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INTRODUCTION

These notebooks have proven their worth, many times over. Newcomers to
electronics are constantly asking for information and bocks that answer their
questions in a way that they can understand.

That's the purpose of these notebooks. By preparing a page or two every few
days, the whole of electronics will be covered. But that's a huge undertaking.

[ don't want to cover that already in text books but rather fill in the gaps and
explain things in a different way to make them more easily

understood.

Even quite complex problems can be broken down and covered at basic level.
After all, most circuits consist of many simple 'blocks' and ocur pages aim to
cover these.

Everything I do has a goal and it should be the same with you. One of your first
aims should be to get a basic certificate in electronics.

The BEC is just that. The BEC is the BASIC ELECTRONICS CERTIFICATE and since
its existence will be unknown to many, [ have decided to promote it in this issue.

In the last section of this book you will see details on the BEC including a set of
typical exam papers, complete with answers.

The beauty of this course is it comes in many forms: Full-time, part-time,
self-paced and correspondence.

To find out more about the content and fees etc, you should contact your local
TAFE college and they will put you in contact with the closest participating
college.

After loocking into the content of the BEC and reading through some past exam
papers, [ can thoroughly recommend it as a valuable starting point.

Three exams must be taken to cover the content of the course and a series of
practical experiments must alsc be handed in, to gain a pass.

The exams consist of 'objective-type' questions and this allows a large range of
topics to be covered. This type of questioning is very tricky as the multi-choice
answers can put you off the track very easily.

To perform effectively in the exam you must have had prior experience with
this mode of questioning. To this end I have included a set of questions as
mentioned above. From the feed-back [ get, a complete book on the exam may
be produced.

Please let me know if you are doing the course and if more questions are needed.

To assist in the course, don't forget the range of Talking Electronics projects.
There is no better way to learn electronics than by construction. We have nearly
100 kits available, ranging from a diode tester to a simple Z-80 based computer.
I would suggest building at least 10 to 15 kits to gain the skills necessary for
the course.

After the BEC, the choice is yours. At TE we only start you off. Once you climb
the first rung, you will be able to see the paths that open up. It's the first,
initial stage that's so difficult.

Let's hope we £g
)
For now, Cd

Colin. VII '88

n start you off.
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STArTING Qut

THESE PAGES WILL HELP YOU IDENTIFY COMPONENTS & SHow How TO
QDOLOER, THEM CORRECTLY.

THE RESISTOR.

“THIS 1S THE ACTUAL SIZE OF A ’/waArr RESISTOR, | ——rgp—
I'T CAV BE SOLOERED T A PC ROANRD IN 3 WAYS:

f@— 3 —~<TrIre——

(A) sTANDING UP (B)LYING FLAT () SOLOERED TOTHE UNDERSIOE

A RESISTOR. CAN BE SOLDERED 'EMTHER, WAY AROUND ' (lT IS CALLED A NON-POLAR,
COMPONENT ~ MEANING 1T IS NOT POLARISED). T ISVERY DIFFICULT TO
DAMAGE DUAING SOLDERING & YoUu cAN RENDTHE LEADS AS CLOSE TO

THE BODY AS YOU LIKE WITHOUT FEAR OF THEM RREAKING OFF

WHEN MgUNTlNG A RESISTOR AS IN (qgo& (B) PUSH IT VP TOTHE PC
GOARD & SOLDER THE LEADS S0 THAT SOLDER FLOWS AROUND THE LEAD
&DOESNT FORM A 'DRY JOINT'

A DRY JonT I‘S) ONE TH:?; CAN g]@ WIGGLED AND
«_ PULLED APART. THIS IS DUE TO
(D THE LEAD BEING DIRTY 0R(Z) NOT ENOJGH NEW O O X7
SOLDER BEING APPLIED 0R(D) SOLDERING AN IS
o0 QUICKLY . WHEN SOLDERING, KEEP rLINC
THE IRON OV THE JOINT YOR A FULL 2 SECONDS = ﬁ
S0 THAT THE HOT SOLOER. AND FLUX WiLL CLEAN I} THE SOWER "PuLLS BACK
THE LEAD AND MAKE A SHINY JOINT. LiKe THIS, YOU HAVE MADE

A DRY JOINT .
READING RESISTORS -

“THE VALUE OF RESISTANCE 1S SHOWN BY COLOURED RANDS . IN THIS .
O15CUSSION WE WILL TALK ABOUT 57, & 107, RESISTORS — THESE RE SISTORS
RAVE 3 COLOURED BANDS & A TOLERANCE BAND — EITHER GOLD OR SILVER, .

TO READTHESE BANDS, HOLO THE RESISTOR, S0 THAT THE TOLERANCE
BAND 1S ON THE RUIGHT.

f— GoLD OR SILVER,

M{Q 7 ‘-__g TOLERANCE :
/,
) f \THIRD BAND G%Q\ﬁ)e; 27:70" _

FIRST BAND SELOND RAND

TOLERANCE 15 THE ACCORACY oF A RESISTOR, . NOTHING CAN BE MADE 'EXACT
~ AND USUALLY THE [ wATT RANGE CoMES IN 57, TOLERANCE .

6 ELECTRONICS NOTEBOOK 5



“THE VALUE OF RESISTANCE. 1S GWEN IN OHMS (). ONE THOUSAND OHMS

1S | KILO- 0HMS (WRITTEN K) — ONE MiLLioN OHMS 1S ONVE MEG OHMS
(WRITTEN M). THE LETTER FOR OHMS IS

TOR INSTANCE 2 200 o#MS = 2K2 or 2:2K
1,000,000 0iMS = |M

470,000 = 470K

33)000 N SZK

100R

|
4R
R2
22R
2R2

O OHMS
l,.-z OHMS
«22 O0HMS
22 0HMS
22 0UMS

nonon o T

THE RESISTOR. CoLouR CoOE

“Tie RESISTOR COLOUR CODE MUST BE LEARNT BY HEART.

FIRST SECOND  THIRD
RAND RAND BAND

oims (R) cq 47R ., €8R, 82R.
eq. 220R , 4TOR, S6OR.
eq. 2200k (2K2) 4700R (4K7)
® Kk eq 33k, 47K,

R Ok €g 470k, S60K.
oR

BLACK,
BR0wWN
RED
ORANGE
YELLOW
GREEN
BLUE
PURPLE
GREY
WHITE

FourTH
BAND:

GoLD <10 R

5% <u.2R2/5%
SILVER

+ 100 R I0%  eq R22 10},

|

¥ ReD LORANGE ARE VERY HARD To TELL APART. —SO BE CAREFUL.
el 1 1 0 I —{ 1111}

%
\ , = .
Kw/Kéo\v} SILVER 6&0»){ stQC\x & GOLD o e T8

Veliow PURPLE “VELLOW

2K2 10%. lk 59 470k 5%,

ELECTRONICS NOTEBOOK 5 7



—{11Ty —{ 1111}
\ T God S\ SNT—san
BROWN BLACK GREEN GOLD  (RANGE ORANGE ORANGE YELLow PURPLE  BLACK

IM 5% 33k 5% 47R 5%

HOW 0 READ VALUES LESS THAN 10R, (10 0HMS)

YOR, VALUES LESS THAN IOR, (EG. 47 ouMs 3-30ms |onm “47oums  *22 orMS
*lorms ETC) THE THIRD BAND™ 1S EITHER, GOLD OR SILVER ."THE FoURTH BAND

1S STILL THE TOLERANCE (GOLO OR, SILVER) & THIS GIVES RISE TO RESISTORS |

SUCH AS YELLOW — PURPLE - GOLD ~GOLD , ORANGE -ORANGE ~SILVER - GOLD., |

GOLD ASTHE THIRD BAND MEANS YOU DWIDE THE NUMERICAL VALUE oy
BANDS &2 BY 10. e, 4710 = 4R = 4R7_

SiveR, As THE “THIRD BAND MEANS YOU DIVIDE THE VALUE 85 FOUND FROM
BANDS 1&2 BY 100. A RESISTOR SUCH AS YeLLow -PURPLE - SILVER- GoLD
IS L7 <100 = *LJOHMS = LR, = R,4.7.

THE WAY TO REMEMBER, “THE OWISION FACTOR, 1S : SILVER HAS MORE LETTERS
THERETORE OWIDE BY 100. GOLD HAS LESS LETTERS IN ITS NAME
THEREFORE OWIDE BY 10/

I r— —-ED:D&- —{ I
. \\ / N\ GoLD P \\\Qmo

RED RED &oLD GoLD BROWN  BLACK ~GoLD ORANGE ORANGE SILVER.

2R2 5%, R 5] R33 59

ToAVoID ConFuSIoN, TRe LeTTER R, Kk o M IS PUT IN THE POSITION OF THE
DECIMAL POINT. EG: 47K 1S WRITTEN 4KJ 2:2M 15 WRITTEN 2M2 ETC,
ONE OHM CAN BE WRITTEN IR, oR IRO. D0 Nor WRITE IR or 3R3 N
0R LTK AL ok 270K 0/ 27KR ETC. DO NOT USE ‘_Q' AS TYPEWRITERS
DO NOT HAVE THIS SymeoL !

QUIZ - WRITE DowN THE VALUE of THESE RESISTORS |

L —o— O rr— @%
| ’ I\
RED PURPLE\&GOLD / \\\ GoLD /PURPLE " &D
® BRowN  BLAck GREeN YELwow GoLD

g 1— O—1T1L 1~
owé o\szqkeqow SEer w wa >\ . s Erlow\\ GoLD

ED "RED ~GoLp
BRowWN BLALK ORANGE

l-2k7 8% 2:1M 5% 3:4R7 5% 4 3R3 5%, 5.1k2 59 6ok 57,
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SURFACE -MOUNT RESISTORS

THIS 1S A SURFACE ~MOUNT RESISTOR | &= ActuAL size !

SURTACE MOUNT RESISTORS ARE GRADUALLY BEING INTRODUCED INTO PROJECTS
AND ALTHOUGY THEY ARE VERY SMALL, ITIS POSSIBLE To HAND SOLDER TO
THE PC BOARD ."THEY ARE SoL DERED To THE COPPER SIDE OF THE BOARD
BY TRSTLY TiNNING THE LANDS THEN PLACING THE CHIP RESISTOR, IN
POSITION . & HOLDING ITIN PLACE WIiTH A {MALL SCREW -DRIVER , PAPER -~ CLIP OR
CLAMP. EACH LAND IS THEN HEATED witH A FINE TiPPED SOLDERING [RON SO
THAT THE SOLDER MELTS & TLowsS UNDER. THE RESISTOR,. ~1HIS IS CALLED

=,
7%&9

SOLOER

REFLOW SOLDERING AS NO EXTRA SOLDER, 1S ADDED.
IDENTIFYING SURFACE - MOUNT RESISTORS

SURFACE MOUNT RESISTORS HAVE A 3-FIGURE NUMRER ON THEIR TOP TO JOENTIFY
“THE RESISTANCE (N OHMS.

THE RESISTANCE VALUE 1S GIWVEN BY THE FIRST TWO DIGITS & THE THIRD
TIGURE GWES THE NUMBER OF ZERQS THAT ARE PLACED AYTER THE TwWQ

OIGITS. TOR EXAMPLE 104 ON THE RESISTOR AROVE = |0

& 0,000
100,000 oamSs = I00K .

HERE ARE SOME EXAMPLES:
100 10 OuMS 220
101 |00 OHMS 22
102 I K 222
103 I0K 223
104 100K 224
105 IM . 225

22 OHMS 470
220 o4MS 411 =
2k2 472
22K 473
220K 474

2M2, 475
Note: |oo oN A RESISTO& MEF)NS “10" & “NO 2eR0'S . 1O OHMS
1ot o i

10" & "1 2erRQO” = |00 OHMS.

470K 4-70R

I O TR TR L1

EX
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CAPACITORS

CAPACITORS RANGE FROM Ip (onE purF” — | Q
MORE / THIS IS AN ENORMOUS RANGE. AND |
CAPACITOR.. (THERE ARE ALSO MICA POLYPROPEL

1 CERAMIC. RANGE: )p To ABOUT 47n (100n) __ NOTE: THIS IS NoT

A LINEAR,
! / SCALE .
4 SR LN (o % W Rapet A4

t T 1 =, i

=5 LN T N
lp 10p 100p In 10n 1000 la 10m 1004 0004 100,000k

T0 100,000 uF 1(M»crzox-*mzno) AND
OVERED @Y 3 TYPES OF

ENE , POLYCARBONATE TYPES)

2, GREENCAP: | 5 ]

RANGE.* InTO 2200 i

(PoLYESTER)

3: ELECTROLYTIC: | TO 100,000m. — To 1¥ARAD/
CERAMIC

/%ERQMlCS ARE GENERALLY BROWN IN COLOVR. ANO LOOK LIKE A TLAT Di1sC.
H

EY ARE RATED AT 50v (YOR OUR USE) & THIS MEANS THEY CAN WITHSTAND
VOLTAGES (& SPIKES) UP To SOV, (CERAMICS ARE ALSO AVAILABLE @ 100V, IV
SKkV &MORE ) .

“THE VALUE MARKED ON A CERAMIC 15 "Purf vALUE (" p &'pF" ARE THE SAME
I PREFER ‘0" AS IN Sp6, 10p 220p AND WHEN ASKING TOR A VALUE SAY
"5p6" OR 10p OR

T10PUFF " S0 TTHAT THE OTHER PERSON KNOWS EXACTLY
WHAT You ARE ASKING ro&)

WITH LARGER VALUES WE USE THE LETTER 'n' TO SIGNIFY ‘nano . WE USE
THIS LETTER WHEN ORDERING VALVES SUCH AS In (ONE ‘ENN') 22n
47n ,100n .

1,000p = In (I Nanofered )
% 1,0000 = [a (1 microfarad )

“THE EASIEST WﬁY T0 REMEMBER, THE VALUES IS AS YOLLOWS: NOTE THE
‘'CACTOR OF 10 STEPS .| ALL OTHER VALVES FIT BETWEEN THESE STEPS.

T ”\@@@

joop  ,000p 10000 100n luf
=ln "~ =l0n
MONO%LOCKS No*et ($O§: IOOP NoT IOP/

1O REDUCE THE. PHYSICAL S12E OF A CERAMIC, MULTILAYER, CERAMICS CALLED

MONOBLOCKS OR MONOLITHIC CAPACITO

RS ARE PRODUCED . THESE ARE GENERALLY
BLUE OR ORANGE WITH MARKINGS ©

UCH AS 102,103 223 473 104 ETC.

10 ELECTRONICS NOTEBOOK 5



CERAMICS CAN BE FITTED EITHER WAY AROUND AND ARE STABLE ENUGH o BE USED
IN HIGH TREQUENCY CIRCUITS.

“NPO' MARKINGS MEAN THE CAPAUTANCE OOES NOT CHANGE IF THE TEMPERATURE
OF THE CIRCUIT RISES OR YALLS.

CHEAP CerAMICS DRIFT CONSIOERABLY AND ARE ONLY USED FOR COUPLING

WHERE EXACT VALUES ARE NOT CRITICAL &THE CHANGE IN CAPACITANCE D0JOES
NOT UPSET THE OPERATION OF THE CIRCUIT.

WHEN SOLOERING A CERAMIC, HOLD ITIN YOUR, FINGERS. IF You CAN'T, THE

CeERAMIC 1S GETTING TOO HOT. (¥ YOu GET TTHE CERAMIC TOO HOT, THE LEADS

\éwLLEprLL OFf ! THEY ARE SOLDERED TO THE SUBSTRATE WITH Low - TEMP
OLOER, .

GREENCAPS

THESE ARE CALLED GREENCAPS BECAUSE THE FIRST MANUFACTURER. DipPED
WS POLYESTER CAPRUITORS IN GREEN EPOXRY. GREENCAPS RANGE YROM
1,000p (In 0R 102) TO «lu (1000 OR "104')  (ALso -22, -27 -33

4
Ie.. 2200 , 2701, 3300’
P GUc ThHES 7n\‘:300’#7gn

g |
1w

ESE AREVERY EXPENSIVE )

M o2 = In =-00la = l,000p
| lon 100n, 103 = I0n = -0lu = 10,000p

The LeTTER ‘K’ INDICATES lOZ 104
TOLERANCE. ANY OTHER

|
NUMBERS ARE THE DATE THESE CONVERSIONS MUST @E
CODE OR BATCH CODE

) REMEMBERED
OR VOLTAGE RATING,

GREENCAPS CAN RE SOLDERED EITHER, WAY RROUND IN 8 wReulT & THEY

GENERALLY STAND UP ON THE PC GOARD. THEY ARE A VERY RELIABLE
COMPONENT & D0 NOT SUFFER, YROM DRIFT, OPEN LEADS, LEAKAGE  INTER -
MITTENT CONTACTS | SHORTS OR, FAILURE.

THERE ARE VERY FEW PLACES WHERE THEY CAN'T BE USED & THE ONLY CHASE

| HAVE COME ACROSS 1S AS A YOKE COUPLING IV TV'S —THEY GET HoT &
START To SMELL. (USE A POLYCARBONATE)

ELECTROLYTICS

ELECTROLYTICS COME IN 3 BRSIC MOUNTINGS:
.__@_\ 3 SINGLE ENDED (R B~
g} FOR PC MOUNTING )

DOURLE - ENDED

CAN TYPE
(m_r-ﬁ‘r‘oa) RADIAL TOR CHASSIS
1L

MOUNTING.

