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UNIT 1 ELASTICITY 

Ihdusdudien 

A body can be dakeumed ti.e, dhanged in shane 

O AUe ) by the auitable applicdiion e enieunal tonces 

en it. A body is said to be pelotly alastie, ,i4 ib 

Rgauns i ouqinal hane on size , 

when the apried 

Rences ae emeed. This perenty o a 6ody to negain 

its 0tqinal stae on cendtion sn emeval e he 

applid Aeces is called elaaticiby. A Body Nich dses 

tond to egain is onqinal ahane oi sise 
, 
euen 

when he aplied ecs ane emaned , is called a 

penectly plastic bedy. No body'in nahwe, is zithe 

Peneetly
elastic an naRectly plastic 

.Quants hne is he 

eaneat arpmeach to a poocty 
lastic loedy. 

0 

net 0, 
Rithen 

Sess 
when an 

extoval heua is arplied en a bedy , 

hene wnll be elatine disnlacament s the anticles and 

due to dhe uerenty s elasicity, the pantides tend to tand to 

negain their ontatnal neaitions. sthess s delined as he 

nedtering Aero nwr unit anea. .I a ee fis annlied arnliad 

nermaly t the anea eh oss- sRrtien A oa uie , 
than 

s.be = F/A .Tts 
dimensions ane ML-'T2 

Therumal sness : 

Suppese he nds oh a ned ane igidy 

Ained,s0 as to pRnent ennanaien 0T conabuactien ,TA the 

tamperatune oh he usd is changed tenaile on compnesaive 

9nasses called thouma ainesses, wil be stressesd enen 

bouend is bneainq atrength. .the strass is tensile when 

there is an inceaae in lingth . The stress is cempressiue 



when thene is a deowase in Jength. A tonquntial stres 

ries to alide each Jayen s he body oe he ayen 
immediately below ik 

sain: when a deheuming ece s arplied 

thee is a charge in Jength , shane o7 velume 

the bedy. The atto the change in any 

dimensions to is 0iainal value is called abuain .Tt s 

three types 
2) The matio a changed in length (l) to aninjnal 

Jernath u) s called lengitudinal sbain C1/L 

(2) Let ABCD be a bedy uith the. 4ide co fined 

9urnese a tangenttal fhece f is aprlied en he pnen 

Race AB. Theneew, bedy chanqed to A 'B'cp.The Body 

3heaned by an angle ). the angla measwned n nadian 

called a ahearing sbuain C¢) 

3 Volwme snain (Bulk sbrain ):The natio e change in Velume 

to onigial veuume (v) is called volume atnain (v/v) 

Heeke's Lau 
wathin alaatic imit the sness is directly 

Peneisnal to sauin .8imess o abiain or Stres/sbrain 

E. E is censtant called medulus elasticity.

The dimenaions fomula emedulis et elaslicity is 

MI'T It units ane Nm2. 

2 Dheent Moduli o Elasticity 

(1 Yuna's nodulus (E) : Tt delined as the hatio 

abiain wthin 

Jenqitudinal sbess to Jengidudinal 
sbvain wthin 

elastic imil .Le a swine e ongth and anea ouess- 

s0ctien A undego an incwase in enqth .when sterhina

Rece F is applled in he dinectisn e uis lenath. 

Then, Jengitudinal sbess =F/A and lengitudinal svain 

-A/L 
E-FAFL 

AL 



(2) Riaidity modulus () : Tt is deined a the nadio o 

tangenbial abwss to ahecuinq abrain. 

enaiden a salid aube ABc DE FOTH (Eig) The lowe face 

iad ond a angeniial fece f s aprlied ove 
CDGTH 

the uppen Race ABEP. The Jeáult is 

that each heiaOnial Jayen e the uhe 

3 dianlaced, the displakamert hainq 

poretienal to iks distance uem e 

inad plan. psint A s shuped to A' 

8 to B', E to e'and F to f' tmough 
an angle , when AA' = EE'= . 

E 

cleanly A/L whee l i the 

elatiue dianlacement o the unnen face ethe cuhe untEh 

nespectto he wen imod ace distant L rem dE. 

This angle thnsugh uhich a ine oniqinally penpendiulan 

to the Rited aco is uned, is a measune the aheaning 

ainain Tangerntbial amess F/A 

NOLO, Aigidity moduus (o1)= sheania 8Duain 

Hene. A =L2 =Aa s he joce ABEF. 

G1T/ whew T = Taneenbial sbes. 

(3) Bulk_medulus (K) : Tt deined as the atis 

velume aes lBulk smess ) to the Velume strain. 

when hnee equal sines32s (F/A) act tm a body in 

mutualy pomendiculan 
dineedions Auch that thene is a 

dhange veume v in ik oiginal volume V, we hae, 

3.tnes =presaune P F/A .Velume abrain = -v/y The negati 

aign indicates hat PMeasne incneases , veume decneases 

:. K = 

Bulk anes F/A 

velume atuain v/v 

Psissen's Ratto V)when a wie is abuecked ,it becsmes

P 

N/V 

Jonaon but hinnen, ti.e) altheugh is length heaases 

iks diameen deeeases . when a wine lengates trealy in 

the diwctusn o a nale abwa, it censracts aterdlly 



i-e) in a diwclien nonendiculan to the ferce). The natio 

Jateral contnactisn to the lengiiudinal dlongalier called 

posaen's natio .Tt is denoted by a Jetten. 

7 Relatien between the Elastic Meduli 

Sunese hnee steses P, a and R ane 

acung pernenduculan to the thhe2 aces ABCD, ADHF ad ABFE 

aunit cube an isbenic mateuial .Eah ene o ase 

gbwsses il phedue an entenaien in is swn dinactien and a 

LSmwsaen aleng the sthen two perpandiculaT dinetiens. 

Let all the nee abresses act 

ALmuttaneusly oh the cube. 6 

NOb lengatien along he dineion oP 

eAP-HQ -HR 
Net elengalien along he dinactien Q 

f aa-HP-HR $ 

Net dengatien aleng the dinection oR 
R 

AR -HP-HQ 

Ne can enpress the tee olastic cenatanbs E,0r and kin zoNms 

and . 
Caaa C1): 9unpese enly the sbress pach arnd Q R =o 

The inean abuain e =A:p 
sina 

The ycung 's medulus =E = .P Linean Stoain 

Case i): 3urpasR the abesm R o and Pa- 

e =P -Hl-P -CA+H) P 

The angl oshea o - 2e = 2(7+M?P 

Sbwss 
1 Angle o ahean 2(2+#)PP 2l7+) 

2 (+) = C2 

Case Cill : Let P R 
:e aP-HP-HP = (a-2)P 

3e 3 (a-2HP 

The bulk abiain 3(7-24).P 



The bulk moduls k SUns 
Bulk nain 

P 

3a-2 P 3(a-24) 

(a-24 3k 
(1 Relatien betwecn E, and k, 

2 (2tH /c 2 2H /. 4) 

-2H /3k 
Adding (4) and (5), 3= 3K 30 

(5) 

3K + 
301R 

3K+1 

E 9k 

3K+ 

(7) 

2. Ralatien betuwean G, k and V 

2) 2 

(3) a-23k 
Subaacling (3) from (2), 

3 L 
201 

C8 3k - 2 

V = (3k-201 K 

18 Gtk C3K+1 

V= C3k 27) 

6K+2 

3. Ralaiion betwean E, Gand V 

= Ve 

2)=a+H /2t7 

Díviding ) by t) 
A 21 

E 1+ = or) 1+V n 2T 

21 
4. Limidt ko he Value o v 

C9 = v= 3k-201 
bk +2 



3k (1 -2v2 = 201 (l+v) 

peubiue, (1-20) >o Vz/2, l-2? peiiie 

Cl4V) peidue: I-2v) eutine , In actual practice vs 

always a neubine quantihy and is etwen o and o. 5 

Bendüng o Beams 
Deluutien 

BeamA &eam is dained as a nod on ban o 

uuem ess-sectien whese anath very much qheatan 

han is Biekness . 

Benduna ples : L beam us finad at sne end and 

Jcaded at the sBen end , t bends. The lsad acfing 

ventically downuwnds at its kre 

end and the wactien at w Surnar 

acting ventically upuands, tenaiitude 

the Bonding tsunle . Ths csuple lends 

oend tha beam deckuise , Sine 

here is no Jstation o de beam, she ectena berndinq 

uple must be balanced By ansth othe bodly. 

E 

plane Bendin9 when a beam is bent as in ae 

laments line ab n the rnen pant the beam ane

elengated and Rilaments ine cd in the lewen part ane 

Connessed . Therelee, hene must be a flament in ain 

between, uhich is neithen elengaled nen cemRssed, Buch a 

and he anis B 

ament knsun as the neutial Ailament and the axis o 

the beam ying en the hednal ilament is he neubral anis. 

the 8eding taxes place and the bending ceurle 
acs un 2 

Plane _Bending The plane oRerding is the plane in uhuh 

plane. 
15 Epnession he the Bending 

mbment 

Conside a petien e he beam io be bent int 

alan anc, as shown din igune, eds he neubal anis 

Let R be the aduus cuuatune othe nautnal anis 



and the ongle ubatended by 

it ak ks be eh cuwatne C. 

Filamuns abone ae elongted 

while ilaments belbus ae 

cemnnessad. tha Rlaments mains 

unchanged longth. 
Oniginal ength ab Re 

Js tanded langth -a'b' e (R+z) 9 

Incnease n ibs legth = a'b' - ab = (R+z) G - RG = Z. 

nwwase n length . /R Linean aain 
Oniginal Jangth R. 

Es u ysung's madules et the mateuals. 

