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Progress Check Twenty- 1]

PROGRESS CHECK
LESSOKR 11

Power Supply input Stage

State the function of Power Connectors.

Place a check mark beside the symbol(s) used for power ccnnectors.
1 i

1E3F9r3
golels
c. f. |

State the function of circuit breakers.

Identify by pame each of the illustrated symbols.

O\5

b.@ d:z:'q':

State the fupction of power switches.

C

State the function of indicator lights.

CHECK YQUR RESPONSES WITH THE ANSWERS PROVIODED N THE BACK OF THIS BOOKLET.
WHEH YQUR RESPONSES AGREE WIiTH THE ANSWERS, PROCEED TO LESSON 111,




PO A e m-";‘:““r R T LN

-k

- an __an_activity_to_increase_the accessibility - of
mllltary developed curriculum materials 1o
i%.. -vocational and technical educators

Thi§ project, funded by the U.S. Qffice of
. Educatton, Ancludes the identification and
! ;acqumtlon of cumculum materials in print
: "F¥n from the Coast Guard, Air Force,
Y Arrny, Manne Corps and Navy.

31 -Access 10 rﬁllliary curriculum materials is
. .provided through a'"Joint Memorandum of
“.Understanding’ between the U.S. Office of

, L‘Educatlon and the Departrnent of Defense:

matenals are reviewed by staff

matter speciallsl,s, and courses

éd apphcatjle to vocational and tech-
,mcal ed,_ucauon are selected for dissemination.

. \‘lhe -National: Center for Research in *
;. Vocational: Education is the U.S. Office of
" ‘Education’s desngnated representative to

2 .8cquire the: materlals and cqnduct the project

actmtles

" Wesley E. Budke, Ph.D., Director
National. Cerner Cleari nghouse

- Shiriéy, A. Chase, Ph.D..
Proleqthtreqtor .

‘What Materials
Are Avanlable”

One hundfed twenty courses on microfiche

(thirteen in paper form) and descriptions of

each have been provided to the vocatlonal
Curriculum Conrdination Centers and other
mStructlonal rnaterlals agencnes for dissemi-
nation.

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

The 120 codrses represent the following

‘sixteen vocational subject areas:

z

Food Service

Health

Heating & Air
Conditioning

Machine Shop

Management &
Supervision

Meteorology &

Agriculture
Aviation
Building &
Construction. .
.. Trades
Clerical
Occupations
Communications
Drafting - Navigation
Electronics Photography
Engine Meqhaniqs Public Service

" The number of courses and the subject areas

represented will expand as additional mate-
rials with application 1o vocational and -

technlcal education are identified and selected

for dissemination.

How Can These
Materials Be Obtamed'>

| W St et T s ._--_u v J-\n... o
Rl - A Cnd

Contact the Curriculum Coordination Center
in your region for information on obtaining
miaterials (e.g., availability and cost). Théy
wlllerespond 10 Your request d;rectly or refer
you to an instructional materials agency

closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca 5. Douglass
Director .
100 North First Street
Springfield, IL 62777
217/78240759 -

* MIDWEST
Robert Patton
Director
1515 West Sixth Ave,
Stillwater, DK 74704
405/377 2000

NDBTHEAST
~~-Joseph F. Kelly, Ph.D.
' Director

226 West Stdte Street

Trenton, NJ 08626

609/292.6562 -

- . ]

NORTHWEST

William Daniels
Director_

Building 17
Airdustrial Park
Dlympia, WA 98
206/753-0879 fO}/
SOUTHEAST
James F, Shill, Ph D.
Director

Mississippi State University

Drawer DX
Mississippi State, MS:39762
601/325.2510°

WESTERN ;
Lawsence F. H. Zane, PHh. D
Director ui

1776 University. Ave,
Honolulu, HI 96822,
808/948-7834. -

. - ook
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Mnlltary Cumculum
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Vocatnonal and
Technlcal Educatnon
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. The- National -Center for Research in
Vocationdl Education’s mission is to increase
the ability .of diverse agencies, institutions,
and- organizations to solve educational prob-

. lems. relating to individual career planning,

* preparation,-and-progression; ~ The National

Center fulfills its missiQn by:

Pr T e
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Information and Field' -
Sorvices Division,

LY
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QUITY "0

AT ey
. .

The Hationtt Center fot Researcli
in Veootioral Education;

. ‘Generatmg knowledge. through research

~e Ueveloping edugational programs and
products

Evaldating individual program needs
and outcomes

Installing educational programs and
products

] Operaung informatuon systems and
services

Conductfng leadership development and
traihing programs

FOR FURTHER INFORMATION ABOUT
M:Iltary Curriculum Matenals
WRITE OR CALL
Program Information Office
The National Center for Research in Vocational
6 Education
. The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
Telephone: 614!486-36::5 or Toll Free 800/
848-4815 within ‘the continental U.S.
(exoeptOhio) .
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' 'lirog‘ress-(:heck s
) . PROGRESS CHECK
LESSON |

Power Supply Functional Analysis

o
t. The function of a power supply. is to supply ‘the correct
. and , for electronic equipment. : .

2, "Four typical functions of the input.stage of a power supply -are’

a. overload p;rotection, rectification, reguietion, on/off indiS:ion.

b.' " power "‘on' indication, o\gerload protection, regulation, cou
the line voltage to the power supply. :

¢, rectification, filtering, regulation, on/off switching.

d, overload protection, power “on* indication, couple line voltage
' to the powér supply. .On/off switching, . .,

. State the function-of the transformor secondary stage of a power
- supp!y. R

rJ

T.ire rectifier stage of a power supply converts
puisating - voltage.

The fpnctiori.of the filter in a power supply is to

a. _ pass high frequencies and’ bl ock Jow frequencies.’
' b. smooth poiolting el into-a smoother OC.

¥ cpnvert AC to OC voitage. y

]

‘d, pass tne ‘AC vo) tage to the regulator, v

6. State the two functions of the voltuge reguiator‘ stege in 3 power
»  supply: - ..

L]
. L

.
3.

- ¥

k.

-

-

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIOEO IN THE BACK OF THIS
_ BOOKLET. VWHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEEO T0
LESSON 11, - -. e




EXPERIMENT
LESSON 1

3 .

Input $ aﬂge

The purpose of this exarcise is to famlliarize you with the sche-
matic symbols and physical eppearance of some typical parts used in
power supplies,

Locate the Parts Identification Board-in your learning center, -
. Take this book with you and complete the sxercise, You should be .
looking at the Parts ldentification Board,

Procedure : ok

1. Hatch the names listed below to the components numbered from 1 to
25 on the Parts. Ident|fication Board,

(NOTE: Skip numbers. &, 7, 9, l'l, 18 ahd 2h,)

-

8, Terminal Board f. Circuit breaker
* b, Switch . 9. Wall plug
¢. Fuse - h. Multiple Connector
d. Indicator light i« Fuse holder
e, Transformer )

a3

Component # Component #

]

1 15
| i6

7

19

20

rdi

22

23

25




2. Oraw the ${chematic symbols for each component.
. /
a. Terminal board _ e. Transformer

-

f. Circuit breaker

-

-
L]

Indicator light . h. Multiple connector-— "~

——y L

e

1

’
L}

CHECK YOUR RESPONSES WITH THE ANSWERS-PROVIOED IN THE BACK OF THIS BOOKLET. -
VHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO THE PROGRESS CHECK 1. -

F YOUR RESPONSES OIFFER FROM THOSE 'cws;l, RECHECK YOUR SEYTINGS AND
PROCEDURES. _ IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR,

L]
L
Ll




. Progress Check. ¢ . : C T Twenty=tt -

PROGRESS CHETK
LESSON 1

'8

Power aS’upply input Stage uw

L §t§ie the func-tioneo_f Power Connectors,

— --”.

2. Place a check mark beside the symbol(s) used for power conpectors.

e -

: .‘ State the function of circuit bredkers,

k. tdentify. by name each of the Il'lu‘st'_rated symbols. -

a. ‘.“* P

e

State the function of power switches..

-

&

State the function of indicator 1ights, '

t
[

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED M THE BACK OF 'I;HIS‘
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON 1ti.
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EXPERIMENT =
LESSON- 11 ¢ Y

Power supply lInput and'Transformer Secondarx_Stages

P

Hhtle dolng thls experument, you will observe waveforms and measure voltages
at ‘various points on the ihput and transformer secondary stages of the NIOA
"-201\ ‘ower aupply .

SAFETY‘PRECAUTIONS‘

o

The MS v t power supply voltage is not a relatuvely harmless voltage
"This. voltagé has caused MORE EATALITIES in the Navy than any other voltage.
BE‘JARE of 115 VOI.T Powea - IT CAN BE A DEADLY SI-IIPHATE

EQUIPHEHT REQUIRED

1: Dsculloscope ‘

2. Device NIDA 201 Power Supply
3. pC. 20)-V Printed Circuit- Card
4, " bévice NIDA 201L Load Box

5. "0 Probe . ,

6: ~Muitimeter. .

7 Double Bannina Plug Cable

REFERENCE H&TERIAL

. ) Instruction Manual, Power Supply, NIDA Trainer Model 20)
: :Z;. Instruction Hanual Load Box, NIDA Tralnlhg Mode} 2CIL

PRDCEDURE

‘l{ Followlng all appllcable safety precautions, obtiln a line trace on the
oscilloscope, center it, and make the followlng settlngs

; Sensltlvlty Control - 10 volts/cm

. .Sweép Time Control - 5 mil)iseconds/cm
c. - Channel AC/DC Seiector Switch .- AC
d: . Trigger Source - Line

. Jox Probe ~ Channel A input jack

- 2s Fgllowlng all applicable safety precautions {don't plug in the power
oord yet) set up thé NIDA 201 and 201L tralnung devices as follows

.Remove top cover of the NIDA 201 Power Supply and lnsert PC-201-1
(HaYf-Fu)) Wave) Board. Remove the bottom cover of the NIDA 20}
Power Supply: Turn the NIDA 201 Power Supply chassis on its right
side with the-bottom of the chassis towards you so the power trans-.
former is Jocated in the top left corner. COnnect the 10X prohe
\ground wire to the chz3sis frame.
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Look at the dual end of the banana plug cable and notice the .
tab. labelled "ground". ‘jnsert the plug into the NIDA 20) Power
Supply output jacks with the ground side in the ground jack
(white) and the remainirig plug in the +DC (red) output. jack.
Conneét the other end ‘of -the banana plug cable to the NIDA 201
Load. ng withthe plug 1abelled "ground" in the black jack and
the remaining plug In the red jack. Note: Insure that a metal

.strap is connected from the ground terminal to thé -DC (brack) -

-termlnal ‘on. the NIDA 20] Power Supply. Place all three NIDA®

"20) "Load: Box Switches down aind the Selector Switch in the

"lampé"'position.

*Plug in, the ‘NIDA 201 Power Supply and turn the power switch

"*on'', IDANGER: There are now bare connections that.mdy have ns
Volts AC<on‘them. There are numerous connections with oc
potentJa! on them* . o o :- :

ﬂNOTE \The Electro!ytic Capac:tors shown :n Figure ] have
;voltageéepresent at-their terminals that can KiLL! Hhen*taklng
measurements be extremely careful -not to touch these terminals.
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a. Locate the fuseholder on the lower left side of the NIDA 201 Power
Supply chassis. Touch the oscilloscope probe to the fuseholder con-
nection that has .the white/gray color-coded wire attached (end ter-
minal of fusetolder).” Refer_ to the wiring diagram, Figure 2, to
aid you in locating the various test points for this experiment., Cal-
culate -and- record the peak-to-peak voltage at this point on the fuse-
holder, : volts peak-to-peak. . , -

b. The peak (+ or -) voltage at this point is B volts peak.

c. What is the RMS voltage measured {n item 3b7 VAC (RMS).

d. Heasure'ihe AC voltage at the fuseholder with a multimeter; the
VOM reading at the fuseholder is VAC,

cihe Teig
N

o et
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A,Wt Denotes Chassia Ground

Figure 3

4, Locate the power switch on the lower right corner of the ‘NiDA 201.
X Power Supply Chassis and trace the gray wire to swigch S2. When fuse F1
: " is installed and the power switch on, there is an voltage present
- at this terminal. ) .
a. The peak-to-peak voltage at this polnt on switch sz is
VAC p-p

be Wi th the NiDA 201 power switch in the “on' position, Is there a

t» '|.

di fference In voltages at switch 52 and the fuseholder?
‘xes/no!. -
' . -
- 5. , Turn the NIDA 201 power switch "off', Is there a difference in the |

+

voltage at_the fuseholder and the voltage at switch 527 (yes/no)

. 6. . Remove the on probe and place it on the terminal of 52 that has
the black lead attached. Turn the NIDA Power Supply on and
observe the waveform and record theé voltdge (P-P) at this
terminal. VAL p-p.

- .

- v | "o




The black lead on $2 is connected to

(1) the ‘secondary winding of transformer TI.
(2) the primary winding of transformer TI.
(3) switch si. .

(&) 1amp ps1.

Turn the power switch "off" and remove PC201-1 (half-full wave)
cikcuit board. This circuit board is located on the top of the
NIDA 201 Power Supply chassis. Turn the power switch ''on and
obyserve the waveform at the terminal of $2 with the grey lead
attached. Do you have a waveform at this point? (yes/no)

Move the 10X probe to the terminal with the black lead attached
the other side of $2). Do you have a waveform at this point?
{yes/no). '

7. Switch 52 is a safety switch that opens and removes power to trans-
former Tl whan FPG201-1 printed circuit card is not installied. You will
see swltches like these used throughout Navy equipment. ' They are

commonly called "interiocks.'

[}
-

8. Refer to Figure 3.

. 7

a: Will the “power onli lamp; DS1, glow with fuse F1 open? _(xes/no!.

/ -
b;/,uill the "'power on" lamp, DS1, glow with $2 open? (yes/no).

c. Reﬁove fuse F1 on the NIDA 201 Power Supply and- check your answer
to 8a. .

”

d. Turn the NIDA 201 Power Supply off and reinstall the fuse. Rein-
stall PC201-1 printed circuit card. -Remove the 10X probe.

9. Turn the HIDA 201 Power Supply up side down with the front panel
toward you. Locate diodes CRl and CR2.

10. a. Turn.the NIDA 201 Power-Supply "on' “then measure and record the
- peak-to-peak yoltage at the terminal of CR-2 with the brown and
light green wires gttached to-it. vaC (p-p)

b. Is.the voltage at the terminal of CR-1 with the grey and light
green wires attached to it same as that in step 10a? (xes/no)r

11. Compare the peak-to-peak voltage at diode CRI (step 10a) to the
peak-to-peak voitage you gbserved in step-3a. Are the voltages the same?
s/no) . : ‘

i

*
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EXP. - C .. & Twenty-lIl .
. A .n" '

12.a. What is the peak-to-peak voltage ratio between the primary and
the secondary winding of the transformer?

b. Ti is a (step-up/step-down) transformer.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET. IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR
SETTINGS AND PROCEDURES. IF ypu STILL HAVE A PROBLEM, SEE YOUR
‘LEARNING \SURERVISOR.* WHEN YOUR RESPONSES AGREE WITH vHE ANSWERS GIVEN
AND YOU FEEL THAT YOU HAVE MASTERED THE MATERIAL IN THIS EXPERIMENT,
REPLACE ALL THE COVERS AND RETURN YOUR EQUIPMENT TO ITS STOWAGE, THEN
PROCEED TO " HE PROGRESS CHECK.
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PROGRESS CHECK
LESSON 11!

Power Supply Transformer Secondary Stage

1. Which waveform characteristic(s) will be changed by a step-up or
’ step-down transformer?

[

Frequency
Volta~e

Shape - *

bt

function of a multi-secondary transformer-is to:= " p '
: . | )
provide a single output voltage from two or more input voltages.

provide multiple output voltabes from a single input voltage.
increase the power of the input voltage.
3. .The diagram below shows the waveform available from cne end terminal

of a center-tapped transformer secondary. Draw the corresponding
cycle of voltage available for the other end terminal.