ELECTRONICS NOTEBOOK 5 11



WITH EACH CASE STYLE THERE 1S A BROAD RANGE OF SIZES ~TD CATER for
THE CAPACITANCE & VOLTAGE RATING.

HERE ME SoME OF THE VOLTAGE RATINGS: 3V, 4y, 6V, [0V, 16V, 25v, 35y,
63v, 100v, 200v, 3ISv, 450v

)

WHEN ORDERING AN ELECTROLYTIC YOU MUST SPECIFY CAPACITANCE | VOLTAGE
R CASE STYLE .

EG. (00 MicROYARAD, 16VOLT, PC MounT.
= 100)16 RB

MOST OF QUR PROVECTS USE PC MounT (RB) ELECTROLYTICS —THEY LoOK,
NEATON THE BOARD. ALWAYS DESIGN WITH THESE ELECTROLYTICS .

HERE 1S THE RANGE WE SUGGEST:® lu 2m2 L IO 221 47/u

00 470m & 1,000 . MOST CRCUITS CAN BE DESIGNED RAROUND /ThiS
RANGE . "THE OTHER FACTOR, TO REMEMRER, (S THE VOLTAGE RATING.

IN MOST CASES |6v DR 25v ELECTROS CAN BE USED. IT IS ONLY |
NECESSARY TO GO TO 35v ELECTROS IN THE CASE OF POWER SUPPLuE‘S,
WHERE. THE VOLTAGE REFORE THE REGULATOR MAY BE HIGHER THAN NORMAL

SURYACE MOUNT CAPACITORS

SUREACE MOUNT CAPACITORS POSE AN ENORMOUS PROBLEM. VERY FEW (IF ANY)

OF THESE ARE MARKED AND IT IS IMPOSSIBLE TO DETERMINE THEIR,

CAPALITANCE BY LOOKING AT THEM. QUITE OFTEN A 47p CAN BE THE
SAME SIZE AS A 22.n, .

FOR™THOSE CAPACITORS THAT ARE MARKED é\ 3 DIGIT CODE EXACTLY LIKE
THE RESISTOR CODE APPLIES, THE BASIC UNIT IS pf (puFF) ANO THE
DIGITS ARE READ EXACTLY "LIKE THOSE ON SURTACE FIoUNT RESISTORS.

VALUES ON URCUIT DIAGRAMS MUST BE ConVERTED To THE ' STANDARD TORM |
& HERE 1S A GUIDE *

CIRCUIT DIAGRAM VALUES T VALUE WRITTEN ON CAPACITOR,:

10p 1006\7 10 (ON CERAMIC)  100(ON CHIP CAPHCITOK2
100p  100pF loo(» ¢ R, 101 (ON CERAMIC YR, CH
1,000p , +00/u | In 102 (Ov GREENCAP CERAMIC QR CHIP CAP,
10,0000 “0lu oR 10n 103 {~ > woE e
*lu 1000 104 (0N GREENCAP CERAMIC, MONOBLOCK,

) )

TANTALUM OR, CHIP CAPACITOR)
o, (uf ) imfd 105 (o TANTALUM & MoNoBLOCKS ) )

-

WHEN OROERING OR TALKING ABOUT CAPACITOR VALUES You MUST USE WORDS
“THAT CANNOT BE MISTAKEN OR MISUNDERSTOOD. THAT'S WHY YOU SAY
TTHINGS LIKE 10 poff* 100 puft " “ONE ENN (1) “TEN ENN' (1O
" ONE HUNDRED ENN" (100n) ™ ONE MICKEY " 140)7 ™ 10 MICKEY “ (I0AY)

12 ELECTRONICS NOTEBOOK 5



IDENTIEYING SURFACE MOUNT CAPACTTORS =53
N

.SE&N?%T '/I;m D&C)iﬂ'S ON A 3URFACE MouXST Y ,

ITOR, ARE WRITTEN DOWN EXACTLY = |

“THEY APPEAR ON THE CAPAUTOR. & ZERQD'S 0000 p= On

ARE ADDED ACCORDING To THE THIRD OIGIT. ,
—THE ANSWER 1S GIVEN IV pF . IY THE 3R DIGIT IS ZERO . ADD NO ZERO'S
To THE FIRST TWO DIGITS & CALL THE RESULT ‘gF ' IF THE THIRD OIGIT
IS ‘1’ ADD ONE ZERO &CAL THE ANSWER. pY . IF THE THiRD DIGIT 1S ‘2

AD TWO ZERGS AND CALL ThE ANVSWER pF. THE SAME APPLIES TO
3,4 &S AS THE THIRD DIGIT.

i e s

=22 00'p =2n2 =10'000p = I0n =10 ‘0000 = loon

“THE NEXT STEP IS TO PWIDE THE ANSWER BY 1,000 AND GIVE THE RESULT
IN TERMS OFf ‘nanotared’.

HERE ARE SOME EXAMPLES:

=% =5 5~ I
n

10p 47p 470p

1000

A
IOn 47n

4n7
SERVICE HINTS

|¥ A SURYACE MOUNT CAPACITOR IS SUSPECT AND NOT !DENTIFIED VIA THE
THREE DIGIT CODE SHOWN ABOVE , YOU MUST REFER TO THE CIRCUIT DIRGRAM
OR LAYOUT DIAGRAM . DO NOT GQUESS THE VALVE. . SIZE IS NO INDICATION.

i
A SURTACE - MOUNT CAPACITOR CAN GO OPEN' OUE To ROUGH HANDLING &/o&
SOLDERING. — THE METALLISED END CAPS CAN COME ADRIFT YROM THE
METALLISED LAYER OR LAYERS WITHIN THE CAPAUITOR WHEN EXCESS HEAT
IS APPLIED OR WHEN THE QGOARD 1S TWISTED.

“THIS TAULT 1S IMPOSSIBLE 1O FIx BY RESOLDERING & THE CHIP MUST BE
REPLACED . 1T 15 NOT POS3IBLE TO SEE THIS FAULT AS THE CAPACITOR, WiLL
10 BE QOLDERED PERFECTLY.

THE ONLY WAY YOU WiLL PICK UP A FAULT LIKE THIS IS wiTH A CRO
OR BY KNOWING THE QYMPTOMS OF A PARTICULAR OPEN CAPACITOR .

RESISTORS CAN BE MEASURED AFTER BEING SOLDERED IN POSITION
BUT CAPACITORS ARE MUCH MORE DIFFICULT .

ELECTRONICS NOTEBOOK 5 13



THE E[ECTROLYTIC. — A FEW MORE TACTS

“THE ELECTROLYTIC IS A SELDOM DESCRIBED COMPONENT THAT REQUIRES CARE

WHEN SELECTING — MORE CARE THAN YoU TrivK . HERE ARE SOME FACTS.

VOLTAGE RATING — THE VOLTAGE RATING OF AN ELECTROLYTIC. 1S ITS DC

: WORKING VOLTAGE . WHEN AN ELECTROLYTIC IS MADE
1T 1S “FORMED

1€, ITIS TURNED INTO A CAPARCITOR ) BY APPLYING A '
VOLTAGE ACROSS THE LEADS .

@N Oxé(OE LAYER TORMS OV THE SURFACE OF THE YOIL &THE SPiRAL OF

oL IMPREGNATED PAPER TLURNS INTO A CAPACITOR CAPARLE OF
HOLODING A CHARGE .

I¥ THE ELECTROLY TIC IS NOT USED YOR A LONG TiME “THE OIELECTRIC.
BREAKS OOWN &THE CAPACITY 1S REDUCED. To BUILD IT UP AGAIN YOU

NEED ONLY APPLY A NOLTAGE EQUAL TO THE WORKING VOLTAGE AVO THE
ELECTROLYTIC IS ‘FORMED ' AGAIN |

IY You APPLY A VOLTAGE HIGHER THAN THE RATED VOLTAGE (More THAN

ABOUT 20°%, HIGHER) You RUN THE RISK OF PUNCTURING THE PRPER &
OXIOE LAYER, &CRCSATING AN INTERNAL SHORT.

ON "THE OTHER HAND, I¥ THE VOLTAGE IS ONLY RBOVT 50°), oF THE RATED

WORKING VOLTAGE, THE ‘FORMING' Wil BREAK OJWN & THE CAPACITANCE
Wite B REDWCED.

THESE  CHANGES ARE ONLY MARGINAL BUT IF YOU WONDER, WHY A PROJECT
%\ox:_swr WORK, AFTER, YEARS OV STORAGE,THIS MAY BE WHY ATTER
YewW MINUTES OF USE TTHE ELECTROLYTIC Wil BE 'FORMED' AGAIN.

SIZE —THE SIZE OF AN ELECTROLYTIC DEPENDS ON 3 TACTORS :
CAPACITANCE (2)VOLTAGE RATING &(3) RIPPLE CURRENT.

TW0 1000/63v ELECTRO'S MAY BE DIFFERENT Si2ES — THE SMALLER UNIT

WILL HANDLE LESS RIPPLE CURRENT. ONE MAY HANOLE 45mA OY RIpPLE

WHILE "THE OTHER MAY HANOLE [OOmA oF RIPPLE . THE EASIEST WAY
To MEASURE RIPPLE IS To PLACE M‘MILLIHMP METER IN SE&RIES WITH
“THE ELE CTRO. AC

RIPOLE TACTOR, 1S RARELY MENTIONED IN TEXT BOOKS &THE ONLY WAY TO
DETERMINE "THE PHYSICAL SI1ZE 170 PLACE A UNIT IN CIRCOIT. IT

SHOULD STAY COLD OR ONLY GET VERY SDLIGHTLY WARM UNDER MAX

LOAD . ANY HEATING UP wiLL Q0L THE ELECTROLYTE & BLow THE
ELGCTROLYTIC APART.

REVERSE VOLTAGE — ELECTROLYTICS CAN ONLY WITHSTAND A FEW VoLtS

IN THE REVERSE QIRECTION AS THIS VOLTAGE
REMOVES THE INSULATING LAYER QUITE QUICKLY. THE RESOLT IS THE

ELECTROLYTIC. BECOMES ‘LEAKY ' &THiS witl ADD 1 1TS HEATING UP
—EVEN WHEN PLACED IN THE CIRCUIT AROUND “THE CORRECT WAY.

NON - POLAR, ELECTROLYTIC —— éff\(

NON-POLAR, ELECTROLYTIC IS MADE

PLACING TWQ ELECIROLYTICS
BAK ~TO~ BAK . WHEN DOING THIS [THE VOLTAGE & CAPACITANCE 1S EQUAL

14 ELECTRONICS NOTEBOOK 5



I
Tol/\zoﬂ\_’z of THE UNITS,

J——t
YO INSTANCE, TWO 100[2<, U U
ELECTROLYTICS PLAC nool2 100[25

BALK-TO- BACK CREATES k__i/\)

N £0f25 NON-POLAR UNIT. 50[25 WoN - POLAR
THIS TYPE OF ELECTROLYTIC IS USED IN AC SITUATIONS ANO AT ANY

PARTICULAR, INSTANT IN TIME ONE ELECTROLYTIC WILL BE IN REVERSE RIAS
AND PLAY NO PART IN THE cApACITANCE & VOLTAGE RATING.

LEALAGE — IT 1S ADVISABLE NOT TOUSE AN ELECTROLYTIC IN A LONG

—  TiIME-OELAY CIRCUIT. (GREATER THAN 2MINS) AS THE
CHARGING CORRENT MAY RE LeSS THAN THE LEAKAGE CURRENT AS

“THE ELECTRO GETS QLOER,. “Tos Wit RESULT INTHE TIMER NEVER
TIMING OUT'. [T 1S BETTER Tp USEA CLOK CIRCUIT (SucH AS A
SCHMITT TRIGGER OSCILLATOR) FEEDING A DWIDER CHIP (SucH AS
LO2l | 4040 | LO20 ekc ).

IT¥ LOW LEAKAGE 1S REQUIRED, LOW-L0SS RBLL ELECTROLYTICS CAN BE
USED OR YOU CAN USE THE VERY EXPENSIVE TANTALUMS .

“TANTALUMS —— TANTALUMS HAVE THE LOWEST LEAKAGE AND LOWEST

(INTERNAL IMPEDANCE . ALSO "THEY DO NOT LIKE SPIKES
NTANTALUM 1S MORE LIKELY TO SHORT-OUT UNDER SPIKE CONDITIONS
“THAN AN ELECTAOLYTIC. — A POINT TO REMEMRER, .

CAPACITANCE —THE CAPACITANCE VALUE MARKED ON AN ELECTROLYTIC 19

a1 _ ONLY APPROXIMATE. ITCAN VARY AS MUCH AS 1007, OR
~507,! THAT'S WHY THE VALUE SHOWN IN A CIRCUIT 1S QUITE ARBITARY.—
IN MANY CASES.

A BATTERY QECOLPLER, (ACROSS THE BATTERY) CAN BE 47u , 1004 OR 220m .
AN EMITTER BYPASS CAN BE 22m ,33u OR 47m . A STAGE oecouéte&
CAN BE 10, 22 OR, 474 —IT USUALLY MAKES VERY LITTLE DIFFERENCE.

FILTERING — ELECTROLYTICS 00 NOT

FILTER, HIGH FREQUENCY
SOIKES QR WAVEFORMS. A CERAMIC __—— oy i
(10n Fo 100n) 1S NEEDEO To DO THIS P b T
“THE VALUE REQUIRED YOR BOTH CAPAUTORS 000 o
CAN ONLY BE OBTAINED BY BUILDING o b
“THE CIRCUIT & ORSERVING THE R|PPLE M 20

ON THE SLPPLY RAIL , WITH A CRO. 220 m

HOw AN ELECTROLYTIC FILTERS ( REDUCES RIPPLE2 — AN ELECTROLYTIC
ACROSS A BRATTERY REDUCES TTHE
[MPEDANCE OF “THE SuPPLY RAIL . IN OTHER WORDS ~THE SuPPLY RAIL (THE
POSITWE RAIL | AS WE CONSIDER, THE NEGATIVE RAIL TO BE FIXED AT ZERO
/\)‘QLTS ANO NOT CONTRIN BNY RlpPLE(gEWILL BE CAPARLE OF DELIVERING
HE NECESSARY CURRENT WITHOUT CROPPING (OR DROOPING ) IN VOLTAGE .

ELECTRONICS NOTEBOOK 5 15



QUE TO THE HEAV
“THE OVTPUT STAGE.

DEMAND OF
AN ELECTROLY TIC ACR0SS THE

NOU CAN THINK OF THE ELECTRO
AS A MINATURE Qv
RecnArGe ABLE BATTERY.

At POINT (B 1715 FuLLy
CHARGED (IT1S CHRRGED
FROM THE Qv SuppLy).

At PoNT @) 1T ReGiNG

“TAKE THE CASE OF A POCKET RADIO.

WITHOUT AN ELECTRO ACROSS THE BATTERY
IHE SVPPLY RAIL WILL CONTAIN A RIPPLE

RATTERY WL REQUCE “THE RIPOLE

ey
—]

+H
L

i‘ni—c]

— v
Ny,
| IOO/,(, ELECTRO .

RIPpLE ONTHE SuPPLY
AL .

To OELIVER ENERGY
AS SHowWN VIA THE
HAOED PART

IMPEOANCE OF THE @ATTER

WE SAY IMPEDANCE
HAVE A RESISTANCE

NEGATIVE LUGNS

LEAD IS ON THE RIGHT.

16 ELECTRONICS NOTEBOOK 5

THATS WHAT AN ELECTRO OOES ~
MORE CURRENT WHEN 1T 1S NVEEDED.

THE REASON WHY TAE VOLTHGE _]%

IS VERY SmALL & 1T PARALLELS TR
BATTERY TO PROVIOE A LOWER, V

BECAUSE AN ELECTROLYTIC oR BATTERY
VALUE THAT CAN BE MEASURED WITH AN
EVEN "THOUGH WE SAY (MPEDANCE WE MEAN “RESISTANCE’

“THE MARKINGS OV A TANTALUM HARE
PRINTED S0 THAT THE POSI IVE

Iy

AND 1S CHARGED UP AGAN BY Te Time (O, IN TECHNICAL
TERMS THE ELECTROLYTIC REDUCES THE (MPEDANCE Of THE RAILS

BLE OF DELIVERING MORE CURRENT OND
[T ALLOWS “THE SUPPLY To DELIVER,

ROPS IS DVUE Tp THE INTERNA L

E INTERNAL IMPEDANCE OF AN ELECTRO
IS IMPEDANCE WITH THAT OF THE
ALVE

DOES NoT
OHM METER, .

POLARITY ~ ELECTROLYTICS AND TANTALUMS MUST BE COVNECTED SO
THAT THE POSITIVE LEAD GOES To ~THE PosimivE RAIL .

I'T YoU ARE NOT SURE WHICH WAY To
CONNECT AN ELECTRO OR TANTALUM
REFYER TO THE DIAGRAMS OPPOSITE.

“THE NEGATIVE LEAD ON AN ELECTRO
IS THE SHORTER, of THE Twp AND
e B00Y HAS BLACK ARROWS 0R,

3|
]
[
o
~+ POSITIVE
LEAD
NEGATIVE ————
L
EAD>
€ /MARKINGS OV AN ELECTRO &
“TANTALUM .




