
ELECTRONICS AND MODERN INSTITUNIENTATIOII- :-

Unit l: Introduction to Basic Electronic Componcnts. T csf it:.irl

Measurement Instruments

Introduction

In the designing ofany electronic circuit, three ntost impor.tant consideL.arions rlc:

(D Circuit components lil<e resistors, Capacitor.s, -li.ansistors 
ani:l l)iocles.

(ii) Power sources like dc power supplies ancl signal qelcrator:l

(iii) Measulement and analysis instrul.nents lil<e urultimeter.s and Cathoclc Ray

Oscilloscope (CRO).

This Unit deals with familialization of basic cor.r'rponents Iike resistors, Crpacilor.s

and diodcs, ioliowed by introduction to a few instrumenls lil<e ntLrliin-retr.,. :Llil

CRO. At the cnd a lew cxpeliments relaled with CIiO hevc becr cxitiair ,,,l

Basic Components: Basic components like capacitots, resistor,s, inductor.s, diodes,

Iight emitting diode (led) and tlansistors can be dividecl into 2 categories: (i)

Passive components like ieslstors and capacitors and (ii) Active comporents like

diodes and transistors. Thc cliflelence between the above two ca1ee..r.ic,s ii ijixi

active components can generate energy whe|c:rs llztssive corlltonciti ciri itoi

generate energy. In othel words active cornponents cln increase power of a sig[al

wherea' pa:sive colnponenlc ofrcn caLrse Lhe po,.vcl to be Io,r.



Some components Iil{e resistom have their values mar.l<ed on thcu wher.cas other.s

lihe tmnsistols do not have any value marking but have a type nrurber.on thcrr.

One has to reler to datasheets to get to know th€ value of the unmarkeij

component. Besides component values, they arc also characterized by their r.atings

for e.g. maximum curent value that a component can stand without being bur.r.rt

out.

Resistors: Resistors can be of two types: llxcd value resistors or- ..,rr.::blc

resistors. Thc formula for resistance is given by: Ii : p J / A u,her.e p is lesi:tivitl,

I is length and A is area ol crossection. Dift'err:nt va-lue resisto:.s can be

manufactured by changing the length and area of clossectiol.t or the lnatcr.irt!

itself rvhich changes the resistivity. Materials gener.ally used for. lirbr.icatjol oi'

Iesistols ale nich|on.re (80 % Ni and 20 o% Cr.), conslatntar (559/, cu anci.f.,'l,l ti:

) and Mannrgani0 (85 % Cu and l0 %o Mu ancl < 5 %, Ni). Metals are not Lrse.i lts

they have a very high te[]perature coefficient of resistance. Three maitr metl.rocls

of fabrication are (i) a slab or a rod of suitable resistivity, (ii) Materiai using

thinncr crossection and longer length. The length is doubled and then wouncl in

such a way that inductance efI'ects are cancelled out. (iii) Thin filrns of ntatr:rirl

on insulating substrate. Each resislor has a clulcnt can).ing capacity. Clu.reitt

more than the prescribed wattage may dantage the resistor.

Co lor,r Codc [or Resistors



Fi$. 1 A resisror whlr 3 coloure(l bruds nrd
the lo( h lnDd ls lor ldler.lnce

The first two bands near an end indicate first 2 digits, digit corlesponding to 3"1

band is the power of 10 to be multiplied and foufth band indicates tolelancc as

mentioned in the table. Refer fig 1, where brown = l, black : 0, r'ed = 2 ancl siivcr'

- l0 0% tolerance. Hence its value is

l0\t02 o. Ikf).

Most commonly used resistors in lab are fixed value resistors \\,hich exist tbr

standard values according to El2. Other ranges are E24 and E48 Ranges.

Ith Silver
lrrl r.d
2rtl l"nck

Band colour ]

I

& its value
l

Black = 0 l

Brown: I I

Red=2 
I

Oranse = J I

Yellow : 4 
|Green:S I

Blue : 6

Violet = 7
Grey = 8
White = 9



El2Range: Table 1 isforthevaluesofresistor.sofEi2ranqe. lopit.rrslrorv

defines the basic value units olresistor.s in ohns. Ever.v l'oiioii,irrr r.ow

is 10 fold of the upper row.

Table 1: Table for E I2 range values of resislor.s.

e.s I 8.iti l

1k

l0k

100k

I

l

l

I
I

i

6.8k 8.21{

68

680

6.8

M'

68M

82l)

820

O

820 k

8.2M

82M

Variablc resistors Besides the fixecl value r-cr:isior.s. thet.c llls() cxisL \i.ii,riirir:

resistors. The resistance of var-iable resistors can vary in steps or. colttinuoLrsly.

Potentiometer is also an example ofcontinuously varying resistoi.

