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Where, k=8.6 x10™®° eV/deg
p is resistivity of semiconductor sample

Given by p=p ,/ f(W/s)

Where,p5 V X 21s
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W is thickness of sample,

s is the probe spacing, |

f(W/s) function is the correction factor,

V is the voltage across the two Inner probes,

Iis the current through the two outer probes.
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Fig.4 Atypical graph showing the resistivity of
Germanium crystal as a function of inverse
temperature
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STl & 3R Yaehrg Fithe T Aol el Sl §1 50 6 o), gaehier &7 T arehy & fordlr oft
3R geftr &1 o Becd W AIS R vena A€ usar B fafdew dedhrr st S o,
el 37 # 37ereT-37e9T gellait 3R foigait & aryr f-vwr ash g1 g, e ) dic gl B
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Ao dF Tgael & Fla, a8 HiT dhd H FAT & INUTATGET Fod Teled H HAT
Il §1 gToliten, RO 9 FA T F WoFel Ao 7GT Wi §, AT 309 NS §| 30 T
Fr RERTT Fgr J1ar &, 5t Aw F &, ST 3T & NS @l

mwmﬁm%ﬁwq@m%ﬁqﬁvﬁraﬁwmaﬁgﬁam
€| T, Y TR S IGAT §1 AV TR Goled & Hel PN Jahrd T HT @AY (A1
JaflIse Yoehed AT URORNAT) FeT AT g1 THGFR SR 307 & RAAOT 7 398097 & =
W'W'WWWWW@WW;WWWQ:WﬁWﬁ
S dTel 'R’ G THAT FT HAAY Sgd ITF g1l Ty o 3y & gerel & fAw,
e &1 T cTohel 1 Solcel (FSell H acideT Sl &M H 3ol a) IR faodia feem &
FeleT T JTARTHAT Bl &1 3T & U TR & g & AT AT ‘ThRIcHS' Gaehrg &
AfFT T AT FF STIREEAT Fel ST gl




(] - = w ¥ v 54
A 2=l pvesaemt ©F e A=t
' =Nt = gl .*:-'.“1-“ - -
b o emgaren | | e e
re-ta g / 'J e
- e e
i
y 1  _H A V- & -
Fran H ’f H
w5 ¢
m—r — o ——
|
i )
» o . L ki Lor ) v
sy ~ . g v T wa i
4 T L " ey #.
i il . Ll T I Ya ol
e N sy

Rguia:

S U SAAGR AHAT F TAI-FAT R Seeld gehry & # FARNT § & @1 A1 &
(A NTAT Aie=Algs) A # dadhea 3 FAT-HAT W deolld § IRl &1 T§ Heatar a1
U W 9 Higel G@RT ISMT ST Hehel § O o1 & T FARNT &7 § @1 AT g1 37H
AR 9T, T3 Higel B FAHA & HEF AT & G o9el SIIdr § dlich S8 anffer fagaehienor

FRP HeAcAler & Joy dfafEes B

3cuTied UhHAT &1F Heh ToIT, SefellehR oofsl # AT el arell Terar &1 Hglam

H = H,-NM where M is the magnetisation, or

H=H- N

Fou

STET N 4 Higd ATHANSA AgehT FRH & 4n 3R J egRT IRSATNT I ¢emior &

= L
- 1
. Ll

B=pH AT pio(H+M) AS TShIT UXOT o AIY| 1] &7 & HeJ&T Hehel. H &I $H FehR for@r o
gohdT &




S8l c T fORis §
sﬂﬂ:mmva?mﬁ%wwm&a:ﬁﬁmﬁwﬁsﬁrgwwm

UAA SV -AB

TGl H' Yaehrg &1 8, 3T digel & Aofel 8T § Hod #, HA et g 3R IR fagahrr
& & gRATeT ¥ UG g9 m| gTelitoh, g duer s A oas 3R NAHIT PiseT & q T &
I[N 10 & O g &, A H3R H'SF 1T FT 3R Igd BIeT g ¢, $afav

= =L = CgAH-CrAd
Soivom: smonems F)and i3) for J and H give
J.' ¥
C.Cuan — N I =CeuliAe
3

A il ot NG, ey
— CTa, —— N H=0AHy-—
Lo oed X g

31T Higer # IR AIeTel d/dt (phi) & FATFATAT 9T

3T WHIEUN & MUR W T Felgelern Afdhe 1 )13 HF A 3R safar ReeRdEw o
&l & AU f3arse fohar o @ehdl 81 afe Ao & &% doehig §9 § el e MiAe g, o
gred o@ faffiest TROM & cAfFaerd oul sl SSEoIcad A6 M| S-U ofF & Sog 37elT
mmaﬁ%m&ﬁ%a@?a@mﬁ,%@rwﬁawﬁmm%

adir




Hfoaers

U @1 dists, S-3rT W e R @qgfta Rufa & ae fdes ey aEt & faw dee &
"o & fuiRa B o §1 e & & favey o callel & 39T Jeqdeh,
aRoTfierr 3R FGRT dehr yeiewor & e H Fae & fav e ST g1 gger as-
3aT W el Y@ # uriAt & favey 9isE & aue & A @rar § 3R 37 e v
oo forel afietor gomma & <isE @1 A9 &1 gEd AR, AW o Refex wafta qEst &
TRifeE IR & ured gid § Hif% 3 39 Rl o defffa wa § o9 afweror gema
FEIET B €1 TR 3T & U BT & T F oW I Gl F v el Y@ @ fve
A H FAUEA ERIF § Fhifh goehld URT & DI Fedl & W3 & o gg dh
IREATOT BiaT §1 I8 39 a%F & HROT ¢ o 30T Tqied awal F FA FeEs qea dar
Fr g1 wnfadl & SAfAdr ®9 @ yred Hedt T 39T, AT (17) 3R (18) F AEIH &
Teftrd e AEsT @ @ete & fore fRar s g

afy R RS st & FIT & JeqoTer SeieT YT ¥ R G et A TistS weRia
e AT g, o 89T §  Ueh 3ugerd R GaRT & 3 B IOT Feh IR T geldler &
dedAR FARNTIAT ek 9T S Fehel ¢ YA & A FeT & 3A FRA R
AANFA T ST el § T STaReEdT &1 T8 Hod f&am o &