The DioDE

“THE WAY IN WHICH A DIOOE WORKS 1S QUITE COMPLEX . YOU WouLD HARVE TO
LEARN PHYSICS TO UNDERSTAND CRYSTAL. LATTICE DOPING‘ MINORITY

CARRIERS ETC.ETC. WE WILL EXPLAIN IT IN SIMPLE -rERMS W HILE
STiILL COVERING (TS CHARACTERISTICS .

THE MOST IMPORTANT CHARACTERISTIC 1S5 A DIODE CONOQUCTS N ONLY
ONE DIRECTION. HERE'S WHY:

A DIOOE 15 MADE UP 0F P-MATERIAL & N~MATERIAL . A REGION FORMS

RETWEEN "TRE P&N MATERIALS CALLED
p N-5S “THE DEPLETION LAYER (OR POTENTIAL
Sioe bas BARRIER OR TRANSITION REGION) WHEN THE
- TWO MATERIALS ARE JOINED (OR, DIFFUSED)
*—zog Sees | TOGETHER . SOME HOLES MOVE TO THE
o w0 s oo | N-MATERIAL LEAVING BEHIND A NEGATIVE
SURPLUS <> I L) curps CHARGE & SOME ELECTRONS MOVE TO
HOLES ELECTRONS THE P-SIDE _ LEAVING BEHIND A
LECTRONS  ppgi1ivE CHARGE .

DEPLETION
REGION

“THE CHARGE PROOUCED AT THE JOIN OF THE
ANODE N CATHODE TWO MATERIALS PREVENTS FURTHER,
LEAD

LEAD MOVEMENT OY HOLES OR ELECTRONS AND
/‘ \ o EQUILIBRIVM IS REACHED .

~-MATERIA
P-mATERAL =

p

ELECTRON
THE DIRGRAM SHOowWS A
YORWARD ~ RHASED DIODE

E TLOW
IY THE BATTERY VOLTAGE \j
1S BeLow *6V NO CURRENT
TLowsS IN THE DIODE DUE

TO THE DEPLETION LAYER,

. 4+ -
ACTING AS AN INSULATOR, . 10— | 3 g
AT 6V OR HIGHER (SAY *7v \

ELF_QTKOMS CROSS THE
“BARRIER," & DIFFUSE THROUGH

THE P-MATERIAL ToTHE OUTER CIRLUIT, MADE UP OF THE ELECTRON pump "
(THE BATTEQY ) — THEY ENTER THE N-MATERAL, ORIFT THROVGH THE
JuNCTioN & DITFUSE THROUGH THE P-MATER\BL TO CREATE ‘ELECTRON ?Low

THE POINT TO NOTE 1S THE DIODE HAS A CHARACTERISTIC /v DROP
ACROSS THE JUNCTION. I¥ THE CURRENT FLow IS MORE THAN THE
OI0DE 1S CAPABLE OF HANOLING THE
JUNCTION VOLTAGE WILL INCREASE . \\\ /}/
AT 'Bv OR HIGHER, THE DIODE W ILL HIGH |

BE DAMAGED, MAINLY DVE TO

“TEMPERATURE RISE OF THE
JUNCTION .

CURR‘ENT

——l l‘—
3v Il

ELECTRONICS NOTEBOOK 5 17




WHEN THE SUPPLY 1S REVERSED, THE NATURAL INSULATING LAYER (THE

DEPLETION REGION ) IS INCREASED IN WIDTH DVE TO ELECTRONS BEING
DRAWN AWAY YROM -THE ‘GAP’

ASTHE VOLTAGE IS INCREASED, A POINT 1S REACHED WHERE THE
ELECTRONS WILL 'JUMP THE GAP’ & REVERSE VOLTAGE RREAKDOWN

WILL OCCUR, . TYOR A L00v POWER DIODE THIS VOLTAGE WILL BE  4Loov K
THIS IS How DIOOE VOLTAGES ARE DETERMINED.

WHEN THE VOLTAGE JUMPS THE GAP THE DIODE \S DAMAGED. |T 1S
SAID TO BE'PUNCTURED' OR ‘BLOWN'

KTHE ACTuAL PV RATING OF A DIODE IS

ABOVT 1207, oF ITS TORWARD VOLTAGE
N . RATING. e, A IN4OOK Wil HAVE A
o i‘ PV OY 120 x 400 = 4%0v
4o00v DC o0
T - INLOO L
A DIQDE WL BE DAMAGED MUCH FASTER
s QUE TO A HIGH VOLTAGE SPIKE THAN A HIGH
CURRENT SURGE . |T TAKES TIME YOR THE
“THE 400v DIODE WILL RE JUNCTION TO HEAT UP VIA EXCESS CURRENT
DAMNGED DVE TO BUT A SPIKE wiLL PUNCTURE THE INSULATING
REVERSE VOLTAGE LAYER INSTANTANEOUSLY.

ARE AK OOWN .

WHEN SELECTUNG THE PIV RATING YOR DIODES IN A BRIDGE , THERE
AZE A NUMBER OF $ACTORS To TRKE INTO ACCOUNT.

EVEN THOUGH You MAY BE MAKING N 12y POWER SuppPLY [ THE
SPIKES THAT CAN APPEAR ON THE SPIKES -
SECONOARY (12v wwow&j CAN RE =

AS HaH AS 100~ 1830 VoLt ! /\ /‘\

P BATTER Y -CHARGER MHNUFRCTUKER/® n \/ \J
INYORMED US -THAT P RATINGS \\
SHOULD BE DERATED BY 50°% AND

~"NormAL AC”
ANEw TERM * DC WORKING CREST * WAVEYORM .
SHoukD BE OSED.

ALLTHIS MEANSTHAT A 12v WINDING. )
WiTH 190v SPIKES NEED 400v DIODES

IN THE BRIDGE — HE TRIED 50v,
l00v &200v DIODES AND THEY ALL

YAILED WHENTRE RATTERY CHARGERS =\ Spkes”
WERE DWITCHED ON OR OYF /

SPIKES CAN APPEAR TROM
(SEE ALSO OUR, PIV NOTES IN "POWER,  NO-WHERE ~ Ut MAINL<

SUPPLY DESIGN " — PROJECT BOOK 3 ) APPEAR WHEN A SWITCH 1S
OPENED (0R CLOSED)
(A)ENTA MANUFACTURING ~ BATTERY CHARGER, MANUFACTURERS (03)469 l156.
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DIODE PRroBLEMS

WE WILL ASSUME ALL DIOOES ARE Su.lcorxl & DRoP Z ACROSS THEIR
JUNCTION (GERMANIUM DIODES DROP *3v BUT ARE RARELY USED).

1. WHAT ISTHE VOLTAGE DROP 4- WHAT IS THE VOLTAGE ACR0SS
ACROSS THE DIODE ? “THE Two DIDDES :

[k

y &

i Gy

———

J

2. WHAT IS THE VOLT AGE 5 WHAT IS THE VOLTAGE DROP ACROSS
ACROSSTHE DionE ? “THIS NETWORK

7°6v M 'I ” V?
I00mA

IN 4004

SN

6. o) DRAW THE 4 DIODE SYMBOLS
b) WHAT ISTTHE VOLTAGE OVTPUT
OF THE BRIDGE 7P

Ve

ANSWERS: I 7v 2. Qv (THe Dnooe 1S
T 11 QdvegisE £ Bmseo\g
DIODE 1S FORWARD-BIASED & s PUT A
“SHORT "ACROSS THE BATTERY., 4~ <4V
5. 2-lv (ovteuT =5 5v) 6. 10-6v .

(l lev 1S OROPPED OR ‘LOST' ACROSS TF
BUDGE &THIS 1S IMPORTANT To REMEMBER

ELECTRONICS NOTEBOOK 5 19



TRANSISTORS

“THERE ARE OVER, 20,000 DIFFERENT TYPES OF TRANSISTOR, & HUNDREDS oOF
DISFERENT CASE STYLES!

WE CouLD NoT BEGIN T0 CovER THEM ALL & YOoU WILL OMLY CoME ACROSS
A%OUT 20~ 50 DIFFERENT TYPES IN YOUR, WHOLE ELECTROMICS EXPERIENCE .

IN ALL OF OUR PROJECTS WE USE ONE TYPE OF SMALL SIGNAL PNP TRAMS:STOK,,
ONE SMALL-$SIGNAL NPN | ONE TYPE OF R & ONE TYPE OF POWER, TRANSISTOR
“THIS IS TO KEEP OUR PROJECTS SIMPLE .

IN THIS SECTION WE wiLL SHow HOw TOTEST AN UNKNOwWN TRANSISTOR,
WITH A MULTIMETER, AND DETERMINE :
(@I¥_IT 1S GooD OR VAULTY.
(o) PNP OR NPN
(©) LocATE THE BASE , COLLECTOR, & EMITTER, LEADS.
@) DETERMINE TS APPROXIMATE GAN.
THIS IS HOW ITIS DONE:

[.\You Do NoT HAVE To KNOW ANY OF THE TRANSISTOR, LEADS TO CARRY OUT

THIS TEST. — CARRY OUT THE 6 TESTS AS SHowN BELow. PROVE _V/HHT
ONLY 2 TESTS SHOW A Low READING. THE OTHER 4 TESTS ARE ‘HIGH’

“THE TWo Low READINGS ARE

JUST AN ExAMPLE TAKE YOUR QWN
THESE DIAGRAMS SHow ALL THE 6 WAYS OF PLACING THE LEADS of A

MULTIMETER. ON A TRANSISTOR,. NOTE: ONLY 2 READINGS ARE Low.

“THESE D1AGRAMS SHOW A MULTIMETER, SET TO ‘OHMS"
USE ‘HIGH OHMS/

(1's BesT To
. WHEN A MULTIMETER (S SET TO OHMS, THE
PATTERY INSIDE THE METER, IS WIRED TO GWE NEGATWE oUT

THE
POSITWE LEAD & POSIMVE OUT THE NVEG ATWE LEAD! THAT'S WHY YOU
MUST FOLLOW “THESE TEST EXACTLY AND QON'T START TO LOOK AT
“THE POLARITY SITUATION .

20 ELECTRONICS NOTEBOOK 5



2. CONCENTRATE OV THE TWO TESTS THAT ARE LOW . ONE PROBE WILL REMAIN
ON A LEAD. THIS PROBE IDENTIFIES THE GASE

IFTHE PROBE 1S wLpt | THE -TRANSISTOR, 1S NPN .
It THE PROBE IS KREL | TTHE TRANSISTOR IS PNP.

YINDING THE COLLECTOR, & EMITTER LEADS

TAR WE HAVE TOUND THE BASE LEAD & IF THE TRANSISTOR, 1S NPN OR, PNP
“TO VIND TRE COLLECTOR & EMITTER LEADS . PLACE THE MULTIMETER ON THESE
LEADS (IT DOES NOT MATTER WHICH WAY AROUND Y.

PLACE A MOISTENED FINGER BETWEEN THE BASE LEAD & ONE of THE
UNKNOWN LEADS. Y THE NEEDLE MOVES UP-SCALE THE COLLECTOR,
AND EMITTER, LEADS ARE AS SHOWN IN THE DIAGRAM. IF IT DOESN'T
DEFLECT, TRY "THE OTHER LEAD AND THE BASE . — REVERSE “THE

MULTIMETER LEADS AND TRY THE TINAL TWO TESTS AS ONE wiLL GwE
A READING . oNp

NPN '
“TRANSISTOR. A THiS wiLL RE
THE COLLECTOR
\ LEAD &

. THIS wiLL BE
\ THE COLLECTOR
LEAD

“THIS WILL. . P g THIS WiLL

LOCATING THE COLLECTOR. &

. EMITTER LEADS OFY A PNP
LOCATING TTHE COLLECTOR “TRANSISTOR

& EMITTER LEADS OF AV
NPN TTRANSISTOR

TRANSISTOR, GAIN

“THE GAIN OF ONE “TRANSISTOR. CAN
BE COMPARED WITH OTHERS BY NOTING

THE DEV¥LECTION oOF THE NEEDLE IN B
“THE TEST AROVE .
“THE SECRET IS YOU HAVE TO SQUASH  FINGER A

“THE "TWQO LEADS THE SAME AMOUNT A
IN EACH CASE & THE FORTHER THE re
NECOLE MOVES, THE HIGHER THE )

GAIN. -\—/
YOU CAN QUBSTITUTE YOUR FINGER,

YOR A 100K RESISTOR TO GWE A “THE CIRCUIT FOR THE
MORE ACCURATE READING . TRANSISTOR, GARIN . — FOR
AN NPN TRANSISTOR, .
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SUBSTITUTING N TRANSISTOR,

WHEN SUBSTITUTING A TRANSISTOR, DON'T GET CARRIED AWAY WITH 'NUMBERS.
OVE US MANUTACTORER HRS A RANGE OF 200 TRANSISTORS To REPLACE
20,000 DIFFERENT TYPES —AND THIS IS THE APPROACH WE TAKE. |

HUNDREDS 0oF OIFFERENT TRANSISTORS CAN RE LOMPED TOGETHER QND
REPLACED witH OVE THAT HAS A HIGH VOLTAGE RATING , G000 GAIN
TAIRLY HIGH TREQUENCY OF OPERATION. THIS WILL 8E COVERED IV A
YUTURE ARTICLE & FOR THE MOMENT HERE'S THe SIMPLE APPROACH:

VIRSTLY Look AT TRE OUTLIME OF THE TRANSISTOR. IF 1T1S A POWER OEVICE
YOV MUST USE ONE of THE SAME SIZE . THE SAME APPLIES IF 1T IS
MEDIOM SIZE OR A DSMALL SIGNAL DEVICE.

}

NEXT LOOK AT THE VOLTAGE ON THE CIRCUIT . IF THE RAIL VOLTAGE (S 25v OR
LeSS, MY TRANSISTOR CAV BE USED. ONCE THE VOLTAGE GOES OVER 4OV
(RAIL VOLTAGE) YOU MUST TRKE VOLTAGE INTO CONSIOERATION.

ROIL VOLTAGE ovER 100V MEANS You MUST USE HIGH~VOLTAGE TRANSISTORS.

HIGH VOLTAGES CAN PUNCTURE A TRANSISTOR VERY EASILY BND VERY
UICKLY. A HIGH VOLTAGE SPIKE WILL DAMAGE A TRANSISTOR, MUCH
ASTER THAN A CURRENT OVERLOAD AND A SPIKE 1S VERY HARD To DETECT.

A TRANSISTOR, DRWING A TRANSFORMER,  CHOKE . ColL OR WINDING WILL SEE

QPIKES THAT CAN BE HUNOREDS OF VOLTS MND EVEN 100Q'S OF VoLTS AND
THESE MUST BE TAKEN (NTO ACCOUNT WHEN CHOSING A REPLACEMENT.

TRy To GET A DIRECT REPLACEMENT RUT IF THIS IS NOT POSSIBLE L OR T00

EXPENSWE LOOK AT THE CIRCUIT & DETERMIVE COLLECTOR,, BRSE & EMITTER

LEADS. OETERMINE IF THE TRANSISTOR 1S PNP OR NPN.

CHECK THE VOLTAGE ON THE POWER RAJL & FinD THE CHEAPEST SUBSTITUTE
TROM A MANVAL ETC) . MOST OF THE TIME ALMOST ANY THING WILL WORK
ERFECTLY & YOU WiLL WONDER, WHY A SUPPLIER, WANTS $I10YOR A DIRECT
REPLACEMENT WHEN A 50¢ TRANSISTOR, WiLL DO!

HEQE ARE COME Qv THE MOST COMMON OUTLINES & THE TRANSISTOR
TYPES THAT GO WITH THEM -

PHILIPS TRANSISTORS START wiTH ‘B¢’ “THIS 1S THE
' OHILIPGS' QUTLINE |

NPN: BC337,8, BCSK6,T,%,. BC S50
PNP: BC327,% BC 556,7,%,9 8C 560.

TTHIS 1S THE SMALL-SIGNAL JAPANESE QUTLINE. @
ALL 2SA&2SB" ARE PNP  E6.
ALL *25C" & 25D" ARE NPN . eq.’C 23"
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VER, TRAN SISTORS (5‘46w> &

WA G 40-100v

. Ve JOWRTTS, THEY MUST QRE
2 ARGE HEATSINK WiTH THERMAL
CONSIDER THEMTO BE A GooD
SISTOL FOR ANY NEW DESIGNS AND
T0 667 FOL HIGH POWER, APPLICATIONS.

1D 201,3.
Bo 202.

1- POWER,“TRANSISTORS WITH A
, THE VOLTAGE RATING 1S 100V
IPARLE OF HANDLING 250 -300V.

0 233,5,7. BD 433,5,7,9.
0140 BD234,6,%. BD 434,68 .

HANGED — SILLY ISN'T IT P

. & TO-66 OUTLINES HAVE THE
OUT (THANK GOODNESS /)
SE 1S THE CoLLecToR TERMINAL
5TOMETIMES YoU HAVE To ISOLATE
r _ASE YROM THE HEATSINK, RECAUSE
t MAY BE AT EARTH POTENTIAL OR
O WITH ANOTHER TRANSISTOR. .