Special purpose resistors Light dependent resistors (LDlt) and therntistois

are examples of special purpose resistors- Thermistor is a resistol. r,vhosc .ral'-ie



depends on its temperature. It is also callcd a heat sensor. LDR is a resrstance

rvhose resistance depends upon the amor-rnt oflight falling on it.

Capacitors

Capacitor-s ae c.rpable ofsioring char.ges. 'lhe1, ar.e used lor corLplinv r.- .,,::rl:

Jlon one cilcuil to anorher and lbr.fr.ecluencv sclection etc. A capacitci c(:1r:i:iij itf

2 metallic piatcs sepalated by a dielcctric. The capacitance is clefined as I (. i., e,

A / d, where A is the ar-ea ol plates, d is plates separatioi.t, eo is pcr.ntitiviLy of

tiee space and C, is r.clative permittivity. A-n impol1alrt parameter for cltl],rLri!rs

is its voltage handlinq capacity ber'onci which the capacitor.ciielectr-ic brcaks clolvu.

'fhe value ofa capacitor depends upon the cliclectric constant (K: eo €t,.) ot the

material. 'Ihere are tlxec main classes olcapacitor.s: (i) Non elcctrolytic,or normal

capacitors and (ii) electrolytic capacitor.s and (iii) variable capacilors. Nolmarl

capacitors are mostly of parallei plate type and can have nica, papcr., cerarlic or

polymer as dielectric. In the paper capacitors two rectangular metal foils are

inlerleaved between thin sheets of waxecl paper and the whole system is rolled to

lofm a oompact structure. Each metal foil is connected to an electrode. In mica

capacitors altemate layers o[ mica and metal are clamped tightly together. Reler

fig 3.

In electroll.tic capacitor mostly a then metal-oxide film is deposited by means of

electrolysis on axial electrode. That's how jt derives its name. During electrolysis

the electrode acts as anode whose cathode is a concentric can. Since the diclrctr.ic



layer is very thin hence these require special precaution for their use: i.e. they have

to connected in rhe right polarity failing which the djelectric breaks down. Besides

these Jixed valuc capacitors we also have valiable capacitor.s rvhose valLre <iepends

Lrpon the alca oi rr-ossection. They have :r it.icil sct ofplates and a r,-tc..,able sct of

piates whjch c:r be rrioved through a. shafL.'i his movcrlcnt changes lhe area of

overlap ofthe t.,,,,'-: sels ofplates r.vhich chanccs its capacity. Refer fis 3.

Fiq.3 ln)A,rorlecrionnlview
air citlircitor

lcl
of D.iper cnl)ai:;lo', tlrt lylic.l c.rtncilor, i.l Vi) rinble

Colour and Number code of cap4qitors. Dillerent marking schemes are used lor

electrolvtic and non-electrolytic capacitols. Temperature coefficient is of minor

jmportance in an electrolytic filter capacitor., but it is very inpoftant in ccramrc

triirmers for atteluator use. One never finds temperatire coefficient on an

electrolJtic iabe1, but it is always present on ceramic t.immers.

(i) Elecirolytic Capqqile$: There ale two designs olelectrolytic capacitors:

li)-

(i) Axial uheLe the leads are attached to each end (220gF in picture) and



(ii) Radial where both

fig 4.

leads are at the same end (1OpF in picture) Refer

ru
FI
ll

0",,,.,

:

a

fi.t.t A,i,rl,'r',ltn.li.ttrte.lrol:vtie,j.,t,.l,.it,.l

(iii) Non-polarised capacitors { < lrtF): Small value capaciro6 ho,"lh.i,

values printed but without a multiplier. For example 0.1 means 0.1pF : l00nF.

Sometimes the unit is placed in between 2 digits indicating a decimal point. For

example: 4 n7 means 4.7nF.

FiiJ 5 Ex.rlnltles nf DrntLer
corled c.rpiritols

r@
r-t



Capacitor Number Code : A number code is often used on small capacitors

whele plinting is difficult: th€ lst nunber is the lst digit, the 2nd number is the

2nd digir. the 3rd number is the power of ten to be multipliecl., to give the

cap.!.iir!rce in pF_ Any lettersjust indicate tolerance and voltase rating. For

exanpjei 102 means 10 X 10 
? pF = 1nF anci 472J means 4700pF:4.7n! (j

means -i','.J toler ance).

Capaciiol Colour Code: Sometimes capacito''just shor,v bancls like resistors when

pr-intilg is tough on them. The colours should be r.ead like the resistor cod.. ,n. rop

three colcnr bands giving the value in pF. The 4rh band and 5rh band are 1br

tolerance and voltage rating respectively. For example: brown, black, orange

means 10000pF = 1OnF = 0.01pF.

1sr b.1rd Erov'rr
2nd b.rnd Elack
3rd biDd Okrnge
4rh band Elnck
5th binrl Red

FiU 6 t-n|lnchor with crlonr bands oof Do
prinrellv.rhres.