For this equipment diameter of pickup coil =3.21mm
L = 100
=1

Sample . Commercial Nickel

Length of sample ;39 mm

Dhiameter of sample - 117 mm
Iherelne,

[ A
Ages ralio ! =(k111
A
Demagnetisalion factor (N) =1 (LY (Appendixg

FforsereT




£y =6dmm, or

= '?.E!\-" (if read by applying on Y input of CRO)

For Area ratio |

e, = 160mm, or
=17.5V
From Eqg. (20}

200
Golrms) = 6 = 1.25gauss/mm
Golpeak to peak) = 1.25x2.82

= 3.53pauss/mm,

also

200
Gglrms) = —— =11.43 gauss/volt
ol rms) 17.5 pod

Golpeak 1o peak) = 11.43x2.82

= 32.23gzuss/volt

U R FARNET 6 ST o W e a1 g, o-va oy iy Glsg §gd o &, safav gt
g dleT T[T AR AR 0.399 3N 0.0087 W FAITSA (8T He[UTdl dic & qUT Hed| = 1.000
3R AT & Q@ HeF| AH| = 0. 100)

{a) Caercivity

S.No. Mag. Field (rms) [2xLoop width
{Ciainss) {mmy}
L. 0 0.
2, 62 u.0
L} PR 1.0
1. | 38 12.5
5. 179 14.0
fi. 226 15.5
il b 16,75
K. 02 1B.0
g, 136 18.75




(h) Saturation magnietisation

5. Nu, Mag. Fiell (rms) Tip to tip height (mv)
{Cinnss)
. 20 205
1 i A1H)
A, 137 420
s. 176 430
b, 223 440
7. 26 A5
8 W 450
a, RE1 450
{c) Retentivity
S.No. Mag. Field (rins) 2alntercept
(s ) (my)
I 29 170
P8 6l 260
3 05 265
4, 136 270
- 5, 175 270
. 214 275
7. 23 275
8 302 215
9, 3315 275
From the graphs Fig. (43 and (5)
Loop width = 28mm (alter dividing by the multiplying luctor 3)

2xdntercept = 2R0mV
Tap 1o tip height = 457.5mVY




IM9TAT

(a) Coercivity

Since e,= 1 loop width = 4 x 2.9 = 1.45 mm

b G‘; Cy = 3.53x1 45__'_ =19.30e from cq“ﬂt"iﬂl‘l (17}
Ay N (0.133 - 0.0029)
‘ﬂl:

(b) Saturation magnetisation

Hs= - due to equation (2)
4

(ey)s="Y2 X tip to tip height = 457.5/2 = 228.75mV

TR I - Go Mo 25 (&y), from equation (18)
4n [As J
g,| == —N [x4n
h{:
o _ 3223x1x100x0229  _uso gauss
1%(0 133 = 0.00291%12.56
(c) Retentivity

. I due to equation (2)

T 4n

(ey)r=Y2x (2xIntercept) = % x 280= 140mV
I F-Gu”ﬂ Ex [eyjr _ 32.23x 1%100x0.140

— a = —— = 276gauss
Be= e = TA 1% (0.133 - 0.0029) % 12.56
£y [-—i—N P

A

gRomH

SI-TTash T AT AT AR FeqdehaT, YROURNAT AR TSI & Feat HT gar ST I747]




99T - 6
9T ek 8d

ELALH
WS, g & e A e & e

A dex afear N-va SRl & S & B -t S W U 3iafRd dieest
ﬁa@sﬁm%ﬁﬁma‘s’maﬁﬁﬂﬁfﬁ*icaﬁqgw ghdT| gTdliteh, afe ST uT
gerer fe@mar Srar §, dfhe & e & 3T YT F Wicidliecsd THTT el SIdT gl

wrYaeed T & IafiiRa Reuid & gose & AT, Seee & e R s s Rl
& dgd, al=il el 7 &g Afaled seagia-3g s 3cueT g1a & BIcie & 3faeivor & Aread
q SRIeT I AR Ik TR & Hia &l &1 U-H158 § § T-H158, 36 YR 3cUel glat alel
ITANTFT FeTaETS qEh 3T Sl doh el Jd § F&T 3¢ o ™7 Jar § 9 & 3R
TEHETH ATEh Fel - Uel-HBS W 3c¥ool 3G N-T1$3 I 3R e ¢ IR N-TB35 RN 3]
Wﬂﬁ-ﬂ@gﬁmmglqﬁmmwwﬁﬁmﬁdw%qga'{eqqo
ageh IfaRed arel FFT & gl PRl W ga9m (f-87188 W gifereddms)| 3R tH-a1ss )
FARRIcHS TTot) IHATATed dlecsT A 9 W FB Hed deh HH Hel HI T @aT & (3,
s o R & @ = 81 affAa diees e & & I8 aRade, Age 9vg 9d &
T H Yohe BT gl SFelT & UR, ST dlecsl Voo Ald Sl g eTdgR Xl ¢

—_— Excess electrons

-

e " -

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

| .