E Ses lLinean sirain 

Li.e 
sbess E x Linean abrain £ 2/R ) 

Sz s the anea e-seetion otha flament. 

be tonsile fece en he anea SA = atess x anea = SA 

Mement& histc butha heubual anis 

The uum Bthe memant o 

eces acting sn al the tilaments 

8A.z 
2SA 22 called he qeemebrial mement inertia oh ha 

oss zaction othe beam absut an anis thvough its crdne 

pepundulan to be pane o hording .t is wrten.as equal lo 

AK2.e) 28A-z2 Ak2 

Thus, bending momant a beam EAK/R 

Netes: ti) Fova ectanqulan baam eweathb, and derth 

d, A =bd and k2 = d2/1R 
AK bd3/12 

ci) Fon betm CcLan one- 5ection e Jadws , A = nT 

and K2T/a 
Ak2= n7 

tii EAk2 s called the ieunal viaitidy oh he eam 



1-21 Meaawument youg's meduuLA y bedung o a penn. 
() Non- ifeumi Bendinqq 

The 9inen beam is symmdnically 

sprnd on tuv knite - edges . A ght hangen s Auspanded 

mea oaeop s read em a psine c enay mud 

way bltweon *he kne- edges. 

A pin is ad venicaluy at coy 
Ssme wa. A MeAng micrescepe 

is Recusad en Jhe lip et tha pin 

auch hat the heisental ovess- 

wine tencides with the tip o 
the in. the seading in he voical 
thauese scala nicrsscope is 

eied Neighs ane added in equad 

atn e m k� and tha cBURsNEdurg eedings ane noted 

similanly. uadings ae netd while unleadinq .The esults 

vane tabulated as Rellsus. 

Lead in kaA Readirs o the mirescone 
Jood Lood 

ncneasLrg RLnRasUng 
Hen M Ra 

Meon 

The breadth b and he hicnnRSs d e he beam ane 

with a veunien cauners aned 3cneu 9 measwed 

sneclinely. w! w 
Y lor) E Then, 

48 EAK2 48 AKy 

Mg3 
48 x (bds *2) *y 

C weMg and AK 
= bd 2 

COT) 

Mg 
4 bd3 y 

E 

Pun and icneAcope Methed: 
The 9nen Beam is surperJrd 

ummeiically on tuo kaiia -edgas A and B. Tuwo equa 



weight -hanges ane Aspended so Bhat thein distances Anom 
the Kite-edges ane equal .A pin s placed vetically at he 

cente he eam. The p eh be truin iewed by a 

michsscene. the ead sn each hangen s inoasad in eaual 

stena m kg and e cenespondin miaescene neadings 

ae rheted 

Readings ohe mucnecone 
Load in kg Joad Jood 

Mean 
noeaaing decneasung| 

the mean levatien Cy) the cerbu M K 
Tha lenath s the beam 

the ditanant etween the psint e suspenaion othe loadd 

between the knife - edges and a, 

uand hie neanen nife-Rdae ae measned. 

Mgas 
8E (ol3/12) 

wal2 

8 EAK 

E Mg 
2 bdy 

wsing the abeue Reumula we can caleulata the young 's 

medulus e maerial Ge hen. 



H-I 

2 70651 r1ó 

OTSTE 5m5 , nsrTBOToT oG 
HnnguTa roTONLDUQm 

29mFumJuoTo� 

o9 FA 

2 Gcnv4 

hry= LiMorTcoT 1ot nrLo 

LLoTODDnO 

LorgpomoTun cmE FWMUOU BUng, AG 1mdAGEMENMGi 

uwtA5 My ungmaTISG OUn@nuwo 
LorT 

nGonot 
wtA 

esmoooL orcohJuri ginE5urrot 
OT . 
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1oTaneoT aDeovT LrTmë TLOyrLo utGo 9neplrT 

Lamyy LocL m. 

0Tofur. 

3 sns(HoTke's l aw): 
1919- Imue a'% oqtuair to py55T. 6 2nwnaiU 

f6ivo18 Sumg, ounpor 

0OT 5CMoculuA oh ElasHüky): 

StoLoLB. 

(A) 

LoT)) 

Twtug ru56ursq f4 

HTOUO9 A - F OTootm 0ewruaLI GuITE, 
NLDITCPOTL -oðIfuO MoTOT ortnmëdz oraiir 



6,00 F/p = d21n 

= F1A 

dil 
oncoTLD 

fuserr 2 (Nm2) 5N T oTcOTD SrL4,iUt, 

uTBoMoor 

OTL OT 9T 

en F FuruÍ But, UQ fom ABMy dl 

wsGtsL F/A FL 
A-dl 

2ncne F=ma 

I-S2 
TTY 2d 



DA 

uwrtNG 

JTooTLIT. n st LA 

F ÍuoT A 00T 6 
uwfrA TovatLo OT ohu 

Ae 

mE fgro59, Br5 5GT5) 0auuai 6umgi oungonot 

GonOT U1b oT0TLuri k oTps OTLB65E5Tov S9`oiuOAyg. 
CK) F/A 

dv/v 
ono F)A 6TuEs) B55 dp 

dP 

Cdv/v) dv 

594 ( Potsson, Ratio) 1 OToomovsEi 6rpoG 

LoTnlovMy oTOo F. 667 Turo 
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elaHon beueen E lasHt mocduulus) 

H 

rRoT ashiy1s, 

A BCDEF G1H 

5550 mpEuJ ABCD ABH, ADEH OTO or vSars sor 
55 , 

e Ap - Catr) 

f a - PtR) 

/ 4/ 

sof 2 c n6 Lommiuo5T64 , R=0 a6qi oroYsaito

d6uT5 P a. P omg BE 5T uwrtT 

e AP- (-P) - A+*) P. 
SFuo CAtM) P 

Fg6d Ouud#A= 2 CAtP)P 



b 

2ttHP 2LA +H) 

Atp - -> 9 
2n 

8156t 3 5n661 tgmoT5T 9) 1, oyof nnifs)s roor aoLoT}Ë 
ToLT, a B8uTE ToTTUoTE5 

'c AP - P - MP = -29P 

510 f� 3t G8 . 3c 3 th2)P 

k /3c= P/3-2p)P 
- - ( 

A-2 3 K 

a,n, suarýr5rj6lmi Bu 2otn )5Lt4 

(2 ns_ 

M 
At = /2n 

- =413x 
--> (2 

-

F ( sjirtoy cÉ6 

2 2 u 4/p 

-

3 2/gn t/n 

n 3k 

/3 + 
3kn 

n+3K 

hT3k 

nt3K 

3nk 
--> 



ooT t ) 656 

A+ al2n 

A-2p 13 k 

-7(2 

-3) 

3H -2n 
18 kn 

t2-C3 M 3k -2n 
-

13 kn 

(2) % 2 2+2p = 1/n 
-2 = ] 3xN 

3 = + 3kth 

3kn 

3k tn 
kn 

T rTT 55 

8) 9) L iysDoT 

qk 3R -2n 

8 n 3kh 

3k-2n 

bk +2n 

FoofunG 

At /2 2n 
2n 

4t */2n - - -
50T

S-2n 

6k t2n 

bk t 2n d = Sk -2n 

2n + 2-n 3k-6k 

2nllto) = 3k Ca 26) 
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NnE F 5m7 dS 

F PV d_ -
s45pcr = anm x 0ESTLD . 

9d P d$) PN a Cpn)2.ds -> 

A OU 2w mNLD Bi45 GlmoM L2emotrial moment 
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                           Unit-3 LASERS 
 Electromagnetic Spectrum- Laws of Reflection and Refraction- Laser- spontaneous and 

stimulated emission – Population inversion – Pumping – Optical and Electrical pumping- Types of 

LASER – Ruby LASER – He-Ne LASER – Applications of LASER (LIST OF FIELDS ONLY) 

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

Electromagnetic spectrum 

 The EM spectrum is a range of frequencies, wavelengths and photon energies covering frequencies 

from below 1 Hz to above 1025 Hz corresponding to wavelengths which are a few kilometers to a fraction of 

the size of an atomic nucleus in the spectrum of EM waves. The entire range is given by radio waves, micro 

waves, infra red radiation, visible light, UV radiation, X-rays, gamma rays and cosmic rays in the 

increasing order of frequency and decreasing order of wavelength. 

Reflection of light 

Reflection is the change in direction of a wave front at an interface between two different media so 

that the wave front returns into the medium from which it originated. Common examples include 

the reflection of light, sound and water waves. 

Laws of Reflection  

 The incident ray, the reflected ray and the normal to the surface of the mirror all lie in the 

same plane 

 The angle of incidence is equal to the angle of reflection. 

Refraction of light  

Refraction of light is the phenomenon of change in the path of light in going from one medium to 

another. When going from a rarer to a denser medium, the ray of light bends towards normal and in going 

from a denser to a rarer medium, the ray of light bends away from normal. 

Laws of Refraction 

 The incident ray, refracted ray of light and the normal to the refracting surface all lie in the same 

plane. 

 The ratio of the sine of the angle of incidence and sine of the angle of refraction is constant. 

Introduction about LASER 

The word LASER is an acronym for “Light Amplification by Stimulated Emission of Radiation”. It 

is a powerful monochromatic light source of collimated beam in which the light waves are highly coherent. 

The laser light has many superior features compared to conventional light source. Einstein introduced this 

concept in 1917. Dr. T.H. Maiman demonstrated the first laser namely the ruby laser in the year 1960.  

Laser characteristics 

Laser differs from the ordinary light with respect to some properties. They are Monochromaticity, 

Directionality, Coherence and Intensity 

Principles of laser 

Absorption of radiation 

  An atom is in the ground state with energy E1 absorbs a photon of energy h and goes to the 

excited state with energy E2 as shown in Fig. This transition is known as stimulated absorption or induced 

absorption or simply absorption. Here the energy difference is given as (E2 – E1) = h. 
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If there are many number of atoms in the ground state then each atom will absorb the energy from 

the incident photon and goes to the excited state then, 

 The rate of absorption (R12) is proportional to the following factors 

 (i.e)  R12    Energy density of incident radiation ()   

  No. of atoms in the ground state (N1) 

           

 

   

 R12     N1 

where B12 is a constant which gives the probability of absorption transition per unit time 

Spontaneous emission 

 The natural tendency of an atom is to seek out the lowest energy configuration. The excited atoms 

do not stay in the excited state for longer time but tend to return to the lower state by giving up the excesses 

energy h as shown in fig. The atom in the excited state E2 returns to the ground state E1 by emitting a 

photon of energy h without any external energy. Such emission of radiation not initiated by any external 

influence is called spontaneous emission. This emission is uncontrollable. 