Available Values ofCapacitors: Like resistors capacitors are also available

fol only particular values. Following are 2 series defined for capacitors



The E3 series (3 values for each mnJtiple often) lO,22,47,then it continues

Itol0Q, 220, 47 0, 1000, 2200, 47 00, 10000 etc.

The E6 series (6 values for each multiple often) 10, 15,22,lj, 47, 68, ... then it

continues 100, 150,220, 330, 470, 630, 1000 etc.

inductors: Inductor is a contpcleni made by a coil of .uvir-e rvjrich js wound on a

core. It is used to vary the impedance ol a circuit or. lor i:eq,.lenc), iuning. The

value ofatr inductol depends upcn rhe total number olturns (N), area of

crossection ofthe core (A) ard Iength olthe core (l).The lormula is L: pr" p, N2 A

/ i. lts unit is in Henrw.

Diode: A diode is a single junction device made of p and n type materials.. Its

main function is to rectifu an ac signal although other special purpose?iodes like

zener and led's are used for other purposes. A normal diode comes in a black

casing whereas a zener diode has a transparent casing. Their pictures and symbols

are given in fig. 7.

.-----E=Il-

DO-35
(rl {1,}

Gt: A norr .)l (liode with D{}-35 cosin! .Ir{l irs synlrrt.
1b) A z')ner dio(le wilh tr.rnsparenr c.rsifl.J .irld ils sylllbol



Other diodes may be made by a p type and n type materials or betrveen a

seniconductor and a metal. Il the junction is made between a metal and

sernicordLlctor then it is called a Schottky diode rvhose application is in rectifyir.ru

lr:l non-rectifying contacts and Schottky devices. if the pn junction is nta,:ii

bit\veel very heavily doped materials then it for.ms a Zener cliode. These are usecl

1bi voltage regulation in pouier supplies. and have breal<dowii voltages which ale

vely low. The normal diode has a breakdown volege of gr.eater than 100 V.

Sone of the diode specifications are: Maximum r.everse voltage (Vb.), r.ate.i

fo: ward current (I1) , maxinun lorwarcl voltage drop (V ) and package st"vle. Tabie

3 gives sorre olthe most commonly used diodes with theil. specifications.

Table 3

VBR

(v)

2.1 115

100 1.0

ln4149 Si
5

1000

To test whether a given diode is O.K. or not, a simple multimter test car be

. pelformed which is given later. in this unit.

75

Device Material
I

Number lused.

IN 4007 | Si

00

._1000 
i

1.0

t0



Light Emitting Diode (LED)

Led'sare pn junction tltvices which emit light radiation when biased in the lorward

direction. The sernici,ltiirctoi. material used for these junctior.rs is a compound

semiconductor liii.r .'.'ilr.\s whose bancl sap cotiesponds lo a ':ar.:icular.

r'vavelength acc.rrdirt! -. .t(luatior't Ee: 1.24 I ), ivheic E" is thc bancl gap in cv and

). is the rvavclenglh irr r::ici,^ns. (e.g. red - 0.7 pL l-rercc conesponding E.- |.21 /

0.7 = 1.77 ev). Whcl ir:e pnjunction is lorward bjasecl. the electrons are excitecl tc

condllction band ani u hen they fall to the valence band, they give out ener.gy ir.r

the fomt of radiation co|resDonding to the Es of thc mareria I Conventional ied,s ale

made from the materials iike AlGaAs, GaAlP, GaAsp, Gap ancl GaN which emit

Red, green, orange, yellorv and blue colours rcspectivcll,. I_ecl,s come in, a special

transparent casing as shori,n in fig 8..Dual colour led's are also available where two

junctions are encapsLrlated on the same chip. It has three leads r.r'here cathode is

commor'r whereas normal leds' have two leads one for.cathode and other for anode.

A very impoftatlt precaution lvhile using an led is the amount of cunent being

passed through it. For most leds the maximum allowable cutrenl is 20 nrr\ beyond

whioh the led can bum out. Hence in most of the circuits a resistor. is used to limit

the cuffent. Some imporlant specifications before using an led are: LED colour,

peak wavelength, viewing angle, optical power outpul, lun.rinous intensity, forivard

crrrent and loru trd volra",.

tl
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Transistors

Transistors are sl:rnicolcilrctor devices uscd for appiiiations like ampJ-ification of

voltages, current and ale also used in oscillator circuits and switches. It,s a two

jturction and 3 tenninal device made of tluee iayers of n and p type naterials. The

three regions are emitter', base and collector. They are of 2 rypes (i) pnp and (ii)

npn. Their most impodant specifications are Ic, Vce, hle and Power rating. They

come in dillerent casings like TOl8, TO92C, and TO39 etc Given below is a table

of most commonly used transistors with their specifications (approximate) and

casings. Datasheets f|om the colrpanies can be refer.red to to know the exact

specifications.