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

S b o o oB o ot b o 8 b o ab o b o b oE o o
L3

...................................................

. Excess holas B et e o e e e

FIG -1




fg el gfhe §¢ § af ac 394 garfed @Ml Ig URT SIRY W/ 9 I TI-a188 &
sfaRed seegial &1 3R -ass & ifaRed el &1 9aR gar g1 g Adee I8 ¢ &
I d AUATF 81T UAA g9 dd deh e Yalled Bidl G| I IdTar § o Ha 3mafad
TR STeT Afdhe H GRT yaTg &l T R g

gfshar:

1. @R Al 1 159 20 AT T gu & W aife Ig afshg g1 |

2. T R (2) 7 R@e aqar afée F=iee qu #{1 T ase oot i s @k d ¥ 15
T B glr W T

3. 39 Felfoedl ARR FSAIT -J P el NI Afehe dlecsT dlh &l IdT 9T Hell-Tdex
F AS F GB1ATT A & +ve H Ao F +ve 3R AT & -ve FT SN dlecHeT & -ve
doh)|

4. T IR Y Gfde wawes & @@ & ot & R - 2F REmr = g

5 oIS TTeThdl ag & Ta.dl RYfd W ot 3R iR #Aex # AfST e Y a1¢ dfhe
$r Fufa 7 (IS AeY Fohal § a1gX G@ar & ar gemrer &1 digdr &7 & &)1 30 AfHaA
¢RT I 2AC Tfthe URT Isc Fgl AT gl

6 319 Fithe A ol feRIY & IR=T & (TR & A Hod & P& M) 3R e 3R dloe
{fET T Ale AT

7. o5 gferiel & Rffes Jear & a7 50 x|

8. V3R 1% &g T I a0 (R 3)|

9. YA BT 1 fAffesT TAE W I@HT 3T T3l & I FI6T A G0\
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Taalele: for cdeter-myrinin

roltage and curr,
2 . rrent
r"._-.“.i"-u. Woltage Current | Power
densiny (1) density
- TS e ® LMWl ™)
=20
3.
g
5.
9Tl
Value of V,, = ... volts
Value of [, = ... mA

Maximum useful power = V,, % [, mW

Ideal power V. = I

= ... mW

1. ¢& & 9d ¥ gehrer € A W olgad 9=ar gl

2. gAREd Y foh Forarred Sk @ qAIC AT § IR 3ol d9h gAfRad w|
3. AfSor o AT AeR AT & 31¥F THT dF Al Tfhe 18T Rar ST A1fge swgar
AT TR &7 & &fdared g Swel| (dseX Al H are] A&7 W@ g va.dn fRufa

foig Stefeh 3usior 39T & €t §)1
+ || | | —
=
=/
ol e
———@

Y




9T - 7
YA TR FleEec

3a T
T3l T 3UANT Fh Coleh E2Re A AUTRT =)

UFT ITFIT

IRaEd=T aleest did (0-2V DC), FRE HIeX (0-20 nA/2000pA), dT9ATT fAId 3fae (60 f3afr
afcaag d aRaen), tasst (are, 9re) |

s

30 A H A U I8 § T Wiele Fafl, St § 3SENT &1 66U § E=hv dol & &I Fafl
3R § & TR § SIS & ATeled 48, FalT T ol T 3 & W § SR Ev,,. 3
Folaclall &l UA-31c8 U&T ¥ e & foIU AT &g 9Tl 9sar § N-3ics a7 W SIS Sl
ST IS STET FTACS V AL AT G & SIS, A-STAS T8 A I Foll £, H kA PR §C
Bl & Ay o AT 81 © Er=Eg=eVo, & AT Bl | 37 TR Vol AT HIcTel &9 &
E, ITCd T &, 3 ool f2ris. afe v AT ar AT Sar 81 gidlite, Saraeis 31X § aredfas
A A dUe TATIT|

373U Telss! SRS FHERUT W [AaR

I 2 exp(=V, 1V, Yep (v /7,)-1], V=VoRI

ke I
where V, = e
e

V,, e SRS Afdhe A dieeAler S § 3R R Eus iy g1 erie psifas ks &, s
SIS & YR, TN W AR a1 § a8 M| ol 36U eV, Hale Fafl E, &
TR ¢, 519 HIg qTE dledsT Vo] 781 giar §1 & AN, S Teh & R Tor$ay, 3jeram

TRATY] Telcd, Tl FHR 0T 3R Fo7relt §




SIS 8419, YFCHRR # T 907 § IS 12 2nA, AR FHAOT T &-

[ = expl(i =175 /)|
73 t;:-cplf_#“' I rﬂ.‘]f"]'i

Tenfaa 3raer fr Fas @Y Gt W g diees F MR W A 9 SRS IR
f9Rar & A gred A ST § 3R 57 YR AT : FA aF HT AT g1 el dtecsT
& U foig W AT fhar STar & Shac| § @ SA Hod gAR T de-3a H o dr
fAeaTar argaTT orereeT 30 f3aft Afewaw & & Wwar § Vo 2R aleedr v(=1.8dlee) & R
@1 ST & Inl SATH 1/T d5h T &ollel &l &