 

 

 

 

 

 

 

The rate of spontaneous emission R21 (Sp) , (i.e)  R21 (Sp)   N2 

   

 

where A21 is a constant which gives the probability of spontaneous emission transitions per unit time 

Stimulated emission 

 The atom in the excited state E2 as shown in fig. A photon of energy h can stimulate the atom to 

move to its ground state. During this process the atom emits an additional photon whose energy is also h. 

As the emission is stimulated by external photon, this process is known as stimulated emission.   

 

 

 

 

   R21 (Sp) = A21N2 

   R12 = B12   N1 
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The rate of stimulated emission R21 (St) is given by  

 (i.e)  R21 (St)   N2 

   

 

where B21 is a constant which gives the probability of stimulated emission transitions per unit time 

S. No Stimulated emission Spontaneous emission 

1. An atom in the excited state is induced 

to return to ground state, thereby 
resulting in two photons of same 

frequency and energy is called 

stimulated emission. 

The atom in the excited state returns to 

ground state thereby emitting a photon, 
without any external inducement is called 

spontaneous emission. 

 

2. The emitted photons move in same 
direction and are highly directional. 

The emitted photons move in all 
directions and are random. 

3. The radiation is high intense, 

monochromatic and coherent. 

The radiation is less intense and is 

incoherent. 

4. The photons are in phase. The photons are not in phase. 

5. The rate of transition is given by  

R21 (St) = B21  N2 

The rate of transition is given by  

R21 (Sp) = A21N2 

Population inversion: 

When a system is in thermal equilibrium, the distribution of energy states at a given temperature 

follows the Boltzmann’s law as  








 

 KT

E

eNN 0  

where, 

0N  is the population in the ground state 

N  is the population in the given energy state 

K is the Boltzmann’s constant 

T is the absolute temperature 

   R21 (St) = B21  N2 
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 From the above equation, it is clear that the population is maximum in ground state and decreases 

exponentially as one goes to higher energy state as shown in fig. 4(a). ie., 1N > 2N . If the situation is just 

reverse, ie there are more atoms in an excited state than the ground state as shown in fig 4 (b), a net 

emission of photons can result. This condition is called population inversion. In this case 2N > 1N . 

 

 

Fig. 4 (a) population at different energy states of atoms     (b) population inversion through pumping 

process 

Pumping methods 

The process of achieving population inversion is called pumping. Pumping can be classified into the 

following types based on the type of source of pumping. 

1. Optical pumping: Here the atoms are excited with the help of photons emitted by an optical source. 

The atoms absorb energy from the photons and raises to excited state. (e.g.) Ruby Laser, Nd-YAG 

Laser 

2. Electrical pumping: The electrons are accelerated to very high velocities by strong electric field and 

they collide with gas atoms and these atoms are raised to excited state. (e.g.) Argon Laser, CO2 Laser 

3. Direct Conversion 

4. Inelastic collision between atoms 

5. Chemical pumping 

Meta stable state 

It is an excited state of an atom with a longer life time than the other excited states. However it has 

a shorter life time than the stable ground state. Atoms in the metastable state remain excited for a 

considerable time in the order of 10-6 to 10-3 s. 

Active Medium: The active laser medium consists of a collection of atoms, molecules or ions. The excited 

state of the active laser medium has a meta stable state having longer lifetime ( sec10 8 ) compared to 

excited states which usually have short life times.  
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Types of LASERS 

1. Solid state laser : It is classified into two types (a) 3 level laser (e.g) Ruby laer, (b) 4 level laser (e.g) 

Nd-YAG laser 

2. Gas laser:  Egs. CO2 laser, He-Ne laser 

3. Semiconductor laser: Egs. GasAs 

4. Liquid laser: Eg. Europium benzoyl acetone dissolved in alcohol. 

5. Dye laser and chemical lasers. 

RUBY LASER 

Ruby laser is the first type of laser constructed by Maiman in 1960. Ruby is a crystal of Al2O3 in 

which some of the Al3+ ions are replaced by (0.05% by weight) Cr3+ ions. Cr3+ ions constitute the active 

centres whereas the aluminum and oxygen atoms are inert.  

Principle:  

It is a three level solid state laser. Ruby rod is used as an active medium and Cr3+  ions act as a 

active center. Optical pumping method is used to achieve the population inversion. The wavelength of the 

laser beam emitted is 6943Å.  

Construction: 

 

Fig. (1) schematic diagram of Ruby laser 

The arrangement of laser is shown in fig (1). It consists of a ruby cylindrical rod typically 5 cm long 

and 0.5 cm in diameter whose ends are optically flat and accurately parallel. One end is fully silvered and 

the other is only partially silvered. The rod is surrounded by a glass tube. The glass tube is surrounded by 

helical xenon flash tube which acts as the optical pumping system.   

Working: 

The energy level diagram of chromium ions in ruby crystal is shown in fig (2). The Cr ions are 

excited from level E1 to level E3 by the absorption of light of wavelength 550 nm from the xenon flash tube. 

The excited ions quickly undergo non-radiative transitions to the level E2, with a transfer of energy to the 

lattice thermal motion. The E2 level is a metastable state with a lifetime of about 3 x 10-3 s (usual atomic 
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lifetimes are  10-28 s). Now, the population of the E2 level becomes greater than that of the E1 level. Thus 

the “population inversion” is achieved.  

 

Fig. (2) Energy level diagram of chromium ions in ruby laser 

               Some photons are produced by spontaneous transition from E2 to E1, and have a wavelength of 

694.3 nm (ruby red). The ends of the ruby rod act as reflecting mirrors. Therefore, Photons that are not 

moving parallel to the ruby rod escape from the side, but those moving parallel to it are reflected back and 

forth. These stimulate the emission of similar other photons. The chain reaction quickly develops a beam of 

photons all moving parallel to the rod, which is monochromatic and is coherent. When the beam develops 

sufficient intenstity, it emerges through the partially silvered end. 

Once all the chromium ions in the metastable level have returned to ground level, the laser action 

stops. It is then necessary to send one more flash of pumping radiation through the rod. Thus the ruby laser 

operates only in pulses. Even in the short period of a few microseconds in which the ruby is lasing, we find 

that the emission is made up of spikes of high intensity emission as shown in fig (3). This phenomenon is 

known as spiking of the laser, first observed in experiments with ruby by Collins et.al. 

 

 

 

 

 

Fig (3) characteristic spiking of ruby laser 

Advantages: 

 Ruby lasers are economical 

 Beam diameter of ruby laser is comparitivelyless than CO2 

 Output power of the ruby laser is not less asin the He-Ne laser 

 Since the ruby laser is in solid form, there is no chance of wastage of active  material 
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Disadvantages: 

 No significant stimulated emission occurs until atleast half of the ground state electrons excited to 

the metastable state. 

 Efficiency of ruby laser is comparatively low 

 Optical cavity of ruby laser is short as compared to other laser 

Applications: 

 Pulsed holography 

 Ranging experiments 

 To remove tattoos 

 To remove skin lesions resulting from excess melanin 

 

 

He – Ne LASER 

He – Ne laser is the first gas laser. It is a four level gaseous laser. The mixture of helium and neon 

gases is filled in the discharge tube. Helium gas used as active medium and neon atom used as active 

material. Inelastic atom-atom collision method is used as pumping process. Power output is approximately 

0.5 to 50 milli Watt. The output light is continuous wave form. 

Principle: 

The active medium is the He – Ne gas. The gas laser medium is excited by electric discharge method 

in which inelastic collision between atoms will results in population inversion. 

Construction 

 

 

 

                                           

 

 

Fig (1) schematic diagram of He-Ne laser 

Fig (1) shows the schematic arrangement of a He – Ne laser apparatus. He – Ne laser consists of a 

quartz discharge tube about 80cm long and 1.5cm diameter. The discharge tube is filled with mixture of 

helium and neon gases with different partial pressures. The gases are mixed under the pressure of 1mm 

mercury of helium and 0.1 mm mercury of neon in the ratio of 10:1 . these mixture acts as active material. 

RF generator  

 

  

 

  

  

  

Quartz discharge tube 

Brewster 
window  

 

Partially reflecting  
concave mirror  

100% reflecting  
concave mirror  

Mixture of  He – Ne gas Plane polarized  
Laser light  



Dr. S. Snega, Department of Physics 
 

The ends of the discharge tube are inclined at the polarizing angle. Hence the emitted laser light is plane 

polarized. This arrangement is called Brewster window. 

  A radio frequency generator (RF generator) is connected to the discharge tube. It is used to produce 

population inversion in active material. A pair of concave mirror is placed at the ends of the discharge tube. 

One of the mirrors is 100% reflecting and the other is partially reflecting. These mirrors form an optical 

resonator.  

Working: When RF generator is switched on, electrons are generated inside the discharge tube. At first the 

generated electrons collide with the helium atoms in ground state thereby helium atoms are excited to two 

of energy levels as shown in fig (2). These two levels happen to be very close to the 3s and 2s levels of the 

neon atoms. When the excited helium atoms collide with the neon atoms, energy is exchanged, pumping 

the neon atoms to the respective levels. The atoms at the neon 3s level eventually drops down to the 2p 

level asa result, stimulated emission is taking place and light of wavelength 0.6328µm is emitted. The atoms 

at the 2s level, on the other hand, drops to the 2p level by emitting light at 1.15µm. However, the atoms at 

the 3s level may instead dropdown to the 3p level, by emitting light at 3.39µm.  