+10V
ov
-10V

1

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON 1V.
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A V RESPONSE SHEET
LESSO® 1V

-
»

Power Supply Rectifiers .

-

-

ANSWER THE QUESTIONS IN STATIC/HOTION PROGRAM TWENTY- IV ON THIS
RESPONSE SHEET, - g :

1. Draw the output-waveforms and amplitudes for the two circuits shown.




R.S. (A-V) Twenty-1V

3. Llabel each rectifier circuit belos, with its proper name (half-wave,
etc.) and output polarity {positive or megative).

| SO
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EXPERINENT
_ \ LESSON IV
PART T
. ' ) Power Supply Rectifiers ‘

-®

One measure of the condition of a diode is called the front-to-back
. ratio. As you know, diodss are special devices that allc. current to flow
in-only one direction. Actually, a more realistic statement Is that
current flows easily in one direction, but with great difficulty in the
other. It's Jike a waterfall: water flows down the waterfall very
easnly, it is possible to make the water go up the waterfall, buﬁﬂit
isn't easy.

LY

According to Ohm's Law (and our practical experience) current flows
easily if the resistance.is low, and current flow is very limited if the
resistance is high. A diode is a device that acts like a high resistunce
* to current flow in ong direction and a very low resistance to current
flow in. the other direction. An ohmmeter can be used to measure this
difference in resistance. The ratio of the effective resistance In one
direction to the effective resistance in the other direction is called the-

front-to-back ratio. The ratio is-written: low resistance

. S . : high resistance” The ratio

of the resistance in the low direction to the resistance in the high
direction, the front-to-back ratio, is a measure of how '""good'" a diode is.

The leads of an ohmmeter are polarized; i.e., one lead is connected
tq the positive terminal of an internal battery, and the other is
connected to the negative termlnal of the internal battery.

Fhen an ohmmeter is used tc measure resistance, the internal battery
tends to cause electrons to flow from the negative meter lead through
the resistance to the positive neter Tead. The amount of current flow is
inversely proportiohal to the resistance, and the meter face is calibrated
in ohws. An_ordinary resistor wsll show the same amount of resistance
. no matter what direction the current is flowing (meter leads reversed) but
. 8 "good" diode will show a low resistance when the leads are app}ied one
way' and a high resistance when the leads are reversed!




EXP. B ' Twenty~-1v-1

fote: " Most ohmmeters supply positive voltage to the common {(black)
Tead and negative voltage to the red lead.

LTTLE OR NO
CURRENT

ONMMETER | 4

High current, Low current,
Low resistance. ) High resistance.

Suppose that a ‘diode measures 10 ohms when the ohmmeter leads are
applied with one potarity and 10,000 chms when the leads are reversed.
The front-to-back ratio is found by expressing the ratio of the gmaller
resistance to the larger: Tﬁ:%gﬁ' . Oividing both of these numbers by .
the smaller gives a ratio of 1 : 1000 or | to 1000. A common ruie of
thumb is that a diode is good at a ratic of 1 : 106 or greater.
Equipment’ Required

Hultimeter
Procedure

Now is the time for you to measure some front-to-back ratios. Go
to the parts identification board, and when you get there:

. set the multimeter to measure resistance on the R X 100 scale,
. measure the resistance of each-diode in one direction,

. measure the resistance in the other direction,

. record the readings, and reverse the meter leads,

Component #26 Low reading High reading
Component #27 Low reading , High reading
Component #28 Low redding High reading
Component #29 Low reading .High reading
P * .




Twenty=1V=1]

Calculate the front-tc-back ratios: °

Record the front-to-back ratios:

Component #26 . 27 " 28 29

Are 311 6F the diodes "good"? - (yes/rid)

CHECK YOUR RESPONSES WITH, THE ANSWERS PRDVIDED IN THE BACK OF TH!S BOOKLET.-,;}g)
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO EXPERIMENT TWENTY-IV-2

IF YOUR RESPONSES DIFFER FROM THDSE ‘GIVEW, RECHECK YOUR SETTINGS AND
PROCEDUBES. “1F YOU STILL HAVE A PROBLEM, SEE YOUR LEARMING SUPERVISOR. . °

P
v

L
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Progress Check
L PROGRESS CHECK
LESSON (v

L]

Power, Supp!} Rectifiers

b}
1.  Mrite the name of each of the illustrated rectifier circuits in the
space provided, . ' ' ‘ ’

L]
i ey

2. One ad;antége'bf-b full-wave rectifier over a half-wave rectifier is
a. fewer“COmponents.
b. less voltage variation in the DC output. ’
c., higher voltdge level for the same transformer secondary voltage.
" For the same total voltage across the transformer secondary winding,
the bridpge rectifier will have

a. twice the 5C output voltage as’a ful l-wave rectifier,
b. half the OC output voltage as a full-wave rectifier.
c. the same DC output voltage as a full-wave rectifier,

-
- *




' Progress Check Twenty-1V

- b, Draw the output waveforms for each of these circuits (assume a
positive DC output}:

&

+10V = +10v
HALF WAVE o
ov 1 RecTiFIER
-10v -10v N
+10v, +10v
BRIDGE : o
M recriFier | v
“10v -10v
T at0v —_— = 410v
FULL WAVE ov
O¥ | RECTIFIER
~10v & ~10v

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET,
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON V.

v




A~V RESPONSE SHEET
LESSON V
. ®
Power Supply Filters

[

ANSWER THE QUESTIONS iIN STATiC/MOTION'PROGRAH TWENTY-Y ON THIS
RESPONSE SHEET,
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. EXP. ¥ . Twenty-V

EXPERIMENT .
LESSON V .

Povter Supply Rectifiers and Filters

This exﬁe}iment will familiarize you with the rectifier and filtering
action.of a power supply.

SAFETY PRECAUTIONS: Observe all standard safety precautions. Beware
of bare connectlons, an energized circuit may have dangerous voltages
in jt.

EQUIPHENT REQUIRED

Oscilloscope

NIDA 20) Power Supply

PC201-) Printed Circuit Card :
=  NIDA 201L Load Box

Banana Plug Cable

10X Probe

Jumper Wires (2)

REFERENCE MATERIAL

Instruction Manual, power Supply, NIDA Trdiner Model 201
Instruction Manual, Load Box, NIDA Trainer Model 201L ~

‘PROCEDURE
THROLEVURE
1. Obtain a NIPA 201 Power Supply and a NIDA 201L Load Box. Connect
the 1oad Box to the Power Supply with the pual Banana Plug Cable. On
the Load Box set the LOAD SELECTOR Switch to 'lamps" and place all toggle
switches to the ‘'down'* position.
2, Obtain a line trace and set up the oscilloscope as follows:

a. SENSITIVITY - 5 volts/cm

b.’ SWEEP TIME .- 5 milliseconds/cm

c. CHANNEL SELECTOR - Channel A

d. CHANNEL A - AC/DC SWITCH - DC
; e. TRIGGER SOURCE - Line-

f. Connect a 10X probe to the Channel A input

g. Center the 1ine trace
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3a. With the Power Supply right side up, remove the top cover and insert
PC 201-1 (Half - Full Wave Printed Circyit Card).

3b. Place the HALF WAVE - FULL WAVE Switch, S4, o~ PC 201~1 in the
"Hal f Wave" position.

3¢c. Place the 10X probe TPl with the probe ON ground on any convenient
chassis ground.

3d. Ensure all connections are properly made.

Let's now add the rectifier schematic to the schematic of the input
transformer secondary we worked with in Figure 3 of Experiment for
Lesson 11,

™1 sh

r----u-1

1o '

Lewaould
HALF FULL

Figure 1
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4. The output of the rectifier circuit is from TP on circuit board
PC201-1 (Half - Fullwave Rectifier). Switch S4 gives uys the capability

of%xamining the output from =ither a half wave or a full wave rectifier.
Refer to Figure 1.

5. With $4 in the half wave position, we use diode

(1) CRl only
(2) CR2 only
(3) CRI and CR2

6. Energize the NIDA 201 Power Supply and observe and draw the waveform
at TP1,

7a. Place the HALF - FULL WAVE Switch (Sh) on PC201-) in the ”EULL WAVE"
position. Observe and draw the wavefgs? at TP1,

Answer the following question,

The full wave rectifier output vol tage yses

(1) only the posi*.ve alternation of the AC input.

(2) only the negative alternation of the AC input.

(3) both the positive and negative alternation of the AC input.
7c. The full wave rectifier output has (half as many/twice as many/
the same number of) pulses per cyﬁéf as the half wave rectifier output. . . .
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8. Record the voltage and current readings from the meters on the front
of the Power Supply.

-

VDU . DL AMPS

9. Notice that the meter on the front of the NIDA 20} doesn't indicate
the pulsations {known as ripple) that can be seen on the oscilloscope.

10. Turn off the Power Supply and install a jumper between TP and TP2,
then reenergize the Power Supply.

11. Measure and record the voltage and waveform at TP)

12. Record the voltaye and current readinas from the meters on the front
of the Power Supoiv.

» vDeC DC AMPS

By adding the jumper between TP1 and TP2 you added capacitor Cl to the
circuit, (Refer to Figure 2-3 in the NIDA 201 Instruction #anual.)
Inserting capacitor £1 into the circuit caused the ripple to

and the voltadge to .

13. While observing the oscilloscope presentation, turn the Power Supply off.
Notice that the voltage at TPl 'bleeds' off slowly. This is a very important
point to remember. Turning a power supply switch off does not guarantee

that you can safely touch the conducting surfaces., Capacitors are capable
of storing enough energy to K | L L you long after the circuit has been
deenergized. All cspacitors myst be discharged before You can assume that

it is safe to touch conducting surfacesl!] The approved method for doing
this is to short each capacitor's positive and negative leads together
through a jumper wire. In high voltage circuits It is best to use a low-
resistance, high-wattage resistor in series with a jumper. However, when
using the NIDA 201 Power Supply, a standard jumpéer will suffice.

14, With the Power Supply deenergized, Sbtain a jumper and short TP2 to
ground.
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¥

Refering to Figure 2+3 on page 2-4 in the NIDA Instruction Manual, which
side of Ci {positive/negative) have you jumpered to ground?

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOK-
LET. 1IF YOUR RESPONSES DIFFER FROM THOSE GiVEN, RECHECK YOUR SETTINGS
AND PROLEDURES. IF YOU STi{LL HAVE A PROBLEM, SEE YOUR LEARNING- SUPER-
VISOR. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS GIVEN AND YOU FEEL
THAT YOU HAVE MASTERED THE MATERIAL IN THIS EXPERIMENT REPLACE ALL THE
COVERS AND RETURN YOUR EQUIPMENT TO ITS STOWAGE, THEN PROCEED TO THE
PROGRESS CHECK.




Progress Check

PROGRESS CHECK
~ LESSON V

Power Supply Fiiters

The purpose of a power supply filter is to

a. convert AC to DC voltage.

b. smooth the BC voltage.

¢. maintain the PC voltage at a constant level.

d. supply the proper AC voltage for equipment operation.

The illustrated filter circuit can be cJassified as a
input filter.

RL

—

Select the correct schematic for a pi filter circuit:

T 11

YT
ol i

.
.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET,
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON VI.
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PROGRESS CHECK
LESSOH VI

Power Supply Regulators

Describe the function of a voltage regulator:

if the input 0C voltage to the illustrated voltage regulator increases,
should RV be increased or decreased to maintain a constant voltage

acroéb.Ri?
+

INPUT OC
VOLTAGE SERIES
e REGULATOR

-0

If the output 0C voltage of the illustrated voltage regulator decreases
due to load change, should RV be increased or decreased to maintain
a constant voltage across RL? '
to——1—ANN
RS

INPUT DC LOAD
VOLTAGE AL VOLTAGE

- 0 -~
The purpose of a Zener diode in a shunt voltage regulator is to

a. convert AC to BC voltage.

b. allow current to flow in only one direction.
c¢. maintain a constant 0C current flow.

d. maintain a constant 0C voltage.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIOED IN THE BACK OF THIS BOOKLET.
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEEO TO-LESSON VII.
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EXPERIMENT
LESSON Vil

Power Supply Regulation and Loading Effects

in this experiment you will;

Use an ostflloscope to measure DC voltages.

Observe how a regulator maintains @ constant DC voltage under
varying load conditions.

Observe the effect of '"loading' on the power supply as you change
the current drawn from the power supply.

SAFETY PRECAUTIONS: Beware of bare connections while taking waveform and
voltage measurements. Most of these connections have voltages on them
that can KILL.

EQUIPMENT REQUIRED

NICA 201 Power Supply

PC 201-2 Printed Circuit Card
NIDA 201L Load Box

10X Proke

Dual Banana Plug Cable

REFERENCE MATERIAL

Instruction Manual, Power Supply, NIDA Trainer 201
Instruction Manual, Load Box, NIDA 201L

PROCEDURE:

1. Using all applicable safety precautions, obtain a line trace on the
oscilloscope,

2. Set up the NIOA 201 Power supply.

a. Connect the NIDA ZOIL\Load Box to the 201 Power Supply using the
dual banana plug cable.  Ensure that all toggie switches on che
Load Box are in the '"down'' position and the LCAD SELECTOR SW)TCH
is in the '"lamps" position. Set the parallel - series switch in
the series posltion.
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3. install PC 201-2 (Zener Regulator Printed Circult Card). You now
have .added the Voltage Regulator, the final stage, to your power supply.
Voltage regulators maintain a constant vol tage oUtput under varying load
conditions. .All voltage regulators have certain operdting ranges. 1f
the load varies outside the operating range of the regulator, the voltage
will also ‘vary. .

k. Ensure all connéctions are Droperly made and energize the NiDA 201
Power Supply. Record the voltage and current readings on the front
panel meters of the power supply.

. - vbe DC Amps

5. Set up your‘oscilloscopé to measure PC voltages on Channei A.

a. The oscilloscope can be used to measure DL as well as AC voltage.
The following, procedure-will aid you in measuring DC voltages with
an oscilloscope. You will use this method in step 6; '

) ﬁgqpe the Channel A AC/DC switch t» ''PC*,

(2) Connect the precbe and its ground lead to convenient ground
on the chassis.

(3) Establish a zero volt reference by aligning the line trace
to one of the horizontal graticule lines on the face of the
oscilloscope.

(4) Connect the probe to point to be measured and count the
number of centimeters that the line trace is displaced,
(Ensure the ground lead is still attached to a chassis
ground.)

(5) Multiply this number by the volts/can setting on the VERTICAL
SENSITIVITY switch. The result will be the amount of PC
voltage present.

(6) Any AC component of the input signal will also be displayed
on the oscilloscope with the AC/DC switch in the ''DC'
position. The sweep reference will move up or down according
to the DC voltage present and the AC signal will ''ride' on,
(vary around) this level.

6a. Now, using your oscilloscope measure and record the output voltage of
the Zener Regulator PC 201-2. (See figure 2-6 of NIDA [nstruction Manual.)
vpe

-

6b. The voltage you calculated with your oscilloscope should be the same
as (within # 10%) the voltages you obtained in step & from the front panel
meters.

3
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6¢. From this experiment you ¢an see that you can obtain DC measurements
with an oscilloscope thus proving that you do not always requ:re a multi-
meter for DC measurements.

7. Now let's look at the voltage regylator and see how it operates.

As you know, when you vary the load on your power supply, the regulator
will compensate for the change in voltage caused by the change in load.
occasiohally the load will increase to the point where the zener can't

compensate for the change in the load. '

8. We will use the circuit in step 3 as a reference for the following
s teps.

a. Measure and record the input voltage to the regulator card.
VDC {Measured with oscilloscope.) .

b. Observe and record the output from the regulator. VD,
(Observed on "0C Volts' meter on front panel NiDA 201 Power Supply.)

Calculate the voltage drop across Rl (lnput voltage minus .output ‘
voltage). . vocC.

Using ohms law (1 = %%L , figure the current through RI.
Amps.