< LT NEAR THE TOP MOUNTING HOLE. .
W/ YOU HOLD THE TRANSISTOR. TO
HE RASE & EMITTER LEADS.

E EMITTER LEAD 1S NEAREST
&' OV THIS TYPE OF TRANSISTOR AND
OQURTH LEAD 1S A SHIELD.

NPN: B¢ 0%,9 .
PNP : 2N 29067
METAL -CASE -TRANSISTORS ARE

GRADUALLY DISAPPEARING . SO OON'T
DEZIGN WITH THEM .

SHE LD
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T HE FUSIBLE RESISTOR

“THE YUSIBLE RESISTOR IS AVERY SUCCESSYUL WAY OF PROVIOING
QRCUIT PROTECTION.TO DETERMINE WHERE IT CAN BE USED, A
NUMER, oF POINTS MUST BE UNDERSTOOD.

1 AFUSIBLE RESISTOR, WILL DROP A SMALL VOLTAGE (N OTHER WORDS A
SMALL VOLTAGE WiLL BE PROQUCED ACROSS IT). TTHIS MAY BE |f "V fo lv,
UNDER, NORMAL CONDITIONS & witt RISE WHEN” A FAULT OCCURS

2. P YUSIRLE RESISTOR, MAY GET WARM OR HOT UNDER NORMAL OPERATION
& Wit GET VERY HOT & BURN OUT WHEN A HEAVY LOAD OCCURS. — FOR
THIS REASON |T MUST NOT BE PLACED NEAR FLAMMARLE COMPONENTS,
TEMP SENSITIVE COMPONENTS OR AGAINST THE PC ROARD.

ATUSIBLE RESISTOR, IS SIMPLY A NORMAL (Low OHM ) RESISTOR PLACED
IN A QRCUIT SOTHAT A HIGH CURRENT WiLL BURN 1T 0UT, THE PRINCIPLE
OY OPERATION ISTHE TACT THAT —THE POWER (ENERGY) LOST IN A

RESISTOR, RISES VERY YAST WHEN THE CORRENT JNCREASES N FACT

T RISES ASTHE SQUARE OF THE CURRENT AS SHOWN IN THE YOLLOWING
EQUATION :

. [we sav: " [ SQUARED R LOSSES
Bowsg, "—I R, ]

FOR EXAMPLE : 1T THE CURRENT DOUBLES THE POWER, DISSIPATED INCREASES

FOUR "TIMES . ALSO: IY TRE CURRENT JS HALVED [ THE |2Q,
LOSSES ARE REDUCED TO ONE-QUARTER,

IY A YUSIBLE RESISTOR OPERATES JUST BELOW ITS RATED OISSIPATION
UNOER NORMAL CONDITIONS, AN INCREASE IN CURRENT WiLL OVER-TAX
IT CONSIDERABLY, — A POINT WiLL OCCUR WHEN IT BURNS OUT.

“THE ADVANTAGE OF A FUSIRLE RESISTOR IS IT WILL WITHSTAND SURGES
AND 1S EQUIVALENT TO A'DELAY TUSE’

HERE ARE SOME EXAMPLES T IT-THE CURRENT INCREASES TO 500mA,

THE POWER, DiSSIPATION IS
| WHEN WILLTHIS FUSIBLE RESISTOR,
RURN QUT? = 5x-5x 2.2
250mA = 55 wARTTS.

AT 500mA THE RESISTOR WIrL SURN OUT.

THE LINES
ZRZ/VJJ’“ INDICATE 2 WHAT IS THE MAX CURRENT ?

HsiBLE RESISTOR. ToeF

2
P=I'R pa— IR{'/L*LJATT,
"25 %-25%2:2 2 (The RESISTOR WiLL
o WATT. P=1°R BURN OUT WHEN 15 1)
5=1%x1 1S BEING
I

AT 250mA THE DISSIPATION IS § WATT DISSIPATED)

YOou WiLL NOTICE THE TERM 'VOLTAGE'’

= 7 AMPS
DOES NOT (OME INTO THE EQUATION . J-
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How A TRANSISTOR WoRKS.
— WE WILL COVER 7 PONTS .

suppLy RAIL (SRY 6v)

| A TRANSISTOR DOES NOT BEGIN TO OPERATE UNTIL THE BASE IS *S595v HIGHER
THAN THE EMITTER . (N THE CIRCUT ABOVE , Two RESISTORS (lok & IK) FOrRM
A VOLTAGE OwWI0ER To PUT *55v ON THE BASE. AT 65y THE
TRANSISTOR 1S FuLLy TURNED ON, SO WE HAVE ONLY 100mV (65 - -ssv)

YOR THE INPUT SIGNAL TO CHANGE THE TRANSISTOR RETWEEN THE
STATES OFF &ON.

2. A¥uLLY TORNED ON TRANSISTOR IS CALLED SATURATED & A FULLY
TURNED OFF TRANSISTOR, 15 CALLED CUT-OFF .

3. BETWEEN THESE TWO EXTREMES THE TRANSISTOR. IS IN ITS OPERATING
RANGE & AS THE IVPUT SIGVAL CHANGES BY |mV, THE ouTPUT WILL

AS SHOWN ON THE OIAGRAM ABOVE,, THE QUTPUT WILL BE [00*50 m

4 ONE or THE CHARACTER IS ,OF THE BBOVE CIRCUIT IS |T INVERTS THE

SIGNAL. WHEN TRE INPUTIS RISING, TTHE OUTPUT IS YTALLING AND
VICE VERSA.

CRANGE ®Y Agout 100mV. IF WE DELWER A 50mV INOUT %newo;_ -

S. YoU WILL NOTICE ONE of THE INPUT TERMINALS 1S CONNECTED TO THE
EMITTER A5 15 ONEOF THE QUTAUT TERMINALS . THIS IS wHY THE
STAGE 1S CALLED R “COMMON EMITTER STAGE .

6. TO BE MORE TECHNICAL  THE BASE SHOULD @E SITTING MIDWAY
RETWEEN *55v X *65v S0 THAT IT wWiLL AMPLIFY BOTH THE POSIT\WVE
EXCURSIONS OF THE INPUT SIGNAL RO WELL AS THE NEGATIVE
EXCURIIONS. " THUS THE BASE SHOULD RE AT *6vV,

7. THE GAN OFA TRANSISTOR, 1S A CHARACTERISTIC OF THE MANUFACTURING
PAOCESS . SOME TRANSGISTORS HAVE A GAIN OF 20, OTHERS 50- 150 &
HIGH GAIN TRANSISTORS HAVE A GAIN oF 259 ~450. WHEN A
TRANSISTOR 1S PLACED IN A CIRWIT, THESE GAN FIGURES DROP

PPRECIABLY OUVE To THE EFFECT OF RIASING COMPONENTS
STABILISING COMPONENTS) & CoUPLING CAPACITORS ETC, A SMALL

IGNAL TRANSISTOR, WITH ?PECIYIED GAIN OF 250 WILL HARVE A GAIN
QFf 50—-70 WHEN PUT (N CIRCUIT.
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TESTING TRANSISTORS

WE HAVE SHOWN HOW T0 USE A MULTIMETER TO LOCATE THE RASE LEAD
OY A TRANSISTOR. . “THIS PROCEDURE CAN ALSO BE USED TO CHECK A
TRANSISTOR, FOR “GO' “NO-GO" % LEAKAGE.

LEAKAGE IS A VERY CRITICAL TACTOR. AS IT REDUCES THE GAN & CAUSES
THE TRANSISTOR TO ORAW MORE CURRENT THAV NORMAL. THIS CAN CAUSE
LOPD RESISTORS TO OVER: HEAT OUTPUTS TO BECOME DISTORTED , VERTICAL
D\\;:‘F‘IL.EC%!%‘N CIRCUITS TO FOLD-OVER, & THE TRANSISTOR. ITSELT To

OVER ~ T

WHEN CHECKING A TRANSISTOR WITH A MULTmETERg(, ALWAYS USE THE
HIGH ~OHMS RANGE X THIS APPLIES FOR BOTH PNP X NPN TYPES: ——
YOU SHOULO GET TwO “LOow RERAQINGS” (THE NEEDLE WiLL SWING
ALMOST TULL- SCALE - DEFLECTION ) & 4 "HIGH READINGS" ( THE MEEDLE
WiLL HAROLY OETLECT AT HLL>.

OOME MOLTIMETERS HAVE A Qv BATTERY fOoR THE HIGH-OHMS RANGE
AND THIS WiLL REVEAL A LEAKY TRANSISTOR. VERY QUICKLY — THE
NEEOLE WILL MOVE OQNE OR TWO CM .

It Your MuLTiMETER HAS A

3Av BATTERY FOR THE OHMS

RANGE , YOu CAN ADD A Qv

BATTEdY ASSHOWN To

CAVSE A LEAKY TRANSISTOR.

To BREAK DownN & DEY LECT

THE POINTER, (2v 1S NoT
SOFTICIENT TO OVER COME

THE 'GARRIER, VoLTAGE ! (N black,
SOME POWER TKHN%ISToKS.)

TRANSISTORS CAN DEVELO?
MANVY MANY FAULTS AND
AFTER YInNG 20000 TV SETS,
YoU WILL AGREE “THAT “YoU | USING A Qu BATTERY To DETECT A
CANNOT TEST A TRANSISTOR /" LEAKY JUNCTION .

| HAVE HAD SOME DEVELOP A FAULT AFTER [MIN, 10 MINS AND EVEN 30 MING
QY OPERATION. IT ALL DEPENDS ON A'CRITICAL TEMPERATURE . A VERY LIGHT
QPRAY YROM A CAN OF FREEZE WILL LOCATE A THERMAL FAULT & YoU CAN
SOMETIMES HENT T UP AGAIN WITH A SOLDERING (RON TO REPRODUCE THE
Y AuLT,

MOST FAULTY TRANSISTORS CANNOT BE MADE TO FAULT OUT-OF - CIRCUIT
AS IS IMPOSSIBLE TO DUPLICATE. THE SAME CONDITIONS. SOME OF THE
YAULTS (HAVE FOUND WHILE REPAIRING TV SETS INCLUDE LEAKAGE | NOISE,
INTERMITTENT OPEN CIRCUIT, LOSS OF GAIN, THERMAL RUNRAWAY, SELF —
DSULATION & ZENERING — MAYBE YOU WILL FIND OTHERS

“THE ONLY REAL FAULT You CAN DETECT WH # MULTIMETER, 1S A COMPLETELY
OAMAGED TRANSISTOR — SUCH AS A “Low — LOW ¥ JUNCTION
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STAGE GAIN

IN THE PREVIOUS YRAME WE SAID THE GAIN OF A STAGE. 1S ONLY BRouT
O0—70 WHEREAS THE GAIN OF THE “TRANSISTOR, MAY BE 250 —450.
WHY IS THE STAGE - GAIN MUCH LOWER. THAN THE GAIN DF THE TRANSISTOR ©

THE REASON 15 DUE TO CouPLING (THE CAPACITOR, CONNECTING THE STAGES )
% RIASING, (THE RESISTORS CONNECTED To THE BASE.)

IOv Ov
[lJ Re Re
ks T, =0

| YV ouT l v
= Cv. BRIOGE BIASING .
Z N SELY-BIRSING GAN ABOUT 22 /
e STAGE. GAIN b

ARouT 100. T

THE GAIN OF ANY STAGE IS THE RATIO OF THE OUTPUT WAVEFORM OVER THE
INPUT. WAVEFORM. IN THE CIRCUIT RRBOVE , THE TWO TTHINGS THAT WORK AGAINST
THIS ARE (DTHE INPUT CAPRCITOR AND (D) THE BIASING RESISTOR, Rg.

THE CIRCUIT 1S RIASED S0 THAT THE VOLTAGE ON THE COLLECTOR 15 HALF — RAIL
VOLTAGE . “THE CURRENT THROUGH Rg | Ipg = Bv. . To TuRN THE TRANSISTOR.
OFY .\ THE INPUT CUORRENT (VIR THE Rg CAPACITOR ) MUST OPPOSE
THIS . WHEN THE TRANSISTOR, IS SWITCHED OFF  THE COLLECTOR VOLTAGE
WiLL BE YoLL-RAIL VOLTAGE & THUS THE CORRENT THROUGH Re WiLL BE:
Tpg =10v . THIS IS TWICE THE QUIESCENT CURRENT & EFFECTWELY
Re MEANS THE INPUT WAVEFORM MUST RE TWICE TRE
AMPLITUDE -TO ACHIEVE THE CUT-OFF CONDITION .

IN SIMPLE TERMS WE CAN SAY A TRANSISTOR WITH A GAIN 0F 250 HAS
BEEN REDUCED TO 125

THE SECOND TACTOR WORKING AGAINST US IS THE INPUT CRAPACITOR.
A WAVETORM ON THE INPUT SIDE OF “THE CAPAUTOR, WiLL RE SLIGHTLY
ReOUCLeD ON THE BASE SIDE DUE TO THE CHARGING OF THE CAPACITOR..

THE VALUE OF THE CAPACITOR. 1S CHOSEN €0 THAT ITS TIME CoNSTANT 1S
LARGE COMPARED WITH THE TREQUENCY ITIS REQUIRED To PRSS. HOwWeVvER,
“THe CAPACITOR WILL CHARGE T0 ABoOUT 10 - 157, DURING EACH CYCLE &
“THUS THE GAIN CAN BE REDUCED BY A FURTHER" 157 MAKING A GAIN OF
ARUT 100 FOR THE STAGE

IN THE SECOND CQIRCUIT, THE GAIN IS EVEN LOWER, OUE TO THE EFFECT OF THE
BASE BIASING RESISTORS. "THE OESIGN YACTOR FOR THESE RESISTORS IS To
HLEED I0TIMES THE CORRENT Rg%umeo By THE RASE  To PROVIDE GOOD
CIRCOIT STARILITY. THIS MEANS TTHAT 907 OF THE INPUT 'SIGNAL 1S /
DWERTED THROUGH THE LOWER, RESISTOR, &'ONLY 107 PASSES INTO THE BASE
A TRANSISTOR. WITH A GAIV OF 250 15 REQUCED TO 257 IN THIS ARRANGE MENT.
I¥ THE N PUT CAPACITOR. TRANSFERS 35°) THE STAGE GAIN BECOMES ABVT 22 /

ElECThONICS NOTEBOOK 5 27



THE CRO - e 8psics

A CRO LOOKS COMPLICATED — MAINLY BECAUSE THE CONTROLS OON'T

GWE A DIRECT READING |
TO *READ THE SCREEN'

IN HERTZ
FEAR WILL VANISH '

kHz OR MHz. ONCE You LEARN
CONVERT “THE SWEEP -TO HERTZ, YOUR

ALTHOUGH A CRQ IS NOT USED VERY MUCH IN_ “SIMPLE ELECTRONICS'
I'T IS IMPORTANT TO KNOW HOW IT WORKS. HERE ARE THE BASICS:

“THE DEYLECTION PLATES
CONTROL THE POSITION
Of THE BEAM ON THE

\ SCREEN '\

THE GRID VOLTAGE
CONTROLS THE

BRIGHTNESS WORIZ

OEFL

THE HEATE

HEATS

UP THE
CATHOOE

THE CATHO
GWES OFF
ELECTRONS

THE ANQOE
VOLTAGE CONTROLS
THE FOCUS

"THE ELECTRODE ARRANGEMENT

= x pLaTe

N PHosPHOR
/ SCREEN

Y PLATE

~— ELECTRON
BEAM

L A CRO USES
ELECTROQTATIC

DEY LECTION

(Tv TUBES USE

MAGNETIC OE¥LECTION

“THE ELECTRONS ARE GWEN OFF BY THE CATHODE (THE HEATER HEATS THE

CATHODE & CAUSES THE ELECTRONS TO “JumMP OFF ”

) “THEY ARE ATTRACTED

1O THE ANODE AND PASS THROUGH A SMALL HOLE CALLED THE GRID

“THIS CREATES A NARROW BEAM CALLED THE ELECTRON BEAM . “THE ANODE
ACCELERATES THE ELECTRONS & THE BEAM PASSES BETWEEN Two SETS

OY PLATES CALLED THE DEYLECTION PLATE
PHOSPHOR SCREEN.

t-0

Y nmpun;:z(
ATTENUAT

S, BEYORE HITTING THE

THE SAW- TooTH
WAVETORM MRAKES
“THE SPOT MQVE

ACROSS THE

TIME BASE | S(REEV AT

1 IXPLFTTE

Y PLATE

ASHIFT

THE DEFLECTION PLATES Y SHFT
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GENERATOR | CONSTANT VELOUITY,
FROM LEFT TO
RIGHT . IT RETURNS
VERY QUICKLY

1O START AGAIN .




"THE POSITION ON “THE SCREEN (FORTHE “TRACE) IS DETERMINED BY ~THE
X SHIFT” &Y SHIFT

@ @
s

X SHF T Y SHFT

TTHE CRT (cATHODE R9Y TUBE) PRODUCES A 'SPOT’ OF ELECTRONS & THIS
SPOT 1S MOVED ACROSS THE “SCREEN VIA THE VOLTAGE PRODUCED oON THE
RIGHT- HAND X PLATE &ﬂs TIME~BASE CIRCUIT ODES THIS ). IT LEAVES

A TRAIL BEHIND, JUST LIRE A COMET.

