE, GO BACK TO FRAME !
ANO TAKE THE PROGRAMMEO SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. {F YOU
ANSWER ALL SELF-TEST 1TEMS CORRECTLY, PROCEEO TO THE NEXT LESSON.

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 YOU CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARE. HAVING OIFFICULTY WITH. |F YOU FEEL THAT YOU HAVE
FAILEO TO UNOERSTAND ALL, OR MOST, OF THE LESSON, SELECT ANO uSE
ANOTHER WRITTEN MEOIUM OF JNSTRUCTION, AUOIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THF PROGRESS CHECK CORRECTLY.

el
-
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NARRAT IVE
LESSON |

v .

Clippers

This lesson is about ciippers. What do clippers do? ¥Well, from what the
name sounds like, it must clip things. What kind of things? Picture In
your mind e long series of sinc waves or square waves. Take a pelr of
imaginary hedge trimmers and level the tops off the waveform. This is
what a cligper does ~ - - it limits the amplitude of any kind of waveform
to e predetermined level. That's why clippers ere sometimes called
limiters; 30 In this lasson, limiter §s just another nama for a clipper.

Before we get started, let's identify what the clipper is used for in
alectronics. Onc application s to change & sine wave into a square

wive:
-=---~ +100V ‘ s S
) . L ——— 28V
INPUT CLIPPER %W OUTPUT
--100v R A

*potted line shows portlion of waveform removed by clipper clrcult,

Another example is In FM radios and the audio portion of TV brosdcasts.
Have you ever noticed that when you 1isten to FM or TV, you do not get
the noise 11ke you do when you !isten to AM stations? Even in a
thunderstorm, when AM stations are drowned out with snaps and crackles
and your TV picture is fading In a.d out, tha sound on N and TV {3
grest. Why? WNolse Is very high amplitude interference that is plckad
up from lightening, electric mixers, X-ray machines, suto-ignitions
and many other electrical/electronic davicas. In AM, this noise rides
on the trensmitted broadcast snd distorts the waveform. In FM It's
also on the waveform but wa can use a cilpper to remove it and pot ruln

the broadcast.

7
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CLIPPER |ourtl ] - = T

CIRCWT - ]

FM o FM
Slgnll With Noise i Signal Without Noise

In this lesson, we’1l talk about five types of clippers:
Series Positive

Series Negative

Parallel Positive

Parallel Negative

Paratlel Negative and Positive

U e
- n » » L

We'li also consider the effects of bias on these clipper circuits. Now
that we've ldentified the scope of this lesson, let’s review the basic
operation of a diode because it is the key to the cllipper circuit.

A diode has a cathode and anode.” Conduction is only possible from the
cathode to the anode.

FORWARD BIASED REVERSE BIASED
—— CURRENT—" NO CURRENT FLOW

g 4=
5 : WTIWO STATES ‘
N ON er CONDUCTING OFF or CUT-OFF
The cdthoda is the vertical line and the anode s the arrowhesd. When -

the cathode Is negative with respect to the anode, the diode Is said

to be cut off. The dlode 15 forward biased when conducting and reverse
blased when cut off.

35
31
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SERIES CLIPPER CIRCUITS

Now wa'll take » 1ook at the clipper circuit. Functionaily, it can cllp
slther the positive or negative alternation.
| B CLIPPED

AYErA .
" \

/\Uf\' '''' 3 :w e v, U L
\j-.."m CL!PP? _ ‘[\.‘Oﬂlf\ :

‘\l

CLIPPED

Walt & minute! This sound familiar. A halfwave rectifiar does the same
thing. A sariss clipper Is exactly ITke a halfwave rectifier, only It

Is not used In a power supply. Take & look. . .

o -I‘LT . —O

INPUT QUTPUT
' +
o - " ] v
SERIES POSITIVE CLIPPER
39 ‘
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- -

The diode is In seri.: with the input. To make the diode conduct the
input waveform must be negative with respect to anode of the dJiode.
We'll apply a 20 voit peak-to-peak sine wave and see what happens.

ri

it ‘ ~ DIODE REVERSED BIAS
_ o———i¢— —0 « NO CURRENT FLOW
e aemmaee= +¥WV - o
. - [ Y .
__{’\\ l \ Sy .
a U — OV ‘ 4 ‘\j_ - | OV
’ u. -V + : . =10V
v

S0uring the positive half cycie the cathode is more posit!ve than .the
arade. The diode is cut-off and will not conduct. No current will
flow through tha resistor. As a result, the entire series of positive
alternations wil! be missing from the output of this circult.

During the negative half of the waveform the cathode is negative with '
respect to tha anode. Current flows through the resistor. The nega- -
tive alternations pass through the circult without any changes. '

What If m wanted to limit the negative alternations? The situastion,
in this case, would cail for turning the diode mynd. Makes sense, huh?

2

L

A SRV 74 i

2
S

C
{ Eé )

SERIES NEGATIVE CLIPPER

Tha series negative clipper ¢can remove either the positive or negative
portion of aswavaform. ,The easiest way to determine which type of serles
clipper you have Is to hrst try to decide which wey current flows through
the diode and than which way it flows through the resistor.

35 4/ _ ,
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: w' in a series clipper, the only part of the ﬂput waveform that
. Wil show up in the output is that part that forward biases the diode.
Once the diode is cut-off, the output wil! remain at the reference .
level set at the bottom of the resistor {ground in this case). \

Negative clippers remove the negative patt.

-l———————cuﬂﬂnsuf
+3V ° —b —o

f\ | ov I\»mooe CONDUCTS'
AV

+——7=0V (AT POINTA)

\ \/h-moos CUT-OFF
-8y o— : A B

7 0OV
SERIES NLGATIVE CLIPPER

Positive clippers remove the positive part.

ol
"4

CURRENT — ..
———

”y
';' ‘- DIODE CUTOFF
|

— oV (AT pOINTA)
\j.—mooe CONDUCTS

A
V

3

whon]

SERIES POSITIVE CLiPPER
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I‘Q sach of tho below clrcults selact the correct output.

" e .. /] /I'"

Fa
b

-]

+5V - . o
| —4;25]— YO P SRR
-3y V......
| -———tY

] r _/I/I |

A d- K“"“_”
P} " o a- A A;;:“

A i

o= -0 .20
ahn
¥ c-_ N\ o
V..
‘. ov
>
T. b, 2. a
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Up to now, the reference point at the bottom of the resistor (volnt A}
was zero volts. What happens if a DC potential Is placed at point A?
The battery will raise or lower the potential at point A. So when the
diode is cut-off, the output goes to the battery potentlal.

© v cemeemacaa OV

S — (" -10V
] I
ov ov:E "

....... +10V U, . ' 1)
[\ » /\_A-,-,--_‘GV \
oV ] Y .
; Y 71\ 7 REFERENCE AT
\_j_-.‘IOV ‘\_.r' \.,:_-__"’v FOINT “

Eariler we saw that there 8re only two ways to connect 8 diode in the
series clipper and now we have only two ways to connect the blas potentlai.
There are then a total of four combinattons of diodes and batterfes. The

batteries wiii either 8id or oppose the fiow of current in the cllpper
clrcult,

(zJ
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d

WITH NO SIGNAL INPUT. . . .

ST ~—]) .
. _
T o T

&
°_

‘2 -1 «L
-7 +_—--: -;
< i
v [ 3 - s

FOUR POSSIBLE COMBINATIONS

When the OC aids forward blas the dlode conducts with no signal applied.
in fact, the only way to reverse bias and cut-off the diode is to have the

Input signal get large enough to over balance the DC source. Look at the
followlng circuit.

— . -
e e = + KV g m—man +10V
. NG I - +B8V O TR — +5V
A
h ----- ﬁm s -‘w

SERIES POSITIVE CLIPPER

The negative portion passes through the dlode. The positive alternatlon
must exceed +5 volts to cut the diode of f because the battery alds the

forward bl?s.




A
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only those input signals over positive §

“In the preceeding 11lustration,
The negative portion of the input slgnal will

volts will be affected.
# Take a look at the following input and output waveforms.

be unaffected.
—i¢- —o

UNCHANGED

WAVEFORM 15

l/ CLIPPED
........ -0V

In the last combination, the diode remains forward biased untif the posi-
tive bias on the anode s exceeded by the pesitive gofng Input signal.
When the input signal exceeds the battery voltage, the diode cuts-off.
When the diode cuts-off only the 5 volt reference remains in the output.

38
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What s the correct output waveform from the following circuit?

2 [\ ov

”; __________ +10v
S T
----- ~2v

- d. [T v
| —

—————————————————————————————————————

c.