Structul'C:rse( -o(le e st] le
I, v., htt 

P,^,mInmax. max. mrx.
Category

(typical use)
Possible

substitutes

12



BC107

BC 1OE

BC 1()E

c

BC 109

tsC182

BC 182
L

B

BC54E
B

BC549
B

2N3053

BFY5l

8C639

TIP29A

TiP3 1A

IIP3 1 C

TIP,I1A

2N305s

BC17'7

NPN

NPN

)Il r\l

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

PNP

TOlS 100r 45\ ,{) J00m Audio. low
n \\ power

lOlg I09t f6r' 11p 
r00n Ceneral prrr1o"e.

A - \' rowpowcr

lolg I09n l0\ : ,, huOnr Ceneral prrr1.,.e.
1\ W iow po* er

ror^ ro9'r -r 91," lj*l.r:)AW
power

TO_o' l00rl .,0\ n6 i50m Ccnelal pur;o.e.( n W lo*poner
TOa2 100-n .,,,. ,^^ J50nr Ceneral ptrr1o"e.

A A JU v iriJ \v low power
TCoS l00ni ,., ,n 500rn Audio, lnw(- A S l,u*"r-
fO02 l00nr --a,. . .,. ,r0rn Ccneral pulpn"q
C A W lou pouer

foo2 t00n ,^., ^.^ ol5m Audiotlor,'
C A 'uv l1') W noise). low

rojo Tuon 4ov so 5ou. o"".ll;:.,.n",.
\ W low pou er

TOlg lA ,0V J0 800m Ceneral purposu.- W nredium power
tqn, 1A S0V on E00rn Ceneral purpose.

/\ W medium power
.'OZ2O lA 60V 40 j'W General purpose,

high power

To220 JA 60v l0 40w ceneral purpose'

ro22o 3A ,$. " .;; ."ltllff"i",
To22o 6A 6ov l5 65w General PurPose'

high power

To3 154 6ov 20 1l/w General PurPose'
high power

lOl8 l00r 4sv l7s i00,n Audio. lou
A - W power

BC 182 8C547

BC108C
BC r 83 BC54E

BC IE4 8C549

BC107
BC t 82t_ .

rjc 107 Bc 182

uc I 07B

IJL I UIJiJ

BCr09

BFY5 ]

BC63 9

BFY51

TIP3 ] C
'llP41A

TIP31A
TiP4I A

BC41'l

ti



BC 178

BCI7

BC,i?3

TIPI2r\

TIP32C

PNP TO18

PNP TO18

PNP TO18

PNP TOi8

PNP TO22O

PNP TO22O

20f;^ zsv tzo

20f;' zov rao

i'f;' sov rzs

1'j' aov rzs

34. 60\"/ 25

3,+ t$o 
ro

lC rCre{o' lE -l e

600- G"n"rnl pr,,por",
W low power

600m Audio 11ow

W norse ). low
po\'!'er

360rrr Auciio. lo.,.r
W po.*ci

360m Genelal oLri.pose,
W lor.v power'

, rrr*, Genelai pLrrpose,
h tgh pcwer

O.,* Generrl purpose.
hrgh power

8C478

BCI7l

BCi73

TIP32C

T]P32A

Fig 9 .uives some of the tratsistom with the symbois. for npn and pnp. and fig l0

illushates some of the casings. with the configurations lor einitter , base and

coilector leacls

PNPNPN

C l08.rnd 8C517

14



EC8 =AC CBE(a;;) F eTl {-o}
\_-.' \.-_/ \_./
TO92A TO92B TO92C

Viewe i!; lr i;rt l,elnw w;lh
rl, l.r,r,lJ i !ir,ls r 9.r{el

BCF
IO21B
T0220

Fi,.l l0 Enriner, b.rse nrtl ciiltect,r !,r,nts for sore
cdse sWles.

Integrated Circuits (IC)

lntegrated Circuit (IC) Today all electrical, electronic and oomputer pafts have

IC's in them. Integrated circuit is a name given to a package which can hold more

than 10 and up to millions of electronic components. They can give various

functions like : (i) the function of a full microprocessor ci.cuit (eg 8085.), (ii) a

nemory chip, (iii) a voltage regulator (LM 7805) or (iv) Can containjust 10 AND

gates (eg LS7400). They come in a black bench like casing wiih a notch on one

side and with electrical less lor connections, which ars cailed pins, The size is

usually around 1 cm2 X 1 cm2. Refer to the picture. Its name is always written on

oo

io3

l5



top which conlains a few letters with numerals, according to its type, make and

company. For exampie an IC with name LS 7.i00 would mean LS ser.ies u,ith And

gates, LM74iC -mA74lC is an operational lr-'rrliiier (opamp). Datasheets can be

relerued to, to i(no\,\,the details of pin cot:ii:-::, :,,i:,iis and malie elc. The piris ar.e

usuaiiy read starting h-om left ofnotch and.qrli:r. riiriiclockwise as shorvn in oicrLile

for 555 tirrer iC.