 

Fig. (2) Energy level diagram of He-Ne ions 

Advantages: 

 Less heat is generated inside the discharge tube, therefore no need for cooling. 

 It is operated in continuous mode 

 It has high stability of wavelength. 

 Output of the laser can be tuned to a required wavelength(±100Å). 

 It is not much expensive 

Disadvantages 

 Output power is moderate 

 Compare with solid state laser its size is large 
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Applications of Lasers 

Laser is an optical device that generates intense beam of coherent monochromatic light by 

stimulated emission of radiation. Laser light is different from an ordinary light. It has various unique 

properties such as coherence, monochromacity, directionality, and high intensity. Because of these unique 

properties, lasers are used in various applications. 

The most significant applications of lasers include: 

 Lasers in medicine 

 Lasers in communications 

 Lasers in industries 

 Lasers in science and technology 

 Lasers in military 

Lasers in Medicine 

1. Lasers are used for bloodless surgery. 

2. Lasers are used to destroy kidney stones. 

3. Lasers are used in cancer diagnosis and therapy. 

4. Lasers are used for eye lens curvature corrections. 

5. Lasers are used in fiber-optic endoscope to detect ulcers in the intestines. 

6. The liver and lung diseases could be treated by using lasers. 

7. Lasers are used to study the internal structure of microorganisms and cells. 

8. Lasers are used to produce chemical reactions. 

9. Lasers are used to create plasma. 

10. Lasers are used to remove tumors successfully. 

11. Lasers are used to remove the caries or decayed portion of the teeth. 

12. Lasers are used in cosmetic treatments such as acne treatment, cellulite and hair removal. 

Lasers in Communications 

1. Laser light is used in optical fiber communications to send information over large distances with 

low loss. 

2. Laser light is used in underwater communication networks. 

3. Lasers are used in space communication, radars and satellites. 

Lasers in Industries 

1. Lasers are used to cut glass and quartz. 

2. Lasers are used in electronic industries for trimming the components of Integrated Circuits (ICs). 

3. Lasers are used for heat treatment in the automotive industry. 

4. Laser light is used to collect the information about the prefixed prices of various products in shops 

and business establishments from the bar code printed on the product. 

5. Ultraviolet lasers are used in the semiconductor industries for photolithography. Photolithography is 

the method used for manufacturing printed circuit board (PCB) and microprocessor by using 

ultraviolet light. 

6. Lasers are used to drill aerosol nozzles and control orifices within the required precision. 

Lasers in Science and Technology 

1. A laser helps in studying the Brownian motion of particles. 

2. With the help of a helium-neon laser, it was proved that the velocity of light is same in all directions. 

3. With the help of a laser, it is possible to count the number of atoms in a substance. 

https://www.physics-and-radio-electronics.com/physics/laser/laserintroduction.html
https://www.physics-and-radio-electronics.com/physics/laser/heliumneonlaser.html
https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/atom.html


Dr. S. Snega, Department of Physics 
 

4. Lasers are used in computers to retrieve stored information from a Compact Disc (CD). 

5. Lasers are used to store large amount of information or data in CD-ROM. 

6. Lasers are used to measure the pollutant gases and other contaminants of the atmosphere. 

7. Lasers help in determining the rate of rotation of the earth accurately. 

8. Lasers are used in computer printers. 

9. Lasers are used for producing three-dimensional pictures in space without the use of lens. 

10. Lasers are used for detecting earthquakes and underwater nuclear blasts. 

11. A gallium arsenide diode laser can be used to setup an invisible fence to protect an area. 

Lasers in Military 

1. Laser range finders are used to determine the distance to an object. 

2. The ring laser gyroscope is used for sensing and measuring very small angle of rotation of the 

moving objects. 

3. Lasers can be used as secretive illuminators for reconnaissance during night with high precision. 

4. Lasers are used to dispose the energy of a warhead by damaging the missile. 

5. Laser light is used in LIDAR’s to accurately measure the distance to an object 

Model Questions 

 

1. What is Electromagnetic spectrum? 

2. What is reflection of light? 

3. State the laws of reflection? 

4. What is refraction? 

5. State the laws of refraction? 

6. Distinguish between spontaneous and stimulated emission? 

7. List out characteristics of LASER. 

8. What is meant by Spontaneous emission? 

9. What is meant by stimulated emission? 

10. What is meant by population inversion? 

11. What is meant by pumping? 

12. Describe the construction and working of Ruby laser. 

13. Discuss with theory the construction and working of He-Ne laser. 

14. Discuss the applications of laser in various fields. 
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 Introduction: Theory of energy band in crystals 

               The inner-shell electrons are the least effected when atoms form a crystal and 

the outer-most shell electrons are the easily influenced part of an atom. Thus, when the atoms 

in a crystal are placed close to each other, there is more possibility of electrons of two adjacent 

atoms to either collapse or bound to each other 

Band diagram of a Conductors,Insulators and Semiconductors 

The adjacent figure depicts the energy band diagram.From the fig., it’s clear that, more the 

interatomic spacing, lesser is the energy(attraction) between them.And as the distance between 

them is reduced(moving from right to left), there will be a gradual increase in the interactions 

between the neighboring atoms. Because of this interaction, the atomic wave functions 

overlap and the crystal becomes an electronic system which must obey Pauli exclusion principle. 

Here, there are 2N electrons completely filling the 2N possible s levels of the atom and 2N 

electrons filling the 6N possible p states. Thus, when the “d” is reduced, the 2N- s states spread 

out to form a band of energy. And the 4N electrons remain unoccupied in the p levels. The total 

spread between the minimum and the maximum energy levels becomes very large (several eV) 

and is known as Energy Bands. An energy gap (Eg) exists between them. this is known 

as forbidden energy gap (no electrons can occupy states in this gap).When this energy gap is 

further reduced to make it zero, the 6N upper level and 2N lower level states merge and form 

 Theory of energy band in crystals-Distinction between Conductors, Insulators and 

Semiconductors-Intrinsic and Extrinsic Semiconductors-N-type and P-type Semiconductors-

Junction diode-Zener Diode-V-I Characteristics-PNP and NPN transistor-Transistor action-DC 

Characteristics of CE configuration-FET-N channel and P channel FET-Performance-

Characteristics-Comparison of Transistor and FET. 



 
 

8N levels out of which 4N electrons are already occupied (2N+2N). Now these 4N electrons 

neither belong to the p subshell nor the s subshell but belong to the crystal as a whole.The 

energy band produced due to these electrons is known as a Valence Band.If the energy gap is 

further reduced, the interaction between them grows very large and finally a shape is obtained, 

as shown below:   

Comparison Chart 

BASIS FOR 

COMPARISON 

CONDUCTORS SEMICONDUCTORS INSULATORS 

Meaning Conductors are the 

substance that 

transmits heat or 

electricity through 

them. 

Such substance or materials 

that may act as a conductor, as 

well as insulators under 

different conditions, are known 

as semiconductors. 

Insulators are the 

substance that 

does not allow 

heat or electricity 

to pass through 

them. 

Conductivity High. Moderate. Low. 

Forbidden gap There is no 

forbidden gap. 

Small forbidden gap. Large forbidden 

gap. 

Resistivity Low. Moderate. Very High. 

Temperature 

coefficient 

Positive. Negative. Negative. 

Conductivity 

value 

Very high. Moderate. Negligible. 

Conduction Numerous 

electrons for 

conduction. 

Very less number of electrons 

for conduction. 

Neutral number of 

electrons for 

conduction. 

Resistivity 

value 

Less than

 

Between  
More than

 

Current flow Caused by the 

presence of free 

It is caused by free electrons 

and holes. 

It is caused by free 

electrons which 

are negligibly 



 
 

electrons. present. 

Valence 

electrons 

There is only one 

valence electron in 

the outermost 

shell. 

There are four valence electrons 

in the outermost shell. 

There are eight 

valence electrons 

in the outermost 

shell. 

Overlapping of 

bands 

The valence and 

conduction bands 

are overlapped. 

Valence band and conduction 

band are separated energy gap 

of 1.1eV. 

Both the bands get 

divided by an 

energy gap of 6eV - 

10eV. 

Type of Bonds Conductors are 

formed by a 

metallic bonding. 

Semiconductors are formed by 

covalent bonding. 

Insulators are 

formed by ionic 

bonds. 

Examples Gold, Bronze, 

Silver, Mercury, 

Copper, Brass, etc. 

Silicon, Aluminium. Mica, Rubber, 

Wood, Paper, etc. 

P Type and N Type Semiconductor:The various factors like doping element, nature of doping 

element, the majority and minority carriers in the p-type and n-type semiconductor. The 

density of electrons and holes, energy level and Fermi level, the direction of movement of 

majority carriers, etc. are considered in explaining the difference between p-type and n-type 

semiconductors. The difference between a p-type semiconductor and n-type semiconductor 

are given below in tabulated form. 

 Zener diode 

         When a P-N junction is reverse biased, it offers a high resistance for the current flow. If the 

reverse-bias is increased at some particular voltage, the reverse current across the junction 

suddenly increases. This particular potential is called the breakdown voltage or zener 

breakdown voltage. The zener voltage varies from as low as a few volt to several hundred 

depending on the dopant density and the depletion layer. There are two distinct process by 

which the breakdown may occur. They are i) Zener breakdown ii) Avalanche breakdown.A zener 

diode is a P-N junction diode which makes use of either of the two breakdown. A zener diode is 

usually operated at a reverse bias voltage a little more than the breakdown voltage. Under 



 
 

these conditions, the voltage drop across the diode is practically independent of the current 

through it. This means that the diode acts as a voltage regulator.  