Observe and record the load current {Read from the "'DC Amperes'
meter on front panel of the NIDA 201 Power Supply) pC Amps.

9. Now you know the current through R] gnd the load current. fFrom these
currents, find current through the zener.

a. Using the formula IR) = ICR] + IRLoad, figure the current through
CR] pC AMPS,

10. The values you have just found will be considered as the values found
in the normally loaded power supply.

11. Now watch the meters on the NIDA 201 Power Supply closely while you
move the LOAO 1 TOGGLE SWITCH on the NIDA 2DIL Load Box to the "Load 1 and
2" position. By adding load 2 to the circuit you have varied the load.

a. Record the voltage and current readings on the power supply meters
voC DC AMPS

b. Did the voltage vary appreciably from the reading taken in step &.
yes/no

12. HNow find the values of ER) IR and ICRI
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13. You'll notice that even though the load current increased, the current
through Rl remained the same and the current through CRl decreased., The
Zener diode CR1 {increased/decreased) conduction in order to hold the Output
voltage constant. There was little or no change in power supply Output
voltage. The power supply is operating within the control

range of our regulator, . .

14. Again watch your meters while mcsing the PARALLEL-SERIES on the Load
Box to the ''PARAL!.EL" posrtion.

3. Record the voltage and current readings on the Power Supply meters.
vpC DC AMPS

b. Did the voltage change from the reading taken in step 117
(yes/no).

c. Did the current vary? _ . (yes/no).

The relatlvely large change in the power supply voltagé indicates that you
have "overloaded” the power supply. By placing LAMPS 1 AND 2 in "'PARALLEL"
you have caused the load box to draw current that exceeds the Operating
range of the Zener regulator. The regulator can wo longer keep the power
supply's Output voltage constant and therefore the voltage: Qutput
decreases.

15. Again by using ohms law you can see what happens in an overloaded power
supply. Compute the values for ER] (R] ICR]

for the overloaded pONer supply in step 14,

Notice that the current through series resistor R equals the load current,
leaving a negllgible current flow through Zener diode CR1. This turns

the zener diode of f and effectively removes it from the circuit. The
power supply is unyegulated when this occurs. ,

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF .THIS BOOKLET.
{F YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS AND
PROCEDURES. IF YoU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR.
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS GIVEN AND YOU FEEL THAT YOU
HAVE MASTERED THE MATERJAL IN THIS EXPERIMENT, REPLACE ALL THE COVERS

AND RETURN YOUR EQUIPMENT TO ITS- STONAGE, THEN PROCEED TO THE PROGRESS
CHECK. .

&

¥
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) . .
PROGRESS CHECK
LESSON VI

L

Power Supply Systems Concept

l. 1n a pawer supply system the addition of circuits.which cause the
the total impedance to change is called ’ ) .

4. The effect that the Silter has on the rec“ifier stage is calied

3. What will the addition of more circuits.do to the impedance of
a power supply? :

1

—

k., a. In an unregulated power supply, what will happen to the current
in a fixed branch if current changes in spme other parallel
branch?,

b. What is this effect calicd? . :
5. What will we do tu offset the effect that changing current require-,
ments hai< On the output voltage?

.
.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED !H THE BACK OF THIS BOOKLET.
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, YOU HAVE COMPLETED THIS HODULE.
IF YOU FEEL THAT YOUR PROGRESS CHECK RESULTS INDICATE THAT YOU ARE READY
TO TARE THE END OF MODULE TESTS, SEE YOUR LEARNING SUPERVISOR. IF YOU

FEEL YOU HEEQO FURTHER STUDY BEFORE TAKING THE END OF HODULE TESTS, YOU HAY .
REVIEW ANY PART OF THiS MODULE.

- X

-
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. VACUUN TUBE POWER SUPPLIES

PROGRESS CHECK BOOKLET
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PROGRESS CHECK
HODULE TWENTY-T

Vacuum Tube Power Supplies

1. What is the basic difference and/or similarity between tube
and transistorized equipment?

8. Functionallv the came, hu® different.in size and voltage
. requirements. '
b. Usage and voltage requirements the same,
¢, Functionally different, but size and voltage the same.
.+ d, There are no differences either’ functionaily or in size

requirement, ’
2. The only difference, if aﬁf, between a vacaum tube power supply
. input circuit and a transistor power supply input circuit is
that ’

a. vacuum tubes are used instead of transistors.

b. the comporents are of different values or size.

c. the transistor power supply circuit provides greater
overlioad protection.

d. there is no difference.

3.‘ Which of the statements below is most correct? .

3. Transistorized power suppiy tronsformer secondaries
always use step-up and tube power supply transformer
secondaries can use either step-up or step-down.

b. Transistor and tube power supply transformer secondaries
can be step~up or step-down, but perform different
functions in their power supply.

c. FPower supply transformer secondaries for tube power
supplies are multi~lead step~up and step-down, while
transistor power supply transformer secondaries are
usual ly step~down. .

d. Tube power supply transformer secondaries use only
the primary winding of a transformer to regulate the
power supply output voitage.
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4. which of the statements below i5 most correct?

a. Tube rectifiers are usually configured as bridge
rectifiers whereas transistor rectifiers are
usually configured 'as half-wave rectifiers.

b. Transistor rectifiers use larger components than
* tube rectifiers.
! ¢c. Tube rectifiers and transistor rectifiers function
the same, ) . .
d. Tube rectifiers rectify current while transistor
rectifiers rectify voltage.

5. Which of the :thematic symbols f{llustrated below indicates
correct current flow for a tube diode?

a.:| l)@1 c*\;I . :‘

6. Tube power supply filter networks, as comf.red to transistor
power supply filter networks, are

a. smaller in size, but function the same.

b. larger in size, but function the same. -
c¢. identical in function and size.

d. configured differently and function differently.

7. Mhich of the tube schematic symbols illustrated below is com~
parable to a Zener diode regulator?

a. b. c. d.
8. What is the major functional differernce, if any, between Zener
diode regulators and voltage regulator tubes?

a. There is no functional difference.

b. Vopltage regulator tubes regulate AC voltage, while
Zener diodes regulate PC voltage.

c. Zener diodes regulate AC voltage, while voltage reg-
ulator tubes i1egulate P voltage,

d. Zener diode regulators can be interchanged with voltage
regulator tubes.

3

b
oy




A

Progress Check Twenty-T

-

9. Comparing a basi¢ tube power supply to a basi¢ transistor power
supply, which of the following statements is most correct?

a. Tube power supplies are smaller than transistor power
supplies and have completely different functions than
transistor power supplies.

b. Tube power supplies function the same as transistorized
power supplies but differ physically.

¢. Tube power supplies are larger than transistor power
supplies and have completely different functions than
transistor powver supplies.

d. Tube power supplies have no similarity with transistorized
power supplies. '

CHECK YOUR RESPOHSES WITH THE ANSWERS PROVIDED fH THE BACK OF THIS LOOKLET.
WHEN YOUR RESPOMSES AGREE WITH THE ANSWERS, YOU HAVE HOW CONPLETED THIS
MODULE. IF YOU FEEL THAT YOUR PROGRESS CHECK RESULTS INDICATE THAT YOU
ARE READY TO TAKE THE END OF HODULE TESTS, SEE YOUR LEARNING SUPERVISOR.

. IF Yoy FEEL YOU HEED FURTHER STUDY BEFORE TAKING THE END OF MODULE TESTS,
YOU HAY REVIEW ANY PART OF THIS MODULE.

0
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AUD10-VISUAL RESPONSE SHEET
LESSON 1) -,

BASIC TRANSISTOR THEORY

1. A B ¢ D (Circle One) . ’

2. A B C D (Circle One)

3. A B ¢ {Circle One)
4. A B C (Circle One)
5. a.
‘ b.
c.
i 6. B
70

8, A B ¢ D {(Circle One)
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EXPER IMENT
LESSON

TRANSISTOR 1DEHTN FLCATION
1

Hany times you will be reguired t ﬁetermine whether a transistor is
good or bad, Sometimes you must decide this after the transistor has
been removed from the equipment. To do\this you take front-to-back
ratios the same way you did for diodes, but there are six measurements
for a transistor instead of the two for diodes. Ycu will also determine
what type of transistor you have (pn of PHP) .

HOTE: This type of check will only}ind{cate if the transistor is
open or shorted. !f a transistor\checks good using this
method and the device is sta]l suspected, other methods of
test ing must be used.

]

When you use the multimeter to measure the resistance of a diode
or transistor, the meter supplies the current that flows throagh the
corponent being tested. Since the black {common) lead of most multi-
meters is positive and the red lead'is negative when used for
resistance measufement, you can predetermine whether the reading
should be lerge or small for a particular type of transistor.

HOTE: The polakity of the leads on a Simpson 260 VQM can be
changed with the us¢ of the + and - DC switch. With the switch in
+DC position the regd lead will be, positive.

By knowing the meter lead polarities and the transistor elements
(emitter, base, tollector) you can determine what type of transistor
(PHP or HPN) you‘have, providing the transistor.is good. To do this
you take two readiNgs, reversing the meter leads b tween the emitter
and base leads, smal ler of the readings indicates that the emitter
to base portiofi of the transistor is forward blased wlth this polarity

of voltage apphi

Equipment Required

Multimeter AN/PSH-4

Go to the parts identification board.

Procedure

1. Components 30, 31, 32, .33, and 34 are all transistors. Technical
drawings of "these transistors are shown in figure 1., From these .
drawings you can determine physical dimensions, identification
and placement of the elements {leads), and the shape of container
(Toz, 703, etc.} in which the transistor ls packaged.

4
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1. Closely study the drawings and compare them with the components
mounted on the board. Then, label each drawing with the component

number.
a, b. c.
H it ———. g
-luu 4 - m Ll e m M5 e
bl o — L - s .n.q'."‘|
1 [} Ll .I Ll ey M r ] _—‘
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.- u.l-- / ‘.-:::;-ull l |_.__l
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U‘liﬂ: ‘{\ LI T

AT T4 FOM KOTES

Y

W

a“,u-n Lo T
el 11 Al

T v Doatams sarivm o
- Figure 1
CHECK YOUR ANSWERS AGAIHST THOSE 1IN THE BACK OF THIS BOOK BEFOR
PROCEEQ NG,

Set the multimeter to the RXI0O scale. While holding the leads
toqether, Zero the meter:
HOTE:; Some transistors cannot handle the current provided by the
multimeter on the RX) and RX10 scales. Therefore, when
_ checking transistors with a muitineter you should not use
the scales lower than RX100, for fear of damaging the
transistor. -

In the following chart you will determine what type of.transistor
you are checking., In the column labeled '"Transistor Humber' write the
number (20XXXX) found on the transistor that corresponds to each com-
ponent number. Sometimes.you may find a number other than a 2N number.
It will be used for the same purpose -- transistor identiflcation,

The next three columns are labeled EB (emitter-base), BC {base-
collector), and EC {emit.er-collector). Below the column identification
there are two sets of letters PN and NP. These letters represent
pelarities of the multimeter, P for positive and '"N'" for negative,
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2,
Component Transistor EB 7 BC . EC EBC
Humber .. «+  Humber ' *

PN NP NP

30. .
NP PN PN -
PN NP NP

31.
NP PN PH
Pl NP NP

32.
NP PH PN

_PH NP NP

33.
NP PN PN
PN NP NP

3&. r————
NP PN PN

-

Let's work the first transistor together, then you can proceed on
your own. In the first column (labeled EB), the first Space has PN next
to it. Place the black (positive) meter lead on the emitter and the red
{negative) lead on the base. Record your resistive reading in the Space
next to the PN. Below this is the NP space; place the negative lead on
the emitter and the positive lead-on the base. Record this reading next
to NFP. '

NOTE: Using the RX100 scale your multimeter may nct appear to
move., Record your resistance reading to the closest K ohm.

For the next column {labeled BC) do the same thing. First put the
negative lead on the base and the positive lead on the collector. Record
your reading. Then reverse your leads with the positive on the base and
the negative on the collector. Record your reading.

In the column labeled EC do the Same, negative on the emitter and
positive on the collector. Record. Reverse your leads with positive on
the emitter and negative on the collector. Record. You have made a
complete front to back ratio check on a transistor.
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Qo the szr.e for the remaining transistors. When you have conpleced
all the readings, proceed as follows.

You should have one low and one high resistive reading in the EB
and BC columns, for each transistor. |f you haven't, recheck that
transistor. .

The EC column may or may not have a large difference in yesistive
readings, but it should never read an extremely low value {under 50 ohms).

.From the EB and BC columns select the PN or UP letters that gave
you the lowest resistance readings. f'ace these in the EBC (emitter,
base, collector) cotumn. First from the EB, then from the BC., The two
middle letters should he the same; use this letter only once to give
you a tota) of three letters (MPH or PNP). Ooes this group of letters
look familiar? Even though your letters stand for the polarity that
gave you the lowest resistance reading (or, using Ohm's Law, the highest
current through the transistor), the type of transistor, NPN or PNP,
will have the same giroup of letters,

You may now return to your carrel to complete this job sheet using
the information you have collected.

3. Using the incomplete sch:matic symbols below:

a, Label the transistor stboI leads B (base), € (emitter), and
€ (collector).

b. Oraw an arrow poinrfhg in the proper direction on the emitter
lead of the transistor symbol.

30.° 2H1893 ‘ 201183 32, 213055

0

3. 2M22224 4, ECGI05

/

CHECK YOUR RESPONSES WITH Ti£ ANSWERS Ph¢w EDED i1 THE BACK OF “HIS
BOOKLET. WHEN YOUR RESPNNSES AGREE WITH THE ANSWERS, PROCEEQ TO THE
PROGRESS CHECK. IF YQUR RESPONSES DIFFER FR{™ THOSE GIVEH, RECHECK
YOUR SETTINGS AND PRECCEDURES, 1F YOU STI{'. HAVE A PROBLEM, SEE YOUR
LEARNING SUPERVISOR, . '
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PROGRESS CHECK
LESSOH |

Basic Transistor Theory

1. Which of the following components is a functional equivalent of a
transistor?

a, b. c. d.
MA- S AE oerR

2. When Rv is Increased, what happers to the voltage acruss Pv and
the current through Rv? '

+ 3, What hdppens if a transistor's resistance is increased?

a.  Conduction is increased and voltage across the transistor is
increased.

b. Conduction is decreased and voltage across the transistor is
increased. .

c. Conduction js decreased and voltage across the transistor is
decreased.

d. Conduction is increased and volcage across the transistor is
decreased.

4%
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4. Natch the correct element names to the numbers on the schematic
illustratjon shown.

2.

3.

- a. EImitter
b. Base
KN c. Collector

The element identification mark on the base of a transistor will
a. aiways be nearest the collector.

b. tell you which type it is.

c. always be nearest the emjtter.

d. "always be nearest the base.

Which of the following symbols represents an HPN transistor and
which represents a PRP transistor?

is NPN 1.

is PHP

@
<
@
@.
.
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" “ L . N
7. which of thé following Tllustrations is most correct? (The
" arrow indicates direction of current flow,)

<. #

‘

«~ 4, = ’s

l"l»i ~

+
!
+
b. o ’
”
'd :~ 3
~ Y

CHECK YOUR RESPONSES WITH'THE ANSWERS PROVIOEO 1IN THE BACK.OF THIS
BOOKLET, WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEEQ TO

LESSOM 11, x \

r ‘ .
Fd “;'-\ .
‘ ‘\

- ] ‘
! a
.-
- 47 . -
Fd D 3
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A-V RESPONSE SHEET
LESSON 11 -

£
rd

7rar=sistor Biasing
!

1. a

2. A B8 C b (Circle ONE)
3. A B C D (Circle ONE)
he A B8 C (Circle ONE)
5. A B € (Circle ONE)
6. A 8 C D (Circle ONE) .
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PROGRESS CHECK
LESSON |1 . ¢

Transistor Biasing

1. Bias may be ‘defined as

a. the p.C. potentials on the base and emitter leads that
set the proper amount of conduction prior to the inject-
ion of a signal. )

b. the A.C. potentials on each lead that set the proper
amount of conduction prior to the injection of a signal.

c. the D.C. potentials on each lead that set the proper
amount of conduction prior to the ‘injection of a signal.

d. the D.C. potentials on each lead that set the proper
amount of resistance after a signal has been applied.