Alnfl K
AP gt

ERTFH nFI S FI 1-v AAYAT & 37e9T & IRe™T FAT 37 Thar TG T FARX &
ATAT

i =(e/KTXAV/AInT)
(AC: 'y T AT Ygel ¥ Y 3dellched dlfeledT 7 AT 31T 8)

h=eV Alc

TSST T HUF TR MAAR W AgHA & I Fial 5, Tofeh THT T & HAR ol
dleest (1.8V) W Telgsl &1 9feiy o &t 3H1H §| FRh RIS HSATAT HFATFA V=Vm-RL
& UL N ST ThT B




The Planck's Constant,

Ih = LI:L&
c
Where,
g Aln 7 xﬁ—x;;
g AT
slope of curve of graph, llﬂé
= ,‘\-‘F”-

K = Boltzmann constant
e = Electronic charge

1 = Material constant
% = Wavelength ol LED
¢ = velocity of light

gfshar:
$SEIST ATIHA AT R R A6] Aot W GH a9 (T) | H{T (1) $ HoRar

1. Az o & v-1 988 W W 3 TaAsdr W diecsl #I dedl 3R B gl & T Tasazmg
1.8v& d3-3lg ¥ aier A gERIfST X

2. &-WT &aa & AIS & T-1 H S 31K

3. 3ael H ToSS! STel 3R Terssl & g@l fAY &I QU a0 dHiche & Folehe S AT 3T W
3N Folae A ¥ gl S o o 3aer Faw @ Fufa 7 §3R de dmeer g9 geas
Tufa W §, 39 | Srcer ggem aRaer &1 amg#e|

4 Ye-TFITER hI Heg @ ITelaT-30eldT A9ATE 20, 25, 30......7330 Afcwga de AT & de
dATATT F T8N g 3 &F g & AT JoH9T 5 AeIe &I AT & avAT 3R IdAT &1
YadTl

5. AYAT & Geshd AT P AR 13 (/)& & ae i
EIECICTE

o ST (AT/fe) TagsT
o dleeet = 1.803v (IS & Q T & v &@N)




o OISl Tasar I et RBeRiss (1) = 1.755
o UlelUeEar & @l &R (4) = 1.782
o diocaANT fERI® K=1.38x 10 J/FHfeas
o facgd 3mAy e=1.602x 10° FHeled

o e YehTer I AWIGET A = 5800 x 10 TT
o T YaRI FI dAWGET A= 6400 x 10 J=T

arferet
"SNo. | Temperature “Temperature | 1/] T Current 1 (mA) | Inl
{"'C) "k (K) (linmA)
. | 30
2 || 38
EREE
4, 45
s 50
T 55
¥ ] fii)
IM9TAT
Slope of curve
P / Temperature Coefficient of Current
Alnl
AT - e .\,
. Aln 7 =
V,=V-— -,_|'x£xu oa
AT e
The Planck’s Constant, =
exV %A 0%
c
o5
h=..........Joulesec

-1 3.9 3z 11

T-l rK-l]

14




i. LED T V-I characteristic = 1000uA T g HA FIC W GrAT ST A1fgT dhad, difes VH
faeier ~geTce &l

ii. -3¢ Az A, gARTT A T 3iaer Faa 3% § 3R de TFRR Al °le] g 3iaeT A
Ssel & 95l sgeiaa el

iii. AYAT T Tedeh AT W, HUAT AYAA & foT gded FH7g 5-6 Ao & o B @
I
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9T - 8
YT BlEIsAE, BleleioTel, TSR, Tasst

LA

HIEl SIS, Blelgifoieel, TaRI3R 3R Targar v v fadwdnit &1 reaasT e

39hIUT.

HIeT SIS, B, TSR, 3R TagsT|

R -

wleldifecs 3R BRHsFea Basa S BleIE™E, Bt Ry (G ose B R
IT TABAR & & H $) ST ST §), Plereiaed e daesaet dge I & 36807 ¢
TSe W AT Hlel AT Th 3UHOT § A JhRr i JAgdr & AT §, 3HGR W R &
& HAFT b T oed o & faega geaehir fafeon|

BRIERE
YhTRN HET T Uh &9 § S ThRI FaAl hr faggd Fofl (oot a1 ) # aRafdd #ar gl
BRSNS WUl SOl aTell Tsh YR T 3earele 39T g O (FhRIcHs ) 3R T
(FPRIcHS) Wil & o, Toh HcARed Rl Hislg gl &1 Pt SATS fdegd URT 3cUeed el
T gehrer 3ol &l gl & ®7 H FIHR Tl gl

HARE &I F, Th GlesIE & Hiftead fheex, 3idf=iad oF 3R te ddg &F giar
gl ST PICISRS & HdAg 817 d6dT &, df 3dF INUMAEawT Sfafehdr 7T &7 g J1ar g
TS BT SRS YHRI 3cHolh SIS (Targs)) & e R sud o cffieer § Star for oy
@ 3137 &1 ST effad S AT § TAIE 3R T efFHAd T & ® H FT AT g
PSS FT Tcileh Ueh TASSI & AT § ofdhed R 31X &1 3R g s § voss & aew
&1 3R faoda Shar v R & fearr mar