Zener diode characteristics 

 

              The zener diode characteristics can be studied using the circuit shown in figure. The 

zener diode is connected to battery through a commutator as shown in figure. By changing the 

commutator position, the diode can be forward biased or reverse biased. First forward bias is 

given. Using the rheostat different voltage is given to the diode and for each voltage, the milli-

ammeter reading is noted. Now a reverse bias is given to the diode and the milli-ammeter is 

replaced by a micro-ammeter. The same procedure is repeated as per the forward bias.Now we 

can draw a graph taking the voltmeter reading in X-axis and the current reading in Y-axis. The 

graph will be as shown in figure. Under forward bias condition, the zener diode acts, just like an 

ordinary junction diode.Under reverse bias, a small reverse current flows through it. This 

current almost remains constant unit a certain critical voltage is reached. Beyond this voltage, 

the reverse current increases rapidly. This voltage is called turnover voltage. All zener diodes 

are silicon P-N junction diodes which have a sharp reverse voltage knee. Zener diodes are 

assorted according to their breakdown voltage. For a diode with low breakdown voltage, the 

knee on the curve is more abuse. For high voltage zener diode, the knee is sharp. 

P-N-P and N-P-N transistor 

       When thin layer of N-type semiconductor is sand witched between two P-type 

semiconductor, the result is in the formation of a P-N-P transistor. Similarly when a P-type area 

is sand witched between two N-type semiconductor, we have a N-P-N transistor. P-N-P and N-

P-N transistors and their circuit symbols are as shown in figure.There are three regions in the 

transistor. They are i. Emitter ii. Collector iii. Base.The middle semiconductor in a transistor is 

called as base. Thickness of the base will be of the order 0.025 mm. The two end regions are 

called the emitter and the collector. The emitter – base junction is always forward biased and 

hence this junction offers a low resistance for the flow of current. 



 
 

 

 The collector – base junction is always reverse biased and hence this junction offers a high 

resistance for the current flow. The emitter, base and collector of a transistor can be controlled 

to cathode, grid and plate of a triode. 

Transistor action    

        The transistor action can be understood by analyzing the current flow through it under the 

influence of externally applied voltage. The emitter base junction will be forward biased and 

the collector base junction will be reverse biased. We will study the action of a P-N-P transistor 

and the circuit is as shown in figure. 

 

      As the emitter is forward biased, the holes in P-regions are injected to the base and the 

electrons are injected to the base and the electrons are injected from N-region to P-region. But 

as the bas is lightly doped and the emitter is heavily doped, the number of electrons from base 

to emitter is very small compared to the number of holes. In the base region some of the holes 

are neutralized by the electron. Since the base region is very thin, most of holes cross this 

region and will reach the collector region.Since the collector base region is reverse biased, the 

holes arriving at the junction attracted and this constitute a collector current. The emitter 

current is denoted by IE , the collector current by IC and the base current is IB. It will found that 

IC = IE where α is called current gain whose value will be between 0.95 to 0.98. The emitter 

current is equal to the sum of the collector current and base current. 

                                                     IE = IC + IB  

        If the emitter base voltage is increased, the collector will also increase. If the emitter 

current is decreased, the collector current is also decrease. If an alternating voltage is applied 



 
 

to the emitter as input, we will get the amplified output in the collector circuit. Hence the 

transistor can be used as an amplifier. In a similar way, we can explain the P-N-P transistor.  

Transistor circuit configuration 

         There are three basic configuration in which transistor can be connected. They are  

(i)Common base configuration                 (ii) Common emitter configuration 

(iii)Common collector configuration                                                                                                                                                                                                                                                                                                                                                                               

The common is used to denote the electrode that is common to the input and output circuits. 

Because the common electrode is generally grounded, these modes of operation are frequently 

referred to as ground base, grounded emitted and grounded collector.The three types of 

configurations are as shown in figure.  

                                                 

Characteristics of Common emitter (CE) Configuration 

           The characteristic of the common emitter transistor circuit is shown in the figure below. 

The base to emitter voltage varies by adjusting the potentiometer R1. And the collector to 

emitter voltage varied by adjusting the potentiometer R2. For the various setting, the current 

and voltage are taken from the milliammeters and voltmeter. On the basis of these readings, 

the input and output curve plotted on the curve. 

Input Characteristic Curve 

The curve plotted between base current IB and the base-emitter voltage VEB is called Input 

characteristics curve. 



 
 

 

For drawing the input characteristic the reading of base currents is taken through the ammeter 

on emitter voltage VBE at constant collector-emitter current. The curve for different value of 

collector-base current is shown in the figure below. 

 

The curve for common base configuration is similar to a forward diode characteristic. The base 

current IB increases with the increases in the emitter-base voltage VBE. Thus the input 

resistance of the CE configuration is comparatively higher that of CB configuration.The effect of 

CE does not cause large deviation on the curves, and hence the effect of a change in VCE on the 

input characteristic is ignored. 

Input Resistance: The ratio of change in base-emitter voltage VBE to the change in base current 

∆IB at constant collector-emitter voltage VCE is known as input resistance, i.e., 

 

Output Characteristics In CE configuration the curve draws between collector current IC and 

collector-emitter voltage VCE at a constant base current IB is called output characteristic. The 

characteristic curve for the typical NPN transistor in CE configuration is shown in the figure 

below. 



 
 

 

In the active region, the collector current increases slightly as collector-emitter VCE current 

increases. The slope of the curve is quite more than the output characteristic of CB 

configuration. The output resistance of the common base connection is more than that of CE 

connection.The value of the collector current IC increases with the increase in VCE at constant 

voltage IB, the value β of also increases. 

Output Resistance: The ratio of the variation in collector-emitter voltage to the collector-

emitter current is known at collector currents at a constant base current IB is called output 

resistance ro. 

 

The value of output resistance of CE configuration is more than that of CB 

Field effect transistor 

The field-effect transistor (FET) is a semiconductor device which depends for its operation on 

the control of current by an electric field since the current is carried by majority carriers only, 

the field effect transistor is said to be unipolar device. There are two types of FET, they are 

1. Junction field effect transistor and 

2. Metal oxide semiconductor field effect transistor (MOSFET) . The MOSFET is also called 

as insulated gate field effect transistor (IGFET). 

3.  

 



 
 

The following are main difference between a FET and a conventional transistor. 

1. The operations of FET depends up on the flow of majority carrier only. It is, therefore a 

unipolar  device. But in a conventional transistor, is due to both electrons and holes. 

Hence it is called as bipolar junction transistor (BJT). 

2. A bipolar transistor is current controlled devices. In this, the output current is controlled 

by the input current. But in a FET, the flow of current is controlled by an electric field. 

3. The input impedance of a FET is high. Its value is of the order of 108 to 1012 ohm. 

4. A FET is less noisy than a bipolar transistor. 

Junction Field Effect Transistor 

Construction 

In a JFET, the current flow is due to the majority carriers of charges. In a semiconductor, there 

are two types of carriers viz holes and electrons. Hence JFET are of two types.i) n-channel FET -

In this current flow is due to electrons.ii) P-channel FET –In this current flow is due to holes. The 

structure of an n-channel FET is shown in figure. Ohmic contacts are made to the two ends of 

the semiconductor bar of n- type material (if p-type silicon is used, the device is referred as p-

channel FET. 

 

          The junctions on both side of the bar are formed impurities opposite to that of the 

channel i.e. p-type impurities for n-type channel and vice versa. Current is allowed to flow along 

the length of the bar by applying a voltage between the end terminals of the bar. The current is 

carried by majority carriers which drift through the channel. The following FET notation is 

standard. 

Source 

The source S is the terminal through which majority carriers leave the bar. Conventional current 

entering the bar at S is designated by Is. 

Drain 



 
 

The drain is the terminal through which the majority carriers leave the bar. Conventional 

current entering the bar at D is designated by ID. The drain-to-source voltage is called VDS. 

Gate 

On both side of the n-type bar in figure, heavily doped (p+) regions of acceptor impurities have 

been formed by diffusion for creating p-n junction. These impurity regions are called as the gate 

G. Between the gate and source a voltage VGS is applied in the direction to reverse-bias the p-n 

junction. Conventional current entering the bar at G is designated by IG. 

Channel 

The regions of n-type material between the two gate regions is called channel (in a p-type FET it 

will be p region). The majority carrier of charge move from source to drain through this region. 

The circuit symbol of n-channel and p-channel are shown in figure. The arrow on the gate 

terminal refers to the direction of gate current, when the gate-source junction is forward 

biased. An n-channel FET with its terminal connected properly to voltage source is shown in 

figure. The source voltage VGG and VDD respectively supply the gate voltage and drain voltage. 

For a p-channel FET. The polarities of the voltage source should be reversed. 

Operation of FET :To discuss the operation of a JFET, we have to give the following connections. 

1. Gates are always reverse-biased. 2. The source terminal is always connected to that end 

of the drain supply which provides the negative charge carriers. 

Let us consider an n-channel JFET (figure) and discuss its working when either VGS or VDS or 

both are changed. 

1. When VGS  = 0 and VDS  = 0 : When no voltages are applied between D & S and G & S, the 

depletion region around the p-junction are of equal thickness and symmetrical. 

 

 

 



 
 

2. When VGS = 0 and VDS is increased from zero: For this, the JFET is connected to VDD supply. 

The electron flow from S to D whereas the conventional drain current ID flows through the 

channel from D to S. When VDS is applied, there is a gradual increase of positive potential along 

the channel as we go from S to D-i.e. as we go along the channel from S to D the reverse 

voltage across the p-n junction increases. Hence thickness of the depletion region also 

increases. Therefore the channel is wedge shaped.  As VDS is gradually increased from zero, ID 

increases proportionally as per ohm’s law. This ohmic relationship between VDS and ID continues 

till VDS reaches a certain critical value called pinch of voltage VP. When VDS = VP, the current ID is 

maximum. When VDS is increased beyond VP, the length of the pinch-off region increases. Hence 

there is no further increase of ID. At a certain value of VDS, ID suddenly increases. This effect is 

due to the avalanche multiplication of electron caused by breaking of covalent bonds of silicon 

in the depletion region between the gate and the drain. The variation of ID with VDS when VGS=0 

is shown in figure. 