2. Which of the following illustrations shows proper biasing?
'(Thers may be rmore than one correct answer.)

a. + - c. -

3. . Which element has the most control over current flow in a three
clament transistor? .

. a. Collector
b. ‘tlase
c. Emitter

4
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a.
b.
c.
d.
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Progress Check

. What potentia) will be on the base of a transistor when the sine
wave reaches its peak negative variation?

5. \hen a sine wave input to the base reaches its peak negative
variation the HPN transistor's conductivity has and the

voltage across the transistor has " .~ (See the circuit
illustrated betow.)

6. In the following illustration the sine wave is Injected into the
base of a NPN transistor. At time & the tramsistor's conduction is

.
. . 4
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7. Which drawing jllustrates correct bias and circuit operation with
the input shown?

w Fl

—'—_/\/

Whizh of the following statements is most correct?

Stabilizing components are neither critical nor hecessary
to the operation of a transistorized circuit.
Stabilizing-components are critical and necessary to the
operation of a transistorized circuit.

'Stabilizing components are necessary but not critical to
the operation of a transistorized circuits

Stabilizing components are not used in a critical trans-
Istorized circuit.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED [H THE BACK OF THIS
BOOKLET. 'WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROTEED TO
LESSON 111, ’
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EXPER INENT
LESSON 11

Transistor Amplifier Functional Analysis

ln this experiment you will see how temperature will affect the
conouction of a transistor, calculate current gain using two multimeters,
and observe bias with an oscilloscope.

Equipment Required

Device 6F16
Hul timeter {2)
Oscilloscope
10X Probe

1X Probe .

Procedure

Turn“on your oscilloscope so it can warm up and stabilize while you
proceed. .

Open the 6F16 training device, being careful that the name plate
is upright to insure that the componants won't spill out. Disconnect
the base from the component storage half. Select the following com-
ponents, and place the storage section out of.your way.

-

1 power cord

1 Template A

1 2H217 transistor.,

1 10ufd capacitor

4 shorting strips {sizes as req ired by template #A)
1 2 Kohm potentiometer

1 2.2 Kohm resistor

1 18 Kobm resistor

Adjust the oscilloscope for a lipe trace accceding to procedures
posted in your carrel. Set Sweep Time to .5 millisec/cm,

Connect the 10X probe to channel "A' and calibrate it.

Lay template A Commom Emitter Ampiifier squareiy opn SF16 training
device and align the holes.
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- Install three of the plug=in shorting wires marked $$ from the
components box in locations marked '8!, "C*, and '6''; transistor 2217
in space so marked; an 18 Kohm resistor in R2 position; and a 2.2Kohm
resistor in RL position. Place a 2 Kohm potentiometer in the space so
marked, and adjust it all the way clockwise.

Set one multimeter on each side of  the 6F16 chassis. {n order
to see the entire circuit operation thrcughout your performance these
meters will stay in place. The multimeter on your left will be
used to monitor the transistor base current, and the other will be
used to monitor the trancistor collecLor current at "the same time.
Set up the mul timeter to measure current. Set the range switch of the
base current monitor to 1 ma and the collector current monitor to the
5 ma scale. (10 ma scale usiny thc 3impson 260)

Plug the base current meter into position ""A* on the template.
The red meter lead will be closest to the transistor. Connect the

‘collector-current meter into position "D, The red lead again will

be closest to the transistor.

3

Plug in and energize the 6F16 training device.

Position the line trace of the oscilloscope with the top horizontal
mark. Set the AC/DC knob to measure DC; sensitivity at .02 volt/cm.

Connect the 10X probe to the shorting strip in position B, the
base of the transistor.

Slowly rotate the 2 Kohm potent:ometer.counter-clockwlse while
watching the oscilloscope display.

I. tn which direction didryour line trace move? (+ or -)
2. Do you have collecter current? (Yes/no)
3. Which type of transistor are you using? - (HPN/PNP)
Adjust the 2 Kobm potentiometer to its maximum clockwise position.

You should have no current reiding on the multimeter monitoring base
current.

Without adjusting eitner range switch on the mul timeter, record
the current readings in the spaces provided.

4. Base current reading ma.

5. Coiiector cufrent reading ma.

Slowly turn the potentiometer counter-clockwise, while watching
the collector current meter. Stop at the point where there is no
further increase in ccllector current. Record your reading in the
space provided.
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6. Base current reading ma.,
7. Collector current reading ] ma.

Using the difference between the first and second Base current
reading the difference between the first and second collector current
reading, calculate the current gain. “Record in the space provided below.

gain = 2nd IC - Jst IC
.2nd IB‘- Ist IB

3. gain ‘ !

£,

You have’ calculated gain for the circuit as it was designed to

function. Hext you will see what temperature will do to your
aequipment. .

Adjust the 2 Kohm potentiometer for a small indication of collector
current. "With your index finger and thumb hold the transistor cap
firmly. Watch the collector current monitor meter closely.

o

9. Did the meter reading increase -or decrease? . .

The temperature from your body changed the conduction of this
transistor. - K

Hiot all transistors are this sensitive, and there's not much
difference between rogm temperature and yOur body temperature. |If
this circuit were desbgned for a certain amount of gain, you can see
how temperature could cause jt to fail. Therefore, transistor
equipments are uysually designed to operate within specific temperature
ranges.

o+
-

Turn the 2 Kohm potentiometer clockwise

Switch the AC/DC knob on the oscil loscope to-.AC, and realign your
line trace with the top horizontal lirte on the face of the CRT. Switch
the AC/DC knob back to DC. (Your tine should be in the same position).

Rotate the 2 Kohm potentiometer fully counter-clockwise. HNote the
position of the line trace on the CRT. Adjust the 2 Kohm potentiometer
for a line trace half way between the last position.and the top
horizontal line on the CRT {about -.]tvoltsg.' You have just set the
bias of the transistor for conduction at the center of its range.

54
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. ) .\
Hove the 10X prok~ from positiop B on the temnrlate to the collector
side of resistor AL. Change the oscilloscope sensitivity to .2 volt/cm.

Switch the AC/DC knob to AL, readjust the line trace position to the
top horizontal lipe on the CRT. Switch the AC/DC knob back to DC.
Record your Voltage in the space provided.

10. Collector voltage volts. Deenergize 6F16 training device.

. Place the 10 ufd capacitor in the position indicated on the template;
place the last shorting strip in position ''F''. Energize the “F16 training
* device.
Connect the 1X probe to the Calibrator 1KHz ocutput volts on the
. left side of the oscilloscope. Attach the other end to the jeft side
of the 10 ufd capacitor. This is-the same as the AC input.

Connect ground strap on probe to shorting strip "G".
Set the calibrator knob to .2 volts p-p.

11. Record your output signal in the space provided. volts p-p.

CHECK YOUR RESPONSES MWITH THE ANSWERS PROVIDED 1il THE BACK OF Tdl(S
BOOKLET. |IF YOUR RESPONSES DIFFER FROM THOSE GIVEH, RECHECK YOUR
SITTINGS AMD PROCEDURES. |F YOU STILL HAVE A PROBLEM, SEE YOUR
LEARHING SUPERVISOR. '

WHEN YOUR RESPONSES AGREE MWITH THE ANSWERS GIVEN AND YOU FEEL THAT
YOU HAVE HASTERED THE MATERIAL IH THIS EXPERIMENT, REPLACE ALL THE
COVERS AND RETURN YOUR EQUIPMENT TO (TS STOWAGE, THEN PROCEED TO

-

THE PROGRESS CHECK. '

*

55
61




Progress Check Twenty One-11 |

PROGRESS CHECK
LESSON (11

Basic lransistor Amplifier Functional Analysis

I. In your own words state the function of an amplifier.

2. Hatch the proper function{s} to the sub-itage. (Some answers may
require rmore than one letter.)

SUB-STAGE FUNCTiOH -
1. lnput . a. Amplification
2. Conversion b. Blocks DC between stages
3. Output c. Couples signal

3. Label the two types of commonly used amplifier coupling circuits
iltustrated below.

'Vcc

h. select the statement below that best describes the function of
the conversion sub-stage of an amplifier.

a. Converts the DC input to an AC output.

b. Increases the strength of the signal input.
c. Supplies DC to the output stage.

d. Suppresses noise.

% go
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5. Which statement below best describes the principle of amplification
in a transistor amplifier?

a, A small input signal controls a large current flow.

b. A smail input signal increases the DC output of a transistor
amplifier. .

c. A large input signal controls a small current flow.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO

- LESSON 1V,

- §1
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EXPERIMENT
LESSON 1V

Transistor Amplifier Circuits

In Lesson IV of the study booklet you were sho.n different amplifier
configurations and what was expected from them with certain input
signals. in this experiment you will see most of these circuits again.
You will-inject 8 signal into the amplifier and simultaneously measure
both the input and the output signals with the oscilloscope. To do
this, you must ise the dual trace-capabiljties of the oscilloscope. '

SAFETY PRECAUTIONS: Observe all standard safety precautions. There
are some specific safety precautions for the NIDA 206 Amplifier. This
unit has a +209 Volt DC power Supply mounted on the chassis. This ~
voltage may be applied to Pin 5 of the PC boards., Insure that the HIGH
VOLTAGE switch ts "off'" unless otherwise directed, Thls switch removes
the +209 Volts BC from the printed circuit card jack. 0o Not Remove
the bottom cover of the NIDA 206 chassis. The +209 OC supply is
energized any time the unit is "on" regardless of the panel switth's
position,

EQUIPMENT REQUIRED:

1. Oscilloscope

2. Signal Generator

3. Printed circuit cards: PC206-6 Common Emitter circuit

PC206-7 Common Collector circuit

" PC206-8 Common Base circuit

I1X Probe (2) ,

8NC Cable

BNC To phone plug cable (1)}

8NC TEE Connector

HIDA 206 Amplifier

L]

D~ O
.

L]

REFERENCE MATERIAL:

NIDA 206 Instruction Manual

PROCEDURE :

1. Energize oscilloscope and signal generator.

2. Set up the signal generator for a 1 KHz audio output as foliows:

il

a. Set the MOD, XTAL & METER SELECTOR to 1000 hertz.

S By i Y P ————— [Py A p———
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Connect one end of the BNC cable to the AUDID OUT jack of the
signal generator. Connect the other end to one side of the TEE
connector.

NOTE: The only controls needed for a 1 KHz output from the signal generator
are the METER SELECTOR and AUDIO OUT control., The output is taken
from the AURIO OQUT jack. The position of the other frequency con-
trols will not make any difference to the output at the AUDIO OUT
jack. )

3. Set up the oscilioscope for dual trace operation as follows:
a. Connect the TEE connector to the EXTERNAL TRIGGER INPUT jack.
b. Set the TRIGGER SOURCE to 'external AC'.

C. Set the CHANNEL SELECTOR to 'Channel A" and obtain a line trace.
Using the ''Channel A" controls set the line trace to the +1 cm
line on the CRT. (+1 cm line is the first horizontal line above
the center line.)}

d. Set the CHANNEL SELECTOR to 'Channel B" and obt_.ia @ line trace. —
Using the **Channel B'' controls set this line trace on the -1 cm
horizontal line,

e. . Set the CHANNEL SELECTOR to ''chopped''. You are now set up for
dual trace operation.

You should have two lines on the oscilloscope, one at +1 cm (channel A"
sweep) and one at -1 cm {channel *'B" sweep). You may have to re-adjust
the trigger controls to pbtain the traces. For sensitivity and position,
the Channel A" controls will control the upger sweep and the Channel ''B"
controls will control the lower sweep.

When you check for phase relationships between inputs and outputs
of the amplifiers you will see traces similar to the ones below.

INPUT AND QUTPUT - N PHASE

THT
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INPUT AND OLITPUT - 180° OUT oF PHASE

4. Lonsen the knurled screw or he rear of the Amplifier chassis that
heids the top cover. PRemove the top cover by sliding the cover to the
rear of the unit., Do not remove the bottom cover,

5. insure the HIGH VOLTAGE SWITCH on the NIDA 206 Amplifiler is "off."

6. Turn the SPEAKER SWITCH located on the :pper right corner of the
Amptifier front panel to “off,"

7. You will be working with three different amplifier circult config- -

furations in this experiment, Refer to the schematics in the back of

the NIDA 206 Technical Manual, and compliete .the foliowing statements.

__/"‘"".F
a, PC206-6 is a common. .-~ amptifier, This amp: fier
{wil1l/will_not) Tnvert the input signal, .
_.-bv" PC206~7 is a common amplifier. This amplifier

witl/will not) invert the input signal.

PC206-8 is a common amplifier. This amplifier
{wit1/will not) invert the input signal.

NOTE: Perform the following stepes as appropriate for one
ampilfier card at a time,. .

When you complete the experiment for PC 206~6, return to $tep 5
and repeat the proceduse for PC206-7 and PC206-8.

8. Plug the printed circuit board PC206-6 intc the Amplifier at J2 and
J3. Insure the pin numbers for J2 and J3 match up with the jack numbers .

on the PC board. . .

9. Using the BNC to phone plug cable, connect the BNC end to the TEE
conhnector at the oscilloscope external trigger input. Connect the
phone plug to the input jack on the front panel of the amplifier chassis. -~

&
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10. Using-a 1X prébe; connect channe! '"A'" of the oscilloscope to pin
#3 of the PC Board.

1. Using the other 1% probe, connect channel “B" of the oscilloscope
to pin‘ #7 of the PC Board.

~
-

12. Plug in and energize the KIDA 206 Amplifier.

13. Set potentiometer R17 on the Amplifier chassis (located to the left
of the PC Board) as follows:

a. P€206-6; R17 fuily counter clockwise, then ?@l turn clockwise.
b. PC206~7; R17 fully counter clockwise. .
c. PCZO§-8; Position does not matter.

14, Set the “'AUDlO oufﬁ conirol on-the signal generator for .2V peak-to-
peak at the amp]ifigr input (measured‘on channel “A"Y),

I5. PC206~6 ONLY - Check the signal at the amplifier output (Channel
“B).” if the sine wave is flattened at the top, turn RI7 slightly
counterciockwise unti) a '‘clean' sine wave is obtained. If flattened
at the bottom, turn RI7 clockwise. |If the sine wave is flattened at
both top and bottom reduce the signal input to the amplifier from the
.s ignal generator - you are overdriving it.

Il

16. calculate the voltage gain/loss ratio and the phase relationship
of input.and output for the amplifier and record below.

PC206-6 " PC206-7 PC206-8

a. Gain/Loss ain/loss) {gain/Yoss) (gain/loss)
b. Phase !nversion (yes/no) (yes/no) Tﬂes/no]
C. Ratio — -

17. {eenergize the KIDA 206 Amplifier. Go back to step5 and repeat
the procedure usimg PC206-7 and PC206-8.

CHECK YOUR RESPONSES WiTH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET. {F YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR
SETTINGS AND PROCEDURES.. IF YOU STILL HAVE A PROBLEM, SEE YOUR
LEARNING SUPERVISOR. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS
GIVEN AND YOU FEEL THAT YOU HAVE MASTERED THE MATERIAL IN THIS EXPERI-
MENT, REPLACE ALL THE COVERS AND RETURN YOUR EQUIPHENT TO ITS STOW-
AGE, THEN PROCEED TO THE PROGRESS CHECK.
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PROGRESS CHECK
LESJON 1V

Basic Transistor Amplifier Configurations

.