AS THE SPOT MOVES FASTER, THE THL APPEARS (ONGER, AND EVENTUALLY
0 LINE APPEARS ACROSS THE SCREEN. THE TAIiL IS DUE TO THE
PERSISTANCE" OR “AFTER GLOW" OF THE PHOSPHOR |

THE Y AMPLUFIER, MOVES THE SPOT UP AND DOWN AND SINCE THE BEAM
1S BEING DRAWN ACROSS “THE SCREEN AT A RATE DETERMINED B8Y THE
SWEEP SPEED | THE RESULTING "TRACE WLt HAVE A VERTICAL DEFLECTION

TOREXAMPLE : IF WE MEASURE A (v BATTERY THE TRACE witL JuMP ' TO
THE Qv MARK ON THE SCREEN.

et oalh . ﬁ “THIS 1S THE NORMAL ZERO LINE
L <8 L0 SoTHAT B0TH POSITIVE & NEGATWE
WRAVEYORMS CAN BE DISPLAYED.
BUTTHE TRACE CAN BE SHIFTED TO
“THE BOTTOM OF THE SCREEN TO
MAKE fuLL USE OF THE
VOLTS[CM convTROL SCREEN FOR. DISPLAYING
SET TO 5 PoSITivE WAVETORMS.

5 VTS / CH)

MEASURING \JOLTAGE

THE CRO CAN BE USED AS A HIGH ~IMPEDANCE VOTMETER, (ABoUT (M
INPUT IMPEDANCE) AND SAVES BUYING AN EXPENSIVE MULTIMETER,.

VOLTAGE MEASUREMENTS ARE SIMPLE :

| SET THE SWEEP SPEED To ANY SPEED (THIS ONLY APPLIES To DC

VOLTAGE MEASUREMENTS oy o |
2. SETTHE INPUT SwiTcH TO DC (THE OTHER SETTINGS ARE "AC'& GND
3. SET THE VOLTS[CM SWITCH _TO 20v/cm (ALWAYS SET TH MAXIMUM

IY THE VOLTAGE IS UNKNOWN
4 PLACE THE EARTH CLIP ON THE NEGATIVE of THE BATTERY & THe

PROBE TiP TO POSITIVE . |Y THE TRACE DOES NOT 'JUMP UP’ VERY

HGH — REQUCE THE VOLTS[CM SETTING. A CRO WILL READ VP TO

AGovT 200v DC & 1Y 1T HAS A 10:/ PROBE THE READING WiLL BE

VP TO AGOUT 2,000 VOLTS.
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NORMALLY TRE ‘ZERY LINE 15 A
TRACE CAN BE MOVED DOwnN
HIGHEST MARKING ) TO ACHE V!
MAXIMUM ACCURACY.

o -1 A [ S ——
[
NORMAL TRACE 1S \ THGE T MOk

ACROSSTHE MIDDLE ACCURALY
TRACE D

ONE IMPORTANT FACT Tp LEME M An
VOLTAGE OETECTOR, IS THE INPU

MANY CROS HAVE A YIYED ¢
HIGH IMPEDANCE CIRCUITS 7%

TAKE THE YOLLOWING ExAMPL

—_——

¢ ek

“THE C{RCUIT 1S A TIME DELAY |
AN INSTANT AND CHARGES

THIS CAUSES INVERTER (2)Tp :
CAPACITOR, & AFTER A TIME DLl AY -
INVERTER, 1S HIGH AND THE GAT
THE CIRCLIT AT POWT@ witH A CRg
DWIDER MADE UP OF THE (M [

IN THE CRO:

B} CRO:IM INPUT €3
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ACCURACY

IN ALL CASES, “THE OBJECT OF CHANGING THE VOLTS[cM SETTING IS TO GET
THE LARGES T WAVEFORM THAT WILL FIT ONTO THE SCREEN. IN THE EXAMPLE
MENTIONED PREVIQUSLY, SUPPOSE THE Qv DC HAD A IOmV RIPPLE PRESENT.
10 VIEW THE RIPPLE ,"THIS 1S THE PROCEDURE :

() swited THE INPUT TO ‘AC'. (THE OTHER, SETTINGS ON THE SWITCH ARE
~OC" &'GND" - GROUND)
THIS WiLL CAVUSE “THE TRACE TO JUMP DOWN TO THE LOWEST MARKING ON
THE SCREEN (QR ACROSS THE MIDDLE —DEPENDING WHERE THE TRACE
WAS SET). AT “THIS STAGE You WiLL NOT Be ABLE T0 SEE THE
RiePLe AS “THE CRO SETTING 1S NOT SENSITIVE ENOUGH

®

(] Fpillst S i et
Qv OC WitH 10mV ADIVST VERTICAL INPUT SENSITWITY - 201, 5 mvey
RIpPLE . INPUT SET TO QHIFT TO CENTRE  TO VIEW THE “i0mV “

“ACY. SENSITVITY 2v[cM  TRACE RIPPLE

@ SHIFTTHETRACE TOTHE MIDDLE OF “THE SCREEN S0-THAT READINGS
CAN BETAKEN — SO THAT BOTH POSITIVE & NEGATIVE ERCURSIONS
CAN BE VIEWED & SO THAT BEST SENSITIVITY CAN BE SELECTED

@) ADIVST -THE INPUT SENSTIVITY So THAT THE TRACE FILLS THE SCREEN .
YoU MAY NEED 2mV [Ow (SAME AS 2mV[cM) oR 5mV|cm . READ
THE WAVEFORM AND DETERMINE 1F 1T 1S @mV  gmV | 10mV oR 12mV
MAKE A RECORD OF THE VALUE & NOTE THE RIPPLE. "WiLL BE 100 Hz .

THIS QETTING ACTUALLY DWIDES THE SIGNAL
TRE |O:] PRogE — Ay 10/

MOST CROS COME WITH A PROBE. HAVING A 10:] FEATURE . “THiS 1S A
SWITCH ON THE PROBE. INDICATING “10:1" OR "NORM'

YIRSTLY YOU MUST BE VERY CAREFUL NEVER TO LEAVE Thg PRORE |N
THE 10:1 POSITION ASTHIS WILL MAKE THE READINGS ON THE SCREEN
ONLY }5th THEIR NORMAL HEIGHT.

YOU CAN |MAGINE. THE TROUBLE THIS WOULD CREATE . WAVEFORMS WOULD

APPEAR SMALLER THAN EXPECTED & YOU MAY THINK THE CIRCUIT UNDER

TEST 1S NOT AMPLIFYING SUFFICIENTLY, WHEN MEASURING DC

VOLTAGES “THE 10:( POSITION CAN BE USED FOR VOLTAGES ABOVE 200v

L THE SCALE ON THE Vomslcm CONMTROL 1S MLLTIPLIED BY 10. FOR INSTANCE
TTHE SETTING “I0VOLTS[CM 7 BECOMES |00 VOLTS[CM.
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MABX FREQUENCY

“THE ONE FACTOR THAT DETERMINS THE COST OF A CRO IS THE MAXIMUM |
FREQUENCY TTHAT THE Y AMPLITIER. (THE AMPLIFIER THAT PROCESSES THE
SIG ﬂLp) CAN HANDLE. IN TECHNICAL TERMS THE MAXIMUM FREQUENCY
IS THE POINT WHERE THE TRACE SHOWS ONLY 719 OF THE TRUE
AMPLITUOE OF THE SIGNAL (CALLED THE —3dB POINT).

RUT THIS IS NOT THE ONLY FACTOR 10 LOOK FOR.

WHEN YOU ARE READING HIGH FREQUENC\ES NOT ONLY WILL THE
WAVEYORM RE REQUCED BY THE LIMITATIONS OF THE Y AMPLIFIER,
BUT THE LOADING EFFECT OF THE CRO wiLL REDUCE THE OUTPUT OF THE

CRCUIT UNDER TEST. SO HEIGHT OF WAVEFORM IS NOT A MAJOR.
CONSIDERATION.

THE MORE-IMPORTANT YACTOR — AND THIS HAS NEVER BEEN MENTIONED

BEYORE — IS THE NUMBER OF QYCLES PER. DWISION THAT WILL RE
DISPLAYED AT MAXIMUM FREQUENCY.

FOR, INSTANCE A

, A ISMHz CRO WITH MAX SWEEP TIME OF <54 5/cM
WILL SHow 7/

COMPLETE CYCLES PER CM YOR A I5MHz SIGNAL'

IT wWitL BE ALMOST IMPOSSIBRLE TOCOUNT THIS MANY CYCLES PER DWVISION
AS THE SCREEN WILL BE FILLED WITH THE WAVEFORM LIKE THIS:

} D SN~ THIS WAVESORM 1S SO

XS MHGNIFICHT]ON A COMPACT You CAN'T

RERD IT.
MANY CROs HAVE A X5 MAGNIFICATION KNOR THAT INCREASES -ThE

SWEEP SPEED BY §. [N THE EXAMPLE ABOVE, THE *S5uKS/CM 1S
EXTENDED TO luS CM'\glOOnS/CM) 50 THAT ABOUT 1'CYCLE 1§
DISPLAYED PER DWVISION.

WHAT IS THE MAXIMUM FREQUENCY Of A CRO?

“THE ANSWER, 1S COMPLEX AND INVOLVES A NUMBER OF FACTORS.

“THESE ARE: | THE BANDWIOTH OF THE Y AMPLIFIER . 2. THE MAXIMUM
OWEEP SPEED —THE PRESENCE OF A X5 MAGNIFICATION KNOR . & 3. THE.
NUMBER OF CYCLES You AiRE PREPARED TO ACCEPT, PER DWISION |

It You ARE. PREPARED TO ACCEPT [ COMPLETE CYCLES PER DWISI

ON . THE
CRO IN THE EXAMPLE ABOVE 1S DISPLAYING A 4OMHz SIGNAL . 'IF YOU
COUNT 10 COMPLETE CYCLES PER OWISION ,THE CRO IS DISPLAYING 100MHz !/

YOU CAN SEE HOW THE BANDWIDTH HAS LITTLE OR NOTHING TO DO WITH THE MAX
FAEQUENCY THAT CAN BE DISPLAYED. YOR INSTANCE, “THE COMPARASON

BETWEEN 2 CROS, SucH AS I5MHz & 30MHz , MAY MEAN BOTH
INSTRUMENTS SHOW THE SAME NUMBER, OF COMPLETE CYCLES PER DIVISION AT

MAX TREQUENCY BUT THE 30MHz CRO WILL HAVE A HIGHER (BETTER) WAVEFORM .
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ComePARING CRO's

HERE'S A SIMPLE WAY TO COMPARE Two CRO'S — IT ALSO SHOWS You How

USELESS SOME OF THE SIMPLE CROS ARE (MINIMUM USETUL RESOLUTION
YOR DIGITAL WORK 1S 10MHz)

WE WILL BASE OUR COMPARISON ON ONE COMPLETE CYCLE PER DiviSION

AT MAXIMUM FREQUENCY %k THE FIRST THING To LOOK FOR 1S THE MAX
SWEEP SPEED.

Wt l/uS]cM THE MAXIMUM FREQUENCY OF THE CRO IS |MH
C o hsufem : IR
.2 S 3 - - ~ > o . « 5 “"
. “ “ N - - - 'O .

-

- w . .l-.

IF THE CRO HAS A XO MAGNMIFICATION KNOB THE MAX FREQ 15 AS FOLLOWS:

TOR  |uS|cM SWEEP SPEED THE MAX FREQ 15 5 Miz.

v BuSfem - . - v 0

p5> 02 “ - - - - - ~ 25 “
oh T 3 . S ol gt DN

IF YOU ACCEPT 2 COMPLETE CYCLES PER DIVISION THE FIGURES ABOVE CAN
Be DOUBLED.

JEST:

WHAT 1S THE FREQUENCY OF THESE WAVEFORMS :

=1

SWEEP/c
~ Iy S]c SWEEPTIME

T
M Sweep 1,”M'%\»/EEF’ TiME /CM

ANS: TIRSTLY LOOK AT THE PERIOD OF THE WAVEFORM. IF IT ONE COMPLETE

CYCLE PER DwisioN (e, PER CM)THE FREQUENCY IS AS PER THE
TABLE IN NOTEBOOK 4 = P17.

I¥ ONE COMPLETE CYCLE EXTENOS OVER TWO DIVISIONS (TwO MARKINGS
ON THE SCREEN)  “THE FTREQUENCY (From THE THRLE ) MUST RE
OWIOED RY 2,

® s00kHz 2:5MHz () 100Kz (D) 200KHz
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CRO HINTS

DON'T LET ANYONE ToucH YoUR CRO. THEY MAY LEAVE THE ‘X5' MAGNIFYING
KNOB ON OR THE \XlO"zONTHE PROBE Y5WITCHED N

KEEP THE CONVERSION TARLE &s&e NOTEBOOK 4 , P \IJQE HANOY. USE IT
WHEN YOU NEED TO CONVERT A WAVETORM INTO A FREQUENCY (ACTUALLY
A PERIOD (NTO A FREQUENCY.)

WHEN WORKING ON TV'S AND OTHER EQUIPMENT THAT  DON'T HAVE A
POWER TRANSFORMER (SOME NORDEMENDE , SIEMENS, FINLUX, ASA, SABA
R BLAVPUNKT SETS HAVE SwiTcH-MODOE POWER SuPPLIES & NO MHIN\S
“TRANSYORMER OR A SIMPLE SCR REGULATOR . THE CHASSIS CAN RE

20V ARovE EARTH!) THE EARTH LEAD ©F THE CRO MUST BE REMOVED
OTHERWISE THE TV WiLL '@Low A FUSE' WHEN THE EARTH LEAD ONM THE

CRO (S ATTACHED TO THE CHASSIS.

IF YOU HAVE A pUAL TRACE CRO, MARK ONE LEAD WiTH A SILVER, ‘TEXTA
S0 THAT YOU KNOW WHICH LEAD 1S CHAVNEL 1 (oR A) & WHICH IS CHANNEL 2
OR B). KEEPTHE SWVER LEAD AS CHANNEL | AND ALWAYS USE IT

S THE INPUT ?\THE GRCUIT UNDER, TEST. O15PLAY CH 4 RABWE CHZ.
(02 oN ToP) — AND You wiLL RE ARLE TO CoMPARE (N PUT-TO- OUTPUT .

THE PROBES Of A CRO CAN QUITE OFTEN UPSET THE OPERATION OF A CIRCUIT.
“THIS IS ESPECIALLY EVIDENT WHEN PROBING HIGH - [MPEDANCE CIRCUITS
RY URLOITS L WAVETORMS WiTH A CRITICAL SHAPE .

SOMETIMES THE EARTH LEAD WILL INTRODUCE HUM AND/[OR, THE PROBE WILL
PREVENT A CIRCUIT YROM CLOCKING OR, FUNCTIONING CORRECTLY.

THIS 1S A CLEAR, INDICATION “THAT THE CRO IS LoADING TRE CIRCUIT & THE
WAVEFTORM DISPLAYED ON THE QCREEN IS CONSIDERABLY DIFFERENT TO
“ThE ACTUAL [HAPE .

THE CRAO USVALLY DOESN'T AFFECT THE FREQUENCY OF THE WAVEFORM
JUST THE AMPLITUDE (ESPECIALLY SPIKES) & THE SHAPE OF THE RISING
£ TRAILING EDGES .

USING THE 10:| DVIDER ON THE PROBE WiLL REDUCE THE CAPACITIVE EFFECT
Ov THE LEAD & THE VERTICAL AM PLITUDE\WILL NEED To RE [NCREASED
To COMPENSATE TOR THE RTTENUATION. READING

THE CAPACITIVE EFFECTOY THE LEAD IS ABOUT |00pf AND AT IOMHz
“THIS REPRESENTS AN IMPEDANCE OF ABOUT 160 dHMS ~ THE 10: DIVIDER,
KEDUC.EE THE LORDING EYFECT To ARouUT IOpF. 5 )

10

12p )
' PK%‘@“ - -, ”‘)‘(" ZTTS:\;Léf
5 *:F_S“___’ = S WS
L o/ BLE l m” TI3OP 253014, x 10 A % 100X 10

EARTH CAPAUTANCE

= L 5 10 :,'_03_ = 160 oiMs
P 10:] DIVIDER, PROBE 6 rop G

34 ELECTRONICS NOTEBOOK 5



USING A CRO To Fix A 27Miz TOY

500N AFTER WRITING THE CRO ARTICLE ON THE PREVIOUS PAGES, | NEEDEDTO
Fir A 27MHz REMOTE CONTROL TRANSMITTER . HERE'S THE CIRCUIT & THE
WAVE SHAPES PRODUCED BY THE MULTIVIBRATOR ‘FRONT-END' NOTE
FORWARD — REVERSE & TURRO DETERMINES THE FYREQUENCY OF THE TONE
& LEYT - RIGHT DETERMINES THE MARK-SPACE RATIO.
] T
T
:
[}

1 Y Rev
k7 __l

LEYT ‘ RIGHT

k 47k e
FoR,

LL e

2k
lOOnl

DA e VA 5 TR 1
| _uo_n1 f__“_J_‘ XTAL 1 T
S)\ &547 x] 10p 008, 22K L"7P .__‘ki,SOR _‘_’o ‘OOP
n

2" [MHz TRANSMITTER, B

\ !
YROM THE CIRCUIT, A NUMBER OF FEATURES EMERGE . POWER ON' 1S OBTAINED
VIA THE “TORN ON'  SECTION AT Tof. WHEN REVERSE —~FORWARD OR TURRO 19
SELECTED, ONE OF THE GATING DIODES CHARGES THE 220 ELECTROLYTIC AND
“TORNS ON THE EMITTER FOLLOWER, TRANSISTOR, .