3. When VDS=0 and VGS is decreased from zero : When VGS is made more and more the negative 

the gate reverse bias increases. Hence the thickness of the depletion region also increases. At a 

particular voltage, the two depletion regions make contact with each other. In this condition, 

the channel is said to be cut-off. The value of VGS which is required to cut-off the channel is 

called the cut-off voltage. 

4.When VGS is negative and VDS is increased : As VGS is made more and more negative, value of 

Vo as well as breakdown voltage are decreased. It is shown in figure.Since gate voltage controls 

the drain current JFET is called a voltage controlled device. A p-channel JFET operates exactly in 

the same manner as n-channel JFET except the current carriers are holes and the polarities of 

both VDS and VGS are reversed. 
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Unit – V Digital Electronics 

Number system – Conversions – Binary: Addition, Subtraction Multiplication and Division – 
8421 Code – BCD Code – Excess 3 Code –Gray code – Binary to Gray and Gray to Binary 
conversion – ASCII Code – Basic Gates and derived gates: AND, OR NOT, NAND, NOR, EX-
NOR, NAND &  NOR as Universal gates . 

Introduction 

 Electronic circuits can be divided into two broad catagories such as analog and digital.  
Analog circuit deals quantities with discrete values and digital circuit deals quantities with 
decrete values (i.e., the values occur at discrete interval of time).  Now a days the digital 
technology is applied in every part of human life such as television, communication systems, 
biomedical instruments and consumer electronics etc.  

 The advantage of digital circuits over analog circuits are accuracy of the system is high, 
power consumption is very low, fast and more efficient and reliable than analog system.  The 
digital circuits has only two possible states such as “high” and “low”.  It can be represented by 
open and closed switches or on and off condition of the switch.  Thus to describe the behavior  of 
the digital system two state number system known as “binary number” system used.  In this 

unit fundamentals of digital electronics have been discussed. 

Number system 

1. Decimal number system, base -10, 0 – 15, Ex- (65)10 
2. Binary number system, base -2, 0000 – 1111, Ex – (101)2 
3. Octal number system, base -8, 0 -7, Ex – (76)8 
4. Hexadecimal number system, base – 16, 0 -9, A-F, Ex- (3D1)16 

 

DECIMAL NUMBER SYSTEM 

 The decimal number system makes use of ten digits namely, 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9.  
Since ten basic symbols or digits are used, the decimal number system is said to have a base or 
radix of ten. 

Any decimal number is formed combining the digits at different positions and applying 
corresponding weights to the digits. e.g.:  

          25 = 20 + 5   =  2 × 10 + 5 ×1   = 2 × 101 + 5 × 100  

MSD – Most Significant Digit                         MSB – Most significant Bit 

LSD – Least significant Digit                          LSB – Least Significant Bit 
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BINARY NUMBER SYSTEM 

 A binary number system uses only two symbols or digits namely, 0 and 1.  That is the 
binary number system has a base or radix of 2.  A binary digit 0 or 1 is  called a bit. 

 A 4-bit binary word is called as a nibble.  An 8-bit binary word is called as a byte.  A 16-
bit binary word is simply called as a word. 

             For example: (101)2   = 1 × 22 + 0 × 21 + 1 × 20 

 

OCTAL NUMBER SYSTEM 

The octal number system has a base 8. The basic digits used are 0,1,2,3,4,5,6,7. 

             For example: (475)8   = 4 × 82 + 7 × 81 + 5 × 80 

 

HEXADECIMAL NUMBER SYSTEM 

 The hexadecimal number system has a base 16.  The basic digits are 0, 1, 2, 3, 4, 5, 6, 7, 
8, 9, A, B, C, D, E, F.  

 The hex to decimal conversion is similar to binary to decimal conversion, only the 
weights are different.  In this case, the weights used are 160, 161, 162 etc., for the integer part and 
16-1, 16-2 etc. for the fractional part. 

  For example :  (D5)16   = (13 × 161 + 5 × 160) 
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CONVERSION 

DECIMAL TO BINARY CONVERSION 

 A decimal number like 19 can be converted into binary by repeatedly dividing the 
number by 2 and collecting the remainders (double dabble method). 

 

 Collecting the remainders in the reverse, we get 

                                       (19)10 = (10011)2 

 For decimal fractions, the fractional part has to be multiplied by 2 successively and 
collecting the carries from top to bottom. For example the decimal fraction 0.625 is converted 
into binary as, 

                        0.625 × 2 = 1.250 ; carry is 1 (MSB) 

                        0.250 × 2 = 0.500 ; carry is 0 

                        0.500 × 2 = 1.000 ; carry is 1 (LSB)    

(0.625)10  =  (0.101)2 

DECIMAL TO OCTAL CONVERSION 

  To convert a decimal number to octal, we have to divide the decimal number by 8 
repeatedly and collect the remainders from top to bottom (for the integer part). The remainders 
also must be taken in octal. 

For example, let us convert the decimal number 68 to octal 

i.e., (68)10 = (104)8                                                                                           (109)10 = (155)8 
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DECIMAL TO HEXADECIMAL CONVERSION 

 To convert a decimal number to hex, we have to divide the decimal number by 16 
repeatedly and collect the remainders from top to bottom (for the integer part).  The remainders 
also must be taken in hex. Example, the decimal number  

                                                            

         (213)10 = (D5)16                                                                                (1020)10 = (3FC)H 

 To convert the fractional part of a decimal number, multiply by 16 repeatedly and collect 
the carriers.  For example, (0.5)10 can be converted into hex as shown. 

                0.5 × 16 = 8.0 

   i.e.,      (0.5)10 = (0.8)H 

BINARY TO DECIMAL CONVERSION 

 A binary number can be converted into a decimal number by adding the products of each 
bit and its weight.  Examples. 

(i) (101)2   = 1 × 22 + 0 × 21 + 1 × 20 
                         = 4 + 0 + 1 =  5 
i.e.,  (101)2        = (5)10 

 
(ii)   (10011)2   = 1 × 24 + 0 × 23 + 0 × 22 + 1× 21 + 1 × 20 
                         = 16+ 0 + 0 + 2 + 1   = 19 
i.e.,  (10011)2   = (19)10  

OCTAL TO DECIMAL CONVERSION 

Let us convert a octal number (62)8 to decimal. 

                             (62)8   = (6 × 81 + 2 × 80)10 

                                        = (6 × 8 + 2 × 1)10 

                                        = (48 +2)10   = (50)10                                   
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HEXADECIMAL TO DECIMAL CONVERSION 

 The hex to decimal conversion is similar to binary to decimal conversion, only the 
weights are different.  In this case, the weights used are 160, 161, 162 etc., for the integer part and 
16-1, 16-2 etc. for the fractional part. 

 Let us convert a hexadecimal number (D5)H to decimal. 

                         (D5)16   = (13 × 161 + 5 × 160)10 

                                        = (13 × 16 + 5 × 1)10 

                                        = (208 + 5)10 

(D5)16 can also be written as (D5)H. 

HEXADECIMAL TO BINARY CONVERSION 

 To convert a hexadecimal number to binary, replace each hex digit with its equivalent 4-
bit binary. 

             Table gives the hex, decimal and the corresponding binary combination. 

Decimal Hexadecimal 
Binary 

23+22+21+20 
8+4+2+1 

0 0 0000 
1 1 0001 
2 2 0010 
3 3 0011 
4 4 0100 
5 5 0101 
6 6 0110 
7 7 0111 
8 8 1000 
9 9 1001 
10 A 1010 
11 B 1011 
12 C 1100 
13 D 1101 
14 E 1110 
15 F 1111 
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BINARY TO HEXADECIMAL CONVERSION 

To convert a binary number to hex, we have to arrange the bits into group of 4 bits 
starting from LSB (Least significant Bit). If the final group has less than 4-bits, just include zeros 
in MSB to make it a group of 4 bits.  

For example, to convert (100101)2 into hex, arrange the bits as (10 0101)2. Now include 
two zeros for the first group at the front. The binary combination now becomes (0010 0101)2. In 
the last step replace each 4 bit binary group by its equivalent hex digit. i.e. 0010 = 2  and  0101 = 
5 

Therefore, (100101)2 = (0010  0101)2=  (25)H. 

(6F)H  = (0110  1111)2 

OCTAL TO BINARY CONVERSION 

Since the base of octal number system is 8 which is equal to 23, to convert a octal number 
to binary, all we have to do is replace each octal digit with its equivalent 3-bit binary. 

Decimal  Octal Binary 
(22+21+20) 

0 0 000 
1 1 001 
2 2 010 
3 3 011 
4 4 100 
5 5 101 
6 6 110 
7 7 111 

 

BINARY TO OCTAL CONVERSION 

To convert a binary number to octal, we have to arrange the bits into group of 3 bits 
starting from LSB (least significant bit). If the final group has than 3 bits just include zeros to 
make it a group n of 3 bits. For example, to example (10 101) into octal, arrange the bits as (10 
101). Now include a zero for the first group at the front. The binary combination now becomes 
(010 101). In the last step, replace each 3-bit binary group by its equivalent octal digit. i.e., 010 = 
2  and  101 = 5. 

Therefore, (10 101)2 = (010  101)2 = (25)8 

                        (37)8  = (011 111)2 
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BINARY ARITHMETIC 

Binary arithmetic operations are carried out in a same manner as decimal operations. 

BINARY ADDITION 

The addition of two binary numbers is very similar to addition of two decimal numbers. The 
following rules are followed while adding two binary numbers. 

0 + 0 = 0 

0 + 1 = 1 

1 + 0 = 1 

1+ 1 = 10      ; Read as 0 with a carry 1 

(1+1 is 2 which is (10)2) 

1+1+1 = 11   ; Read as 1 with a carry 1 

(1 + 1 + 1 is 3 which is (11)2; the third bit is usually the carry from the previous addition. 