i*,i1fi":l,li"rt, 
**^, ,,,! r.r) a 2I ril ne rnry chir) rrrr A 2a rnr r.

irtr

l4 A 3 pih 555 tirner lC ({l) Pa| co iilrrritutr rl

.t

Fabrication of an IC is a highly sophisticated and expensive process requiring

clean rooms and very expensive equipments like photolithography, metallization

and diffusion etc. But because of their bulk manufacture and requi.ement the cost

oleach IC is very low. '

Instrum€nts:

t6



Multimeters: A multimeter is an instrument which measures eiectrical parameters

such as .{C or IIC voltage, current, ancl resistance. Rather tltan har irLg separ-ate

l'neters, a mullinteier combines a volttngter, an ammeter-, and an ohirnteter. The

two rrain llircl:, r i rl illultimeter afe :ijr:tios ancl cligjtal. Refir ti: i /,. A cligital

nlultimcter has :,i LCD screen that ciispleys the value ol the p:Lr.atretcr. beilg

rneasured. whrlt rt an analog nultirlcier' displal,, u nee.lla rjr.r!,es iltroLigh a

graduated scale. Toprnost scale is usually ibr lesistance and the reaciingr i,r.r""ra,

lrom right to leti \.hile other scales readings increase from left to r.ight. Another

name lor an analos rrr.rltineter is Volt-Ohrll-Milliarnrne t.r (VOl4). E,rclr l.',pe of

meter has its advantages and disadvantaged. When used as a voltmetcr. a digital

meter is usually berter because . its l.esistance is nuch higher, I M_ or. 10 M,

compared to 200 'eJ lbr an analogue multimetcr for a similar range. On thc other

hand, it is easier to lollow a slowly changing voltage by watching the needle on an

analogue display. Mosl modem multimeters ar.e digital and traditional analogue

types are becoming obsolete

tt
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Fi!i li) An onlo{t .rDrl (liUilirl D)uhinrer?r

Blocli diagram of a VOM is given in fig. l l

s,.tlTrit!ttr,i'ttAc!|TRY

IAL,qr{r"t0 PnrrrLiE i'Lrtrfl 50
I'llCq'rnDFS. Z( alCATIttc rrsr.r

jt

Fi! ll Elock (li.r4r.1nr otitn nnnln4 n rhi reler

i

I

\j
a cDiry far Rr5iJrrnre
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Voltaqe measurement b.l multimeter: For the case of a VOM, a zero aci.iustment

has to be nade every tinte the multimeter is to be used. l,o do the zero adjustment,

set the node selection knob in resistance mode. conneci ilre r\.\,o reads to positive

and continoil tetntinais rcspectii,,tl-\,and sltoft the leacls. l-l:. ii:edlc sholilcl lltove to

e;itlerre r-ight to tile last ielicliirr,, on the ohms scale. li ir siops befor.e or goes

bclrond thcn the zcro acljLr:turen,, klob has ro bc toiaied (clocklvise or.

anticlockwise) such that the neeclle rests at the last reading on the right end of tltc

bar on the ohms scaie. Subsecluently, to measur.e voltagc, tlte muitimeter has to be

first set in AC or DC ode.  ftef selecting a s,.rir.able raii,gc dctined bi.tlte

uppermost linit ofdtc expected vaiue, the range knob has to be set. Next conneot

the conmon (gnd) teminai through a lead (black) to the gnd of thc cir.c-uit and the

red lead to the point where voltage is to be measurccl. For the case of an analogue

multimeter, if the needle goes the wroflg way the leads have to be r.evetsed or ifthe

needle doesr't move at all the range has to be changed. To ilnd the value of the

voltage, read the number ftom that scale that matahes the range being used. L.t a

digital multin.reter, if l. is displayed then the range has to be increased..

Resista4ce Measurement:To measure resistance in a circuit, first the power supply

is to be tulned olf (ot disconnectecl) othcr-wise the multimeter mighr get damaged.

Next, select a range on the multimeter and touch two metal points in thc circuit. If
the needle doesn't move or goes all the way to thc end of the srtle, select another

t9



iange. One can not lrse this method to measure the resistance of a resjslor in the

ci|cirit because there 1t]ay be other paths between the nodes ofa resistor. One leq oi'

r iesistor must be disconnected from the circuit to nake sure that the onl), p:ilil

ru:t!.'een the two plobes is th|cueh tllat resistor. To i]]easure the resistanc. ..ti .i

.riislor, select the range on the meter that mighi be clcsest to the right valui xii.l

r-:e rhe probes to tolrch either sidc of the resistor. Il lbc light range is selectecl th,:i:

iile needle will be somcwhere betwl:en thc left ald the light end ofthe scale. I{)

ilnil d.re value olthe resistor, read the nurrbei from the scale that matches the l.anc.