1. Identify by labeling the circuits jllustrated bclow:

UTPUT

C. o

Ry
INPUY Q4 S
. OUTPUT

A2

|

2. Hatch the amplifier configuration to the amplifier function.
(Some answers may require more than one letter,)

" FUNCT Y ON CONF § GURAT | ON :
: 1. Provides phase a, CB
inversion b, CE
2, Used as impedance ¢, €

matching device
3. Host commonly used
configuration :

CHECK YOUR RESPONSES WITH THE AMSWERS PROVIDED IM THE BACK OF THIS

BOOKLET. WHEN YQUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO
LESSOH V.
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EXPERIMENT
LESSON v
PART 1|

Transistor Amplifier Analysis

In lasson V¥ you tearned that a transistor can be biased so it
wil) not conduct {cui off), and it can be biased to full conduction
(saturation). You also learned that a transistor could be biased
s0 any portion of the input signal could be ampiified. The two
classes of opevation were class A, where the full input signal is
amplified, and ciass B, where only half of the input signal would be
arplified. In this experiment you will see and measure these conditions
using an oscil loscope.

'

Equiprent Required

Deviie 6F16 tempiates A and B
0scilloscope
Signal Generator
I1X Probes (3)
BHC-BNC cabie
BNC Tee connector
Grounding straps (2)
Procedure
Turn on the signal generator and oscilloscope so they can warm up.

L

Open 6F16 training device carefully, ensuring the name plate is
on top so the components will not fal) out. Separate the top of the
6F16 from the compo ent compartment.

Place ternplate A on the top portion aligning the holes. Place
the following components in the space designated.

Component Space Marking
2427 transistor 2N217
2.2 Kohm resistor RL
27 K obm resistor "p*
100 K obm resistor A
18 K ohm tesistor . ngh
10 K Qhm potentiometer pot
10 ufd capacitor ct
1 inch shorting wire c
| inch shorting wire F
1 inch shorting wire. 6
1 inch shortiag wirs >y R2

t)
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Adjust the 10 Kohm potentiometer fully clockwise.

Obtain a line trace on the oscilloscope according to standard
procedures. Use Channel A only.

Set up the signal generator according to standard procedures
for a 1000 Hz, 5% MOOULATIOM LEVEL, audio signal.

Connect the BHC Tee to the TRIGGER SOURCY input on .“= lower
right corner of the oscilloscope. Connect a BHC-BHC cable from the
signal generator AUDIO OUT to one side of the BHC Tee. Connect a 1X
probe to the other side. This probe will be used to.supply a signa!
to the training device, The audio sign.l will also trigger the
sweep across CRT so that it will be synchronized with the start of the
signal on the training device. All this means you will have a true
picture of your signal with respect to time.

Set the TRIGGER SOURCE knob to exterﬁh\ AC and adjust the
TRIGGER LEVEL for a line trace, .

Connect a 1X probe to channel A of the oscilloscope, setr the
SEHSITIVITY knob to | Volt/em, and SWEEP TIME to | millisec/cm.

Connect the two probes tagether and adjust signal generator
% OF HODULATION for a 1 volt p~p sinewave. Oisconnect the probes.

set the SENSITIVITY knob for 2 volts/c¢m, Channel A AC/0C
knob to BC, anu align the trace v % the top vertical line on tae
face of the CRT.

| -

Connect Channel A's probe to the transistor side of the load
resistor RL, and its ground wire to position . ''G".

1. Energize the §F15 and record the voltage. Volts.
2, [Is this an indication of cut off or saturation? _ .

Se> the SENSITIVITY knob “6r .1 voits/cm and measure the bias
voltage >n the base of che transistor.

3. Record voltage resding. ivolts

The transistor uced is PiP, but the negativélvoltage on the base
isn't large enough to forward bias the transistor. Therefore, the
transistor is hold at cut off. With no current Rlowing through the
transistor there will be no veoltage drop across the collector resistor.
Source voltage will he present on the collector oﬂ the transistor.

Turn the potentiometer fully counter-clockwisekto its stop.

i, Measure the base bias voltage and record.

5. Measure collector voltage and record. ' .

e e ————— e e —
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6. Is this an indication of cut off or saturation. .

You have seen that a small voltage increase on the base caused the
transistor to go into saturation., The smali voitage on the collector
is the voltage drop across the transistor.

Adjust the potentiometer shunt midway between its two stoos.
Connect the audio signal to the template's AC input,

Set the oscilloscope sensitivity knob for 2 volts/cm and the AC/DC
knob to AC, ’

Read just the potentiometer for a good sinewave on the face of
the CRT. Previously you turned the potentiometer clockwise to cut
off the transistor, and counter~clockwise to saturate it. Now slowly
turn the potentiometer clockwise and ohserve the waveform on the CRT.
The negative peaks will flatten out. The more you turn the potentiometer
the more the bias is lowered so that the positive peaks of the input
siqnal cut the transistor off.

"Turn the potentiometer back (counterclockwise) until the full
sinewayc appears on the CRT. Continue turning the potentiom:ter

countcﬁ-clockwise slowly,

ik

?.ﬂ In your own words explain what you see on the CRT and why?

.!\

i
/A

.J 1

|

|y

Read)ust\*he potentiometer for a full sinewave on Channel A",

Circiits 3re designed for a specific class of operation., 1In lesson V
vou [learned about two classes, A & B. A circuit designed for clas- A
operation will have a bias on the transistor tnat will allow all ..

inp&t signal to be amplified. .
P

fConnect your third 1X probe to Channel "B'" Input, Set the CHAHMNEL
SELECT knob to fts chopped position, and position the second line trace
below the amplified sinewave; increase the Channel 'B'' SENSITIVITY to
allow both signals to be seen. Set the channel ''B'" AC/DC knob to DC,
Attach a 1X probe to the base side of the 100K ohm resistor in position
WA, Adjust the SENSITIVITY knob so channel '"B's'" sinewave will be
about, the same height as Channel "A's." You have the input sinewave on
Channet "B, and the amplified output sinewave on Channel "A''. Hotice
that the twd signals are out of phase with each other. Remember, common
enitter amplifiers give phase jnversion. The amplifier circuit is now
set up for Class A operation. The full input sinewave is being amplified.
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‘Turn the potertiometer back and forth a couple of times. Channe'! "'B"

(the input sinewave) increases and decreases, and the output signal goes
into saturation and cut off. The inpur signal increases and decreases
because the oscilloscope is monitoring the DC level (bias) on the base
of the transistor as well as the AC signal. Turning the potentiometer
clockwise increased“the DC level and the input signal amplitude drove
the transistor into cut off during the positive portior. Turning the
potentiometer counter-clockwise, decreased the DC level apd the input

i signal drove the transistor into saturation during the negative
position.

8. Class A amplifiers allow (all/part/none) of the input signal
to be amplified.

For class B operation of this same circuit aill that is needed is
to adjust the base bias with the potentiometer so only half of the
input sinewave will be amplified. Adjust the potentiometer to display
only the negative half of the output signal.

9. Class B operation allows 90°/180°/270°/360° of tha input
signal to be amplified. Deenergize the 6F16 training device.

in the next part of the experiment we will look at the complerentary
symmetry circuit. Remove the components from the Common Emitter
Amplifier circuit and place them .in their proper places in the
component half of the 6F16. Exchange template A for B, Forward
Siased Complementary Symmetry Amplifier. Build the circuit by placing
components in the spaces as marked. Place a 100K ohm resistor in the
position marked Rin. Set shorting wires in positions A, B, C, and G.
All positions should be filled. .

4

5
Connect the channel A pfgbe to the emitter side of RL with its
ground wire to position ''G'.

Adjust the éignal generator AUDIO OUT modulation to 30%, and
connect the generator probe to the input side of Rin.

{
Conn2ct the channel B oscillescope probe to the input side of I

capacitor Cl.fhergize 6F16 template B: Forward Biased Complementary Symmetry. H
L1

The sine waves should be in phase. " here is no phase inversion with \

a common collector circuit, and a complementary symmetry amplifier uses -

two common collector circuits. The first is Ql, with its collector ﬁ

tied to -4v, the emitter lead to ground through load resistor RL, ]

S and the input signal applied to the base. The second common collector

. is 02, with its collector coinected back through position '"C'" to +4

volts, emitter lead to ground thruugh load resistor RL, and the input :

signal applied to its base. The output of both circuits ;s developed '

across load resistor RL. Each circuit works only part of the time.

(il is a PNP transistor; therefore, thz negative half of the input signal

will cause it to conduct, where 42 is a NPN type and only the positive

portion causes it to conduct. The complete sinewave deveioped across

RL is displayed on Channei "A''. :

67
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Secure the power to the transistor circuit when removing or replacing
transistors. Sudden surges of current through the transistor could

destroy it if you don't. Rgemove Q-1. Reenergize 6F16 train..g device.

10. Which portion of the sinewave is missing?

Deenergize 6F16, training device. Replace Q-1.
Remove Q2. Peenergize 6F16 training device.

11, Which portion of the sinewave is missing?

Erch transistor conducts half of ‘the tire,

12. What class c¢f operation is their bias? .

If you have noticed, the cutput signal looks the same ampiitude
as the input signal. Remember, with the oscilloscope you are looking
at voltage. The Complementary Symmetry amplifier is used in place of
a push-pull amplifier to give us greater power. Speakers or headsets
can be attached directly to the emitters saving the cost of trans-
formers required for a push-pull amplifier,.

CHECK YOUR RESPONSES VITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
WHEN YOUR RESPOMSES AGREE WITH THE ANSWERS, PROCEED TO PART 2 OF THIS
EXPERIMENT., THIS COMPLETES PART | OF THIS EXPERIMENT. DO NOT SECURE YOUR
TEST EQUIPMENT. SECURE THE 6FIG TRAINING DEVICE, ANU RETURN {T TO THE _
CABINET. IF YQOUR RESPONSES DIFFER FROM THOSE GIVEM, RECHECK YOUR SETTINGS
Alb PROCEDURES. IF YDU STILL HAVE A PROBLEM, SEE YOUR LEARNIRG SUPERVISOR.




Twenty One V-2

EXPER'MENT

LESSON V
Part 2

Transistor Amplifier Analysis

This experiment will cover phase splitters and push-pull amplifiers.
You will be using the NIOA 202 Amplifier. The NIDA 202 Amplifier is
similar to the NIDA 206 Amplifier, but It does not have a bias supply
or a high voltage supply.

SAFETY PRECAUTIONS:

t

Observe all standard safety precautions.

EQUIPMENT REQUIRED:

Oscilloscope
Signal generator
NIDA 202 Amplifier
1X Probe (3)

BNC ~ BNC cable
BNC Tee Connector

1. Set up the oscilloscope rfor dual trace operation. Connect the

signal generator audio output to the EXTERNAL TRIGGER INPUT of the
oscilloscope using the BNC cable and BN. "TEE' connector. Connect -
the three 1X probes to the CHANNEL "A'" INPUT, CHANNEL 9'8" INPUT and ~
the "TEE" connector

-

2. Set up the NIDA 202 Amplifier as follows:

. Remove the top cover and insure that there is no Printed Circuit
Card inscalled.
Remove the bottom cover.
Turn the SPEAKER SWITCH to "off''.

%. Turn the Amplifier over so the bottom.is accessible.
3. The schematic for the NIDA 202 chassis and the printed circuit board

PC 202 may be found in the NIDA 202 Technical Manual. Using the schem~
atic as a reference, locate the power supply input circuit components.
With the NIDA 202 Amplifier plugged in, there is 115 Volts AC On these
components, so remember where these components are, and stay away from
them. The Voltage is dangerous. Locate CRé and C2 on the schematic.
These components and all the components to the left of CR6 and C2 are
associated with the power supply. Locate the power supply area of the PC
board. You will not be required to work on the Power Supply now, so,
keep clear of these components.
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kefer to the Schematic Drawing and complete the following statements.
4. 02 and its associated circuitry comprise a/an

common base amplifier.
phase splitter.

common emitter amplifier.
emitter follower amplifier.

Transformer T2 is used as a/an

2. power transformer,
b. phase splitcer.
C. output transformer.

04, and their associated circuitry comprise a

complementary-symmetry amplifier.
cascaded amplifier,
phase splitter. )
push-pull amplifier.

Transformer T3 is used as a/an

power transformer.
phase splitter.
output transformer.
input transformer. ;
The push-putl amplifier in the NiDA 202 is biaseg slightly above cutoff
with no signal applied. This is done because transistors often have non~
linear gain at low signal voltages. Steps 9d and 10a in this experiment
show the wave forms for the circuit biased stightly above cutoff (+0.6V)

by the voltage drop across CR7 {Step 9d) and the circuit biased at cutoff
(Step 10a).

B. Connect the 1:1 probe from the External Trigger Input on the Oscilloscope
to the right side of R~3 and wnergize NIDA 202 Awplifier. Set Sigaal Gen-
erator for a 1KHz Audio Out and set modulation level to 2.3 v p-p as meas-
ured at the right side of R-3 on the Oscilloscope with the channel "A"
probe. NOTE: Turn the volume control on the front panel fully clockwise
(cWw), then 1/4 turn counter clockwise (CCW). . .

g
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9. Energize the NIDA 202, measure waveforms, and answer the following
questions:

a. Wwhat is the gain of Q27 Connect the channel "A" probe to the left
side of R5, and the channel "B probe to the right sijde of ''R5'.
b. what is the p-p voltage and phase relatlionship between the base

signals for Q3 and Q47 V pep phase.

vhat is the p-p voltage and phase relationship between the col-
lector signals of Q3 and Q4?7 V.p-p ~ phase.

What is the p-p output voltage of the push-puli amplifier?
Vp-p

10a. Deenergize and unplug the NIDA 202. Use a jumper to short out CR7.
Move the input probe {from the signal generator) to the left side of R3
and set the signal generator output for 0.02 v p-p. {Measure on the
oscilloscope). Reenergize the NIDA 202 and check the output. Do you now
have a ‘'clean'' sine wave?

10b. What is happening to the conduction times of Q3 and Q4?7 ,

a. when Q3 conducts, Q4 conducts.

b. When Q3 cuts off, Q4 conducts.

c. when Q3 cuts off, Q4 does not start conducting immediately.
d

When Q3 conducts, Q4 does not cut off at the same time.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED. IN THE BACK OF THIS
BOOKLET. IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR
SETTINGS AND PROCEDURES. IF YOU STiLL HAVE A PROBLEM, SEE YOUR

LEARNING SUPERVISOR. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS

GIVEN AND YOU FEEL THAT YOU HAVE MASTERED THE MATERIAL IN THIS
EXPERIMENT, REPLACE ALL THE COVERS AND RETURN YOUR EQUIPHENT T0 ITS STOW-
AGE, THEN PROCEED TO THE PROGRESS CHECK.
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PROGRESS CHECK s
LESSOH Vv

Basic Transistor Amplifier Circuit Analysis

1. When a transistor is at cutoff the

a. transistor acts as a short circuit.
b. output load acts as an open circuit.
€. transistor acts as an open circuit.
d. output load acts as a short circuit.

2. If the voltage across a transistor is about equal to Vcc, the
transistor is

3. If the voltage across its collector resistor is about equal to
Vecc, a transistor is .

h. Which of the below conditions exists in a Class A Amplifier?

a. Current flows through the transistor at all times.
b. Current flows through the transistor only when a signal

is applied. .
¢. Current bypasses the transistor when & signal ir applied.
d. Current never flows through the transistor.

5. Which of the below conditions exists in a Class B ampiifier?

a. Current flows through the transistor at all times.

b. Current flows through the trancistor only when a proper
signal i3 applied. ’

¢. Current bypasses the transistor when a signal is applied.

d. Current never flows through the transistor.

6. A Push-pull amplifier provides

a. high voltage gain.
“b. high output power.
¢. large pt¢ voltage.
d. current regulation.
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7. Which of the schematics illustrated below represents a Push-pull
anplifier?

function of a phase-splitter circuit is to

provide two equal signals 180° out of phase.
provide two eyuval, in-phase signals,
increase the frequency of the input signal.
increase the frequency of the output signal,
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9. Which of the devices illustrated below couid function as a
phase-splitter?

P
Ik

10, Which of the circuits illhstrated below could function as a
phase-splitter?

a. " b, c. d.