THE “YRONT END' OF THE CURCUIT IS A MULT|VIBRATOR ( SQUARE ~WAVE OSCILLATOR )
WITH THE TREQUENCY & MARK-SPACE RATIO DETERMINED BY THE ‘CONTROLS!!
NOTE THE SYMMETRY OF THE OSCILATOR . THE CRO DIAGRAMS ARE
TAKEN AT PONT (R)& BY KNOWING THE SWEEP SPEED (*5mS/[div) You CAN
CALCULATE THE TREQUENCY OF THE OSCILLATOR. BUT MORE |MPORTANT, THE
CRO SHOWS THE MARK — SPACE RATIO AS NEEDED BY THE RECEWER T0
DETERMINE THE PREDOMINANTLY HIGH OR LOW SIGNAL TOR LEFT [RIGHT
TUNCTIONS.

ot et L L

- REVERSE YORWARD TURRO .
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GETTING YOUR BEC

(BASIC ELECTRONICS CERTIFICATE )
THIS SECTION 15 AIMED AT GETTING YOUR REC.

THIS CERTIFICATE IS A 'FEATHER IN YOUR CAP' AND 1S THE STARTING
POINT TO FURTHER LEARNING. ALTHOUGH THE EXAM 1S SIMPLE (TO SOME

IT CERTAINLY COVERS A LOT OF TOPICS AND To GAIN A CREDIT (oR PASS)
YOU WILL HAVE TO BE ALERT T0 A GOOD DEAL OF BASIC ELECTRONIC
KNOWLEDGE..

EYAMS VRIGHTEN EVERYONE AND QUITE OFTEN YOU DON'T DO 8S WELL
AS EXPECTED BECAUSE YOU ARE NOT FAMILIAR WITH THE REQUIREMENTS,
APPROACH OR CONTENT OF THE EXAM.

IN THE PAGES THAT YOLLOW, WE COVER SOME TYPICAL QUESTIONS AND
SHOW  YOU HOwW TO0 DO YOUR RBEST. THERE ARE LOTS OF TRICKS AND
TRAPS IN THE QUESTIONS & WE WiLL POINT THESE OUT ALONG THE WAY.

NO MATTER WHEATHER, You WANT To GO TOR YOUR REC

\HIS YEAR OR NEXT “THESE PAGES WiLL HELP YOU ENORMOUSLY.

WORK, THROUGH THEM AT YOUR LEISURE & ATTEMPT THE YTINAL PAPER
UNDER, TEST CONDITIONS.

| HOPE YOU LEARN A LOT.
8, ]

\
MANY OF THE QUESTIONS ARE MULTI-CHOICE . THIS IS CALLED | OBJECTIVE
TESTING” AND YOU MUST PIK, THE CORRECT ANSWER, FROM 3 OR. i
POSSIBILITIES .

WHEN ANSWERING THIS TYPE OF QUESTION You MUST DECIDE ON THE
ANSWER, BEFORE LOOKING ATTHE CHOICES . PUT YOUR ANSWER IN THE
MARGIN THEN LooK AT THE CHOICES.

THIS TYPE OF QUESTION LOOKS EASY RUT IS THE MOST DIFFICULT OF ALL
TO ANSWER AS THE CHOICES WiLL MUCK YOu UP VERY EASILY.

IT1S ESSENTIAL TO WRITE YOUR “GUESSES" FIRST TO PREVENT REING
DISTRACTED.

SECONDLY

MULTI -~ CHOICE ~ QUESTIONS TAKE A LONG TIME TO READ, STUDY & ANSWER. .
BUT TACH IS WORTH ONLY ONE OR TW) MARKS SO DON'T SPEND ToO LONG
ON ANY ONE QUESTION.
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JeTHE BEC WAS DEVELOPED |V VictoriA AND IS CONDUCTED AT ALMOST ALL
! TAFE COLLEGES iN MELBOURNE , SURROUNDING SUBURBRS & COUNTRY AREAS .

|T 1S ALS0 AVAILABLE AS A CORRESPONDENCE COURSE (FOR, LESS THAN 100/)
PND 1S CALLED OFF~CAMPUS STUDY.

YOU MUST ALSO CARRY OUT A NUMBER OF PRAC EXPERIMENTS FOR WHICH
THERE 1S A LABORATORY TRAINER KIT (VALED AT $750) AVAILARLE ON
LoAND(og.posur MUST BE PAID). APPLY AT YouR NEAREST TAFE COLLEGE
YOR DETAILS.

FOR THOSE (N OTHER, STATES, APPLY TO YOUR LOCAL COLLEGE & THEY SHouLD
RE ABLE TO HELP. A NUMBER OF SETS OF NOTES (EACH AROUT I5CMm
'ﬁ‘»ﬂcn/ﬁ? HAS BEEN SENT To ALL STRATES (N AN ATYEMPT To MAKE THE
BEC AN ROSTRALIA —WIDE  ONWERSALLY ~APPROVED COMMENCEMENT
CERTIFICATE . ¥ YOU DONT GET HELP —WRITE To ME, AS A LAST RESORT.

THE BEC 1S ExAMVED Iz Iy : Iy PARTS & You MusT cARRY ouT A
NUMBER oY PRAC ExPERIMEr\;]TS.

“THE FIRST EXAM COVERS TOPIcS 1,2,3 4 &1L AND 1S HEADED “ELECTRICAL
PRINCIPLES”

THE SECOND ExAM COVERS ToPicS 5,6,7,5&] AND IS HEADED "ANALOGUE
PRINCGIPLES |

“THE THIRD EXAM COVERS ToPICS 10,11&12 AND 1S HEADED " DIGITAL
PRINCIPLES".

THE ExAM PAPERS TO DATE CONTAIN A NUMBER OF POOR QUESTIONS
QUESTIONS WITH NO ANSWER, /! QUESTIONS | DON'T LIKE & SOME VERY
DIFFICULT QUESTIONS . SO BE WARNED! THE EXAM (EACH of THEM) IS
QUITE DIFFICOLT . YOV WILL HAVE To REALLY “THINK HARD IF You
DON'T WANT To MAKE ANY SILLY MISTAKES.

| DO NOT HAVE ANY DETAILS AS To How THE MARKS ARE APPORTIONED,
HOWEVER THAT DOESN'T MATTER AT THE MOMENT. ATTEMPT THE
YoLLOWING PAPERS UNDER TEST CONOITIONS THEN READ THE FOLLY
ANNOTATED ANSWERS. THESE WiLL SHowW YOU How To APPROACH THE
QUESTION & HOW TO GET AN ANSWER VIA TwO DIFFERENT METHODS SO
NOU CANV “DOUBLE - CHECK " YOUR OWN WORK .

PLEASE NOTE: THE PosSIBILITY THAT THESE C%u&snords ARE SiMiLAR. TO
PAsST BEC PAPERS 1S MERE COINCIDENCE . THEY HAVE

BEEN ENTIRELY GENERATED RBY MYSELF. |TIS NOT

TO BE ASSUMED “THAT THE COURSE COVERS EVERY

QUESTION .

, X MY OWN INTERPRETATION .
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BASIC ELECTRONICS CERTIFICATE
(ELECTRICAL PRINCIPLES)

This paper carries 60 marks. Section A: 4B x | mark questions + 2 questions
@ 2 marks. Section B: 10 marks as allocated.

For each question, pick the best answer (or answers).

I. A bobbin is to be filled with enamelled
wire. See diagram |I. If the gauge of wire
is changed from 26B&S to 22 B&S, the
resistance of the coil will:

(a) increase,
(b) decrease, or FINPRAFENN
(c) remain the same as the same volume has to be filled. nggrgmi

2. If the bobbin above is filled with 22 B&S tinned copper wire, will the
resistance be the same as above?

(a) yes,
(b) no.

3. The resistance of a conductor depends on its:

(a) length only,

(b) cross-sectional area only,

(c) cross-sectional area and resistivity, or

(d) length, resistivity and cross-sectional area.

4. The unit of charge is the:

(a) volt,
(b) ampere,
(c) ohm,
(d) coulomb.

5. A resistor having the colour bands yellow, purple, yellow, gold has a value of:

(a) 47k 5%
(b) 460k 10%
(c) 470k 5%
(d) 470k 10%

6. A brown, black, orange, silver resistor is measured on a multimeter, select the
closest reading:

(a) 110k,
(b) 105k,
(c) 1lk,
(d) 8k.
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arth will register

swatt resistor. This

its,

ne mavimum current that a 10k I[0watt wire wound resistor can carry is:

ircuit the least:

metr= rod of copper is stretched, what will happen to its resistance

unwound?

Copper Wire

A,
O ~
Copper Wire
Diaq 2

Note: Ni-chrome wire is used in

~
’3(»0)\)‘

radiator bars and wire-wound resistors.
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14. Which of the following circuits represents this description: A 10R resistor in
parallel with a 47n capacitor, connected across a 12v battery, with an on/off

switch.
I0R 0], lOQ
* 47uf . | R |
- ;_7_ ___0‘47MF | _-E-—le | ‘

| ! } Z_v 4‘7“
ol Lt X e
@ ® © @

I5. A 9v battery is measured with a multimeter and reads 8.5v. When fitted to
a circuit the voltage falls to 7.5v. Why?

(a) All batteries are designed to do this,
(b) the battery is leaky,
(c) the battery is dead,
(d) the battery has an internal resistance.

16. Across two equal resistors in parallel,
(a) the voltage is doubled,
(b) the wattage is halved,

(c) the resistance is doubled,
(d) the resistance is halved.

17. Refer to dia 3. The total resistance of the circuit is:

(a) 36k, 47K
8 i
(d) 9lk. o

O{o&rum 3

18. A iwatt and jwatt resistor are connected in series.
Which resistor will burn out first?

(a) the iwatt resistor,

(b) the jwatt resistor,

(c) depends on the voltage across the combination,
(d) depends on the resistance of each resistor.

19. You have two lk pots. One is linear and the other log. How do you tell them
apart?

(a) They will be stamped 'lin' and 'log,'

(b) you cannot determine the difference,

(c) Rotate the shaft to mid position and measure the resistance between
centre and each end,

(d) one will rotate 270° and the other 300°.
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20. Refer to dia 4. Which resistor will get hotter: %R 2w

(a) the B8R resistor,

(b) the 4R resistor, Ev Y

(c) both will be the same temperature, R faw

(d) cannot be determined. o—  F—
Diagram 4

21. Refer to diagram 5. The current through the 20R resistor is:

(a) 40mA, o——{ |-

(b) 80mMA, 120mA " ICR, L

(c) 120mA, OR

(d) 60mA. <0R

O—

Diagrom 5

22. Any resistor getting hot in a circuit represents wasted energy.
(a) true,

(b) false,

(c) sometimes true.

G

23. Refer to dia 6. What is the value of RB'
Q‘( =]-3 lk,_
(a) 22k,

RE TS
c b
(d) &k7. e

Diogram 6

24. One cell of a 6v battery pack is fitted around the wrong way. What is the
output voltage of the pack?

(a) zero,

(b) 1.5v,

(c) 3v,

(d) 4.5v

25. Refer to dia 7. Determine the voltage of the supply. @ (@\'
(2) 15, e L L
(b) 55v, Vs 20mR "R Ik, Ry

(c) cannot be determined. o~

Diasram 7

26. Refer to dia B. Determine the value of I,.

3 o—=—
(a) 18mA 25mA Y i0mf  TRmA I3
(b) 43mA., R, R, 123
(c) TmA, I0k
(d) cannot be determined. o

Dfacir'om 8
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27. Refer to diagram 3 Determine the value of RZ'
(a) 8k,

(b) 10Kk,

(c) 12.5k,

(d) I5k.

28. If the voltage across a resistor is doubled, what will happen to the wattage
being dissipated?

(a) It will double, (2X)

(b) it will triple, (3X)

(c) It will increase four-fold, (4X)
(d) it will remain the same.

29. Refer to diagram 9. If the voltage between points A and B is 20 volts,
what is the voltage between points C and D?

(a) 20v,
(b) Ov,
(c) 10v,
(d) about 2 volts.

30. Refer to dia 10. Determine the current through the 2 ohm resistor:

——+—{ " 1+—
ES% ?'Sar:g:p’ Lo 2.0 __L_
2 , . :
(3) O.San;ETWp. i Qv _J.:_IZV
T+ 3.0 +
| R
Dl'atir‘om 0.

31. Two inductors are connected in series. The inductance of the circuit will:

(a) increase,

(b) decrease,

(c) remain the same,

(d) depends on the value of the inductors.

32. Maximum power will be delivered by a battery with internal resistance of
2 ohms when the resistance of the load is:

(a) high compared to the internal resistance of the battery,
(b) low compared to the internal resistance of the battery.
(c) when half the battery emf is dropped across the load,
(d) 2 ohms,

(e) when maximum current is flowing.
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(a)
(b)
(c)
(d)

36.

(a)
(b)
(c)
(d)

31.

(a)
(b)
(c)
(d)

. What is the purpose of the "OFF" position on an analogue multimeter?

to save the battery in the multimeter,
to prevent the needle swinging across the scale when it is being moved,
to put a 'short’ across the probes,

. Flux density is:

the number of magnetic lines per unit area,
inversely proportional to permeability,
the total number of lines of magnetic flux.

. If a capacitor is tested with a multimeter set to 'high ohms' and the needle

deflects towards zero and returns towards 'infinity,' the test shows the
capacitor is:

good,
open,
shorted,
leaky.

[f a magnet is passed over a wire, a current is produced. It follows that a
magnet moved over the same wire at a faster rate, in the opposite
direction, will produce:

a higher current in the opposite direction,
no current,

the same current in the opposite direction,
a higher current in the same direction.

Two identical 30VA transformers are connected back to back as shown
in diagram 11. If we assume they are ideal transformers, the output
voltage will be:

30va Bng
unknown,
240v DC, 240y @ oUTPUT ?
240v AC, 50Hz. ’
this arrangement cannot be done.
Dn'aaram I.
. The value printed on a capacitor is 393. Its value in nanofarads is:
3n9,
39n,
33n,
3n3
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39. Three capacitors are connected in parallel. Their values are 100n, 105,
and 102. Determine their total capacitance.

(a) 1.101uF,
(b) I.1luF,
(c) 1.011uF,
(d) 2.11uF.

40. The leakage current in a capacitor is due to:
(a) external components in a circuit,
(b) the resistance of the dielectric,

(c) the shelf life,
(d) the type of foil used for the plates.

41, Refer to dia 12. Determine the value of total capacitance:

(a) 46.70F, 224F  lowF
(b) 9uF, o—

(c) 32uF,

(d) 28uF.

ol L,
R

Dlacirom 12

42. The reactance of a 100uF capacitor at 50Hz is:

(a) .032 ohms,
(b) 3.2 ohms,
(c) 32 ohms,

(d) 320 ohms.

43. Refer to dia 13. Determine the impedance of the circuit:

(a) 16 ohms, < 3 [

(b) 84 ohms, 100R, __L_‘ o

(c) 116 ohms, (kHx 0

(d) 101.3 ohms. T
Diaﬂt‘am 13.

44. How many IpF capacitors are needed to make IluF?

(a) 100,000

(b) 10°

(c) 10,000

(d) 10,000,000
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45. Refer to diagram l4. Determine the supply voltage E.

(a) 70v AC, (@’\‘v
(b) 110v AC, N PR B BTl A ¥ oW A

(c) S0v AC,
(d) 14.7v AC. E
n/
cﬁ .
Dmﬂmm 14
46. Refer to diagram 15. Determine the value of current I:
I
(a) 30mA, iom ¥ SmA
(b) l4.1mA, I‘Sm_AJ
(c) 20mA, E _;
(d) 10mA. ~
P
Diagram 1S5

47. Two 100uF/25v electrolytics are connected in parallel. The resulting
capacitance of the combination is:

(a) 200uF/50v,
(b) 100uF/S0v,
(c) 200uF/25v,
(d) S0uF/50v.

48. Removing the iron core from an inductor will:

(a) reduce the inductance,

(b) increase the voltage across the coil,
(c) reduce the current flow,

(d) change the circuit characteristics.

PART B
Short answer section.

49. What is the combined value of these five resistors connected in series:
2M2, 220k, 4k7, 470R, 3R3.

I mark
50. Describe what you know about the minimum voltage and current that will
kill you.
3 marks
51. Describe how to wire up a 3-pin plug.
3 marks

52. Why is a radiator and toaster earthed but an electric drill is Aot.
I mark.

53. What will happen if a radiator is connected to an extension lead that has
the earth and active leads reversed?
2 marks.
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UPTo Now EVERY BEC EXAM HAS HAD A NUMBER OF
QUESTIONS WITHOUT AN ANSWER, & QUESTIONS
MAKE SURE YOU ARE TOLD ABROUT THESE AF

“THE MARKING WILL BE ADJUSTED ACCORDING LY
LOSING A MARK, . HOPEng‘)LLY THE SLANT &

(MPROVE IN THE FUTURE & FOLLOW SOMEWHAT HLO
PAPER,.