We've just completed half the picture for series clippers with DC bias.
Now, we'll discuss the positive and negative series clipper using the 0C
 alding the reverse bias. In this case, we will remove all of the negative

alternatlon and part of the positive alternatlion.

) SERIES NEGATIVE CLIPPER WITH BIAS

33
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“in-the preceeding illustration, the only time the diode wlll conduct Is
when it Ts-forward biased. The only time it is forward blased is when
the positive portion of the Input signal exceeds the +5 volt battery
potential on the cathode. ~So-by having the battery aid the reverse bias,
the final result Is an output waveform that is less than a half cycle.

The serles positive clipper with the_ DC aiding the reverse bias would -

naturally produce a waveform ldentical to the series negative clipper
but the polarity would be opposite.

+*

...... -V ’ -
[\ : t.. -!‘---- --.\---_”:-3
AoV ! Vol
\\J/ - !:' A Yo
A, : sv

— REFmE .
I-n-

SERIES POSITIVE CLIPPER WITH BIAS

The followlng series may be used to determine the ouput waveform of a
blased serles cllpper.

1. Determine if the series is a positive or & negative clipper.
To do this, you must determine which direction currant. will flow through
the resistor. This is most easily done by determining the ohly possible
direction of current through the diode and then follow that direction
through the resistor. :

2. 1f the serles circult |s biased, set the naw reference level

-at the battery potentlal. This reference determines what the level
wiil be when the diode Is cut off.

T
A w A =y
o= v =
L. .

2
oo

in . AN
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3. Determine whether the battery aids forward or reverse blas. If
it alds forward bias, you should expect to see more than half of the
waveform in the output. Conversely, if the battery alds the reverse bias,
expect the output waveform to be less than a half cycle., Remember, when
the diode cuts off, the output goes to the battery level at point A.

One last self-check before proceeding.

1. The clrcuit below Is a

M=ft]

2. Complete the circuit below to produce the Indicated output wave~
form, :

A B

3. The name of the circult which wili produce the output waveform
1lustrated below is a series (positive/negative) clipper with
bias. -

e »y (" -
é-l----é.x----ﬁ-hov
s \
»
1]
]

Vo

b, in the circult in question 3, (forward/reverse) bias is aided
by the battery,

- e m W m o om o m om A Em om oW s W B B m @M W @ B B ER S M o B B @ T Em o om W™ = o= o=

4
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T. Positive Series Clipper with battery aiding reverse bias.
2. Positive Series Clipper with battery alding forward blas.

A om—idp—0B c_'I_:
ol

3. Positive
4. Reverse.

PARALLEL CL{PPER

-YOu know we would have not stressed the uol'd “series'' unless a parallel
cllppar also existed. -

[
.
-
-

lll'—o

PARALLEL CLI!PPER
Looking at the illustration, we see that the output (s taken across the
diode. The only time we'll read anything is when the diode is reverse

blased or cut-off. When It is forward blased, the diode Is a short cir~
cuit; no voltage can be daveloped across & short.

_krlk__laJ\J\_
Pory
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!n the preceding circuit, which way wouid the diode have to be inserted
to produce the waveform shown?

Thls is called a paralle! negative clipper.

You may have noticed that the operation of the parallel clipper is just
opposite that of the series clipper. In the series clipper, the output
occurs when the diode conducts. In the parallel c¢lipper, the output
occurs when the diode is cut-off. There is rio way of trying to memorize
al) these circuits. Whac is Important s that you be able to flgure them
out.
+1ov * Diode forward

+
o \ Biased nc output

: Niode reversed
_U- ' Y | Biased output
. _L"'

PARALLEL POS:7:v'T CLIPPER

43 o
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We added DC bias to the serles clipper circult; now let's add 1t to the
parallel clipper.

" *
4

COMDUCTS CUT-0FF

1| —p—

alib=—{1|
N |:

Battery Alds Forward Blas Battery Alds Reverse Blas

Let's take the cases where the dlode is initislly forward blesed by the
DC potentlal.

10V “J-~-—--}DIODE REVERSED BIAS
A 'o‘v., [y -=48v RFFERENCE SHIFY
=0V DIOLE~ '.‘ ‘; . (POINT R)
= piaseD -
i I 1
v T T

PARALLEL NEGATIVE “LIPPER WITH BIAS

The only time the dlode In thls circulit Is cut-off s when the Input
waveform goes positive enough to ovircome the forward bies of the OC

potential. Had the dlode end battery bien reversed, the negetive peak
would eppear In the output. _
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Narrative
oV : ~ OUTPUT 7Y,
oY > —'—E—Ir
-0V’ ‘ SV

I

DK, s0 now we'1l look st the cass whers the diode Is inltislly reverss
biesed by the DC potentilel.

PARALLEL NEGATIVE CLIPPER WITH BIAS

The only time the dlode conducts In this circutt (shown above) Is when

the ‘Input waveform goes negative enough to overcoms the DC potentlsl.
Had the dlode and batteary connectlions baen revarsed, ss shown bolow. the

-pooitln peak would have been cut off.
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1

&

The last type of %llpper to be discussed combines the biased positive and
negative parallel clippers. It will remove parts of both the positive and
the negative aitarnations. Each battery must be aiding the reverse bias

of. the diode in its circuit. If it didn't there would be no output.

~

/\ ..... +ufV - \ ° ,..‘..---}dlv
AT waawd -
-2V | \ . - sav

PARALLEL POSITIVE AND NEGATIVE BIASEO CLIPPER

what is interesting to note in this clircuit is that it Is the only combin-
ation of diodes and OC sources that will produce the desired output. So

_ what are ths characteristics?

|. Each % potential aids the reverse bias of the diode in its cir-
cult, ’

2. One branch is a negative paraliel ciipper and the other is »
positive paratiel clipper. Therefore, the diodes myst face .in
opposite directions,

3. In the ctatic state (nc Input signal), the reference leve® will
equal zero. Each battery opposes the other and since they are
equal but opposite In amplitude, a voltmeter connected across the
output will read zero voits.

About the only thing we can do to this ccmbination clipper is to use:-
different values of biasing potential to get different amounts clipped
off the waveform. o .

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST (TENS CORRECTLY, PROCEEO TO THE NEXT LESSON.

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 THMAT YOU CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARE HAVING OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILEO TO UNOERSTANO ALL, OR MOST, OF THE LESSON, SELECT ANO USE
ANOTHER WwRiTTEN HEOIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSYER ALL SELF-TEST ITENS ON THE PROGRESS CHECK CORRECTLY.
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OVERVIEW
LESSON 11

Clampers

In this lesson you will learn about the function of clampers, theory of
oparation of clampers, how td discriminate between different types of
clampers and how to troubleshoot clamper circuits,

+ The learning objectives for this lesson are a3 follows:

TERMINAL OBJECTIVE(S):

20.1.46

Vhen the student compietes this course he will be able to
IDENTIFY wave shaping circuits and thair effacts on input
waveforms by matching an output waveform to a wave shaping
circuit and its input waveform given Input and output wave-
form illustrations and wave shaping circuit schematic diagrams,

ENABL ING OBJECTIVE(S):

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

24.2.46:6

24.2,.46.6.3

24.2.46.7

IDENTIFY the type of clamper output waveforms, glven four/
five schematic diagrams of ciamper types and output waveforms.
1008 accuracy is required.

10ENTIFY by matching, the function of the resistor, the caps-
citor, the diode, and the source (battery) in a basic clamper
circult, given » schematic diagram, a 1ist of functions, and
a list of components, 100X accuracy is required,

OBSERVE and INTERPRET .clamper output waveforms (normsl and
abnorsal), given a training device/circuit, an oscillioscope,
8 job program, a variable bias supply, and a positive and/or
negative clamper circult. Interpret waveforms by answering
applicable questions on the job program. 100% accuracy is
required.
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OVERV!EW

. 24,2.46.7.1 LCCATE al) of the compomghts in each input sectlon, output
section, and conversion section of the two basic types of
clamper circuits (positive and negative), given a tra‘ning
device or circuit boards containing clamper circuits, a job
program, and the applicable schematic diagre.as or technical
manuals. 100% accuracy is required.

28.2.46.7.2 IDENTIFY the type of clamper and the amount and polarity of
bias, given 8 training device, a job program, &h oscilio-

scopa and the appl icable schematic diagram. Either the
" ) oscilloscope waveform or schematic diagram, or both, may be

used in analyzing for type and/or biasing. 1003 accuracy is
required. '

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

| a9
> o 56
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LIST OF STUDY RESOURCES
LESSON 11

‘Clampers

To learn the material in this esson, you have the option of choosing,
according to your experience and preferences, any or all of the follow-
ing study resources:

Written Lesson presentation in:

Module Booklet:

Summary !