 

   (11110 + 11)2 =  (100001)2                              (1101+ 1110)2 = (11011)2 

BINARY SUBTRACTION 

The subtraction of two binary numbers is similar to the subtraction of two decimal 
numbers. 

0 – 0 = 0 

0 – 1 = 1    ; Read as difference 1 with a borrow 1 

1 – 0 = 1 

10 – 1 = 1 

(1 cannot be subtracted from 0; therefore a ‘1’ is assumed to be borrowed from the next column 

whose weight is 21  which makes it 10. Therefore 10 – 1 = 1 (difference) and borrow = 1) 
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      (1101 – 110)2 = (111)2                        (1001 – 111)2 = (10)2 

 

BINARY MULTIPLICATION 

 The following are the four basic rules for multiplying binary digits. 

0× 0  = 0 

0× 1 =  0 

1× 0  = 0 

1 × 1 = 1 

 

    (101 × 111)2  = (100011)2                             (10110 × 101)2 = (1101110)2 

 

BINARY DIVISION 

Binary division is the same as decimal division. 
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BCD CODES – 8421 CODE 

 A group of bits (usually four) which are used to represent decimal numbers 0 to 9 are 
called Binary Coded Decimal codes or BCD codes. 

 The most popular BCD code is the 8421 code. The 8421 indicates the binary weights of the 
four bits (23, 22, 21, 20). Using the four bits with weight 8,4,2,1, we can easily represent the 
decimal numbers 0 to 9 as given in the Table. 

 From the Table, we can see that the four bit binary combination given is only the first ten 
combination of the four bit binary progression. The six remaining combinations, namely 1010, 
1011, 1100, 1101, 1110 and 1111 are invalid 8421 BCD codes. 

Decimal 8  4  2  1 
0 0  0  0  0 
1 0  0  0  1 
2 0  0  1  0 
3 0  0  1  1 
4 0  1  0  0 
5 0  1  0  1 
6 0  1  1  0 
7 0  1  1  1 
8 1  0  0  0 
9 1  0  0  1 

 

 Any decimal number greater than 9 can be easily represented in 8421 BCD, by repeatedly 
using the four bit code for each digit. Few examples are given below. 

Decimal        8421  BCD  code 

29 0010  1001 
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468 

97.5 

0100  0110  1000 

1001  0111 . 0101 

 

Excess -3 CODE 

 The Excess -3 code is a BCD code used in earlier computers. The Excess -3 code for a 
decimal digit is obtained by adding 0011 (3) to the 8421 BCD code. The Excess -3 code also has 
ten valid codes and six invalid codes. The six invalid codes are 0000, 0001, 0010, 1101, 1110 
and 1111. The valid Excess -3 codes are given in the Table. 

 

 

 

 

 

 

 

 

 

 

 

 

In Excess-3 code (Like in 8421 BCD code), if the number is greater than 9, the code is given 
separately for each digit. Few examples are given below.     

Decimal number Excess-3 code 

26 

97 

85.3 

          0101   1001 

          1100   1010 

1011  1000 . 0110 

  

The Excess-3 code is not a weighted code. 

Decimal 8  4  2  1 Excess – 3 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0  0  0  0 

0  0  0  1 

0  0  1  0 

0  0  1  1 

0  1  0  0 

0  1  0  1 

0  1  1  0 

0  1  1  1 

1  0  0  0 

1  0  0  1 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 
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GRAY CODE 

 Gray code is another important code that can be used in sequence counting.  When the 
count advances by one, to reduce error, the number of changes in the bits has to be kept 
minimum. 

Binary to Gray conversion: 

 To convert a given binary number to its equivalent Gray code the following rules are 
applied 

1. The MSB of the Gray code is the same as the MSB of the binary. 
2. Coding from left to right, add each adjacent pair of bits to get the next bit of the Gray 

code.  Omit the carries if occurs. 
 

An example, lett us convert the binary number 1011 to Gray code. 

Step 1. 

The left  most bit (MSB)  in Gray code is the same as the MSB of the binary. 

                   1      0       1      1                               Binary 

1 Gray 

Step 2. 

Add the left most bit to the adjacent one. 

                   1  +  0       1       1                             Binary 

                   1      1                                               Gray 

Step 3. 

Add the next adjacent pair. 

                   1      0  +   1       1                             Binary 

                   1      1       1                                      Gray 

Step 4. 

Add the next adjacent pair and omit the carry. 

                   1       0       1  +   1                             Binary 

                   1       1       1       0                             Gray 

The conversion is now complete. 
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                 (1011)2  =  (1110)G 

Gray to Binary conversion: 

 To convert a given number in Gray code into equivalent binary, the following rules are 
applied. 

1. The MSB of the Binary is the same as the MSB of the Gray. 
2. Coding from left to right, add the binary digit generated to the adjacent gray bit to get 

the next bit of the binary.  Omit the carries if occurs. 

An example, let us convert the Gray code 1110 to its equivalent binary. 

Step 1. 

The left most bit (MSB) in binary is the same as the MSB of the Gray. 

 

                       1     1     1     0                               Gray 

                       ↓  
1 Binary 

Step 2. 

Add the binary digit generated to the adjacent bit of the Gray code. 

                      1     1     1     0                                Gray 

                       ↗ 

                      1     0                                              Binary 

Step 3. 

Add the binary digit generated to the adjacent bit of the Gray code. 

                      1     1     1     0                               Gray 

                             ↗ 

                      1     0     1                                      Binary 

Step 4. 

Add the binary digit generated to the adjacent bit of the Gray code. 
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                     1     1     1     0                                Gray 

                                   ↗ 

                     1     0     1     1                                Binary 

The conversion is now complete. 

                (1110)G  =  (1011)2 

ASCII CODE    

 ASCII stands for American standard code for information interchange. This is 7- bit 
code used to represent decimal digits 0 to 9, alphabets A to Z (both lower case and upper case) 
and some special characters. That is, ASCII is an alpha numeric code. 

 Since ASCII is a 7 –bit code, there are 128 (27) possible binary combinations. A few 
examples are given below. 

ASCII 
Symbol 

Decimal Hex 7 –binary 

 

0 

1 

2 

 

9 

: 

? 

A 

B 

Z 

 

a 

b 

 

48 

49 

50 

 

57 

58 

63 

65 

66 

90 

 

97 

98 

 

30 

31 

32 

 

39 

3A 

3F 

41 

42 

5A 

 

61 

62 

 

011  0000 

011  0001 

011  0010 

 

011  1001 

011  1010 

011  1111 

100  0001 

100  0010 

101  1010 

 

110  0001 

110  0010 
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z 

 

DEL 

 

122 

 

127 

 

7A 

 

7F 

 

111  1010 

 

111  1111 

 

 The ASCII code also includes some control characters like DEL (Delete), ESC (Escape),  
STX (Start of Text), ETX (End of Text), etc. 

LOGIC GATES 

 A gate is logic circuit which has one output and one or more inputs.  An output occurs 
only for a particular combination of input signal.  The output of the logic circuit can be in logic 
‘1’ state or logic ‘0’ state. 

 Logic 0 state means ‘0’ volt or less than 5 volts occurs in output.  Logic 1 state means 5 

volts occurs at the output. 

1. Basic gates – AND, OR, NOT 
2. Universal gates – NAND, NOR 
3. Other gates – EX-OR, EX-NOR. 

Truth table 

 A truth table is one which shows all possible input, output combinations for a logic 
circuit.  If there are ‘n’ inputs then we have 2n output states. 

a) AND gate (IC – 7408) 
     

  It has one or more input and only one output.  In this gate the output is high if all 
the inputs are high, if any one input or all the inputs are low the output is low.  The 
symbol and truth table given in below. 

 
Boolean equation Y = A.B 

                                                                                                                 
                   Symbol                                                                     Truth table 
   

 
 
 

A B Y = A.B 
0 
0 
1 
1 

0 
1 
0 
1 

0 
0 
0 
1 
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b) OR gate (IC – 7432) 
      

 An OR gate has one or more inputs and only one output.  The output is ‘1’ when 

anyone or more than one of the inputs is ‘1’ and the output is ‘0’ only when all the inputs 

are ‘0’. 
 
Boolean equation   Y = A + B                   

             Symbol                                                                         Truth table                  
                                                                         
 

 
c) NOT gate (IC – 7404) 

 
       The NOT gate has a single input and single output.  The is always the complements 
(opposite) of the input. 
 
            Boolean equation   Y = Ᾱ 
 
        Symbol                                                                             Truth table 

                                         
                         
 

UNIVERSAL GATES 

d) NAND gate (NOT +AND = NAND) ( IC – 7400) 
 
         This gate is equivalent to an AND gate followed by an inverter (NOT gate) as 
shown in figure.  It has two or more inputs and only one output.  If any one of the inputs 
to the gate is ‘0’ then the output is ‘1’ and the ouput is ‘0’ only when all the inputs are 
‘1’. 
 
 Boolean equation  Y = 𝑨. 𝑩̅̅ ̅̅ ̅ 
 
              Symbol                                                                    Truth table 

A B Y = A+B 
0 
0 
1 
1 

0 
1 
0 
1 

0 
1 
1 
1 

 
A 

 
Y =�̅�  

0 
1 

1 
0 

 
A 

 
B 

 
Y = 𝐴. 𝐵̅̅ ̅̅ ̅ 
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e) NOR gate (NOT + OR = NOR)(IC – 7402) 
         

 This gate is equivalent to an OR gate followed by an inverter as shown in figure.  
It has two or more inputs but only one output.  If any of the inputs to a NOR gate is ‘1’ 

the outputs is ‘0’ and if all the inputs to the NOR gate are ‘0’s, then the output is ‘1’. 
 