DON'T BE TRAPPED INTO PROVIDING ANSWERS BEY(
QUESTION, FOR INSTANCE: A REACTANCE VALUE
20M:F CAPACITOR, MUST RE WRITTEN AS 39 9HMS AS
CCURATE TO WHOLE NUMBERS ONLY. APART FRom
A TOLERANCE oF £107,, £20% AND EVEN 507

“THE APPORTIONMENT OF MARKS SHOULD BE AS §

IS EXGM — |57 TowARDS FINAL MAR
)S‘(o ‘PERHC - g)o « "
2™ ExAM — i - .
2" PRAC  — 5°/£°oa ol X
37 exam - 357 . -
3 prac  — 107 or 15, - :

LET'S HOPE THE EXAMINERS SEE 1T THIS
BNSWERS — ELECTRICAL PRINCIPLE

| (©) Decrease . THE RESISTANCE WILL DECREAS
ALASON_ 1S LESS TTORNS oOF THE THICKER
BoBBIN & THE RESISTANCE 0F THE WIRE WL

2 (o) &(bg YES &NO! THIS 1S A TRiIck QUESTION. 22 R4S
WIRE HAS THE SAME RESISTANCE [METRE AS T
BUT I You USE TINNED COPPER WIRE “THE
TOGETHER, & THE RESISTANCE OF THE W
Y RACTION OF AN OHM !

3 ()

4. (d)

5. ()

6.(<)

7 (<) THERE SHouLO BE NO VOLTAGE BETWEEN NE
3. () RESISTOR SIZE IS MAINLY DETERMINED

OPERATION . YOR TXAMPLE A SMALL |/ war

TO RISE TO 70°C WHEREAS A LARGE
To AKOV T 50°C.
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\ I Vs

9 Power = T?R (sporen AS “EYe squareD 'R Losses)
2 _ P _ 10
I P 1y 7%
10

I =xf1& - Ao =33 = -033Amp = 33mA.

10 () THESE VALUES ARE CALLED THE 'SENSITWITY ' VALUES &THE HIGHER,
“TRE OHMS([VOLT VALUE  THE LESS CORRENT A MULTIMETER TAKES

YROM A CIRCUIT TO DRWE THE MOVEMENT. QYTER ALL THE
ENERGY TO DEFLECY THE NEEDLE C(OMES YROM "IHE CIRCOIT!

H((l> oF

1Z . CONNECTING A COILED EXTENSION LEAD TO A RADIATOR JWILL CAUSE
“THE LEAD To HEAT P DVE To THE [°R _LOSSES INTHE LEAD
(THiS 15 DUE To THE RESISTANCE OF THE LEAD).THE LEAD MAY GET Too HOT.

13 Ni- CHROME WIRE 1S USED IN RADIATOR, & ALL TYPES OF HEATING
(b) ELEMENTS. THE 6.0 RESISTANCE WiLL BE DUE T0 THE Ni ~CHROME

WIRE . “THUS THE Ni-CHROME WIRE WILL GET HOT “THE RESISTANCE of
THE (OPPER WIRE 1S VERY SMALL £ WILL NOT HEAT UP.

(o))
15.(d)

16 (4)~THis IS AN IMPORTANT FACT TO REMEMBER..

I7 (D) WORK Qur -THE VALUE of THE TWO 22K RESISTORS (N PARALLEL
(1K) AND QDD 47K+IIK = SBK. .

19.() 1T DEPENDS ON THE WATTAGE BEING OISSIPATED IN EACH RESISTOR. .
SINCE -THEY ARE IN SERIES THE CURRENT THROUGH EACH WILL RE
THE SAME & THUS THE ONLYY OTHER VARIABLE [N THE TOLLOWING

EQUATION IS ‘R’ 2
P=1"R.
YOR EXAMPLE : IF THE LOSSES IN THE [,wATT RESISTOR, ARE GREATER,
THAN JwATT AND THE LOSSES IN THE | WATT RESISTOR ARE LESS
THAN ~ fLwWATT, THEN THE % WATT RESISTOR WiLL BURN OUT FIRST,
19 (€) TRY IT YOURSELF.
20.(0) WORK 00T THE CURRENT REQUIRED To FULLY LOAD THE AWATT RESISTOR,
?Fi:éo SEE WHAT WATTAGE 1S BEING OISSIPATED BY THE 2 WATT
NOTOR . !
P=1"p 1’2’—% =2 e T=qT pwe
i 3
2
Power LOST IN IR :-Q/I) g = L% = |warT.
- 3

“THUS THE | wATT RESISTOR. WILL BURN OUT FIRST.
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21 (b) LEX \/ e THE VOLTAGE ACROSS THE 20R AND LOR COMBINATION
For THE 20&% RESISTOR, V=T %x20.
x .. LLO W

V=T,x40,
\/ 1S THE SAME GoR BoTH & THUS ZOf = 421
Now T, + T, = IZO(mA '
SIVRSTITUTING: (2T ) +I'2 = 1%8
= |
Iz = 40mA
&1 = -

120-40 = $0mA.
22.(¢) ALwAys TRUE .

IT MAY BE NECESSARY To HAVE 4 HIGH WATTAGE
QESISTOR, IN A CIRCUIT RUT THE YACT STiLL REMABRINS —ANY
HEAT LOST IS WASTED ENERGY.

23(b) = ..__I..«\—._L -\-,L
' KT R, Ry Ry
LI v
Ry Ry R R,
= -76-66 = O
= /
p=~ R3 =
= 10k

24.(¢) TRY 1T

25.(b) SIMPLY ADOTHE READINGS ON THE VOLTMETERS
26 (¢) Ty+%+10 =25

= Is =TmA .
27 ( C} LET \/ BE THE VOLTAGE ACROSS THE COMRINATION
u N=1R, V =T,R,

V 1$ THE SQME FoR r_AcH

1Ry
lomAx{OK = %mA xR,

3
22.(c) P = ,\_g IF'V' CHANGES TROM V' To 2V, THE EQUATION
A
Becomes (2V) = 4V°

. TAKE AN EXAMPLE OF 5v
2 R
CHANGING TO 10V .

= 12-5Kk_

5= 25 . 10%= 100, 19025 = 4l
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THIS 1S A BRIDGE CIRCUIT IN WHICH EACH ARM IS IDENTICAL |
“THE VOLTAGE AT POINT C, wiTH RESPECT To PoivTS A AND B IS
IOV. THE VOLTAGE AT POINT D, witd RESPECT TO POINTS A AND
, 1S 10v. THUS C AND D ARE AT THE SAME POTENTIAL AND
THIS MEANS A YOLTMETER CONNECTED RETWEEN POINTS C AND D
Witl SHOW A ZERO READING.

30.( d) THE TWo BATTERIES ARE OPPOSING EACH OTHER,. [2v — Qv =3V
YLOWING IN A CLOCKWISE DIRECTION BROUND THE CIRCUIT.
“TOTAL RESISTANCE OF THE CIRCLUIT 1S | +2+3 = 6R,.

VN 3=Tx6 =T1-=-584P

31 (b) ALso d) WHEN WO INQUCTORS ARE CONNECTED IN SERIES, THE
\11@. E Qo? THe ARRKANGEMENT IS ALWAYS LESS THAN EITHER OF
HE VALUES

32(Q) &(gr) TO UNOERSTAND THIS QUESTION ORAW
WO DIAGRAMS.

(ssuME A BATTERY
\VOLTAGE CF I2v YOR,
“THE DISCUSSION .

AT 2R LOAD,THE CURRENT
Yrow =3AMP &THE
VOLTAGE ACROSS THE LOAD = 6V. THUS IQwarT 1S DISSIPATED BY
THE LOAD. AT MAX (VRRENT YLOW TRE LOAD REISTANCE IS ZERO
ANO DRVIOUSLY NO WATTAGE 1S REING OISSIPATED IN THE LOAD.

TRY OTHER VALUES T0 PROVE A 2 L LOAD RESISTOR IS OPTIMUM.

330y 34 (a) 35(a) 36(a) 37(c) 3% 39000pF = 39n

3 |
e o
102

29 .(b)

TR
° .T.
o
=

40(b) T Aop: 10w & 32 = 13:2
41 (b) DETERMINE THE VALUE OF | THE CIRCUIT BECOMES :
om & 4M7 IN SERIES:
|l - v L — i
T 1o 47 Zz 13-2,
=] + 213 ‘
= 313 DETERMINE THE VALUVE OF 221 &
13-2 4 IN SERIES:
== S F 32 R -
i 22 T~ 22 *Tg-z
IHE CiRcorT BECOMES— '
” t-—i_l = 045 +-075 = 'O

|
OT TS’%_:;»C = Qu .
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2w ;

0% o =)o

e~ =

2
2x3-14x50%100Q 2x3 x5 31y

= 32 04MS

43d) Xe = ZTIIFC,

e 0° = 16 oums
2x 31 x10° k)0 2% 314

THE ToTAL IMPEDANCE OF THE CIRCUIT :

Ve = A/ Rz-‘-)(cz
TN 100% 6% = 410256 = 10]-3 oy,
lyd)

4% (¢)7THE VOLTAGE ACROSS THE CAPACITOR, AND THE VOLTAGE ACKOSS THE
INDUCTOR, ARE VECTORS OF OPPOSHE QUGN AND THE RESULTANT 1S
OBTAINED BY SUBTRACTION. ORAW THE VECTOR MAGRAM TO SCALE |

. (THIS WilL HELP You GET THE CogRecT
V §=60v Lov £ B AVS‘«IEK)
> {

\:(20\/. Ve, 30v
Ve ’
/
46(b) THE CORRENT "THROUGH, ~THE CAPACITOR AND THE CORRENT
THROVGH THE INDUCTOR, ARE VECTORS OF OPPOSITE SIGN AND

RESVLT IS DETERMINED RBY SURTRACTING THE SMALLER TROM THE
LARGER . DRAW A VECTOR, NIAGRAM To SCALE TO ASSIST You .

— lOZ [=14ImA
[."=5 =10
47. ()
i (e
PART &:
49 2,425,173-3 0HMS.

52 . THE OUTER CASE 0 THE DRILL 15 PLASTIC — 1T 1S ‘OOVBLE
— INSOLATED'
53 . THE YRAME OF THE RADIATOR WiLL BRECOME ‘LWE ' —ToOcHING THE
RADIATOR & A METAL SINK (FOR EXAMPLE ) WiLL KILL YOU.,
—THE RADIATOR, WILL NOT WORK. .
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BASIC ELECTRONICS CERTIFICATE
(ANALOGUE ELECTRONICS)

This paper carries 60 marks. Section A: 25 x 2 mark questions. Section B:

10 marks as allocated. ) D
I. Refer to diagram I. Identify the following FET symbols: . ‘_@_
(a) 1. n channel E MOSFET 2. p channel J FET ' & 5
3. n channel J FET 4. p channel D MOSFET @ S @
(b) 1. p channel J FET 2. n channel E MOSFET
3. p channel D MOSFET 4. n channel J FET D 0o
(c) 1. n channel J FET 2. n channel D MOSFET
3. P channel E MOSFET 4. p channel J FET ¢ G
(d) 1. n channel D MOSFET 2. p channel J FET S S
3. n channel J FET 4. p channel E MOSFET @ @
Dicxgromi

2. When testing an NPN transistor with a multimeter, the readings on an
ohms scale for a good device should be:

(a) base-collector high/low, collector-emitter high/low, base-emitter high/low
(b) base-collector high/low, collector-emitter high/high, base-emitter high/low
(c) base-collector high/low, collector emitter nhigh/high, base-emitter high/high
(d) base-collector high/high, collector-emitter high/low, base-emitter high/high

3. The transistor in diagram 2 is replaced with one having a higher gain. To
maintain the same operating point, the resistor Rl must be:

(a) increased,
(b) decreased,
(c) remain the same,
(d) decreased in resistance but
increased in wattage rating.
RZ.

R —
_.”__L ‘ C
4. An emitter resistor added to the circuit in diagram 2 will: \l &

Cl
(a) increase the gain of the stage,
(b) decrease the gain of the stage, - -
(c) improve the low frequency response, Dlacsrom 2.
(d) convert the stage to an emitter follower.

5. A 1,000uF / 25v electrolytic is always larger than a 1,000uF / 16v type:

(a) true,
(b) false.
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6. Refer to diagram 3. The purpose of the bypass capacitor is to:

(a) connect one stage to the next,
(b) create a common emitter stage,
(c) separate one stage from the next,
(d) increase the stage gain.

7. Increasing the value of the bypass capacitor will:

(a) improve low frequency response,
(b) change the DC operating current,
(c) change the quiescent current, :
(d) have no effect. Diagram 3

8. Refer to diagram 3. Under fault conditions V =V

The most probable cause could be: cc
(a) C, open
(b) short circuit between base and negative rail,
(c) R3 open,
(d) C2 shorted.
9. Refer to diagram 3. Given Vcc = 12v, typical quiescent values for a correctly

operating stage could be:

Vb Vc Ve

(a) 2.0 Tv .bv
(b) 2.7v Tv 2v
(c) 2v v 2v
(d) 2v Tv .bv

10. Refer to diagram 4. The arrangement in diagram 4:

(a) will not work,

(b) is a voltage amplifier, /
(c) is an emitter follower, _—"
(d) is a common emitter amplifier \

oUTPUT

ro

Dicuqum 4

Il. The approximate value of a dropper resistor for a LED operating on a 12v

DC supply is:

(a) 47R
(b) 560R
(c) &4k7,
(d) 22k.
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12. Refer to diagram 5.

(a) the circuit will not work because pin 7 is not connected.
(b) the circuit will work because pin 3 is always out-of-phase with pin 2.

72 811w
— 3 ouTRLT
555
(you can refer to L
data sheets if required) Tel 2
TC, 1
Diugrom 5
13. Refer to diagram 6. What is the approximate current through the LED:
(a) 20mA, ; Sy
(b) 15mA, ¥ IV 4002
(c) OmA, Red
(d) carinot be determined as no dropper resistor is included. - W LED
3v9
Diasr‘om 6
4. Refer to diagram 7.. The circuit has high output ripple, possibly due to:
(a) no protection diode across the 7805, ¢ 7 500mA
(b) smoothing capacitor value too low. A 71805 L o
(c) insufficient output current, 3 é
(d) insufficient input voltage. 2200”2 104

15. Refer to diagram 7. If terminal 3 of the T . ]
regulator goes open circuit, then: DlOL}r‘Gm 7

(a) the regulator will be damaged,
(b) Vgut will drop to zero,

(c) Vgut will rise to nearly V.,
(d) Vgut will remain constant.

’

l6. Refer to diagram B. In a push-pull output stage,

one transistor is PNP and the other NPN. QS ) Vcc"Sv
(a) (35 is PNP,
(b) @6 is PNP. \

v

17. Refer to diagram B. Which transistor
discharges the electrolytic: Qe W

ggg 85’ Dl‘asrom 3.

.
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20.

to
to

provide stage separation,
reduce cross-over distortion,

. Refer to

to provide two out-of-phase signals,

. Refer to diagram 8. The purpose of the two diodes is:

to provide high quality class-A amplification.

diagram 9.

The supply voltage and gate voltage should have
the following polarities to ensure that the device will turn on:

vgk vak
positive positive
positive negative
negative positive
negative negative

Refer to diagram 10.

VDS is zero,
VDS is maximum,

ID is zerao,
[

When the device in
diagram 10 is in the 'pinch off' region:

D becomes constant if VGS is constant.

Diacjram 10

21 An ideal current amplifier has the following characteristics:

TN TN N N
0 0Oow
N e e

22.

(a)
b)
(c)
(d)

—

. R

N out
Zero infinite
infinite Zero
Zero infinite
infinite Zero

Refer to diagram 11.
as a class A amplifier:

VGS is negative,
VSG is positive
VS is negative,
Vdd Is positive.
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When biased to operate

Current gain:

infinite
infinite
Zero
Zero

1

Diaqrqm I
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23. Refer to diagram 12. The frequency of operation is usually changed by
altering:

(a) R2 and R

(b) Ry only,
(c) C, and R,,

(d) C, and R, Didgmm {2

3’

24. Refer to diagram 13. If the load resistor is increased, the effect on the
circuit will be: o—

(a) collector current of Ql will increase, [g - Ql

(b) Q, base voltage will decrease,
(c) Q, Vg will increase, Iveut QL

(d) Ql base voltage will fall to 5.6v. UNREGULATED Qz
¢ 5v6

G ’
D;agrom 13

25. Refer to diagram 14, If DI is shorted, the following will result:

(a) The output ripple frequency will increase,
(b) The circuit will operate as a half-wave rectlfler
(c) D2 will be damaged,

(d) D3 will be damaged. i

K.
SECTION B: :
Short answer section. Diagram /4. .

26. Refer to diagram 15. Given VBE = .Iv and IRI = IOIB, calculate:
Oy

(a) VB

(c) A, (voltage gain)

(d) state the effect on A and Zin when an
emitter bypass capacitor is added.