Programmed Instruction
Narrative

Student's Guide:

Job Program Twenty Four-1l ''Clampers'
Progress Check

Additional Materiall(s):
Audio/Visual P}ogram Twenty Four=-1l "'Introductlion to Climpers"
Enrichment Hateriai(s);
Markus, J., Electronic & Nucleonics Dictlonar
New York, McGraw Hill Book Co., 1360

Basic Electronlics, Vol. 2, NAVPERS 10087-C -
Fundamentals of Electronics, Vol. 5, NAVPERS 93400A-5

3

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON ODJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY
‘TINME.
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SUMMARY
LESSON I

@ Clampers

Ciampers, sometimes called OC restorers, are used to rajse or tower a

reference voltage. They are used in test equipment, radar systems, elec-

tronic countermeasures systems, and sonar Systems. Depending upon your
equipment, you could find negative or positive ciampers, with or without

bias. in this lesson, you will tearn the function of the different types,

and the circuitry that constitutes each type. Let's look at an 1C0 dia-

gram of a clamper. T e e

INPUT - OUTPUT

+10V - | +20V

oV|==|==]|==] | =™ CONVERSION | ~3n~

—1bv | oV 'iea -

Since you cilpped a sine wave and made 2 square wave In the last lesson,
let's use a cquare wave input. This waveform will vary its amplitude
from 450V to -50V with its reference at 2ero volts., When you apply this
Input to a positive clamper, the output ampiitude will now range from OV
to aimost +100 voits., |If you apply the same input to-a negative clamper,
the output amplitude wiil range from OV to almost «100V. Let's look at
the schematic diagram, T

. 1L .
c_ - + —I ' _‘9
+80v , _ +100v,—
ov FEEN PN e f
=80v _
o= -0

Positive Clamper

38
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-
é

O
+50v, : -

ol 1T

Q

Q

Negative Clamper

Remember when you irserted a DC potential fnto the clipper circult?
It established the output reference level for the circuit. Well, a
DC potential does the same thing fn a clamper circuit. Below are some

examples of biased clampers.

O
2
ov.. - ] |
-20 _ | Poma

Positive CIamper with Positive Blas

o—————+- -
1-25'.- ) +aay
OV.‘ JEDEEE N S . ,
) A ov. .. J._.1_
-25v ' -6V Point A

=6V
o v -0

Positive Clamper with Negative Bias

52
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- At this time you may be asking yourself ‘'How do these circuits ‘work?"

3 * It's al) in the time constants. The diode (forward biased) and capacitor
produce a very short time constant. When the diode is reverse biased the
resistor and capacitor produce a very long time constant. This action
of short and long time constants keeps the voltage acrc~s the capacitor
constant. Keeping the volitage Jevel almost constant across the capacitor
raises or lowers the output voltage reference level. This can be proven
by the apolication of Kirchoff's voltage law.

AT THIS POINT, YOU' HAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST 1TEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTtONS
THE CORRECT ANSWER PAGE WILL REFER YOU TO 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), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
.CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK_ CORRECTLY.

Y -
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Time- waits for no man. . .

ACCIDENTS
WAIT
FOR
EVERYONE

COMPLACENCY KILLS!
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PROGRAMMED  §NSTRUCT ION
LESSON 11| t

Clampers

i TEST FRAMES ARE 11 AND 14. AS BEFORE, GO FIRST TO TEST FRAME 1i AND SEE
IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN
AFTER THE TEST FRAME.

1. Now that you have mastered cllppefs, the next step is to understand
ciampers. Although you generally hear the two names, clippers and
clampers. in the same context, their functions are miles apart. A
clamper's function Is to ralse or lower the reference level of a given
signal. Clampers are capable of changing the reference level of almost
any type of waveform - - - slne wave, square wave, triangular wave or

. splkes,

Clampers have many applications in electronics. One example is found
in an oscilloscope. A clamper circult Is used to prevent the start of
the line trace from shifting up and down.

WITH CLAMPER-~CLEAR WAVEFORM

WITHOUT CLAMPER--WAVEFDRM HOVES
UP AND DOWN, MAKING ACCURATE
READINGS DIFFICULT OR IMPOSSIBLE.

55
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Basically, there are two types of clampers, positive and negative. Let's
look at a functional block diagram of a basic clamper.

O . O
+80V ' POSITIVE | - OUTPUT :
) . above
ovi= ~|==|== qround
- . | reference
o o

P

Using the ICO concept, look at the positive clamper's Input. The Input
swings from +50 volts to -50 volits. In the output, the same voltage
waveform Swlngg from 0 volts to +100 volts. ) "

A positive ctamper takes an input voltage with some glven reference
level and clamps that reference level to a tevel.

-------------------------------------

more positive

2. A functional block dlagram of a negatqu ctamper would look 1lke this:

o~ - -0
+80V 'NEGATIVE on-- T ourput
s , below
(e} R E A ] RS ground
, : reference
~80V CLAMPER- -100V . . )

X .

Both ciampers bear a striking resemblence ~ - except for the output.
Notlce that the output of this clamper swings from OV to -100V.

A negative clamper takes an input volitage with some given reference level
and clamps that reference level to a level,

-------------------------------------
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more negative

3. A clamper 1s sometimes referred to as a DL restorer. What this title
means -is that the circult adds a fixed reference level to a signal which
has a varying reference level or none at 2t1. In the figure below, we
have a signal that swings frc. a positive voltage to 2 negative voltage
and has OV for an exact midpoint.

But some electronics circuits, for one reason or another, need an input
reference other than zern. In a clamping circuit, the output appears to
be "riding"” on some DC fevel. ’

A DC restorer will:

a. change an AC signal to DC.
b. add a DC leve! to an AC signal.
c¢. cause PC to ride on an AC level.

add & DC level to an AC signal.
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&, OK, you have seen the input and the output. Now, let's open up the
“hlack box'',
’ r--*------------

|
'

I

I
]
I
]
]
]
]
-
]
]
L

L
’ e ]
- ol
+30v- +J00v-
ov- . )
-J*v- n ov- :
_input output

-

All there is in there is a capacitor, a diode, and a resistor. How can
these three components do all. this clamping?

It's all in the time constant. The capacitor and the resistor together
must produce-a jong time constant. The capacitor and the dicde produce
a short time constant. TheSe two time constants allow the capacitor to
maintain an aimost constant voitage,

In the positive clamper the diode-capacitor combination has a very
time constant and the resistor-capacitor combination has a
very time constant,

short, Tong {in that order}

e
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5. Let's start with an RC network.-

input 11 output 5
© 11 R

Aay Input that is applied to this network will be divided across the capa-
citor and the resistor. If the RC time of the network is long compared

to the: period of the input wav~form the majority of the waveform will be
dropped across the resistor & very little across the capacitor. The
signal will be. passed to the output with very little change.

+50V | --- o—| +50V [—a--- . |
°V-L"r"----- “ |78 OIS Iy i

. . '
To Ty Ta T3 - To T T2 T3
At T3 let's insert & diode into the circuit. -
---.HI—' . +m' - - - P ]
: W2
SExzork--|--
# -
Y 1K)
P —— - - ﬁm el - - - -
T3 Ta W T2 T3 Ta

As soon es the input signal goes below zero volts the diode will bn for-
ward biased allowing the capacitor to quickly change its charge. Now,

et Th, there will be ~50 volts on the left side of the capacitor and zero
volts on fts right side. 2

What will the charge on the capacitor be at T4?

-------------------------------------

66
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| .

6. DOuring the negative half cycia of the Input signal (T3 to T4) the
capacitor was charged to 50 volts., At time Th the input changes to +50V.

. The diode becomes reverse biasad giving us a long RC time constant again,
The capacitor keaps Its 50 volt charge,

+80YV

ov |-~--

-80V " ="~
T2 Ty

With +5D volts st the input in series with +50V across the capacltor
uhat will the output voltage be after time T4?

+T00V
> e
7. Dburing time Th to 75 the output i3 +100V. . ¢
+50Y - - - +100¥; ~wmgp ===
"
ovVfF---f--t--- +50v
T2 T Ta Ts Tz T3 Ta T

The capacitor tries to dlscﬂzrge but becauss the dlode 1s now reverse
blasad and will not conduct the discharge path is through the resistor.
We now have & tong RC time constant and the capacltor does not lose
much of its charge. What is the charge on the capacitor at time T5?

-------------------------------------
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Yha charge on the capacltor 1~ still close to 50V.