Yo
Yo
Ny
R -
o o= o
\
Qe . ny

11. A complementary symmetry push-pul! amplifier js a pﬁsh-pull
amplifier that uses

a. two PNP transistors.

\ b. an NPN or a PNP transistor.
c. an MPN and a PNP transistor.
d. two UPN transistors.
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.

12, which of the circuits illustrated below represents a complementary
symnetsy Push-pull amplifier?

. CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, YOU MAVE COMPLETED
THIS HODULE. -1F 'YOU FEEL TMAT YOUR PROGRESS CHECK’ RESULTS {HD1CATE

THAT YOU ARE READY TO TAKE THE END OF MODULE TESTS, SEE YOUR LEARNING
SUPERVISOR. 1IF YOU FEEL YOU NEED FURTHER STUDY BEFDRE TAKING THE END

* DF MODULE TESTS, YOU MAY REVIEW.ANY PART OF THIS MODULE.

J
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PROGRESS CHECK - !
LESSON )

Hulti Element Vacuum Tubes

A triode vacuum tube consists essentially of a diode with a/an
added.

Electron fiow through the triode is controlled by varying the
voitage on the

plate
control grid
cathode

filament :
1

Current flow in a triode vacuum tube will be the same as current
flow in a/an type transistor.

Cutoff will occur In a triode vacuum tube when the contro) grid
be comes (negative/positive) enough.

Which of the foilowing statements Is most correct?

a. When the control grid potential is negative enough it causes
saturation.

When the control} grid potential {s positive enough it causes
saturation.

The cathode is closer to the plate than is the control grid.

The control grid in a tricde is the only element controlling
plate current.

Label the elements of the vacuum tube schematic symbol below.




.
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]

[

The (pl’latel'pcreen grid) voltage hqs the most effect on plate
current. | v

Label the elements of the vacuum. tube schematic symbol below:
; :

b

What advant\\age does a pentode have over a tetrode or a triode?

Linear QUrrent increase, decreased plate voltage, extended
frequency range. .

Limited frequency range, greater available gain, increased
clate voltage.

Linear current increase, extended frequency range, greater
available gain.

Lower pow@r requirc.eents, lipear curren. increases, extended
frequency range.

The primary difference between power tubes &nd reguiar multi-
element tubes is

that they require larger power supplies.
the size of the tube elenents.
the size of the tube.

their schematic symbolis.

CHECK YOUR RESPONSE> WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCerD TO LESSON II.
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EXPERIMENT
TWENTY ONE-T
LESSON 11
PART 1

Vacuum Tube Circuit Confiqurations

This experiment wili famlliarize you with some of the basic vacuum tube
circuits and point out the tube circuit simitarities to transistor cir-
cuits.

SAFETY PRECAUTIONS: Observe all standard safety precautions. The NIDA
206 Amplifier has a High Voltage Power Supply located under the bottom
cover. Do NOT remove the bottom cover. There is a switch on the chassis §
that controls High Voltage to the PC Board Plugs.

This experiment will require you ¢~ apply high voltage to the PC Board.
Never remcse the PC Board unless the NIDA 206 Amplifier is deenergized.
With the Amplifier energized, approximately +200 VBC is applied to the PC
Board in use.

EQUIPHENT REQUIRED:

NIDA 206 Amplifier

PC 206-) Printed Circuit card
PC 206-2 Printed Circuit card
PC 206-3 Printed Circuit card
PC 206-4 Printed Circuit card
Vacuum Tubes Types 6C’) and 6AU6 (1 each)
Osci tloscope

Signal Generator

10% probe (1)

1% probe (1)

BNC to BNC Cable (1)

BNC to Phone Jack Cable (1)
BNC "'TEE" Connector

PROCEDURE:

1. Energize and set up the signal generator for a 1 KHz output. Energize
and set up the oscilloscope for dual trace operation triggered externally
by the signal generator. Obtain two line traces., Connect the |X probe to
Channel A, <Connect the 10X probe to Channel "“B" and calibrate it.

2. Remove only the top cover from th: NIDA 205 Amplifier.

Note: Perform steps 3 through 7 for FC 206-1. When you ‘-.ve completed
step 7, repeat steps 3 through 7 for PC-206-2, then go throug: the pro-
cedure again with PC 206-3. Refer to the NIDA 206 Instruction Manual for
schematic drawings.
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2. 1install a 6Ch tube in the tube socket on PC Card PC 206-1 (PC206-2,
PC206~3). Install this PC card in the HIDA 206 Amplifier. Turn the High
voltage on. —

Caution: Wwhen the NIDA 206 Ampiifier is energized, there will be +200 VDC
at pin (5) of the PC Board and various components on the board, Use
extreme caution around these pointsl|

4. Using the BNC to Phone Plug Cable, connect the | KHz signal generator
output to the INPUT jack on the front panel of the Amplifier. Connect the

channe] "“A" probe to the PC board input and the charnel “'B" ﬂgobe 0 the
PC board output. Channel "A' 1X probe inserted Channel "8" 10X probe inserted.

5. Plug in and energize the Amplifler. Allow approximately 1 minute for
tube warmup before proceeding.

6. Potentiometer RI7, located on the chassis to the left of the PC Board,
is the bias voltage control. Using R17 and the AUDIO OUT adjustment

on the Signal Generator, adjust for maximum undisthrted output from the

PC board.

7. Answer the following questions:
a. What [s the gain >f this amplifer?

PC 206-)
FC 206-2
PC 206-3
The tube ﬁ3%H'ﬁS?‘ﬁET'ﬁ?EVTE§'THE‘§§?n that would be expected from

8oes €hfs amntifler invert the signal?

PC 206-1
PC 206-2
PC 206-3

What is the translistor clrcult equivalent to this circult?

PC 266-1 common
PC 206-2 common

f PC 206-3 coﬁTon

When you have completad step #7 for one board, deererglze the amplifier,
remove the tube and tha PC Board. Go back to Step #3 and repeat the
procedure using the remaininc board(s). when you have completed the
preceding steps for all |three PC boards, proceed with the rest of the
experiment.

tube socket on PC Card PC\206-4. Remove the PC Card in the amplifier

8. Insure the amplifier \? deenergized. Insert a 6AUEA tube in the
and install PC 206-4'"
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9. Insert the phone plug into the INPYT jack on the Amplifier and connect
the oscilloscope Channel "A" and 8" probes to the input and output of the
board.

1D. Refer to the schematic and compiete the following statements:
a. The 6AUBA tube is a
(1) triode.
(2) tetrode.
(3) diode.
(4) pentode.

PC 206-h is a grounded tyt e amplifier.

(1) control grid
(2) plate

(3) cathode

(#) screen grid

The input is applied to the

(1) screen
control
(3) + .ressor

The grid is grounded; the
is at a high b.C. Voltage.

(1) screen e
(2) control
(3) suoressor

11. Energize the amplifier and adjust the grid bias (R17) and the input
signal (from the signal generator) for maximum undistorted output.

12. what i. the gain of the amplifier?
The output is {in phase/180° out of r"hase) in respect to the |nput

13. Disconnect the signal input to the amplifier. Using the 10X Probe,
measure and record the foilowing PC voltages:

g+ vbC
Screen grid vbC
Cathode vbC
Control grid vbi
. Supressor grid vbe
. Plate _vbc

4. The tube ic (conducting/cut-of!].

TS
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CHECK YOUR RESPONSES WITM TME ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
tF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS ANO PRO-
CEDURES. 1IF YOU STILL HAVE A PROBLEM, SEE YOuUR LEARNING SUPERVISCR. WHEN
YOUR RESPONSES AGREE WITH TME ANSWERS GIVEN AND YOU FEEL THAT YOU HAVE
MASTERED TME MATERIAL IN THIS EXPERIMENT, REPLACE ALL THE COVERS AND RETURN
YOUR EQUIPMENT TO ITS STOWAGE, THEN PROCEED TO EXP. TWENTY ONE T-11-2.
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EXPERIMENT
LESSON II
Part 2

Operation of the TV-70/U or TV-100/U Tube Tester

This experiment will familiarize you with the operation of the tube tester
and allow you to practice testing tubes with the equipnent.

SAFETY PRECAUTIONS:

Beware of eatting burned by hot tubes: The filaments of the tube sometimes
cause the glass envelopes to become extremely hot after test. Care should
be taken in removing the tube from the tester.

EQUIPMENT REQUIRED:

1. TV-70/U or TV-10D/U Tube Tester with instruction manual.
2. Box of practice tubes.

PROCEDURE :

: 1. The operation of this tube tester is described in the following
places.

a. Audio Visual prezentation 21 T-1II.
b. Instruction Manua! located in the cover of the tube tester.

2, Familiarize yourself with the operation and location cf the switches
of the tube tester by using aither one or both of the sources of information
listed above,

3. Test the 5687 tube (if you have already tested this tube fn the AV
package, go on to step 4.)

4., Test the remainder of the tubes in the box. Use the answer sheet
below. 00 NOT PROCEED WITH REST OF THE CHECKS IF A SHORTED CONDITION EX157S.

ENSURE THAT YOU TEST EACH TUBE FOR SHORTS BEFORE CHECKING EMISSION.
TUBE TYPE SHORT EMISSION GAS

I

]

5637 good/bad i
- aood/bad i

aood/bad }

good/bad

qood/bad

good /bad
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CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED ON THE SHEET INCLUDED WITH
THE BOX OF TUBES. IF YOUR RESPONSES DIFFER FROM TH 3 » RECHF 4
SETTINGS AND PROCEDURES, IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING
SUPERVISOR. WHEN YQOUR RESPONSES AGREE WITH THE ANSWERS GIVEN AND YOU FEEL
THAT 'YOU HAVE MASTERED™ THE MATERIAL Ii THIS EXPERIMINT, REPLACE ALL THE
COVERS AND RETURN YOUR EOUIPMENT TO ITS STOWAGF, THEN PROCEED TO THE
PROGRESS CHECK.
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PROGRESS CHECK
LESSON !

Vacuum Tube Circris Configurations

L

1. A grounded-cachode tube configuration can be compared to afan
transistor configuration.

Input signals to tube circuits are usually {(smaller/larger) thzn
the ‘input signals to transistorized circuits.

The grounded-cathode configuration has

a. good voltage gain and pocr power gain.
b. poor volia_e gain and poor power gain.
c. poor voltage gain and good power gain.
d. good voltage gain and good power gain.

The grounded-grid tube configusration is comparabie to the
transistor configuratien,

A grounded-grid circuit has a (smaller/larger) voltage gain than the
grounded-cathode ampl:fier.

The cathode follower configuration is*comparable to tihe
transistor configuration.

Push-pul | circuits are used es
power amplifiers.
impedence amplifiers.
input amplifiers.
voltage requlators.

Which of the output signals shown below would you expect from a
grounded-cathode circuit?
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9. Label the types of tube configurations illustrated below:
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-
L]

10. Which of the output signals illustrated below would you expect to see
from a grounced-grid amplifier?

+10. » (t_-::_. Sv
10v

VAR
Y
d. 10v

=100v ) - _'_

‘Which of the output signals illustrated below would you expect from a
cathode-follower?

a

. NS
SR Vi
c. (\-_)e---. Sv

-

N b

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
WHEN YOUR ANSWERS AGREE WITH THE ANMSWERS, PROCEED TO THE HDDULE TEST. YOU
HAYE HOW COMPLETED THtS MODULE. IF YOU FEE' THAT YOUR PROGRESS CHECK
RESULTS INDICATE THAT YOU ARE READY 19 TAKE THE EWD OF MOOULE TESTS, SEE
YOUR LEARNING SUPERVISOR. F YOU FEEL “OU NEED FURTHER STUDY BEFORE
TAKING THE END-OF MOOULE TESTS, YOU MAY REVIEW ANY PART OF THIS HODULE.

1

%
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AUDIG=VISUAL RESPONSE SHEET
LESSON |

Functional Analysis of Basic Oscillators

ANSWER ALL QUESTIONS FOR THIS STATIC/HOTIOM PROGRAM DN THIS
RESPONSE SHEET.

-"\hat does an oscillator circuit do?

a. Change the AC Input into a DC output.

b. Produce 3 given frequency at constant amplitude.
c. Changes the OC input into a higher amplitude D, C.
d. Acts the same as a power supply.

Hane three essential circuits of a basic osci!lator,

>

Why Is the tank called the heart of the oscillator?

a. The tank converts AC to DC.

b. The tank establishes the output waveform.

c. The tank establishes the frequency of the oscillator.
d. The tank determines the frequency of the input.

What is the function of the amplifier in the oscillator?
The amplifier decreases the tank's output to prevent waveform
distortion and provides energy for the feedback circuit.
The amplifier increases the tank's output to a level! sufficient
for equipment operation and prevents energy from entering the
feedback clrcuit. . )
The amplifier decreases the tank's output to prevent waveform
distortion and also prevents energy from entering the feedback
circuit,
The amplifier increases the tank's output to a level sufficient
for equipment operation and provides energy for the feedback
cireuit,

What is the function of the feedback circuit?

a. The feedback circuit maintains oscillations In the tank.
b. The feedback circuit provides a means for changing the oscillator's -

frequenry. ]
c¢. The feedback clrcuit amplifies the oscillator output.
d. The feedback circuit fezds the oscillator output to the power

supply.

82

77
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PROGRESS CHECK
LESSON |

Functional Analysis -- Basic Oscillators

1. The function of a basic oscillator circuit is to
&. convert AC to DC.
b. convert DC to a desired AC frequency.

C. fupply the Audio Amplifier with the proper DL voltage levels.

-

d. filter the DC variations from the power supply.

The tank circuit establ ishes the of the basic oscillator
circult. !

a. voltage
b. current
c. frequency
d. powel

State the two functions of the amptifier in a basic oscillator
circuit: _

a.

bo f’

The feedback loop in a basic oscillator circuit will:
sustain oscillations.
feed energy back to the power supply.
provide proper bias.
establish oscil tator frequenc?.

v

CHECK YOUR RESPONSES WITH THE ARSWERS PROVIDED IN THE BACK OF THiS BOOKLET.
WHEN YOUR RESPONSES AGREE- WITH THE ANSWERS, PROCEEO TO LESSON 11,
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AUDIO-VISUAL RESPONSE SHEET e
. LESSON 1

Parallel Resonant Circuits

z

ANSWER ALL QUESTICNS OH STATIC/MOTLON PROGRAM TWENTY TWO-)! ON THIS
RESPONSE SHEET.

Select the most correct definition of the flywheel,effect.

3. The. reduced amplitude of the oscillations due to internal
losses in the tank.

b. The transfer of energy between the capacitor and inductor
at resonance. .

c. The ratio of inductance to capacitance,

d. The a:tions of a tank circuit with an AC input.

What causes damped oscillations?

a. Changing frequency of the tank.
b. The flywheel effect.

c. Energy losses in the circuit.
d. tmproper input.

What would adding parallel inductance to 3 tank do to its fréquency?

“ -

AHS.

4
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EXPERIMENT
LESSON 1

Damped Oscillations

IN THIS EXPERIMENT YOU WILL ASSEMBLE A TANK CIRCUIT, CAUSE 1T TO
OSCILLATE, AND OBSERVE THE DAMPED WAVEFORM,

Equipment Required

Device 6F16
Template -~ (
Osclllioscope
1% Probe (2)

Procedure

This oscillator (template "C") is the one you will use for experiment
Twenty Two~1V. For this experiment ve will only need to use the tank
cireult. (L1, c3) .

i

insert the 1 mh choke in L1, .
Insert the .10 uf capacitor for C3.

1 Hh . af

A

The CALIBRATOR OUTPUT of the oscilloscope can be used as a switch.
it first puts out a positive voltage then switches to a negative voltage
at a ] KHz rate.

Using this signal to start osciilations we should be able to see the
damped osclllations.