Light Energy Lag a1t

Yo b7l
Ancde Cathone “-_T_ et
Photodiode T o
Symbol [P

PHOTODIODE
Figure 1 Figure 2

(A A1 TR KA




Tsh Blel SR f3asa § o v Aafad gifoeey & a9 § e 59 & ag v ganer
Haeereliel 99 i (A1 Feolaed 99 Siareled) g1 g Asal H, Tk Hiel Tifoeed &l adared
TFIOIBRR & HIY Tdh PIRISAIS AT ST Thdl &1 THh BIICToel BIelsrig f aRg Hield
F AT Trar F gRafdd F&ar g, 3R 3T& 37aaTn, T Blelgiioel e s Y T Hidr gl
Flereifoiel &l Ydie A fe@mr arar §

" e
: g ¥ ol
| &
| =
|

T BIEIgioieey & HaTeled &l [AgUid U TFIelhEdl Sifoley & A1 §3disid H THh
BICIBRIE & A gl BICCioed & TR 9 A9fad JhRI T BIET URT 3c9e] | 50
URT 1 T JTAT Sifaeey vl ganrT S/ Srdr 8, foas aRumasasy srdr 931 aRoma
gIaT 81 3MHAR W, Teh FHTA BIEISRNE @ ool el W, Teh DSt Teh HIISNS 6T
ol # 50 ¥ 100 T[T 318 e JelT F Tl Bl

Al

PleICioel & oa1or

i PRt A& ¥ & 93 MUR-Foiaed a2l ol GaydT Tt gifoeet 8 §,
preigifoieel T [FAYAT T TR fod F A it &1 Prelgifoieel g-ols a1 did-ais
gl 3YSIUIT & §T H 39 | a-olls arel wieigifoel #H, 98 efieiel faega &7 @
3equersty § AR Bamd qff aRE & wohrer W AR §1 au-sholered SRl W Ry ard &
IRT A & TAT Folde Aol FHAR R TAT T Jolell # 3R &THAT W e §1 S
PIRICITORET T IS ThRI =T8T I3dT §, dF S AT & ool e [ 31k e & & &
ST ST &, Folded H 3cioled oo Jdifed idl gl o9 98 cfHeld I ATCd Jehrel IS g,
dl 98 #C 3cUeeT BIcT 8, Sl il & HARTIT gl §




5 A ¥

i

E R ."J_ o AL
g ap
| T
= | C . emin
= |
—
.
[F] :'...L-—-_._._‘_‘_‘___
P 1a Ly
T 4 B B W 'f—————kzu--w,_
Alacigton lux dens' e ————— - SaSNR
Wt : - i3

TASNINT oS B¢l AT oise VAT Teh 3YHIOT AT Afhe § ST 3H W ISa) aTol Fehrr &y
AIAT T IdT ST §1 ST PRI TASIAR W AT §, dF Ihrer s |ar & 3R S« gemrer
TSR W AT §¢ 87 J1aT &, df Tolssl aHehdr §,

Y1 Foil & TUh H I W, Ueh BlerhsiFed Yol I 39 #ifas dufa &1 agar am|
HIeT IV T AT YR HT Blelhsided TR gl el I[TT T ares 3TaoT
g S soaglel & Yarg 3R sTfAT 33 Hic & ag & T & & T garr et
3UART AT §| BIciHlesiaed T F GG AH TSR TH Y12l AT 3aeF A7 TSR
¢ o fF I & gar gdar g fF gerer IR raus veh rdaree 39T § gehTer fr
39T & ITUR R 38HT faegT 9fakier sceldr g1 T orse 3use Waeer amal &
SagIT-8¢ Sy T 3o fagga gfadier &1 3R 7 F% §9N AW F 39 eI § Teda
I To Yws! A TF X &A1 § ST T 390 W 95T ¢

e BUse I/ Fa6T & fAT 3uAler fF A= arell J99 A1 FqEET HefAad gowss
(CdS) g1 3= ARl S o8 Fewiss (Pbs)| Sf3Ta TEAES (InSb) AT o8 AeleSs (PhSe)
3R HHT 39T Gihsaey Tsdce & & 7 dT fohar ST a@ehar

HsTATH TeBIgs HT THISAT oigeT & HHR # Teh Fogoled W I3 Yool & & A AT fowar
ST § ST 6 A RErr IR g

e/




g

YehT2T 3cHoleh SIS AT S8 UASST JTSiehel YohIRT & A9 A8 39ANT fhe S arer diar &
T Th gl (FTeT) Wi Theidie dod & fawId, Telssl (FelRIie dod) &l & i & fou
ts f3y afde i 3mavadar gt €1 $¢ Fad TAsE IS el o & e ey
# g9 & § 39ANT fHT S aTel & o Ageaqul TETeTeleh JehlRl 3cdoieh Al oloi

g AE 3R Taddr 1 ooR s @ RAgyid daTad ASd 3chsle W3R g, Safh Tasar
et el U MR &1 Th GhRI 3cHoldh SRS H dfareis & &f Y@ ded gl 81
FHERIcAS § F To0 fhU 90 I-9aR & B¢ 3R THRIcAS T § o7 f6T 7T TH-96R &
goIgFglal 8

Conu-ﬂtlnnnl currant flow

3 e

+ —»—‘D{"
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T, = time period of oscillations
f= 1T,

Table: for determining the frequency of Re phase shift oscillat
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Resistance Frequency

1 -_— (KHz)
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Figure 2a: Coaxial Cylinder Set-up (CCS)
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Figure 2b
Dielectric Measurement In Solids & Liquids (Non Conductine)
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Liguid Sample:
Sample: Carbon Tetrachloride {CClLy)
Diclectric Constant of free air (ko) [.0059
External radius of the inner eylinder: 25.4 mm
Internal radius of the outer cylinder: 30.6 mm
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Figure 1. Block Diagram of the ESR Set up
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Fig. 3 Block Diagram of NMR Spectrometer
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Observation and Calculations
(I) Calibration of EMU-50 at a suitable air-gap = 20 mm