8. Durlng the negative half cycie of the input signal (time T5 to T6)
the diode will be forward biased long enough to allow thé capscitor to
charge back to 50 volts and make up for any !osses hat occured during
the rest of the cycle. '

.+so' L

YL PEEE
.

T3 T4 75 Te

mT
1

if the input to the circuit shown sbove is 8 sine wave what IS the most
negative voltage that couid be found in the output?

Wi e o e g W dr M PR M W e e e m e N W a Em ae r E E w  E w e W o e

6&
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=100 voits

10. There is & quick way to determin: If your circuit is & positive
clamper or a negative clamper. If tie diode symbol points down...it Is
a negative clamper. If the diode symbol points up...it's a positive

’:i clamper,
o} +———o o} —

Y

0100E POINTS TOWARO REFERENCE OI00E POINTS AWAY FROM
REFERENCE
NEGATIVE CLAMPER POSITIVE CLAMPER

in & positive diode clamper the diode will duting the
negative half cycle and will - during the positive half
cycle,

conduct; cutoft (in that order}

/1
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11, TEST FRAME

Indicate whichi of the circuits tllustrated below are ¢clampers and whether
they are poslitive or' negative.

:—I_F —o :;’VV\, I
RIS
:"{-_—l I° tLL-’V'\/\r——I -0
o i © o l % -0
:-_“_____ -y
T
c [ . . Y
- —¢— .:-:f_' —o

THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS G{VEN
AT THE TOP OF THE MEXT PAGE,

63 70
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A. Positive.

C. HNegative
F. Positive
H

Negative

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 1&4. OTHERWISE, GO BACK TO FRAME | AND TAKE THE PROGRAMMED
SEQUENCF BEFORE TAKING TEST FRAME 11 AGAIN.

12. Remember what happened when you placed a DC potentlal In a ¢lipper
circuit? You can do tha same thing in a clamper. These clampers are
called biased ¢ rs. The amount of DC potential willi always be .ne
output reference level, Just Iike the clipper clrcults.

Each type of clamper {negative and positive) can be blased wlth elther
e positive or a negative potential. _

What would be the output reference level of a negative clamper with &
bias potential of -5 volts and an Input voltage swing from +50V to =50V.

“5 volts

13. Some examples of ! lased positive or negative clampers can be found
In oscllloscopes, electronic countermeasures, rydar, and sonar Systems,
Il1lustra‘ed below are the varlous types of clampers.

o |-
! 60 —

+78
oved -4 -4 A
.78 wo-1 - - LPointa
—. 10v op -~ ==--—
o- —— o

Positive Diode Clamper w'th Positive Blas
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o- , 3 o

fwmmi vy

Negative Diude Clamper with Negative Bias

65




P.1. Twenty Four-tl

Clampers with positive and negative bias may sound pretty confusing. We
have a rule to save you time: )

K (1) Since the diode points away

o—-| ¢ from reference; it Is a posi-

tive clamper.

(2) Point A = +5V,

(3} Therefore: ]

e it —° - .
| (1) Now the diode oolnts toward

the reference; it Is a
negative clamper.

(2) Polnt A 1s stil] = 45V,

(3} Therefoie:

°

~7
[y
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J (1) Diode points away from refer-
o= " -0 ence; It is a positive clamper,

(2) Point A = -10V.

(3) Therefore:
ov

67 74
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cr________{' ' (1) Diode points toward reference;
-0 it is a negative clamper.
(2) Point A = =10V,
(3) Therefore: . OV
A S
oV )
=10V

Negative clampers place the entire waveform (above/below) the reference
voltage. Positive clampers place the entire wavetorm {above/below) the
reference voltage.

-------------------------------------

below, above (in that order)

s
~F
(A

-\ 68




14, TEST FRAME

tdentify by nérﬁe each of the circults illustrated below and draw the
proper output waveform of each.

|

+50V |
-850V -
T
3
B.
+28v
-2V l
- 8V
o- —— -©
c>— o
+*+N,

l|‘—-|||

D 0 l
+180M
45 -1V
o — —o

-------------------------------------

THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
RIVEN AT THE TOP OF THE NEXT PAGE.

" 69 rds
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P.
A. Negative clamper with positive blas.
+10 . *
OV == === =~ |~ o
-” L o
B. Positive clamper with negative bias.
+48
wo. -s - —
C. Positive clamper with positive bias.
+ 21
+3 4 &

O e — =
0. Negative clamper with negative blas.

Ov — = - -
-17
-317 - -

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PRG -
OTHERWISE GO

GRAMMEO INSTRUCTION FOR LESSON 11, MOOULE TWEATY FOUR.
BACK TO FRAME 12 ANO TAKE THE PROGRAMMEO SEQU:NCE BEFORE TAKING TEST ]

FRAME 14 AGAIN.

77
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THIS COMPLETES THE PROGRAMMED INSTRUCTION FOR LESSON It, MODULE TWENTY
FOUR. - :

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. I|F YOU
ANSWER ALL SELF-TEST ITEMS CDRRECTLY, PROCEED TO THE NEXT LESSON.

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 50 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), OR CONSULTATION WITH LEARNING SUPERVISDR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CULRRECTLY.

78
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NARRAT IVE
LESSON 1}

Clampers

This lesson deals with:

1. DC Restorar Clircuits
2. Basaline Stabillizer Circulits
3. . Claaper Circuits

Sounds like » lot of sophisticated circuits? Fortunately all three names
describe the same circeit, so from here on out we simply will call them

clamper circuits. Clamper is a name that better describes what the
clircuit will actually do for us. The clamper merely raises or lowers -
the refarence level of the waveform and holds the signal above or below

the new clamp level,
-~ NEW
REFERENCE
LEVEL

CLAMPER : ov

The .1esson on clippers shows how we can modlfy any waveform by limiting
the amplitude to a predétermined level. Another way of manipulating a
waveform is by using & clamper., By the time we've finished wave shaping

circuits you will see that we can do just about anything we want to @
waveform,

I

" Why are clampers important? To give you an idea, consider the line
trace across the 1isplay of an oscilloscope. 1t always starts at the

same point on the left side of the screen and travels across to the
right side.

- OSCILLOSLOPE OVSPLAY WITH CLAMPER CIRCUIT

74
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Clamper circuits ensure that the line trace always starts at the same
point (x. this is our reference point). If we did not have a clamper
circulit for holding the.line trace, we could have had the following

problem:

OSCILLOSCOPE DISPLAY WITHOUT A CLAMPER CIRCUIT
Vithout the clamper circuit, there is no guarantee that the line trace
will start at the same point. So we could have many horizontal lines
_ shifting up and down. This makes waveform anaiysis extremely difficult.

Basically, there are only two types of clampers, positive and negative.

- - — —4100 :
POSITIVE S 7‘ - -+80 c —80
. ov —ov B
CLAMPER
CONVERSION OUTPUT CLAMPER SHIFTED -
REFERENCE
NEGATIVE
ov - -0V
- CLAMPER ‘%‘_m Q = g0
-« =100
H CONVERS ION ) OuUTPUT CLAMPER SHIFTED
REF _scNCE

BT
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Llooking at the illustrations, you can readily see that a positive clamper
converts a waveform ranging from)-50V to +50V to a waveform which varies
from OV to #i00V. The same fnpyt into a negative clamper changes the
signal which varies from -S5OV +50V into a signal that varies from OV
to ~100V. Both positive and negative clampers do not change the shape or
amplitude of the waveform, they simply put the wavelorm either above
(positive) or below {negative) 0 volts, A clamper's input could be al~
most anything - - « square wave, sine wave, trianguiar wave or pulsed in-
put - = - only the output reference will be shifted. Some students- con-
fuse clippers and clampers, but you won't, as long as you remember that
clampers oniy shift reference levels while clippers change the waveform,

We've talked about input and owtput; this only lesves the conversion s.age.
‘Look at the illustration #8gain,

. | o ,
A P — convension |——SUTPUT |

Assume the Input amplitude varies from +IV to ~1V. If you want a vol tage
amplitude of OV to +2V, you'd use & positive clamper. Let's open up the
conversion Stage and gaze at the electronic clrcui;ry that accompiishes
this feat.

INPUT

-POSITIVE CLAMPER

This llftfe marvel of electronic sophistication will not 6nly convert
sine wave inputs, but many other types of waveforms as well..

. . - |
We have looked at a positive clamper. ' The negative clampes has the
diode connected the other way. Take a look and compare the positive
and ~=gative clampers. .