Oscilloscbpe Set Up

a. CALIBRATOR switch to 5 g

b. Channel A SENSITIVITY (volt§$cm) to .2
c. SWEEP TIME to 0.1 millisecond/cq

&

Connect a 1X probe to the CALIBRATOR 1 KC VOLTS OUTPUT JACK. {onnect
the probe tip to the top of the tank circuit (top of L1). Connect the
probas grognd clip to the bottom of the tank circuit (bottom of L1).

Connect a 1X probe to the Chann%l “A" [NPUT jack. Connect the probe
tip-to the top of the tank circuit itop of C3). ,

. Observe the waveform and note the damped oscillations zach time the
input signal switches.

s 100,
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1¥ yoU 00 HOT SEE THE OAMPED.WRVEFORH, RECHECK YJUR SETTINGS AHO
PROCEDURES. |IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR.

WHEN YOU' HAVE OBSERVEO THE DAHPED WAVEFORM, PROCEED TO LESSON I :
PROGRESS CHECKS.

L)

)
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PROGRESS CHECK
© © LESSON 1

Parzilel Resonant Lircults

1. ldentify the type of waveform gsenerated by a tank circuit?

A S rrn

) .
b mnn VAVAVAN

Z. What is meant by the ierm damped osciVlations?

<

If the value of capacitance is increased in a tank clircult, the
resonanc frequency will (increase/decrease) .

If the value of Inductance Is i{ncreased in a tank circuit, the
resonant frequency will _(increase/decrease) .

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLEY.
WHEN YOUR RESPONES AGREE WITH THE ANSWERS, PROCEED TO LESSON 111.
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EXPERIMENT ! .
¢ :Essou Lt .

Frequency NeaSUrement Lsing An Oscilloscope

Egp}pment Required 7

1. 0s liloscope
2. " Test signal box- Hqﬁel 124 muitigenerator
3.‘ Coaxial ¢oble with 8NC connectors
SAFETY FEECAUT!ONS: OBSERVE ALL APPLICABLE SAFETY PRECAUT IOMS

Procedure

1. Obtainsa line trace, d

2. Connect one end of the BNC coxial cable to Channe? A of the
oscilloscope and the other end tc Output #1 of the test
signal box.

Adjust the SWEEP TIME control to obtain the fewest complete
cycles on the ‘oscilloscope.

SWEEP TIME setting __ \

3

)]

Move the TRIGGER LEYEL control in the &egative direction.
What happens to the starting point of the waveform?

+
- i

Adjust the TRIGGER LEVEL control so that the length of one’
cycle of the wavefgfm can be eazily measured. Count the number
of centimeters that one complete cycle covers.

‘CMm.

NOTE: At times, it may be helpful to use the HhRIZONTAL and/or VERTICAL
positioning controis to mo: e edsily "sight* the dimensions of the waveform.

6. To obtain the perloo of the wa»eform, mul tiply the number of
centimeters by the setting of the sweeptlme control.

cm X /cm -
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7. -Using the equation F = 1/t, substitute the time of the period into
. the equation and carry out the indicated operations.
4 ‘ = N B
F = LY

P

8. Disconnect the coaxial cable from ourput # | and connect it -
© to output #3 of the test signal box. - . ’

-y

. 9. Obtain the fewest cycles on the oscilloscope. e

SWEEP TIME setting

10. Calculate the period of ohe cycle.

period = .

11. whal is the frequency of -this waveform?

. F = R -

o

12. Connect the coaxial cable to output # 5, - '
What -is the frequency of this waveform?

F = -

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED In THE BACY OF THIS :
= BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PRCZEED TO ., ’

THE PROGRESS CHECKS. IF YOUR RESPONSES DIFFSn FROM THNSE GIVEN,

RECHECK YOUR SETTINGS AND PRDZEDURES. JF YOU STILL HAVE-A PROBLEM,

SEEYGUR LEARNING SUPERVISOR. ,

"
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PROGRESS CHECK
LESSON 111

"

« Frequency Measurement Using An Oscilloscope

€. * '

The complete sequeﬁcq of events ‘in a waveform is called a

- - *

A .is the time required to complete one cycle.

i o C4
A vaveform's cycle ‘®an be measured from which points?
¢ a. trough to trough - |

b. crest to crest -

c. leading edge to leading edge
-d. All of ‘the above :

Calculate the frequency in the below examples,

a. Peariod = 50 msec Hz

b, Period = 200 upsec . Hz

c+~ Perlod = 17.5 usec Hz

5. The ' L allows you
to select tne number 6? cycles displayed On the oscil loscope.

-

6. The ’ allows you to
move the starting point in either a positive or négative direction.

7. What is the %requency of the below waveform?
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8. What is the frequency of the this waveform?

LRI

T ELIT Y

F=

CHECK YOUR RESPONSES VITH THE ANSWERS PROVIDED IR THE BACK OF THIS
BOOKLET. WHEN YOUR RESPOHSES AGREE MITH THE AHSWERS, PROCEED TO
LESSON IV, ) :
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AUO1O VlSUQL1%§ PONSE SHEET
LESSON [P PART 1

BASIC OSCILLATOR OPERATION

-

ANSWER ALL QUESTIONS IN STATIC/HOTION PROGRAM TWENTY TWO-1V-1 ON THIS
REJPONSE SHEET 4

* (Gircle One)

0 - (Circle One)

B ¢ o© (Circle Ome)
N
4, List the components that make up each of the functional part of the
Colpitts oscillator, -
ANSWER
Tank
Amplifier
Stabilization/Bias Network
Feedback . )

5. “List the components that determine the frequency of oscillations in
"the circuit shown. (Clspp Oscillator)
L1 .

ANSWER
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EXPER IMENT
Lesson 1v

PART 1

Oscillator OQperation

The operation of an osclllator circuit will be Investigated in
this section of the experiment. Yo" will build an actuai osclllator
circult and make appropriate measurements to verify that the circuit
operates according to theory.

Equipment Rec

bevice 6F16
Oscilloscope
10X Probe

Procedhre

1. Using all applicable safety precautions, energize the
oscilloscope.

a. Obtain 2 line trace.
b. Set the LENSITIVITY control to 1 volt/centimeter.
€. Set the SWEEP T(ME control to | microsecond/

" cent imeter.

d. Connect a 10X probe to the Channel A INPUT jack.
Set up the 6F16 transistor tralner as follows:

Using template C, Transistor Oscillator, assemble
circuit illustrated below.

v revwscennnany

t 3
gt\
l
|

.

PR el
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)

Looking at the potentiometer from the knob side rotate the
potentiometer, R], to the fully counter-clockwise positicn.

C&nnect the 10X probe to the ouput of the o;cillator.
Connect the ground lead to point A on the oscillator.

Energize the oscillator by connecting the power cord of
Device éF16 to a 117 volt, 60 Hz source.

Rotate the potentiometer Rl clockwise to ohtain the least
distorted sine wave on the oscilloscope screen. (Note: |If
the pot is turned too far, oscillations will stop.)

Calculate the frequency of the waveform displayed on the osc i iloscope
screen,

“Ans.

The feedback path for this oscillator is provided through

Capacitor C1. Remove Cl from the circuit and ohserve what

happens to the waveform displayed on the oscilloscope =creen.

Hotice that the waveform dles out too quickly to observe the -

damping effect. (Replace capacitar CI into the circuit before
- cont inuing.) !

Replace the 100 uuf tank capicitor, €3, with a 500 uuf capacitor.
Re-adjust potentiometer R! to obtain the best sine wave on the
oscilloscope screen. Calculate the Frequency of the waveform now
displayed on the oscllloscope screen.

€

Ans.

You increased the value of the tank capacitor, €3. Did the
frequency of oscll lations dncrease or decrease? |s this
consistent with theory?

Ans.

(Insuré that tank capacitor, C3, is replaced with the 100 uuf
capacitor{before continuing).
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6. Replace the ) mh tank inductor, L1, with a 2.5 mh {nductor.
Again re-adjust potentiometer Rl to obtain the best sine wave on
the oscilloscope screen. Calculate the frequency of the waveform
displayed.

Ans.

You increased the value of the tank inductance., Did the
frequency of oscillation increase or decrease? Is this
consistent with theory?

Ans.

. D
7. Return the ! mh tank inductor to the circuit.

CHECK YOUk REPSONSES WITH THE ANSWERS PROVIDED iN THE BACK OF THIS
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED T0
EXPERIMENT TWENTY TWO-IV-2. IF YOUR RESPONSES OIFFER FROM THOSE GIVEN,
RECHECK YOUR SETTINGS AND PROCEOURES. iF YOU STILL HAVE A PROBLEN,

SEE YOUR LEARNING SUPERVISOR.

-
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EXPERIMENT
LESSON |V
PART 2

Loading Effect of Meters

This section of the experiment will compare the loading effect of a
YOM to that of an Electronic Voltmeter (EVM) on an oscillator circuit.

Audio Yisual: At this- time you should view the audiovisual '‘Using
the AN/USH-116."" There is also an inst:iction manual that you may
read to help you understand the operation of this particular piece
of test equipment.

Plug in the EVM and turn it on. This EVM is turned on by use of the
function (top) switch which has ar OFF position. When the meter is OM
the Power On indicator .should be ijt.

For stable operation the EVM requires about twenty minutes warm-up.

While waiting for the EVH to warm up continue with tie first part of
the Procedure. . s

7

Equipment Required

VOM AN/PSM-4 ( )/or Simpson 260
EVM (Electronic Voltmeter)
Osciltloscope

Pevice 6F16:Template C

Procedure

. a. Connect the oscilloscope to the output of the osciltator.
Leave It connected throughout the remainder of the Job
Sheet,

Adjust the oscillator for maximum undistorted output.

Use the oscilloscope to measure the RHMS value of the output
sine wave (RHMS is 0.707 times peak)

Ans. VAC

the VOM to measure the ocutput of the oscillator.

Set the function switch of the VOM to the OUTPUT position.
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b. Start with the 5D volt scale and record the AC volts in the
space provided for each setting of the meter.

R

50 V Scale VAC S
25 V Scale - VAC

10 V Scate VAC .

5V Scale e VAL \

With the VOM set on-the § V scale adjust the &scillator for
maximum output. Notice how much the meter loads the circuit.

When you connected the VDM to the output. of the oscillator
what happened to the frequency of oscillations?

The frequency .

Now measure the AC voltage at the output of the os~iilator with
the EVM. See Notes below.

a. Ans VAC

How does this value compare with the value measured by the
oscilloscope?

b. ‘

c. BDid the EvM change the fré&ﬁehgy appreciably?

Note: It is suggested that thié‘measu?ement be made with the meteyr set
for 30 VAC. The 30 VAC scale is read on the black 3.P volt graduations.
ftemember to 2ero the meter with the ZERO ADJUST before taking the
measurement.

Hote: T ground clip on the AC probe should be connected to circuit
cormman . ground .

CHECK YOUR RESPONSES WiTH THE ANSWERS PROVIDED IN THE BACK OF THiS
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWER, PROCEED TO
EXPERIMENT TWEMTY TWO-IV-3. JF YOUR RESPONSFS DIFFER FROM THDSE
GIVEN, RECHECK YOUR SETTINGS AND PROCEDURES. IF YOU STILL HAVE A
PROBLEM, SEE YOUR LEARNING SUPERVISOR.
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EXPERIMENT
LESSON vV
Part 3

Troubleshooting Oscillators -

* This experiment will demonstrate the principles of operation of two basic
osciflator circujts - -

1. Colpitts Oscillator
2. Armstrong Oscillator

SAFETY PRECAUTIONS:

Beware of all open and bare connections on the NIOA 203 Oscillator. Re-
member, even low voltages can KiLL! .

Equipment Required:

1. N{OA 203 Audic Oscillator
PC203«2 printed Circuit Card
PC203-5 Printed Circuit Card

Osci{loscope
1X Probe
BNC - BNC Cables (2)
5. BNC ""TEE" Connector (1)
6. NIDA 203 Audio Oscillator {nstruction Manual
Procedure: : : -

i. Enorgize and set up the oscilloscope for dual trace operation
with an EXTERNAL TRIGGER input.

2. Using'the two BNC.cables and the BNC "TEE" connector, connect the
N{OA 203 Oscillator output (BNC Jack on the front panel) to the
EXTERNAL INPUT and CMANNEL A of the oscilloscope. .

Connect the 1X Probe to CHANNEL B of the oscilloscope.

Ensure the CHANNEL "B POLARITY SWiTCH-Is—In—the*+UpHposition.

—TRIS probe will be used later In the job sheet.

Place the CHANNEL ''AY POLARITY SWITCH to the "-UP" position.
This will enable you to see the proper phase of the oscillator
output signal.
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NOTE: The output signal of the oscillator is jnverted 180° by an
output amplifier in the NIOA 203 Oscillator. The CHANKEL “A"
POLARITY SWITCH on the oscilioscope in the "~UP" position allows
you to invert the Oscillator's output another 180°, displaying
the true output phase of the Oscillator. °

5. PRemove the top cover of the Oscillator.
NOTE: Perform the following procedures for the Colpitts Uscillator
(PC 203-2), then, after step lh, come back to step 6-and repeat the
procedure using the Armstrong Oscillator {PC 203-5).
Insert PC Board 203-2- {203-5) into the NIDA 203 Oscillator chassis.
Plug in and energize the oscillator.
Rotate the amplitude control on the front panel of the Oscillator
fully "clockwise." Oisregard the multiplier and frequency con-
trols. These controls have no effect when using the PC 202-2 and
PC 203~5 boards.

Refer to Figure 5-9 in the NIOA 203 instruction Manual during this
experiment.

Measure and record the period of the output signal.

-PC 203-2 seconds
PC 203~5 seconds.

-

10. What is the output frequency? e

.

PC 203-2 Hz
PC 203-5 _ Hz

11. what type of amplifier is used in this circuit (common base,
common coliector, common” emitter)

PC 203~2
PC 203-5

12. Measure the phase relationship between the output signal and the
feedback signal to the base of Q1. {(Connect channel 'B8" to
oo ——_the amplifier—input-—Channel A" IS measuring the oscillator's

W

output.)

PC 203~2 (in phase/90° out of phase/180° out of phase/270° out of phase)

PC 203-5 (in phase/90° out o¥ phase/180° out of phase/270° out of phase)

.
-
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. ¥hat components of the circuit determine the oscillator frequency?

Pc 203-2 » ot
PC 203-5 N ’

14, Deenergize and unplug the Oscillator and remove the PC card.

15." Go back to step # 6 and repeat the procedure using PC Board 203-5.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
IF YOUR RESPONSES DIFFER FROH THOSE GIVEN, RECHECK YOUR SETTINGS AND PRO-
CEDURES. IF YOU STILL HAVE A PROBLEH, SEE YOUR LEARNING SUPERVISOR.

WHEN YOUR RESPONSES AGREE WITH THE ANSWERS GIVEN AND YOU FEEL THAT YOU
HAVE MASTERED THE MATERIAL IN THIS EXPERIHENT, REPLACE ALL THE COVERS AND
RETURN YOUR EQUIPHENT TO ITS 'STOWAGE, THEN PROCEED TO THE PROGRESS CHECK.

-
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PROGRESS CHECK
LESSON 1V

Oscillator Operation

The purpose of L] in Figure | is fo
establ ish the oscillator frequency.
cguple feedback energy to the resonant tank.
couple energy out of the resonant tank.

. provide a DC path to ground.

I
!

Figure 1

2. In figure 1, which component can be used to change the frequency
of oscillation? ~ ’

c4
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§u
L@m '

= Figure 2

In figure 2, which inductor determines the frequency of oscillation?
a. L}
b. L2

,

c, L3

In figure 2, the purpose of transistor Q1 is to

a. feed amplified energy to the tank circuit.
b. feed amplified enargy to tickler coil L1.
increase the energy of the DC supply voltage.

establ ish the frequency of oscillation.
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5.

6.

The amplifier and feedback path for the oscillator in figure 3 is
from point

a. C, through Q1, through C2, to point A.
b. 8, through C1, through Ql, through C2, to point A.

A, through €2, through Ql, to point C. °

A, through €2, through Qi, through C1, to point B.