(e) For a frequency response 100Hz to 10kHz, Lk7 €
calculate the value of emitter bypass
required for this bandwidth,

¢ R | 4708,

Dnh%rom 15. 7 marks

27. Refer to diagram 15. Describe the effect on the output signal, when the
input has a sinewave applied, and the following occurs:

(a) emitter shorts to negative rail,
(b) output capacitor goes short circuit, 3 marks
(c) Rl goes open circuit.
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ANSWERS  ANALOGUE ELECTRONICS:
L 1.(C)

2.(D) WHEN TESTING EITHER PNP OR NPN TRANSISTORS THERE ARE & E—:sTS
YOU CAN MAKE WITH A MULTIMETER,. 2 TESTS SHouLD BE Low
4-TESTS SHOULD RE HIGH, TEST SOME TRANSISTORS YOURSELF/

A HIGH GAIN TRANSISTOR, NEEDS LESS CURRENT INTO “THE BRSE TO
MAINTAIN THE SAME OPERATING POINT. TO SEE HOW THIS WORKS
ASSUME THE TRANSISTOR, HAS VERY POOR, GAIN & NEEDS A Low VALUE
BASE RESISTOR, FOR IT TD OPERATE . —THUS A HIGH GAIN TRANSISTOR
NVEEDS A HIGH VALUE RASE RESISTIR..

4-(b)

5(b) THE S1zE OF AN ELECTROLYTIC ALSO DEPENDS ON THE RIPPLE
CURRENT |T CAN HANOLE . —

6(d) THE ELECTROLYTIC (cepncnro%) EFTECTIVELY LOWERS THE VALUE
OF THE EMITTER RESISTOR &’INCREASES THE GAIN OF THE STAGE
T(a)  ASYAR AS AC SIGNALS ARE CONCERNED.

B(b) THE TRANSISTOR WILL BE TORNED OFF & THE COLLECTOR, VOLTAGE WILL
QISE TTO NEARLY RAIL VOLTAGE .

((b) THE BASE~EMITTER VOLTAGE MUST BE AROUT -7v.

[0 (<)

I (b) THE LED CURRENT SHouLD BE ABOUT 20mA MAX.

12 (b)

13 () THE COMBINED VOLTAGE DROP ACROSS THE DIODES IS MORE THAN Sv/
I46(d) N\ 7805 NEEDS AT LEAST 3v ACROSS IT TO ACHIEVE REGULATION.
15(c)

16( b)

17(b)

I%(h) THE TWO DIOOES BIAS THE TRANSISTORS To A POINT WHERE
THEY ARE MEARLY STARTING TO TURN ON.

lq(a)

20(C)
21 (b)
22(d)
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a.

23(d) THe R./C. COMBINATION FoRMS A TIME ~CONSTANT ' ARRANGE MENT

24(¢) THISIS A TRICKY QUESTION. WHEN THE LOAD CURRENT IS REDUCED,
THE UNREGULATED INPUT VOLTRGE WILL INCREASE BY A GREATER
NVALUE THAN THE OUTAUT VOLTAGE.. HENCE Vee WL INCREASE /

25(¢)7THIS IS GENERALLY (WHAT HAPPENS WHEN A BRIDGE RECTIFIER YAILS.
ONE DIODE THKES THE OTHER, AS SHOWN IN THIS QUESTION .

SECTION B

26(a) THE VOLTAGE ON THE BASE 1S DETERMINED BY THE VOLTAGE DIVIDER.
ZZK{ 4K COMBINATION .

= _I_O__ Lf-K = ” 6V
Ve 22k % hk7 7
(5 Vg THE VoLTAGE BETWEEN THE COLLECTOR & EMITTER 15 DETERMINED
A% FOLLOWS :

FIRSTLY WE WILL ASSUME THE EMITTER, VOLTAGE WiLL BE *7v
LESS THAN THE BASE "THERETORE EMITTER VOLTAGE = I-06v
SINCETHIS WHOLE ANSWER 1S APPROX. WE CAN TRKE THE EMITTER,
VOLTAGE To RE \v.
FROM “THIS WE CAN WORK OUT THE CURRENT FLOW IN THE 470R, RESISTOR,
I= L Amp.
R 470

WE FURTHER, ASSUME THE CORRENT W THE COLLECTOR CIRCUIT IS THE
SAME AS THE EM|ITTER CIRCUIT.
THEREFORE THE VOITAGE ACROSS THE 2K2 RESISTOR IS :

N=IR = 4_—'767\2)(,2 =4-68v.
“THE VOLTAGE ON "THE COLLECTOR, = |0 — L*68v = 5:32v.
“THEREFORE THE VOLTAGE BETWEEN COLLECTOR —EMITTER, = 5:32v-lv

(C_) nV_’ ZKZ :4_.7 = 4:32v,

—

470R
@y Av mises.  Z;, Repuces .

@)"ITHE VALLVE OF BYPASS IS CALCULATED YOR THE LOWEST Y REQUENCY
AT 100H, THE CAPACITIVE REACTANCE OFf THE BYPASS CAPRCITOR
<SHOULLD BE y‘O'H oY Qu_ e 470 = 47& 4

L o® =470 = 0t =338
X ~c

¢~ 2nfc T 2w vi00+vC 2™ x47
THEREFORE CAPACITOR. SHOULD RE 47M OR HIGHER, .

2'[. (@) THE TRANSISTOR WILL BE BIASED INTO SATURATION DUE 70 THE R, / R,
NETWORK & NO OUTPUT SIGNAL WILL RESULT. :
(D) DEPENDING ON WHERE THE QUTPUT CAPACITOR 15 CONNECTED, THE |
DIGNRL MAY OR MAY NOT BECOME OISTORTED.
(O THE TRANSISTOR WiLL BE 'CUT OFF’. TWILL LOSE. ITS BIRS &
“THE SIGNARL WILL REDUCE (POSSIBLY To ZERQ).
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BASIC ELECTRONICS CERTIFICATE
(DIGITAL ELECTRONICS)

This paper carries 60 marks. Section A: 25 x 2 mark questions.
Section B: [0 marks as allocated.

l. Determine the operating voltage range for these three chips:

7400 CD 4011 555
(a) 3 - 6v 3 - 15v 3 - 18v
(b) 4.5v - 5.5v 3 - 25v 12 - I5v
(c) 4.5v - 5.5v 3 - 15v 4 - 1By
(d) > - 15v 3 - Sy 3 - I5v

2. Determine the state of the output at A and at B.

e, e

o)

A B

(a) 0 0
(b) l 0
(c) ] ]
(d) 0 l

3. Determine the correct comment:

]
1

1]

(a) The circuit needs a resistor in the base line.
(b) The transistor acts as a buffer.

(c) The transistor acts as an inverter.

(d) The transistor should be a PNP type.
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4. The gate must be:

(a) a buffer,

(b) a Schmitt Trigger,

(c) an op amp,

(d) an open collector buffer.

5. Select the correct description for the diode gate (positive logic):

¢ >

(a) diode OR qate,

(b) diode AND gate,

(c) diode buffer,

(d) the diode gate will not work.

6. Select the digital waveforms:

(a) 6 only,
(b) 1, 2, 4, and 6,
(c) 6 and 4 only, @

(d) 2, 4 and 6 only.
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7. What digit is displayed on the 7-segment display:

| —{D -
o—le I
i —8 —

o-—JA -—‘—"__‘

(a)
(b)
(c)
(d)

Opwvo

8. The device is a 7-stage binary counter/divider. What is the state
of each output after 64 counts:

Assume the device

is initially reset. — Q¢

LT

Q

(a) All zero,

only Q6 high,
(c) only QS5 high,
(d) all high.

9. Two signals, A and B are gated via the device in the diagram.

Determine the output waveform:
A _: ] C
b —

ol i O T

By 1.

@ | B
& L L
O _T1_ T
@ 1 1]
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10. What is the frequency of OA:

r
Divider| 81
— 0'
—= @
(a) 31.25Hz,
(b) lkHz, —_—

(c) 62.5Hz,
(c) 125Hz.

1. Device A is a Hex decoder/divider (counter). What digit will be
displayed on the 7-segment display after MH cycles: (counter

starts from zero)

"“@ T
X ‘:I
(a) E
(b) &
(c) 1

(d) Unknown

12. The input line in the diagram is:

—

(a) active low, pulse triggered,
(b) negative level. triggered,
(c) negative edge triggered,
(d) active low, delayed.

ELECTRONICS NOTEBOOK 5 61



13. Select the best description for COMBINATIONAL LOGIC, as
compared to SEQUENTIAL LOGIC.

(a) distinguished by the output changing immediately,
(b) distinguished by the output being delayed.

l4. The diagram below was constructed and LED B did not change state.
The most probable cause is:

lkHz ]
——]

—12% <128

(a) Input signal frequency too low,

(b) LED B loading the output,

(c) LED A loading the data line,

(d) Dividers cannot be connected directly together.

15. In a simple microprocessor system, temporary data is stored in:

(a) the ROM only,

(b) the RAM only,

(c) the RAM and CPU registers,
(d) the EPROM.

6. The state of the RAM chip in the diagram is:

p———

s KW

(a) not selected, in READ mode,
(b) not selected, in WRITE mode,
(c) selected, in READ mode,
(d) selected, in WRITE mode.
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I7. The accumulator in a microprocessor:

(a) holds the location of the present instruction,

(b) holds data for manipulation and transfer,

(c) keeps count of the number of instructions processed,
(d) increments the program counter.

18. For the | of 8 decoder chip A, which device(s) are activated:

s ~—0,
}_——_
0o—|c =
I —8 —
i A OOO.
(a) Dl & 02,
(b) 04 only,
(c) 02 & DA’
(d) 06 only.

19. An assembler is a program that:

(a) converts mnemonics into high level language,
(b) converts machine code into mnemonics,

(c) converts machine code into high level language,
(d) converts mnemonics into machine code.

20. IAH is added to ZBH to get:

(a) 3C
(b) 420
(c) 46,
(d) 51

H’

21. Convert 11001102 to Hex:

(a) Cé6
(b) CC

(c) 66
(d) C3
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22. Why are some simple computers programmed in Hex in preference to

binary:

(a) Hex is used by the processor itself,
(b) Hex numbers can be larger than binary,
(c) Hex is more easily recognised by humans, than binary,
(d) Hex numbers can be multiplied.
SiS0[ 2| [SiSelZ
23. Select the truth table for the circuit: L Ll L L] L
L HIH| L H|H
HLid||HLL
— Sv HH[{L| |HH|H
5 2
] ro I,] I ]
I V5 S, %2 | [5:5%]2
! L ¢ |H L L |H
L H |L L H|L
a5 z HL |H||HLiL
) 3 HH|L||HH[H
o b 3 4
24. The circuit will carry out the logic function of a:
A
=D
C >— ( Y 7 D
(a) half adder,
(b) full adder, E
(c) decoder,
(d) subtracter.
25. The resolution and step size of this DAC are:
"1 Ref=-lov ok
MSD o -~ ~_fo—-l:D——‘
20K -
DigtAL 20 - 7| T T—— +
INPUTS . 40K
3 O~~~ o oo .—:—.‘V/()—-‘{ "—' -
Resolution: Step-size: 30k
(a) 15% 625mV 40 - g
(b) 15% 1.25mV
(c) 6.25% 625mV =
(d) 6.25% 1.25mV '
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SECTION B:
Short answer section.

26. A small microprocessor system uses the following decoding:

NN \\ Ao’A" ROM
CPU 7 }'\
LLINY 00D 5
5, ¥
kT e
w || | -
Ao~ A
\ e RAM
V| (%eE e
L Lo
7
| AO'AI ’/0
0,-0; __fORT

€S

1 B

(a) What is the lowest address of each device.
(b) How many addressable locations in each device.

6 marks

27. (a) Referring to the system above, state the direction of the
data bus and address bus for each device.

(b) What is the state of each address line, each data line and

control line for the situation where 3E is placed in RAM
address l42A.

4 marks

ANSWERS Digital Electronics
1. (c) 2. (d) 3. (b) 4. (b) 5. (b) 6. (d)
7. (c) 8. (b) 9. (a) 10. (a) 11. (b) 12. (c)
13. (a) 4. (c) 15. (c) 16. (d) 17. (b) 18. (b)
19. (d) 20. (b) 21. (c) 22. (c) 23. (c) 24. (b) 25. (c)
26. ROM = [][][][]H RAM = IUUUH [/O PORT = UUH

ROM = l[][][]H or 4096 decimal RAM = BOUH or 2048 decimal

[/O PORT = OAH or 4 decimal

27. (a) Address bus for all devices is unidirectional, from CPU to device. Data
bus for ROM is unidirectional, from ROM to CPU. Data bus for RAM
Is bidirectional. Data bus for I/O port is bidirectional - from port to
CPU for input and from CPU to port for output.
(b) Address bus: 10 10000101010
Databus: 00111110

MREQ is HIGH.
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INDEX

51 Analogue Exam
36 BEC Exam

10 Capacitors

25 Common Emitter Stage
28 The CRO

32 CRO Frequency

34 CRO Hints

58 Digital Electronics Exam
17 The Diode

19 Diode Questions

6 The Dry Joint

38 Electrical Exam

11 The Electrolytic

14 The electrolytic

24 The Fusible Resistor

11 The Greencap

25 How A Transistor Works
20 Identifying A Transistor
10 Monoblock

10 Nanofarad

6 Reading Resistor Values

7 Resistor Colour Code
8 Resistors Less than 10R

18 Spikes

27 Stage Gain

22 Substituting A transistor
12 Surface Mount Capacitors
9 Surface Mount Resistors

15 Tantalum Capacitors
26 Testing A Transistor

6 Tolerance

23 Transistor Case Styles
21 Transistor Gain

31 10:1 Probe on CRO

CORRECTIONS TO NOTEBOOK 1

Page 22 & 23: The peak voltage for
230v mains is 325v. The peak for
240v mains is 340v!

Page 48: The X shift on a CRO is
Horizontal Shift, not Vertical.

Page 50: The graphs show correct
current increase and decay but the
CRO, as connected, would read
voltage. To read current, the signal
must be derived across a non-
inductive resistance.

A.D. Rumble, 2650.
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PHONE RING
(see P 39)
Parts & PC: $12.50

A surface-mount
demonstration

project producing
a phone ring out-

We have added a number of prolects to thls Notebook to keep
up your building skills. Building projects is a very big part of
learning electronics. We put a lot of work into designing a
project and in the process we learn a lot. We hope you learn a
lot too when you put them together.

As one of my teachers said: "There are three kinds of people:
Those who make things happen, those who watch things
happen and those who wonder what happened!”

Make sure you are one of those who make things happen.
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INTRODUCTION

WHY IS IT SO?

As Professor Julius Sumner Miller so often said "Why is itso?"

Why are magazines and books filled with so much padding,
hype, advertisements and rubbish?

There is so much information to get across to readers in this
technological age - it amazes me to see so many magazines
with glossy pages of advertising and fiddly articles that don't
really say anything at all.

So too with books.

You wonder how a sub-editor could pass some of the
manuscripts! Quite often an entire book is nothing but drivel
and regurgitated padding.

I know, | have shelves full of them. That's why they call them
pulp. They're only good for pulping back into recycled paper.
Many don't have a single page of valuable material.

Quite often the only thing that attracts you in the first place is
the cover. Once you get the book home and look through the
pages you feel like you've been duped. I've spent hundreds of
dollars on these worthless dust collectors and now I'm more
astute. | look through them before buying. The only reason |
keep the junk ones is to stop the others falling over!

But things have now got even worse. Not only are the trashy
books staying trashy, but the prices are going up. Have you
seen how expensive books and magazines have become?

It seems we are locked into an ever-increasing spiral. As the
cost of printing goes up, the cover price increases. This reduces
sales and increases the cost of printing. So we see another
increase in price.

Where it will end | don’t know. Magazines that were a couple
of dollars a few years ago are now twice the price and books
that were less than ten dollars are now nearly thirty dollars!
Some magazines from overseas are around the seven dollar
mark!

1 wouldn't mind paying seven dollars if the intention of the
editor was to provide the reader with good articles. But the main
aim is to provide a vehicle for the advertisements and allow the
articles to "fill the holes."

Even some of the adverts are annoying. Some are repeated
over and over again, month after month while others are so
microscopically reduced in size that you need a magnifying

glass to read them. How you are expected to read them, 1 don't -

know.

And what about the glossy paper. Have you ever tried to read
an article under an electric light with the shine of the paper
obliterating the text. It's exasperating. It's a typical example of
a designer never using or testing his own product.

But the production of glossy magazines and pulp books has
a broader ramification.

The natural resources consumed by them is enormous. The
amount of timber required to print a run of a single book is
astronomical. It's almost equal to the wood required to frame a
14 square house. If you extrapolate this into all the newspapers
and books produced in a single day, you can see how many
houses are being denied.

The world is consumer-oriented and advertiser driven.

I wouldn't be half as angry if it wasn't for the wastage. More
than 25% of all publications are wasted. If a publication doesn’t
sell within an allotted time is it returned to the distributor for
pulping or disposal. Most times it is sent for straight-out dis-
posal.

Out of all the product that is sold, only a small percentage is
read completely and only a tiny percentage is shared.

Take the most wasteful product ever invented. The telephone
book. Not only is it 6 months out of date when you get it but the
number of pages looked at by a household per year is less than
ten. The other 99.9% of the book is never used!

The next biggest waster is the local paper and then the daily
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