L ' 51
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N

o

o ——y— o ‘*‘li—} i -0

POSITIVE CLAMPER = NEGATIVE CLAMPER

What makes this circult '"tick"? Well, it's all in time constants., The

capacitor will charge quickly through the diode (short RC time constant),
but it will discharge very slowly through the resistor when the diode is
cut-off. in the positive clamper shown above, the diode will conduct and
the capacitor 'will charge to the. input s'jnal's pesk voltage whenever the \
top of the diode tends to go negative. When the input signal chenges '
polarity the diode will cut-off and the sum of the signal voltage and

capacitor charge wil] appear at the circult output, The long RC time

constant will hold the capacitor charge nearly constant, and the output
signal will be entirely positive, . -

7
During the first cycle or two, the capacltor charges up to the reference
voltage. After that, everything settles down to a nice clamped output.
Since you -are concerried mainly with how to recognize & malfunction and
to repair that malfunction, you needn't worry at this stage oi the game ?
about why It works the way it does. |[f you are really concerned, you
ran refer to the P.|. for a mora detalled explanation.

Now let's Jook at the difference between basic positive and negstive
cliampers again, ‘iere is & positive clamper - -

o——}
L Jesrer

+10 =

INPUT wi_“m:}‘ ,

3

S

15 §2
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_and here 1s » negative clamper - ~

o It
o- i

T- ' ounr

As you can see, the only difference is that the diode s turned around.
Both clrcults work the same way, using the RC time constants to clamp
- the waveform above or below the reference leval, iIn this case, the
‘reference 1s polnt A or ground. !t works 1lke another clrcuit you've had.

" Remember when you placed a potantlal in the clipper-circuit? You can do

the same thing in clampers. Thils s called a biased ci r. The amount
of DC potential will always be the new reference Tevel.

-0

—POINT A

?’F‘wv

Esch clamper (negative, positive) can have elther negative or positive

: blas.

1
— | o

+10

I

Positive C} .mper With Positive Blas
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o——— |- —o

mﬂ--‘-‘-

-10v="
Q o
Negative Clamper with Negative Blas
i
o -1 o Point A
O
*m--. A N ovl e AR
ov-- ooven Vo )
-w-. - -

—- 10V

Negative Clamper with Positive Bias

.« Want an easy way to tell which side of the reference line the waveform
will be located? took at the diode!

Points away from the reference (Point A) - Poslitive
clampes waveform located above voltage at point A.

A

Points toward the reference - Negative clamper, wave-
form located below voltage at point A.

A

See how it works? If the symbol points up, the diode 1s a positive
clamper and the total lnput waveform s located above point A's voltage.
Point A's voltage can be positive, negative, or zero volts.

n 54
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Let's analyze the following circuits:

o—] 0

r

78

Twenty four-11

1) Diode points toward the refer-

ence negatlive clamper.

2) Point A = -10 volts.

10

1) Diode points toward the refer-

ence - negative clamper.

2) Point A = +15 volts.

+15

1) Diode points away from the

reference - positive clamper.

2) Point A = +8 volts.

§3

+8
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The clamper ¢ rcuit with OC bias Is simplte. With one additional component,
we'll understand how an oscilloscope can move the line trace up or down. .

o——} —— o

y -
[

80 ‘ conter seop"
—  down

- O'scope line
o— L 4 trace signatl

" The output can be changed over a range from OV to 100V to move the clamped
signal anywhere we want to. 'The oscilloscope's line trace could, there-
fore, be*moved up or down.

Circuits of this nature are used in radar systems, test equipments, elec-
tronic countermeasures systems, and sonar 5. items. . In your role as a
technician, you may encounter clamper circuits quite frequently, K depend-
ing upon your equipment. In any event, the recognition of the clamper
circuit, and knowing what output comes from what types of clamger, |s
extremely helpful in the 1C0 concepts of the interconnecting circults.
This working knowledge of basic circuits will make your job easder, and
liberty call could come more often.

AT THiS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSCV,

I¥ 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 YOU.CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARE HAVING OIFFICULTY WITH. 'F yOU FEEL THAT YOU HAVE
FAILED TO UNOERSTAND.ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WR!TTEN MEOIUM OF INSTRUCTION, AUOI0/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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. ACCIDENTS COST MORE MORE THAN MONEY
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OVERVIEW
LESSON |1

Integrators/Differentiators

This lesson deails with square wave shaping circuits. Although integrators
and differentiators only contain two components, the relatively short or
long time constant of these components produce completaly different out~
put waveforms. These new waveforms add to our growing lisc¢ of possible
"ecreations' from our basic sine wave and square wave,

The learning objectives of this lesson are as fol lows:

" TERMINAL OBJECTIVE(S):

24.3.46 When the student completes this course, he will be ahle to
JIDENTIFY wave shaping circuits and their effects on input
waveforms by matching an output waveform to a wave Shaping
circuit and its input waveform given input and output wave-
form illustrations and wave shaping circuit schematic diagrams.

ENABLING OBJECTIVE(S):

Wher ‘e student completes this lesson, he will be abie to:

24.3.46.8 IDENTIFY by selecting, the schematics for RL and RC integra-
tor and differentiator circuits, given a set of schematic
diagrars. 100% accuracy is reguired.

24.3.46.9 ANALYZE the conversion action in RL and RC differentiator/
integrator circuits, by matching given input and output
waveforms to the correct schematic diagram, with 1003
accuracy.

24.3.46.10 DIFFERENTIATE ''long" and "shost' time constants of RL and RC
circuits used as integrators differentiators, given flve '
time statements, an PC circuit and an RL circult, and select-
ing the best statement of relative time constant length. 100%
accuracy is required.
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" OVERVIEW

24.3.46.11 OBSERVE, INTERPRET, and RECORD the effects of varying the
time constant or an RC differentiator circuit, given a
training device/circuit, an oscilloscope, and a job pro-
gram. Recorded observations to fall within tolerances
stated in the job program.

24.3.4€.11.1 LOCATE and I0ENTIFY integrator ar ' different.ator crmponents
installed in equipment, given a «raining device or circuit
boards containing integrator/differentiator clrcuits and
circuit schematic diagrams or technical manuals and a job
program. 1002 accuracy is required.

BEFORE YOU START THIS LESSON, REAO THE LESSON LEARNING OBJECTVES ANO
PREVIEW THE LIST OF STUOY RESOURCES ON THE NEXT PAGE.
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. LIST OF STUbY RESOURCES
LESSON 11!

_ Integrators/Differentiators

To learn the materiai in this lesson, you have the option of choosing,
according to yodr experience and preferences, any or all of the follow-
ing study rescurces:

Writien Lesson nresentation in:
Module Booklet:
Summary

Programmed instruction
Narrative

Student's Guide:

Job Program Twenty Four-1!t-1 "Introduction to Integrators"
Job Program Twenty Four-1if-2 "introduction to Differentiators"

Progress Check a

‘Additional Muterial(s):

Audio/Visual Program Twenty Four-111 "Introduction to Integrators
and Differentlators®

Enrichmént Material(s):

Electronics Instaiiation and Maintenance Book, Electronic Circuits,
NAVPERS 0967-000-0120

~ YOU MAY USE ANY, OR ALL, RESOURCES L.STEO ABOVE, INCLUDING THE LEARKING
SUPERVISOR; HOWEVER, ALL MATERIALS LiSTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY 8E TAKEN AT ANY

TIME. - | " 5;1
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SUMMARY
LESSON 111

lntegrators and Oifferentiators

In this lesson we will disci1ss integrators and differentliators. These
circults are used for waveshaping; both hava square wave inputs. Inte-
grators have triangular waveforms for outputs, -

P

. RC INTEGRATOR
INPUT ]. OUTPUT /\/\/\

0

RC INTEGRATOR

The output !s taken across the capacitor. The time constant of the RC
network s 1ong with respect to the time of the input puise width, The
time conszant will usually te 10 times or more longer than the 'mput
pulse width,

O “RC Inxegrator
10010 T =RC
| © .00 X 10 X 1¢7®
I = | msec
" . ]
RC INTEGRATOR

In short, RC integrators have the following characteristics:
1. Square wav2 input - triangular ocutput,
2. The output Is taken across tha capacl:ior,

[+3

3. RC time constant Is long with respect to the input width;
usua' ly 10 times or more longer,

Bs 32 S
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This lesson also concerns itself with differentiators. Differentiators
are the opposite of integrators. Differentiators also have a square
wave input but produce spiked or pesked waveform outputs.