,u''ou ale using.

MUL'I'IMETER TEST OF D]ODES

One can know whether a specillc terninal of a diode is n or p by measuring tbe

resistanca with multin1eter. To do so keep the multimeters in resistance mode

connect its positive lead to the anocle of diode and negative lead to its cathode.

During the test, the multimeter passes cun-ent thrcugh the diode and the diode gets

lorlvard biased. It thus indicated very lol' resistance ofthe order of 100 O . If the

leads arc now reversed than the diode gets rcverse biased and olfets very higl.t

resistance ol the order of MO. This can be read in the multimeter again. If a diode

reads very low resistance in the tb|ward as well as reverse bias then it is shofied.

On the other hand if it reads high resistalce in the forward as well as reverse bias

then it is open.
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FUNCTION GENERATORS

Functicn Genet iitct t tl. lnstruments capiible of .::,r:.:rittinq an ac sig|al ol irnv

iicqucnc.r' ( - 1;rdr: r.rindleds olkl-{z;. iolii.:r ., r::i l()V) arcl .,,rri.,r.' :..rrrrri

(c.g. sint- lvl,.,-r-:i,.: ,ir1sc. Sarr. loliir !\:r,t\',.:. .. ,iiri;i:ii!\,ii\ia,.)r.!lilj:ja

rvevefbnl). They also provide a continuously vat iabie clc oflset, variable clnty

cycle. They ale usLrally ol2 types: (i) analog and (ii)Digital.

Some ofthe f'r'ont panel controls ofa typical fi-urction senerator are:

srvitching obn the power.sLrliph

Fronl panelView ola F0ndion cehemtot

I Po\\,er Switch For

21



2 Digital Dispiay This is a 4 digir tl.e.llency meter

3 OFFSET This knob is for addi:rr: s ric rr;ltage to the output si,lir.ii

.. , -1 .\ ntgll]1le Ti,i:doesthecoliiitr-ji-,:.,rl:r,.r:iirtoloutpurvollr,.

" 5 Speed 'l-his is ior settinq uolitlli,;l s;:.,cd

6 Width This kr.rob is lor serring ii:.: ,.r ol:Lrlation u.idrh

7 Frq]I:nc,v 'lhis klob is lor seleclin,: tiri |r.eiluency ralge fi-olt: ll I :1,/ te

3 iviFiz ir decade sieps.

8. Sr.veeplQl Thls is a pusb button for activatln-q i.ntetnal sr,veep

9 Mode Seiectiot Pl]sh ButroD for uian.eular. sine Square etc.

I0 BNC connecror 'l-his is a 50 O output BNC connector

11 -20 db.,20 db A push button control lor -20 clb attenuation. When borh

buttons ar-e pLrshed t]]en a total ol40 db attenuation is got.

)o

Cat hode Rav Oscilloscope (CRO)
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CRO is an instrument which is used to measure voltages that change with time and

to display the ..r'aveforms in real time mode. There is a graphical scale present on

the scleen r,.ih iclr is used to calculate the voltage or {requencl, value. A very

impoftant ,r1r.:c,iication of a CRO is it: banclrviclth which gi.ies rire maximum

frequelcy oit. sicnal which a CRO can treasure. A sir.nple oscilloscope consists of

a cathode ra)i rribe, a verticai amplifier, a time base, a hor.izcntaj amplifier and a

power supply. Fig 12 shows the block diagr.an o[ a CRO. Cathode-ray tube is a

vacuum tube iu r,vhich a beam of electrons is pr.oduced and focused onto a

fluorescent screen. The electrons,kinetic enerey is convefted jrlto llght energy as

they collide with the screen. It is an essential component of television r.eceivers,

computer visual display units, and.CRO. Between the,electron gun and_the screen

are two pairs ol metal plates : (i) Horizontal Deflection plates and (ii) Veftical

deflection plates. These are driven by Florizontal Deflection system and Vedical

deflection system respectively.
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rP -+ ffii...rl* 1n;'-":i,1',rr" ian,rrifie' l-l+ L.