S.No. Current (A) Magnetic Field (KG)
1 Min 0.087
2 025 0.310
3 0.50 0.537
4 075 0.793
5 1.00 1.035
6 1.25 1.280
7 1.50 1.544
8 . 2.00 2.050
9 i 2.50 2.550
10 300 3.050
" 3.50 3.530
12 4.00 4.000

(H) Magnetoresistance of a Ge-crystal (n-type)
Probe Current | = 4.00 mA (Constant for the whole set of readings)

% = Rmﬂ'ft . where Sample Resistance (R) without magnetic Field = 43.92
) V., [aR .
SNo | Cument | Mag. | Voltage | Ry === [2mx107 1 Log (hx10?) RO
(A) | FieldH | v, ) (KG) “E[_R' i ]
(KG) | (mv) .,
1 Min 0.087 175.7 ! 43 925 0.00 0.94 . =
2 025 0.310 1757 | 43925 0.00 1.49 . L
i 0.50 0537 175.8 ; 43.950 0.57 1.73 -0.24
4 | 075 | 0793 | 1758 | 43975 1.14 190 | 0.06
5 100 | 1035 | 1761 | 44.025 228 2.01 ; 0.36
6 125 | 1290 | 1763 | 44075 3.41 214 0.53
7 1.50 1.544 176.6 44 150 512 219 071
8 200 2.050 177.2 44.300 8.54 2.1 0.93
8 | 250 | 2550 | 1780 | 44.500 13.09 241 1.12
10 3.00 3050 | 1789 44.725 18.21 248 1.26
11| 350 | 3530 | 1799 | 44975 23.90 2,56 1.38
| 12 | 400 | 4000 | 1808 | 45295 29,60 2.60 1.47

Nature of Graph; H Vs. % as per sheet attached
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[ Additional pulse has
Trigger | | | no effect on output

1
Extended pulse does

Capacitor - 2/3 Vee
voltage [ L_[ ov

+ Vee
Output
ov
— + Vee
Reset A
rd ov

._,-'f A reset pulse applied during
<— timing interval terminates
the output pulse
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Additional pulse has
Trigger nu effect on output

rr"

Eutandm:l pulse does

Capacitor 2/3 Ve
Voltage L. ov

+ Veo
Output J
ov
— +Vee
Reset
/./ ov

/i’ A reset pulse applied during
timing interval terminates
the output pulse
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TREd Acdasacy, ol 3 wrifFe acdiasder Fe1 A & U HOAEH-aLE 3c0eT
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el B & I3ede H FFufa seoe & o, safew s@ i I A femm I § Ereit,
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I giforee 7 1 & AR ¥ BEat @9 9F & ST g1 o9 @ | et 1/3 § @
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te=0.69 (RA+RB)C (1)

= uE, o gAg & e AuRE 2/3 vee & 1/3 Ve dS REaret BT & 98 #HT F W
BT §

td= 0.69 (RB)C (2)
HIFEYE FA ¢ AR Z@rT fam amw §
% Duty cycle = (1/T) *100 (4)

§H SR GOTRT S Fol AT A §

gHfeT grefel &1 Hafd = 1/T=1.45/(RA + 2RB)CE
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CALCULATIONS:

THEORETICAL time periods
le=0.69(RA+RB)C

td= 0.69 (RB)C

Total time period of the waveform, T = tc + td
% Duty Cycle = (tc/ T) *100

PRACTICAL (from output waveforms)

tme period, T =

% Duty cycle =
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List of Experiments of Physics Laboratory — |
1. Determination of the Hall voltage developed across the sample material and also the Hall
coefficient, mobility of charge carriers and carrier concentration of that material.
2. Determination of the resistivity and energy band gap of a semiconducting material using 4-
Probe Method.
3. Determination of the excitation potential of Argon using Franck-Hertz apparatus.
4. Magnetic Susceptibility of Liquids — Quincke’s Method, Powder-Faraday Method
5. Hysteresis (B — H Curve)
6. Solar-Cell Characteristics
7. Determination of Planck’s Constant
8. Characteristics of Photo Diode, Photo Transistor, LDR, LED
9. To determine the wavelength of He- Ne LASER using Michelson interferometer

10. I-V characteristics of photoresistor.



MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL

DEPARTMENT OF PHYSICS

M.Sec. I Sem

EXPERIMENT: HALL EFFECT

To determine the Hall voltage and Hall Coefficient of Germanium crystal.

APPARATUS

Hall Probe (Ge Crystal): Hall Effect Set-up , Electromagnet, ~ Constant Current

Power Supply, Digital Gaussmeter.