-0

OuUTPUT I |
0 :

. RC DIFFERENTIATOR

The output s taken across the resistor. The time constant is short with
respect tc the input pulse width. The time constant will usually be 10
times o more less than the input pulse width.

o 0

TC = RC

E‘ I'_] 00 © =10x.01x 1078
| k

'"’. ' L] .I ysec

T LO1uid

. —

RC DIFFERENTIATOR
The characterisztics of an RC differentiators are:
1. Square wave input; spiked or peaked waveforﬁ out.
2. The output is taken across the rasistor.

3. The RC time constant is short (usually T% or less) with respect
to the input pulse width.
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There are also L/R differentiators and inte rators, because at low
f-equencies capacitors must be very large and this Is not practical.

o~ 0 o
o~ o- - O
1/R INTEGRATOR L/R DIFFERENTJATOR

The characteristics of the L/R Integrator and diffzrentiator are the
same 35 the RC circuits, except inductors are used instead of capa-
citors and the outputs are taken from different polnts. The L/R in-
tegrator output is taken across the resistor and the differentiator's
output Is taken across the coll. )

Another difference is the method in which time constant is figured.

The Inductance Is divided by the resistance, Tc = %. instead of muiti-
plied like the RC.

The following jingle may help you remember the type of outputs Integra-
tors and differentiato:s produce.

) saw D splkes.
I = Integrator = sawtooth waveform.
D = differentiator = spikes {peaked waveform)

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. 'F YOU

ANSWER ALL SELF-TEST )TEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

{F YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK OUESTIONS,

THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATF PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS i
LESSON YOU ARE HAVING DIFFICULTY WITH. |IF YOU FEEL THAT YOU HAVE i
FAILED TO UNDERSTAND ALL, QR MOST, OF THE LESSON, SELECT AND USE B
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL HATERIALS {IF N
APPLICABLE), OR CONSULTATION WITH LFARNING SUPERVISOR, UNTIL YOU :
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. /
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PROGRAMMED INSTRUCTION
LESSON 1}

Integrators and D!fferu_:tlltors

TEST FRAMES ARE 3 AND 1). D TO FRANE 3 AND SEE IF YOU CAN ANSWER THE
QUESTIONS. FDLLOW THE OIRECTIONS AT THE END OF FRAME 8.

1. iIntegrators and diffarentiators are complex names for vary simpla
clrcults. Yoy already have all the theory you need to understand how
they work. It Is oply the application of this theory that will be new.
For exampla, you ara famlllar with RC coupling used to transfar slgmls
Into and out of an amplifiar. - You also know sbout time constants.
Integrators and dlffarentiators are nothing more than & resistor and
capecitor with c!lffeunt time constants.

- Let's taka something you've already learned first = - = RC coupling.

RC COUPLING

The waveform Is not changed becausa of the ralationship betwesn the time
ccnstant and pulse width. The time constant must be long calparod with

the pulss width. That statament may not be very clear so let's look at

the following illustration:

The pulse width 1s the time It takes to complata & half cycle. The
_time It takes to compiate one cycle Is called the perlod.
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i
PERIOD = Frequency

.22%192,. Pulse Width

'A T Ts

¥ I. TA to TB = Pulse Width

-

2. Tl to T2 = Period

3. Number of Cycies = Frequency

2 HZ

If the period is .5 seconds, the pulse width is and the
frequency is . e
.25 seconds; 2Hz (in, that order) -

2. Let's find the RC time constant of a 500KQ resistor and a iOuf
capacitor. - ' , ‘

The time constant of an RC circuit is eywual to:

The resistance times the capacitance B
{R) (C) = One Time Constant '

Tc = 500 K X §0.4fds -
- .5 x 10* + Yo.x-7078

Tc = 5 X lo° or 5 seconds

&

In our example, we see it takes 5 seconds for the capacitor to charge

to 63.2% of source ampiitude. We know that five time constants equals

the time it takes for the capacitor to fully charge. So if one times *
constant is 5 seconds, the capacitor will take 25 seconds {5 X 5) to

fully charge.
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If our resistance equals 5 M Q and capacitance equals | ufd,l what Is
the time constant?

[ 4

.Same result with
different values.

TC=5X10"+1X10 |
-SXlooorS!ecoggls

3. If we have a ““fo.; whose pulse is .5 seconds, our RC time constant
of 5 seconds will allow the waveform to pass.without changes.

4

s

PULSE WIDTH

1. Tl'to T2 = 1
second = period

ov ' 2. Pulse Width =
.5 seconds

3. RC time constant
must be long com-
pared with pulse

|
1

—_— 1 width; In this

case 10 times.

- S

Y

°._| 

[

i

L 4

The "~ must be at least 10 times greater than the
f,r the square wave to pass unchanged.

¥ 91
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P.I.

4. Now, if the RC time constant is reduced by a hundredth or equais .05
seconds, what will happen to the square wave? :

o—iF-
ol

\ .
The output will be spikes. The capacitor charges and discharges very

quickly compared to the pulse width. So when we have a8 time constant
that is 1/10th or less the input pulse width, the circuit. is called a

different iator,

Match the foltowing colums:

f. RC coupling A. Short time constant
2. Differentiator B. Long time constant

S. Let's break the input waveform into parts and see how It works.

Lock at T! in the figure below.

The input voltage changes very rapidly from 0 to 100V at Tl. This rapid
change ‘'sees' the capacitor as a short circvit., All voltage is dropped
across the resistor. -

oo ... 100V
- oV r ;__-_: ’j' WI
T T2 13 —
Now Jdok at TV to T2. , ,T1
—~ s
ok I«A'-J_'*_? - ﬁ
Pl : -~ ’;
9
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The short time constant aliows the capacitor to charge quickly to +100
volts. The voltage across the resistor drops to zero.

o—
100V “’ZL ¢

7 R : T T2

R :
Now look at T2.

The input waveform drops from +100V to OV at T2. This'is a negative-
going change. The output goes from 0 volts to -100 volts. The output
momentarily feels the charge on the capacitor.

°—| +100V
100V : *
[}
1
ovl l.-.._'
- 100V
™ T2 T3 ™ T2
100!
. 100V
ov
™ T2 713 100y

T1 T2 1'3

During T2 to T3 the capacitor quickly discharges back of 0v.

In summary:
) I 100y

wwl _ |
’ ad : 100v

ERIC, * ¥ 1

AV ]
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..‘ *
If the Input never goes more negative than 0 volts, why does the output
go to.-100 volts?

o

‘When the input goes negative it changes by 100 voits. The entire Change
will be felt across the output so the output must also change by 100

o volts, Since the output starts its change at OV it ends up at -100V.

© {or words to that effect) ’ : .

6., We have discovered that a differentiator is like an RC coupling
‘circult with a time constant that is one-tenth of the pulse width of the
input waveform. The output of the circuit is taken across the resistor.
Sometimes the circuit is drawn slightly different but the function will
not change.

select the circuits that are NOT dffferentiators.

A. » +

-

/ g C*--* ¢ - D .

r .
H t - \ y
1 L)

. 2
- om W W A W mom W W om W om s om s m W m ow om o om E W o o m E m = m o omoEsm momom om oW

191

_ o
e o / . _ #




P.I. o _ ' : .« ._ Twenty Four-1t1|

7. So far, we've talked about RC circuits with the output taken across
the resistor. Now .let's talk about RC circuits with the output taken
across the capacitor. This élrcui; is called an Integrator and the RC
time is usually long (at least 10 times the input pulse width).

!_" °——Wv14 ‘.
- 1

| TC = 10 usec
N

T usec

The flgure above shows a» (long/short) time constant.

lzng

8. TEST FRAME

From the two tists below select one statement from each that best identi-
fies: . . '

an Integrator ; a Differentliator

1. RCT = 4/10 Pulse Width a. Output taken across the resistor.
2. RCT = Pulse Width " b, Putput taken-across the capaclitor.
3. RCT = 10 X Pulse Width * :

(THIS IS A TEST FRAME. COHPARE YOUR ANSWERS WITH ‘THE CORRECT ANSWERS
GIVEN ﬁT THE TOP OF THE NEXT PﬁGE )

/ . P

P
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& (
an Integrator _ 38 ; a Differentiator _ 1A

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO ON TC TEST FRAME 11, IF
NOT, GO BACK TO FRAME | AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING -
TEST FRAME 8 AGAIN. ° .

»
E

9. The integrator clrcuit's time constant Is far longer than that of
. the input pulse width, Look at the followling Illustration:

" INPUT - CONVERS 10N OUTPUT

& nc 2 ,’)“"s;
CIRCUIT T T T

. 10 usec
n : pulse width

Pulse width = 10 usec -

COMBINING INPUT AND OUTPUT

* .
. : -,
-

Solid Line & Input uavef;:»rm

Dotted Line = Output waveform «  [-="{ Tngl " C~ao) -




Twenty Four-111

The same type of thinking applies to integrators that applies to differ-
entiators. The integrator's longer time constant means it takes lopger
to charge and discharge. The resultant waveform is called-—-a triangular

waveform.