FiU 12 Blocl trinrtr.trr of llRt) 
ln

thc v.r'1ic.rl dcllcction sl,,s'!c'iri. r:, .rr:ical anrplilier.is clri',c.: i-r nn cr-tcInal

voltagc (the vefiical inllut) ihar i.i li) hc nteasurecl. The ampliticr. has very higJ.r

ir.ipul impedarce- ty pically one urcgohrn, so dlat it dra\\.s onL-v a rin.v crir.rent fiorn

lhe si.r.al rorrr'e<. llrc.rrnnriFer .r..c rlr. rerrical dcllecrio.r 1,i 't. ,ritn a roltrle

Lhat is proportional to lhe vertical ilrput. The gain ofthe verlical anrplifier can be

adjirsted to suit the anrylitude of the input Voltage. A positive inpur voltage bends

the elcctror beam upri,ards, and a negarive voltage belds it clorvrtr,varcls, so that tlre

vertical deflection ol the dot shor.vs the value of the inpllt. 'l'he horizontal

deflection s!stem consists of a linc basc cilcr-ril r.vhich is an electronic circuit that

genetates a ran1p voltage (sar.v tooth wavelbnu) . Rel'er fig. 13.

I Hnriiornnl
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'U1L1
i; : \,,,1 ,!rir Wr.?I,,r,r -lhis 

is a roilir:.'Lt .:lr;rLcs contlliritrisly :i,t-l

,:. , . l;rl-r lintc. \\:hel ii il:rltcs a ptcilciinccl ,.lit:i.,t,l i,rmp is rcscL. \\hll ,r

ir',:r.:r'i:.,ant is recogltizcrl ihc i.csct is r.clclsc-tl. allr:uill lhc rantp to int,ra.t

.ii , .. llii liirc base,,,Lrliil:- itstLlllv r'!ives ihc lt.r.i.,.,ir:ri :,;rililiei. lrs eltr_er is..

;!,,i.!r: ilt. llec!oit beail:tt it !0|]ili1]lt S]rr.cl frr)llt lrii:, r.i,:hi across thr- screen.

1lr;ir |i,.riclti! return the bealn tt) the leli in tiinc to begin the leri s$eep.

Cllii rontrols li.t)m tlr(, irotlt p,llci

25



ffiif
I

f

@

BI m..,

tij (t

1 !flq6,F, -fliis 
knob conlrols rhe Lrrigi.rincss olihe trace by atliLrsting the

nurnber ofelectrons ernciging lrom the gLil

I loc-f.D .I'his 
control is 1br making the trace otr the scr.een shar.per. It is

cerurected to the anode of the electrorl grur rvhose voltage collimates tlre clectroll

bcarn.

I Vertical Posirion & Horizontal Po.sition Through these controls the

bearn can bc positiolcd at variable ver.ticai or. hor.izontal positions as desir.ed.

These knobs ry1.h a clc voltage to the vcrtical and horizontal deflcctiur plates.

( 11 i trF.r Et o

F,' rr d or i,:n,1J'iwiu vi'i,,{s.qi'ik
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V/Div. lhis control is Lrscd to conhol the voltaqe

inl-e|jlailV col]nected to a]t atiaiiri:i:rli of the Ycrtical systeni.

voiiailc requi|ed by the ver-tic::: ij:tia_i to dellect the beanl

il..'l:'r:.

sensilivit_v. This is

i1 r,letemiles rhe

i'rrtically by one

5 lircl Qiv This deiern:i;:.:,. .l:!- tit.ite laken tiir iil? ;ir.i 1{) ntc\..c

ilorizonirli)' across one ciivisi,-lr .:,, i;:c scl.een rvhetr thc sivccl_. i: qencrittccl bv.

tligr:erilg plocess. The signal whic:r ]s ild to the vertical deflection 1t]ates proYicles

lhe tfiEsering to the wavefbrm. i..r:.i' losition ol:lre limc-;,clir. <;rt.ir is applicairle

ibr a parliclrar fi-equency. l-hi: ii-.rcrrrines the horizontai scns:iLiviii, ol thc

obscrvc-c1 signal.

( Tri!:ger SoLLrce This selecLs rhc source ol the trigger to be applied to the

saw tooth \r,.aveform. There are usLnJlr tltr.ee possible sources (i) Int,: nal: This

is rrostly usecl lor a1l applications. The venical signal applies the triggerirg signai.

(ii) I-ine: This is geaerally Lrsed rvhen the voltage to be measurecl is related to

lhe line voltage. f his selecls the 50i-lz line voliage. (iii) Ext. In this case an

extelnal signal is applied to triggel fhe saw tootir F.avefom.l

7 Slopc Thls detelmines rvhethL-r 1l'te time base circuit responds lo the positivo

orrreg.r.rc *lopc 
^t lhe triggcrirrg \ :1.c .,-r'r.
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6 Ll,el This determines the a^pt;trA" levcl on rhe triggering wavelomr

,,\' jt;. jr ei:'tn staft the sweep

r.; -.,-1. DC. (;N!i l-his :ciccls the coui;iirr,:_ -r:r:srn ibr. titc ir;pLri .i:,..