Figure 3
in figure 3, which components establ ish the freguency of oscillation?
a. C1,¢2, €3, Q ¢
b. L1, L2, CI
c. Rl, C1, C3, L)
d. C3, C4, L
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*

7. The purpose of capacitor C2 in figure 4 is to
a. vary the frequency of oscil lation.
b. adjust the bias on transistor Ql,
¢. provide the correct amount of feedback energy.

d. adjust the amount of output energy.
=Vee

R3 '
Figure 4 '

R2

8. what test equipment should be used when measuring voltage in an
oscillator circuit? .

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDEG IN THE BACK OF THIS BOOKLET.
WHEH YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO THE MODULE TEST.

Y0y HAVE NOW COMPLETEQ THIS MODULE. |IF YOU FEEL THAT YOUR PROGRESS CHECK
RESULTS iNDICATE THAT YOU ARE REAOY TO TAKE THE END OF MOODULE TESTS, SEE
YOUR, LEARNING SUPERVISOR. IF YOU FEEL YOU NEEO FURTHER STUOY BEFORE
TAKING THE ENO OF MOOULE TESTS, YOU MAY .:EVIEW ANY PART OF THIS KODULE.
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ANSWER SHEET
FOR
PROGRESS CHECKS
LESSOR 1§

_Basic Power Supplies

Voltage, current (either order)
d .
Step the Input up or d-wn

AC, 0C

N

L}

Regulates the output {maintains constant outpuf voltaée).
Couple -output to electronic equipment (Joad),
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ANSWER SHEET
FOR
EXPER IMENT
LESSON 11

Anput Stage

1. g 15. i
2, e 16. a
3. ¢ 17. b
5. d i9. ¢
6. f 20, b
8. 1 2. h
0, b . ) 22. e
N, a Q _ 23. i
12. h \_ 25. h
13. b {new modet. parts 10 board)

¢ {older model parss ID board)

2. a. e,

: -" | ,,
ot B
>y

b, —O” O—— £ ﬁ a

& (L)
D3
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.~ AS.(p.CL) - Twenty-11

( ..« ANSWER SHEET
oL M€ FOR
. PROGRESS CHECKS
!X LESSON 1|

_Input_Stage

-

. ' ‘
‘Connect ship's sﬁbply into/bower supply

a, d, e \.;
Provide overload:protection .
a. Circuit brédker

b. Indicator tamp
¢. Fuse )

d. .Switch . . ) .

Turn power supply on or off

tndicate power on condition

L
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- ANSWER SHETY
' FOR

EXPER [MENT

LESSON. € 1

" Input and Transformer Secondary Stages

. 3a. 340 vp-p ¥ 10%
B, 10v 08

. 3c.’ 120 VRMS ¥ 103 (Remember: RMS voltages is 0.7 times peak voltage.)
3d. 120 vAC T 10% 0
ha. B't%\fp-p

4

b, No
5. Y;s

6a. 3Movp-p T 103

6b. (2) The primary winding of transformer ¥-1.
6c. Yes

6d. No

8a. Mo

8b. VYes

10a. 100 vp-p ¥ 108

10b. Yes "

1. No

12a. Approximately 3.4 - 1

12b. Step-down transformer.

b

LU Py
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) ANSWER SHEET
- ‘ cOR
PROGRESS CHECK
'LESSON 111

Power Supply Transformer Secondary Stage

128 125
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#26

#27 Low

#28 Low OR
#29 Low 2808

#26, 1: » §27, 1:

no

Twenty- V-1

ANSWER SHEET
FOR
EXPERIMENT
LESSON IG/

PART 1

Power Supply Rectifiers

High

High «
High 00’
High »

o #28) 1: 1 429, 1: »
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ANSWER SHEET
FOR
PROGRESS CHECK
LESSON 1V

Power Supply Rectifiers

Half wave
Bridge
Fell wave
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s. (Exp) o Twenty-V

ANSWER SHEET
. FOR
EXPERINENT
LESSON V

Power Supply Rectifiers and Filters

5. (1) crl only
6.

A 45 vp-p + 103
7a.

HHHHAHHH m 45 Vo-p + 103
7b. (3) both the positive and negative alternations of the AC input
7c. twice as many
8. 27 VDC + 103, .05 DC AMPS + 103
1t

HHHHH T TH T 45 VDC + 103
23

128
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12. 43 VBC + 103 .05 DC AMPS + 103
decrease; increase (in that order)

14, Positive sice of the Ct must be jumpered to ground to discharge Ct.

124 129
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’ ANSWER SHEET
FGR
PROGRESS CHECKS
LESSON v

Power Supply Filters
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ANSWER SHEET
- FOR
PROGRESS CHECKS
' LESSON Vi

Power Supply Regulators

1, Maintain constant voltage out regardiess of current load

2. Increase

3. increase -

“I d




'AQSQ

k.
ba.

. - 8a.

8.
8¢c.
8d.
8e.
9a.
Ha.

ak

(Exe) . Twenty~Vil

ANSWER SHEETY
FOR
EXPERINENT
LESSON VI

Power Supply Output Stage

25.5 vpC + 103 ; .06 DC AMPS + 103
28 voC +103 ’
4OVOC +10%

27 vot +103

13 vDC +10%

.13 0C ANPS +10%
.06 0C AMPS +103
.07 BC Amps +103
27 vbc +103 ; .08 0C AMPS +03

-

11b. No

13.
12.
1ha.
14b.
Vhe.
15.

Decreased
ER1 13 vOC IR} .13 BPC AMPS [ICR1 .05 DC AMPS

21.5 voC +10%; .185 OC AMps +10%

yes

yes

ER! 18.5 DCV #1023 (R1 .185 DC AMPS +10%  ICRI O DC AMPS
NOTE: Tolerance of the DC AMPERES meter may give an erroneous reading

of as much as 50 milliamps. 1€ on step 15 ICR1 has up to 50 milliamps
throuwgh it, it can be attributed to '"slop" in the DC AMPERES meter.
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ANSWER SHEET
FOR
PROGRESS CHECKS
LESSON VIl ¢«

Power Supply Systems Concept

Loading effect (or just "loading'!)

Interioading
.* InCrease Or decCrease

a. Current In fixed branch will change
b. Loading effect

Add a regulator or a zener diode
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LESSON 1

Twenty-T

ANSWER SHEET
" FOR
PROGRESS CHECKS
~ LESSON 1 ¢

Vacuum Tube Power Supplies

129 134
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L .

ANLJER SHEET
FOR
EXPERIMENT
LESSON |

Transistor ldentification

a.
b.
c.
d.
e.

COMPONENT TRANSISTOR E-B B-C E-C EBC
NUMBER NUMBER

2N1893 30.PN HIGH | NP HIGH{ NP LOW | NFN
NP LOW PN LOW PN HIGH
2N1183 31.PN LOW NP LOW [. NP HIGH| PNP
NP HIGH { PN HIGH| PN LoW
2N3055 32.PN HIGH | NP HIGH{ NP LOW | NPN
NP LOW | PN LOW | PN HICH
2N2222A 133.PN HIGH | NP HIGH| NP LOW NPN
NP LOW | PN LOW | PN HIGH}
ECG10S 34.PN LOW NP " LOW NP HIGH| PNP
NP HIGH | PN HIGH| PN LOW

* NOYE - Directions must be followed exactly to obtain readings as given.

-

a
Your resistance readings may not be exactly 1ike those above, due to
difference in interpretation of meter readings and manufacturing tolerances;
however, they should be fairly close. §Ff not, recheck your readings.

‘ 3. 30. 2H1893 31, 211183 32.  2N3055
C T

B B
) E
33, 2N2222A
C
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AMSWER SHEET
FOR ‘
PROGRESS CHECKS
LESSON | -

Basic Transistor Theory

1. ¢

2. The woltage across Rv increases. The current through Rv decreases.

3. b

4, " 1-b; 2-¢; 3-a
5. ¢
6.

7.




ANSWER SHEET
FOR
PROGRESS CHECKS

LESSON 11

Transistor Biasing

S I o
O

137

132
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ANSWER SHEEY
FOR
EXPER IMENY
LESSON I1H

Transistor Amplifier Functional Analysis

1. {-) negative &
2, yes
3. PNP
ﬁ: Oma
5. Oma.
6. .0k ma
) 3.7 ma
8. 92,5

9. increase
10. 5 volts
- 1. 8 volts p-p

fleading may not be exact, because of differences in training devices.
However your readings should be fairly close to those above.

w138
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h.
5.

s.{r.c.) Twenty One-1H)

ANSWER SHEET
FOR
PROGRESS CHECKS
LESSON 111

Functional Transistor Amplifier Functional Analysis

To control a large current with a small input signal {or words to that

effect).,

1=-b, ¢

2-a

3-b, ¢

a. Resistive-capacitive;
b. Transformer

b

a

134
124

-
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ANSWER SHEET
FOR
TAVERIMENT
LESSON ¥

Transistorized Amplifier Circuits

7a. Common emitter amplifier, will invert the Input signal.
7b. Common collector amplifier, wili not invert the Input signal.

7¢. Common base amplifier, will not invert the Input'signal.

16a PC206-6 PC206~7 " PC206-8
* gain " loss - galn
16b. ves no ‘ no
16c.  1:100 Ve 1:6
}
»
|
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ANSWER SHEET
FOR
PROGRESS CHECKS
LESSON 1V

Basic Transistor Amplifier Configurations

Il

Y. a, common-emitter -
b. common-base - .
c. common-collector

1eld]
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8.
9.
10,

12.

ANSWER SHEET
FOR
EXPERIHENT
LESSOH V
PART 1

Translstor Asplifier Analysis

8.0 volts

cut off

.1 volts

«.16 volts

.1 volts

saturation

Positive portion-flattened out, the potentiometer raised the blas
to where the input signal drove the transistor Into saturation (or
words to that effect).

all

180°

tegative

Positive

‘Your answers may not be exact due to component tolerances, power

supply variationns, and aging of components. You should find,
however, that the voltage relationships clearly indicate the
circuit conditions.

3
14
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’ ANSWER SHEET
FOR
EXPERIMENT
VESSON v
PART 2

Transistor hﬁglifier Analysis
b, f{c) common emitter amplifier.
(b) phase splitter.

{d) push-pull amplifier.

-~ v W

{c) output transformer.

9a. 1,000 * 103

9b. .5 V{p~p), 180° out of phase.
9¢c. 10 Vi{p~p), 180° out of phase.
9d. 2.2 Vip-p) ¥ 10%

10a. o

10b. (c) When Q3 cuts off, Qb4 does not start conducting immediately.

/ 198 143
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E N ow oo

10.
1.
12.

c

Cutoff

ANSWER SHEET
FOR
PROGRESS CHECKS
LESSON V

Basic Transistor Amplifier Circuit Analysis

Saturated

b

Twenty One-V
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ANSWER SHEET
FOR
PROGRESS CHECKS
LESSON 1

Hulti Element Vacuum Tubes

1. control grid
2, (b)
HPH

Hegative
(b)

S owoFow

Plate

Screen Grid
Control Grid
Cathode

an oo
. s =
]

7. screen grid {

Plate
Suppressor grid
Screen grid
Control grid
Cathode

O an oo
| 2 R N |

L%
-
—
1]
—

10. (b)

115

140
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ANSWER SHEET
FOR
EXPERIMENT
LESSON H{
PARY |

Vacuum Tube Circuit Configurations

" Ta. PC ' GAIN
206-1 8
206-2 .6
206-3 4

7b.  PC 206-1 Yes Signal 1s 180° Out of Phase.
PC 206-2 No Phase Shift 0°,
PC 206-3 No Phase Shift n°,
Te.  206-1 com;nn emitier
206=2 commont collector
206-3 common base
10a. (4) pentode.
10b.  (3) cathode.
ise, (2) control
10d. (3) suppressor, (I) screen. ({in that order)
12. & VAC input; 80 VAC output; Galn 2U; 180° out of phase.
13. a. 220 vbC
b. 100 vDC
C. ov
d. -1.5 voC
e, ov
f. 56 vbC

1A, conducting

B e - = s = ———— ARy ——— e —
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ANSWER SHEET
FOR
EXPERIMENT
LESSON T-11
Part 2 .

Operation of the TV-7D/U or TV-100/U Tube Tester

THE ANSWER SHEET FOR THIS EXERCISE IS IN THE BOX OF TUBES TO BE TESTED,

s
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a.s.(p.c.) Twenty One T-i1

ANSWER SHEET
FOR
PROGRESS CHECKS

LESSON 1

Vacuum Tube Circuit Configurations

1. common emitter
2. larger

(d)

common base
Iargere

common collector
ta)

(d)

]

Grounded-Cathode

Grounded Grid

Cathode Follower (Grounded Plate)
- Push - Pull

Phase -~ Splitter

[ - "N - )
]

10. (b)
1. (ad)




A.8. (p.c.)
ANSUWER SHEET

! FOR
PROGRESS CHECKS
LESSON |
Functional Analysis -~ Oscillators
&
1. b
L8
2, ¢

3. a. Amplify oscillations,
b. Provide power to sustain oscillations.

4, a

144

Twenty Two=]




’ . -
A.S. (PSC.) o | Twenty Two-1l
. AHSWER SHEET '
- . : FOR
PROGRESS CHECKS
+ LESSON (I

Parallel Resonant Circuits

1. a
2. aradual loss of amplitude in that tank due to circuit losses.
3. Decrease

4, Decrease




A.S. (EXP.) ' _ Twenty Two=111

ANSWER SHEET
FOR

EXPERIMENT
LESSON 111

Frequency Heasurement with an Oscilioscope .

)
.

1 mI[IISec/cm

4. The starting point moves In a negative direction {or words to .
this effect)

[

’5. 10 cm

10 cm X.1 millisec/em = 1 mlilisec

Perlod = | miliisec =t

Feilft

1
o AT T sec

|
F= %0

.n
]

1000 HZ or 1 KHZ

9. 20 or 50 u sec/cm
10. period = 470 usec
1. F = 2,1 FH2

12. F = 700_42

- ‘ e
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AS.(P.C.) . Twenty Twos 11}

.

ANSWER SHEET

FOR
PROGRESS CHECKS
LESSON 111

Heasuring Frequency With An 0scilloscope

1. cycle

2. period

3. d

h. a, 20 mZ

b. 5000 HZ or § ¥HZ
C- s?.'h KHZ - -

5. Sweept}me control
6. Trigger Level control
7. 3.33 w2
8

. 6.25 KHZ

47




A.S. (EXP.) Twenty Two=IV

ANSWER SHEET

FOR
LESSOH 1V
EXPERIMENTS
PART | Oscillator Operation ////
3, 500KHZ --- 333 KHZ
5. Frequency = 200KHZ-250KHZ %

a. Frequency decreased, Yes

6. Frequency - 200 KHZ-25-KHZ
a. Frequency decreased, Yes > ‘

PART 1t1 - Loading Effects

l. ¢ 12v-15vAC

2. b. 50v scale 10-15 VAC
Note: Heter shoyld be on Qutput function
26v scale 5-10 vaC
10v scale 2-5 yaC
bv scale .2v - 5vaC

4, Tlecreased.

5. a. 11y-1h4vac
b. Close
c. No

PART 111 Oscillators

9. PC 203-2 - 225usec  10%

PC 203-5 - LOusec * 103
10. PC 203-2 - 4.5XHz + 103

PC 203-5 - 25KHz * 10%

1%, PC 203-2 - common emitter amplifier.

PC 203-5 - common emitter amplifier. .

12, PC 203-2 - 1B0° out of phase.
PC 203-5 - 180° out of phase.

13. PC 203-2 - C3-2, C4-2, L1-2

PC 203-5

c3-5, Tl-5‘

, ' 148 153
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A.S.(r.C.)

ANSWER SHEET
FOR
PROGRESS CHECKS
LESSON 1V

0scillator Operation

d

¢

a, VTVl
b. Dscitloscope (Either order)
¢. Standard VOM will load the circuit.

Twenty Two- IV