TRIANGULAR WAVEFORM

L]

If the pulse width is 1.23 useconds, what must the TC be if you want an
Integrator? differentiator? )

12.3 usec = integrator; .1Z3 usec = differentiator

10. It would make sense that if we can use the RC circuit's time constant
to change a square wave, we should also be abie to use the L/R circuit.
RC clrcuits are used about 80% of the time because they are cheap and
easy to use. L/R circuits cost more and take up a 10t mure Space. How-
ever, at very low frequencies the capacitor size gets very large, so we
use L/R circults.’

LOW FREQUENCY USES L/R CIRCUITS ‘4

Another piace to use L/R integrators and differentiators Is with tuned or
tranisformer coupled circuits. We simply insert & résistor with the in-
cuctor Or transformer to get the waveform we neqd. :

The major difference between the L/R and RC circuits is where you take
the 0utput from. .
®

1n RC circults:

. r [}
DIFFERENTEATOR INTEGRATOR
(Across the resistor) (Across the capacitor)
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DIFFERENT IATOR INTEGRATOR
(Across the coil) . (Across the resistnr)

RC anfgrenteators have a Iong/short) tlme constant. L/R Differentiators
have a {long/short) time constant.

short; short ({in that order)

105
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1. TEST FRAME .

Ydertify the circuits illustrated below by name ;-

.OIE __*"--.. "

bl
-
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-
-

Correctly match the waveform to the circuit which will nroduce it: -

A.I 1 .M., & MUE c. _
_ E ‘ﬂ;-;j- h\n.b,,_ 4”\\\\/,f’\\\\/,
A

- All,waveform pulse widths = 2 seconds,

5 O AAA | .

7.

K-

TC = 20 sec . TC = 20 sec
6"

o—|

TC = 0.2 sec . TC = 0.z sec

e

7 TC = 20 sec

S % .
(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.). c

107
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2
.
H—.

Y

integrator
Oifferentiator
Oifferentiator
integrator

. .
R B B e
. . a

[\omu
PO EO

IF YOUR ANSWERS MATCH THE CORRECT ANS4ERS, YOU HAVE COMPLETED THE PRO-
GRAMMEO INSTRUCTION FOR LESSON |I1. MODULE TWENTY £OuR. ERWISE GO
BACK TO FRAME 9 ANO TAKE THE PROGRAMMEO SEQUENCE BEFURE TAKING TESY
FRAME 11 AGAIN. ‘

AT THIS POINT, YOU MAY TAKE THE LESSCN PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST JTEMS CORRECTLY, PROCEEO TO THE NEXT LESSON.

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 YOU CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARE HAVING OIFFICULTY WITH. 1IF YOU FEEL THAT AOU HAVE
FAILEO TO UMOERSTAND AL)L, OR MOST, OF THE LESSON, SELECT ANO USE
ANOTHER WRITTEN HE:&EE/%F INSTRUCTION, AUD10/VISUAL MATERIALS (IF
APPLICASBLE), OR CO ’!I‘ON WITH LEARNING SUPERVISOR, UNTTL YOU

CAN ANSWER ALL SELF-TE ™MS ON THE fROGRESS CHECK CORRECTLY.

e a
f R ) . - . R .—1 . :0‘
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. NARRATIVE
S LESSORC 11

Integrators and Differentiators
Let’s look at & couple of very simple circuits. Both circuits have the
samp components = - = -~ = resistors and capacitors.

The first circult we will look at is an integrator.

P “ I

CINPUT

L C ouTPUT

RC Integrator
Figure 1

As you can see, this is a series RC circult, and the output is taken
across the cepacitor. The input to en integrator wiil be a square
wave and the output Is » smtooth wave.

-

. o Figure 2

We put in & square wave end get out & sawtooth wave. What would we
.ever want with @ sawtooth wave? The signal thit causes the horizontal
sweap In en oscilloscope is & sawtooth waveform. The amplitude of th~
sawtooth wavefurm determines how wide the CRT's dispiay ul 11 be.
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t
>

‘ﬂl

!
LAV

: ] ] : : ] ]
E [ ) . i
[
+8V! ' ' ' ' ' '
v :

L

EC

Figure 3

Lat's review how time constants affect the vo!taﬁ across each component
in a series RC network. Look at the waveforms and schematic in Flgure 3.
At time (To) the switch (S1), is opened and there is no voltage on its

moveable arm. Also, with (S1) open there is no current flow in the RC
network. With no current flow we will not have eny voltege dropped
across the resistor (h) or the capacitor (C). ‘ .

As soon as we move the switch'(S1) to position B at time T, we Instan-
tanoously feel +5V ecross-the resistor, The capacitor acts like a short
circuit end drops OV, As time passes, the capacitor begins to charge,
sand drops more and more voltage and the resistor drops less and less.
At tima T2 the canaciter is fullv charaed and wa fael 0 volts across the

b 12
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Now, 1 f we put SI to poﬂtlon C, the capacitor is charged to 5V. The
resistor instantaneously feels the entlre charge (T3). As the capacitor
starts to discharge (T3 t~ T5) less and less voltage Is felt across the
resistor. At (75), the capacitdr is fully discharged and we have 0 volts
across both the capacltor #nd the resistor. Moving the switch back to
position B (T75) will start the cycle over again.

To take on 8 full charge, 5 time constent are required. To discharge
completely It also takes 5 time constants. The longer the time constants,
the more time it tekes the capacltor to fully chdrge and discharge. (n an
Integrator the output Is taken across the capacifor. if the cupaclitor is
8llowed to charge fokflu time constants the output will look 1ike wave-
form EC (Figure 3). A good sawtooth wave on the other hand should not be
curved. What we do in an integrator Is to maks the RC time constant long
(10 times) compered to the pulse wi~th of the input signal.

An RC integrator Is illustrated below. RIght away you can see the cir®
cult has @ resistor and & capacitor, and that the output Is taken across
the capacitor. o

| o—I—-oou"m /\/

Figure & .

A pulse is the time the signal tekes to complete gne half cycle. in the
sksve Tllustration the pulse width is 50 usec. if this Input pulse width
is one tenth or less of the RC network time constant, then you tan say
you have ® long time constant. What thi: means is thet we allow the
capaclitor to charge for only 1/10 of the RC time wnstant. This will
glve us a better sawtooth.

ad ]2
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Mow, let's give the network some values - - -

R=500 : )

* .Ic=1o ufd

Figure §

With a little mathematics it can be seen that the RC net\«g,k"'l‘las a long
time constant with respect to the input pulse width. _

Te = RC -6 —
Tc = 50 X 10°X 10
Te = 500 usec

Input Pulse Width - 50 psec =
RC time constant = 10 X Pulsewidth

Now that we have estab!ished that this is an integratorl.h l.e‘:‘s a=ply -
an input and see what happens. .-

CTVYWWWE=T °

| =~ '8
N --[—- ' —j ' OUTPUT-==

o »

o

Figure 6

when the input pulse starts going positive (A to B) the capacitor starts
to charge = - very slowly (A to B). We get the start of a sawtooth wave

in our output.

113
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& ] OUTPUT- A"’"mc

é

O

Q

Figure 7

As soon 3s the Input pulse stops going positive (B to C) the capacitor
stops charging and starts to discharge - ~ - very slowly (B to C). A

triangular wave appears at the output. Some other circuit components
must be used If the fast retrace of a sawi.ooth wave is to be generated.

—AAAAA 1 —o
| i I i | B D
) oy ) o — -M
INPUT = === E OUTPUT-g= =~ =" E
o= 0
Figure 8

During the next half cycle, the charging and discharging process re-
peats itself.

114
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We may see different shapes of output waveforms, dependent upon- the length -
of the RC time constant. Below are some examples of integrated waveforms
, YOu may see.

INPUT 1oV M

-10v _‘T[

SHORT
TIME
CONSTANT

MED I UN
TIME
CONSTANT

MODERATELY  +10V
LONG T1ME .

CONSTANT OV= o/ = R 7° = .
-0V
- + 10V
EXTREMELY OV- >N T -
LONG TiME
CONSTANT -
Figure 9 .

Now let's review what we know about integrators. >

1.) The output is taken across the capacitor.

2.) The RC time constant is fong with respect to the input pulse;
usually 10 times or more.

3.) Ve put a square wave in and get a triangular wave out.