:r, I i , :{'i). ln dc liorje rhe ,-.tr-iical antplilir;i.icc,;.,.,: ;. .r :,c iiitd cic cL)lltpolt,jiii.

r,: ti'r: ilp!t signal. Jt'] ac incrde the coupling capiici,0, t t.:. ,: rll clc cornporrciris l:r.;

rlls,:l:ri -. onlr pure ac wavelofm. ln gnd conliuururii:r:. :;...: i:rpul signal is groiLittlcti.

an.i llire Bets a straight line. To tneasrre the clc co]nj_.orr:riti ol'illt_v signal (ac or dc].

l;r..: 1,.,s io sr.litch from ac r.i:, dc ltotie ancl obs,.,.r.c litl r.ertical shilt oi. lh.J

ri;riciirrn. The arnorut of veilicar sirifr in r,.-,1t,r irlcs thc col.esponrling ric

COlnpOn!'nt.

L0 X-Y rrode: In tl.tis ftode ofoperatioL t\\,o sigllals ale sllper.imposed at risht

angles on each other. The sa\\. tootrr time base circr-rit is trisconnectecr ti.om rhe

horizontal deflection plates and tlte extemal signal rvhich s licl to cltannel t\\o is

gi'e'to time base instead. Ilence ilrwo sine rvaves are f'ecr to two channers

respectively then the electron beanr rvjll undergo deflccLiotr accor.dirrg 1o right

angle supetposition of two sine I'aves. It will trace lissajous i)grires.
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Fig 1J A siDe vr'.rve definiDg irll]]lir de n d fre{luEnry.

Freouency Measurement The distance covered by one wave

time period (T) olrhe rvavelorm.

Suppose time / div knob is at I ms scale then T = 2div x 1 ms

Hence frequency (F) = 1 / T : 1 / 2msec = 0.5 kHz = 500 Hz.

'n:lo'***
:2 msec.

the

O9iective To measure frequency ratio and measure phase difference of 2

wavefoms using iissajous figures.

LLSSaIOUS _t tgures
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When a particle is influenced by two simple hamonic n.rotions which are at ri-qht

iugles to each other then it traces a curve called lissajcus figure. For the case of a

CI{C, when the time base of the CRO is not appliecl t,.r rhe hodzontal (X) pl3tes,

any wavelorm can be aitplied a.cross these plates. ji'cliftirent sine waves ar.e

iipoiied io the X and Y plares, a stationary patteln js iiticid by the electron beadn.

This Jlattem deoends on the mtio ofthe frequencies oiilr. t\r/o ,raves ( i.e. i: I,

1:2, i:3 or l:4 etc.) and the phase difference bet\,veen the two waves. The

frequency ratio of l:1 gives a circular pattem if the signals (i) have the same

arrplitudes and (ii) are 90o out ol phase. A phase dillerence of 45o procluces an

ellipse, and zero phase diflerence produces a straight line inclined at an angle

determined by tl.re magnitudes olthe two signals.

Measurement of Freqlgllcv Ratio

For measurement of fiequency mtjo refer to circuit offig. l5 , where two sine

waves are applied to the two channels and Oscilloscope is kept in X_y mode
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A

i'

| ,:,rl
L

.rL!i
-I ao lt'tt: 

I

,',,_., l
I

cRo

Fi!. 1 5 Circtlir for derell,,ii,:,riin offrequeucy 1.rto ot2 \ine !v.rves. Vir)1 .,nrl
nr e 2 iopur waves nt,triiq,l rn cl,:rnriels 1 !lld 2 of CR{] rEspecijvety. The ,ruqru!
i.e. Vout lrrces a lis-*jnLls fi!uri:. At:' is for A ltio i.rsrillntrr

Vih2

The frequency ratio is cierermined by the number of loops ofthe pattern touching a

veriical line ar the eige o1-rhe patterr and Lhe number of loops touchrlg a

horizontal line at the edge ol the pattern. The r.eason lor tlis is that an integral

number ofsine wavcs on the horizdntal deflection plates are completed-i+the same

time that an integral nurrbel ofsine waves are completed on the vefiical plates. If

T, and T6 are the time periods of vertical and horizontal input sine uaves

respectively then

Tr Nunber of loops touchi g vertical line

t" Yutnber of loup; ,or. t ni i-riron.nm
-f,
.f,

lvhere fi1and fv are the frequencies of horizontal

In fig.'16 , iissajous figures fbr various frequency

and vefiical signals respectively.

ratios are dmwn.

2

I
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Fi{,.1 6 Lissajolls figures to nteasure trerl eIcy rirri,i.
ib) 1 :2. icl2:1 aDdftll 1:3

id)
ial 1:1,

Measurement of Phase Difference

For measurement of Phase difference between 2

fig. 17 .and operate the CRO in X-y mode.

waves, connect the circuit as IN
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