THEORY:

A static magnetic field has no effect on charges unless they are in motion. When
the charges flow. a magnetic field directed perpendicular to the direction of flow
produces a mutually perpendicular force on the charges. When this happens,
electrons and holes will be separated by opposite forces. This means that the
current of carriers will be deflected from a straight line in y-direction. In other
words, there is a component of the velocity in y-direction and the surfaces
perpendicular to the y-direction will become charged as soon as the current (or the
magnetic field) is switched on. The flow-lines of the carriers will look like this,

@B ] - la h -
o "

¥ h
GEO60000 ,l ., OOEEEEED ,| .4

PEEREARE® r’i clclsisleicIclS) 1

Fig.1

They will in turn produce an electric field (En) which depends on the cross product
of the magnetic intensity, H and the current density. J

Epn=RJXH . "
Where R is called the Hall Coeflicient
Now. let us consider a bar of semiconductor, having dimension, x, v and z. Let J is
directed along X and I along Z then Ey will be along Y. Then we could write

VY
JH

R =

Hall Effect




Or

R==tx— (2)

artoy

Where Vi, is the Hall v - . i
- IlL]\ his the Hall v oltage appearing between the two surfaces pcrpcl‘ldICU[
dnd = v

Ry = magnetc M?gnmm
-— farco on eld B
neqative charge
carriers. '

= mplertric foce

/ e from charge
| Direction of conventional buildup.

electric current

-

Fig.2

The Hall Effect phenomenon is different for different charge carriers. In most
common electrical applications. the conventional current is used partly because it
makes no difference whether you consider positive or negative charge to be
moving. But the Hall voltage has a different polarity for positive and negative
charge carriers, and it has been used to study the details of conduction in
semiconductors and other materials which show a combination of negative and
positive charge carriers. n-type semiconductors are doped with trace quantities of a
group V element (e.g. phosphorus, arsenic or antimony) as a pentavalent donor. p-
type semiconductors are doped with trace quantities of a group [Il element (e.g.
boron, aluminium or indium) as a trivalent acceptor. n-typc semiconductors
conduct by mobile negative charges (electrons). p-type semiconductors by mobile
positive charges (holes). These clectrons and holes are known as majority carriers.
For semiconductors the Hall effect provides a means of determining the sign of the
majority charge carriers and their number density.

Hall Prole

B Maznzt

Powzrsupply

P —

Eleztromaznst

Probe current

(
Hall Voltaze
Fig.3

2 Hall Effect




FORMULA USED:

V
e thy &

/

Z

Where Vy, is Hall voltage, |

crystal.

R = Slope x =
H

Slope (AVn/ A 1) obtained from Vhv

PROCEDURE:

a)
b)
| c)
i d)

c)
f

2)
h)

| OBSERVATION TABLE:

Cm_mcct Hall probe to set-up (Voltage and Current)
Switch ON the setup and adjust current (say mA).

ersus Iy plot.

Switch over the display to voltage side. See the Zero field potential.
Place probe in the magnetic field as shown in fig. 3 and switch on electromagnet
power supply and adjust the current of power supply at ~1.3 Amp (lw) for
1000Gauss constant magnetic field (measured by Gaussmeter).
Vary current (Ix )of probe and measure the Hall voltage (Vi) corresponding to that
current. Take 6 readings.
Repeat experiment for different electromagnetic field (1100 Gauss and 1200 Gauss) by
increasing the current (1) to electromagnet from power power supply.

Plot Vi, versus Ix graph,

Compute the slope (AVy/ Al).

OBSERVATIONS:

g

Thickness of probe (z) = 0.1 cm

« current, H magnetic intensity and z is thickness of

SET-1 SET-2 SET-3
Electromagnet power supply Electromagnet power supply Electromagnet power supply
H|=?OOU Gauss H:=1100 Gauss H;;=1200 Gauss
(Iew= ....Amp) (lew= ....Amp) (lew=....Amp)

S.No. I« Vi
S.No. | Vi S.No. Ix Vi
ﬁﬂ:i ) (m)) (mA) (mV) (mA) (mV)

1. 1.
1.
2. 2. 2.
3. 3 3.
4. 4. 4,
S, J. 3
6. 6. 6.

3 Hall Effect




CALCULATIONS:

Plot Vy versus I\ graph ang compute slope (AV
- {4

Ri= slope x _z .
H, BRI j
. 1 ODE ] e rETe
G Folt. cmeamp’ G - /
= S00E-2-- wo— R :
Average a" 1
F U= L-]}-. o . /‘
R = Ri#Ro#+R; 3 ek T
3 > .5 00E-2-— N
T erereennene Volt.em.amp™ G- o
e
14361 -, g
-1 0E-3 500 0E-6 0.0E+0 500 0E-6 1 0E-]
CURRENT [A]
Fig 4: Expected |-V curve
RESULT:
Hall Coefficient of Germanium crystal (R)=.................. Volt.cm.amp™.G™!

n/ ALY, Caleulate R for each set,

PRECAUTIONS AND SOURCE OF ERROR:

1. The magnet power supply can furnish large currents at dangerous voltage levels; do

not touch exposed magnet coil contacts.

(RS}

Do not exceed magnet current of 4 A.

3. Do not exceed Hall probe current of 0.4 A




N/

b1

Apparatus: SKO42- FOUR PROBE
APPARATUS

Formula used: The energy band gap,E of g,

semiconductor is given by
E,=2k 23026 xlog,,p €V
T—l

Where, k=8.6 x10™° eV/deg .

p is resistivity of semiconductor samp
Given by p=p ./ f(W/s)
Where,p5 V X 21ts

I

W is thickness of sa_mple,
s is the probe spacing, _
f(W/s) function is the correctlon‘factor, .
\/ is the voltage across the two inner pro es,
I is the current through the two outer probes.

-




 The p-type Ge sample is factory fitted. If there is
any need for replacing or mounting a sample then,
poceed as per following procedure . Unscrew the
pipe of the four probe arrangement and place the
sample on the base plate of 4-probe arrangement
and adjust the pipe such that the 4-point probe lie in
the middle of the sample as shown in figure 3.

4-Pob e

Sampic(on Mica shcet)

Base Plate
| |
I

| Fig. 3 shows four probe arrangement for
i le.