As you can see, wonders can be done to the output waveform by just vary-

Ing the length of the time constant. Integrators are used in timing

clircuits, test equipment, communication systems, navigation sy:tems and
.  radar systens.
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n .Okay, now that we've taken an input signal and integrated it,
‘ .

" I U L |nTEGRATOR fe ™S

t
* ]

Fl‘gure 10

let'stake an input signal and differentiate it. Integrating a signal
is like taking 1t and stretching it out., A differentlator output can

be flke a Volkswagen caught between two Mack trucks - squashed.

We use differentiators to provide a spike or peaked waveform for timing
or synchronlzing purposes. '

DIFFERENTIATOR

- Figure 11

if you think about it a minute you can see that differentiation is the
direct opposite of Integration, RC integrators have long time constants

and the output is taken across the capacitor. RG differentiators have
short time constants and the cutput Js taken across the resistor. -

o— o

: _Ll,.LI,-— OUTPUT.

weur | - o . .
J N T N P

- O

Figure 12

The time constant of @ differentiator will be 1710 or less than the
time of the input pulse width.
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-

Let's take our different.ator, give the components some \Iralues, and see
what happens. ODlfferentiators have very short time constants, sq, the
capazitor will charge to the source voltage almost instantaneously when

the Input signal Is first applled.

o “ -0 B F o

8 C ="{“1?."' 100 O | A DF 3 : .‘
—_—— 01t - -
o -
TC = RC -6
+5v =300 X 01 X 10
! ' = 1 usec
INPUT Ov; —

+5v|

1

—-——-_*___

m
>
Q
‘-
- am o U e o W r-—

S

EC

) 1.
70 T1 T2 T3 T4 .
Figure 13

With an RC time constant of | usec and an Input puise width of 10 usec
we can see that the RC time is 1/10 of the Input pulse width. Thls tells

us we have a differentiator.

o 0
1000 )
2y
-0
, w——  01utd
: o—
o ~ “Flgure 14
~ ) ““' bl Ilo 11_?
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At time T as ‘the fnput goes posltlve (A to B) the capaci tor ;cts like a
short circult and ali the vo\tage is dropped across the resi,tor (A to

B in the output)

o -—0

§ +5v 8

B C 100 0 ov k C

. : A
_J..._ o —5V

+
- - Otptd
. o—
Figure 15

You can see that the circuit has a short time constant with respect %0
the input pulse width, It will charge very quickly to the value of
source vol tage and there will be no output (B to C).

Fa a

g 0 sy D
8 ¢ C

1000 °". A .
A 0 E -0 0
-1~  .Oiptd
v c
Figure 16

At time T2 when the input goes to zero (C :c D in the input) the voltage
change across the capacitor is felt instantaneously across the resistor.
The capacitor then discharges very quickly (D to E in the output). Now
we'll look at a complete cycle of the input and see what our output looks

1lke,

dds
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?
o

B C F G - 1000 -
| J )
ATD E o
T .Olutd .
Figure 17

Remembering Kirchoff's voltage law, we know that "The Algebraic sum around
any closed loop is equal to zero.” We see that the output r .iges {rom
+5V to -5V. The reason for this is that after the capacitor is charged,
it acts like e source when it discharges. If we calculate the voltage
drops across each component during each portion of the cycle we will

find that the algebraic sum is still equal to zero. ,

We should know now that, like in integrators, various wave shapes can be
-~ obtained by varying the time constant of oyr differentiator. Some of the
wive shapes we may see: m represented belo::

SR . ¢ TC100vs
TC:10us ' == 100w —1
K0y (—— ' - '
. o : 0 5
a ¢ :!;; ) ; - 100w = E 00y
- 1
aix';';J 1 1
4" Ot T B e Klmv
. as 508008 | O0w | 300w 400w 0
. 8 Somions P 3% | -2
100y ' ! i : ! H : .
Co oy eazy N
e N
cr 4 Eooy v TC2100048
o~ . *
/
_ 100 —|
0 | .

Hw\'“'”’” oAV 1827y

88 08V o ey

.Figure 18-

. ' : 12
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A few things to remember sbout a differentiator sre:
1. The output |5 taken across the resistor.

2. The RC time constant is short with respect to the input pulse
width; usually 171D or less.

3. vWeputos iquaro wave in and get a splke or peaked waveform out.
. <
We have seen how RC integrators and differentiators operste. There are
slso integrators and differentiators that use active devicas such »s

tubes and trancistors to do the job for us. °

L/R circuits may aiso be seen. An L/R circuit is often used as an
integrator. L/R integrators have the same function as the RC integrators;
they both.produce trisngular waveforms. The output of an L/R integrator
is taken across the resistor.

" :

\\-

o= ¢—o0
‘ - OUTPUT
INPUT f .
) - }
o
B ; ««Figure i9

L

The reason we use an L/R oon"lguratlon is because at low froqumcles in
an RC natwork, we would need to use such a large capacitor that it
wouldn't be practical. We could also put » resis.or In series with »
coupling transformer. We would then heve either an integrator or »
differentiator, dependiing upon the size of the resistor. Let's see how
“these L/R circuits operate.

Remezber how & coil (inductor) reacts the instent a volugo is applled‘? .
Df course, it acts like an open circuit. It allows very littie current '
to pass through 1t and consequentiy, aimost ell of the input volitage Is

.- dropped across it. As time passes, the coil allows more current to flow.

© _in the cfrcuit and the voltage across the coil decreases. According to
" Kirchoff, when one voltage in & series circult decreases, another must
lncruu. if the voltage ecross the coil decreases, the voltage across
the resistor must Increase. This action, coupled with a long time
constant, will glve us an Integrated output. -

129
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To suwmarize, lat's restate & few points. Integrators have long time con~ .
stants. Ten (10) times or more than the input puise width. There are two
types - - RC and L/R. In the RC integrator, the output is taken across
the capacitor. In the L/R integrator, the output is taken across the

- resistor. i..egrators are wave shaping networks used in switching clr-
N ~ cults, test equlpments. and other electronic circuits.

We also have L/R differentiators. An L/R differentiator glves us the same’
output as the RC dlfferentlator. a splke or peaked waveform.

in an L/R dlfferuntlator. as shown belou,

-2

INPUT

OUTPUT

o
'1.5

Flgure 20
the output is taken across the coil and has a short time constant.
The coil's actlon will allow the maxisn input voltage to appear in the

output. When the input stops going lltive (8 to C).
O

__:
.l 8
) L
A C
o— _ ' -0

Figure 21

121

1k




Nprrative ' Twenty Four=|

[}

the voitage across the coll starts to decreass very 'rnpidlv due to the .
short tims constant; and_you have a spiked output. :

o
[
-

E:I“

A
o

Fl

o ‘ 0
Figure 22 D

vhen the voltage across the coll goes in & negative direction, a regative
spike will be cbserved at the output {C to D).  When the input stops

going negative (D to E), the voltage across the coil again decresses very
raplidly to zero; and we get a spliked output. . ‘

Another difference between RC and L/R integrators and differentiators Is
the way In which we flgure the time constant. When we figurs the time
constant for an L/R clrcuit we divide the iruuctance by the resistance,
Te = L/R instead of multiplying like we did in the RG clrcults.

A few things to remember now about L/R integrator and differentiators are

i The L/R integrator gives us 7 sawtcoth waveform output and the
output (s taken across the resistor. )

2.. The L/R differentiator gives us 8 splke or peaked output and
its output is taken across the Inductor.

3.  integrators have long time constants with respect to the input
pulsa width; 10 times or more longer. '

4. Differrntiators have short time constants with respect to the
input puls's width; 1710 or less shorter. .

5. . When figuring L/R time constants we divide the inductance by the
resistance.
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We have talked about RC and L/R integrators and differengﬂ/tors Some-
thing that may help you remember the type of output’ we .get from these
circults is thls 1ttle ditty.

L

_!_saw) spikes. o

I- = |ntegrator = sawtooth waveform

0 = differantiator =~ Spikes (pnked waveform)
i

AT THIS POINT, vou MAY .TAKE THE LESZON PROGRESS CHECK. IF YOU» -
. ANSWER ALL SELF-TEST ITENS CORRECTLY, PROCEEO TO THE NEXT LESSON.
AF- YOU INCORRECTLY MSHER 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 CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARE HAVING OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
. FAJLEO TO UNDERSTAND. ALL, OR MOST, OF THE LESSON, SELECT ANO USE
“  ANOTHER WRITTEN MEOIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR 'CONSULTATION WITH LEARNING SUFERVISOR, UNTIL You
CAN ANSWER ALL SELF-TEST ITENS ON THE PBOGRESS CHECK CORRECTLY.
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