Boolean equation    Y = 𝑨 + 𝑩̅̅ ̅̅ ̅̅ ̅̅  
 
Symbol                                                                          Truth table 

 
 

OTHER GATES 

f) EX-OR (or) XOR gate (Exclusive – OR) (IC – 7486) 
 
           The exclusive OR gate has two or more inputs but only one output.  If odd number 
of inputs are ‘1’ then the output is ‘1’ and for all other input combinations, the output is 

‘0’. 
 For a two input EX-OR gate, the output is ‘1’ when either of the input is ‘1’ and 

the output is ‘0’ when both the inputs are equal i.e., ‘1’ or ‘0’. 

   Boolean equation   Y= A ⊕ 𝑩 

 
              Symbol                                                                         Truth table 

                                                                                

0 
0 
1 
1 

0 
1 
0 
1 

1 
1 
1 
0 

                                                     
A 

 
B 

 
Y =𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅  

0 
0 
1 
1 

0 
1 
0 
1 

1 
0 
0 
0 

                                                     
A 

 
B 

 
𝑌 = 𝐴 ⊕ 𝐵 

 
0 
0 
1 
1 

0 
1 
0 
1 

0 
1 
1 
0 
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g) EX-NOR (or) XNOR gate (Exclusive – NOR) ( IC – 74266) 
 
          This gate is equivalent to an exclusive OR gate followed by an inverter.  If even 
number of inputs are ‘1’ the output is ‘1’ and for all other input combinations, the output 

is ‘0’.  For a two input exclusive –NOR gate, the output is ‘1’ when both the inputs are 
equal to ‘1’ or ‘0’ and the output is ‘0’ when the inputs are different.  It is also called a 

comparator or a logic identity gate. 
 

Boolean equation  𝒀 = 𝑨 ⊕ 𝑩   = �̅�𝑩 + 𝑨�̅� 

 
 
                         Symbol                                                              Truth table 
 

 
 

UNIVERSAL GATES 

1. NAND as UNIVERSAL GATE 

  The symbol for the NAND gate and the truth table are shown in fig. 

 

 

By connecting NAND gates in different ways, it is possible to get the function of any other gate. That, 

is the functions of NOT, AND, OR,etc., can be implemented using only NAND gates. Therefore, the 

NAND gate is called as a Universal gate or Universal building block.  

(i) NAND as NOT  

A NOT gate has only one input and one output. If the input is A the output is given by 𝑨.̅ 

 

                                                     
A 

 
B 

 
𝑌 = 𝐴 ⊕ 𝐵 

 
0 
0 
1 
1 

0 
1 
0 
1 

1 
0 
0 
1 

A B Y=𝐴𝐵̅̅ ̅̅  

0 0 1 

0 1 1 

1 0 1 

1 1 0 
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In a two input NAND gate, if both the inputs are marked as A, then the output is given by �̅�𝐴which is 

equal to �̅�. This arrangement makes the NAND to function as NOT. NAND as NOT is shown in Fig. 

(ii) NAND as AND 

The symbol and the truth table for the AND gate is shown in the Fig., 

 

 

 

The output of the NAND gate is 𝑨𝑩̅̅ ̅̅ . To make it as AB, the output of the NAND gate is inverted 

once. But, the inverter is also implemented using a second NAND gate. The arrangement is shown in fig. 

 

(iii) NAND as OR 

           The symbol and the truth table for the OR gate is shown in the Fig., 

 

 

 

To get the OR expression A + B, the inputs are first inverted and then passed through NAND 

gate. This arrangement is shown in fig. Three NAND gates are needed to get the OR function. 

By Demorgan’s theorem, 

�̅��̅�̅̅ ̅̅  = �̅� + �̅� = A + B 

A Y=�̅� 

0 1 

1 0 

A B Y =A.B 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

A B Y =A+B 

0 0 0 

0 1 1 

1 0 1 

1 1 1 



Mrs. D. S. Vasanthi, Dept. of Physics 
 

The NOT gate are also obtained using NAND gates. 

(iv) NAND as NOR 

The symbol and the truth table for the NOR gate is shown in the Fig.,  

 

 

 

The NOR gate is obtained by simply inverting the output of the OR gate. The implementation of 

NOR gate using NAND gates is given in Fig., 

 

2. NOR as UNIVERSAL GATE 

 The symbol and the truth table for the NOR gate is shown in the Fig., 

 

 

(i) NOR as NOT 

In a two input NOR gate, if both the inputs are marked as A, then the output is given by 

𝑨 + 𝑨̅̅ ̅̅ ̅̅ ̅̅  which is equal to �̅�. Since the two inputs are the same, the two inputs of the NOR gate can 

be connected together and used as gate with a single input. This arrangement makes the NOR to 

function as NOT. The arrangement is shown in Fig.,                                                                                                          

 

        

 

(ii) NOR as OR 

The output of the NOR gate is 𝑨 + 𝑩̅̅ ̅̅ ̅̅ ̅̅ . To make it as (A + B), the output of the NOR gate 

is inverted once. But the inverter is also implemented using a second NOR gate. The arrangement 

is shown in Fig., 

A B Y =𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅  

0 0 1 

0 1 0 

1 0 0 

1 1 0 

A B Y =𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅  

0 0 1 

0 1 0 

1 0 0 

1 1 0 

A Y=�̅� 

0 1 

1 0 
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(iii) NOR as AND 

To get the AND expression A.B, the inputs are first inverted and then passed through a 

NOR gate. This arrangement is shown in Fig., Three NOR gates are needed to get the AND 

function. 

 

 

 

(iv) NOR as NAND 

The NAND gate is obtained by simply inverting the output of the AND gate.  The 

implementattion of NAND gate using NOR gates is given in Fig., 

 

 

 

 

                                                                   

A B Y =A+B 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

A B Y =A.B 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

A B Y=𝐴𝐵̅̅ ̅̅  

0 0 1 

0 1 1 

1 0 1 

1 1 0 
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Question Bank 

Two Mark Questions 

1. What is number system? 
2. Mention the different types of number. 
3. What is decimal number system? 
4. What is binary number system? 
5. What is an octal number system? 
6. What is hexadecimal number system? 
7. Define thwe terms BIT , BYTE, NIBBLE and WORD. 
8. Explain the radix of a number system. 
9. How a decimal number is converted into a binary number. 
10. Convert the decimal number 33 into a binary number. 
11. How a fractional decimal numberr is converted into a binary number? 
12. Convert 0.45 into a binary number. 
13. How a binary number is converted into a decimal number? 
14. Convert (1010)2 into a decimal number. 
15. How an octal number is converted into a decimal number? 
16. Convert the octal number 132 into a decimal number. 
17. How a decimmal number is converrted into an octal number? 
18. Convert the decimal number 789 into an octal number. 
19. How a fractional decimal number is converted into an octal number? 
20. Convert the decimal number 0.15 into fractional octal number. 
21. How an ocrtal number is converted into a binary number. 
22. Convert the octal number 14 into a binary number. 
23. How a binary number is converted into an octal number? 
24. Converted the binary number 1010111 into an octal number. 
25. How a hexadecimal number is converted into a decimal number? 
26. How a decimal number is converted into a hexadecimal number? 
27. How a hexadecimal number is converted into a binary number? 
28. How a binary number is converted into a hexadecimal numberr? 
29. What is binary arithmetic? 
30. Add 5 and 8 using binary addition, 111 and 101, 1101 and 100. 
31. Subtract 4 from 9 using binary subtraction, 1011 from 11000, 0101 from 1000. 
32. Multiply 5 and 3 using binary multiplication, 11100 × 101 
33. Divide 6 by 3 using binary division, 1010 by 100. 
34. What is BCD codes? 
35. Decimal numbers 468, 98.5 are converted into BCD codes. 
36. What is 8421 codes? 
37. Convert 29,54 into 8421 codes. 
38. What is the Excess – 3 code? 
39. Convert decimal number 852 into excess – 3 code. 
40. What is gray code? 
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41. Convert binary to gray code 1011,1010,1110. 
42. Convert Gray to binary 11110, 10110. 
43. What is ASCII code? 
44. What is logic circuit? 
45. What are the basic gates? 
46. What is an AND gate? 
47. Give the truth table of AND gate. 
48. What is an OR gate? 
49. Give the truth table of OR gate. 
50. What is a NOT gate? 
51. Give the truth table of NOT gate. 
52. What is a NAND gate? 
53. Give the truth table of NAND gate. 
54. What is a NOR gate? 
55. Give the truth table of NOR gate. 
56. What is an EXOR gate? 
57. Give the truth table of EXOR gate. 
58. Why are NAND, NOR gate called as universal gate? 
59. Draw the circuit diagram of logic gates AND, OR, NOT, NAND, NOR. 
60. Draw the circuit diagram of universal logic gatees NAND as AND, OR, NOT,NOR and 

NOR as AND, OR, NOT,NAND. 

Five and Ten Mark Questions 

1. Explain the number system about decimal, binary, octal and hexadecimal. 
2. Convert the following decimal numbers to binary 67,152,1902,378.05,51.125. 
3. Convert the following binary numbers to decimal 11101, 101011, 100011, 1111001. 
4. Convert the following decimal numbers to hexadecimal nmbers 78,94,2064, 378 
5. Convert the following hexadecimal numbers to binary 99, D89,F6A, 3BC, A02E. 
6. Convert  the following binary numbers to hexadecimal numbers 11101, 1110001, 

1010110, 11.1101,1010.111. 
7. Convert the following octal numbers to decimal 167, 2541, 24.35, 562.43. 
8. Convert the following binary numbers to octal 101100, 101011, 11011,1011, 10011.11. 
9. Perform the following additions in the binary number system. 15+86, 27 + 38, 58 + 97. 
10. Perform the following subtractions in the binary number system. 87 – 26, 95 – 41, 36.7 – 

16.2. 
11. Perform the following multiplications in the binary number system. 8*5, 32*13, 78*25. 
12. Perform the following divisions in the binary number system. 12/3, 45/5, 50/2 
13. Explain the logic gates with its circuit and its truth tables. 
14. Explain the universality of NAND and NOR with its circuit and its truth tables. 
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