. mounting samp

Cently applying some pressure and tighten the |

Pipe in this position such that all the probes are in

Contact with sample. \
arning! Applying excessive pressure may

b'Eaifthe sample.)

display (3).
g WP

2. Put the four probe arrangement in the oven anc
connect the lead of the oven to socket(10) as
shown in figure 2. Also insert the PT-100 temp.
sensor into the hole given at the top of the 4-probe

arrangement.
(Note: Do not switch ‘ON’ the oven. Keep the switcl

of oven(8) in OFF position. )
3. Connect the RED and BLACK plug leads of 4-

probe arrangement to 4 mm sockets(7) marked as

“Voltage”.
4. Connect the YELLOW plug leads to 4mm

sockets(6) marked as “ Current”.
5. Change switch (5) to current, so display (3)
show current reading.

6. Switch 'ON’ the apparatus. Slightly increase the
current using current knob (2), say 4mA and note
that the voltage should be positive. If it is not,
interchange the current leads (6).

7. Set the current to desired value (say 8 mA) using
current adjusting knob(2) as shown in figure 2.Also
select the range of multiplier using switch (9) to X1

or X10 on voltage display.(/t is always better to

start with lower range i.e X1)

8. Switch ‘ON' the oven using switch(8) as shown in

figure2.Green LED will glow ,showing that the oven

is ON.

9. Change switch (5) to temperature, so display (3)

show temperature.

10. Note the probe voltage on display (4) for
different values of temperature as shown on

y



:%bgervations:
Curﬂenl I=
Dtstance between probes, s =0.24cm
l ]ThlckneSS of sample , W =0 05 cm

8.03 mA (constant)

——— —_— ] T
——

INIJﬂ.l'AW

NO Tempemlure Voltage e
S °C) (mV% Temg;t(e}ze;ture

1 23 119.1

9 30 124.3 ggg

3 40 131.2 313

3 50 138.2 323

5 60 145.2 333

B 70 1514 343

. l 80 155.5 353

5 | 90 155.0 363

9 | 100 147.5 373

10 | 110 130.8 383

1u | 120 106.1 303

2 | 130 81.3 403

13" | 140 62.9 413

4 | 150 47.9 423
Calculations:

(1) Find the resistivity, corresponding to different
temperatures using expression
P= R
f(WIs)
Where, f(W/s) can be found form the table T1.
A=V x2as=....Qcm
1
ote: For different values of V ,there will be

dfferent values of )|

@) Calculate the value of resistivity p, for different
vdlues of p and make an observation tableas

S. No T X1OJ p log,p
. (Qcm) -
1 3.38 3.31 0.52
2 3.30 3.45 0.54
3 3.19 3.64 0.56
4 3.10 3.83 0.58
5 3.00 4.03 0.61
6 2.92 4.20 0.62
g 2.83 4.31 0.63
8 2.75 4.30 0.63
9 2.68 4.03 0.61
10. 2.61 3.63 0.56
11, 2.54 2.94 0.47
. 2.48 2.26 0.35
13. 2.42 1.74 0.24
14, 2.36 1.33 0.12

3. Plot a graph (T "'x10§ versus log ,pand find
the slope of the curve as shown in a typical
graph figure 4

s

Log..p—»
T

Fig.4 Atypical graph showing the resistivity of
Germanium crystal as a function of inverse

temperature

So, the energy band gap of germanium is
E, =2k 2.3026 x log, p

|l|-|
=2k x 2.3026 x LM x 10

MN

=2 x 8,6 X 10-5 X 2.3026 x LM x10
MN

=0.396 X LM oV

MN




2
(T'x10%)

rrom above graph the slope is found to be 1.78

& ~0.396 x 1.78 eV
=0.70 eV

Result : Energy band gap for Ge is 0.70 eV
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EXPERIMENT: Franck-Hertz Experiment

To determiine the first excitation potential of gas (Argon) by Franck-Hertz experiment.

Franck Hertz experiment- model FH3001, Tetrode tube filled with experimental Argon gas, filament.

Experimental Set-up;

The experimental sot up involves a tube containing low pressure experimental gas fitted with four
clectrodes: an lectron-emitting cathode (K), a mesh grid (G1) for minimizing space charge effects a mesh
gnd (G2) for ccceleration, and an anode (A). The anode was held at a slightly negative electrical potential
relative to the grid G2 (although positive compared to the cathode), so that electrons had to haveat least 2
corresponding amount of kinetic energy to reach it after passing the grid and thereby making the dips in the
plate current more prominent. Instruments were fitted to measure the current passin g between the
electrodes. and to adjust the potential difference (voltage) between the czthode (negative electrode) and the

accelerating grids Fig (1).

-~ 2
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Figure 1
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.

Mean 1 excitation potentm] = =
and n'" peak.

If Vais the
then
ween 1%

Where (n-1) is the number of dips bet

r that atoms emit radiation at discrete ﬁeq”eﬂﬁes- .
Jated to the change of energy levels through g - }W om
lectrons by any mec_hanism should always b’ ‘It
r is through inelastic scattering of Joy,. en; gl;

Theory
oscopic work it is clea

From the early spectr : .

i is re

Bohr’s model, the frequency of'thc radiation vm e

is then to be expected that transfer c?f energy AR
discrete amounts. One such mechanism of energy tre

electrons. ' .
, i ns.

Franck and Hertz in 1914 set out to verify these consideratio
lectron bombardment.

. : : : <
It is possible to excite atoms by low energy -
©) Thew atoms always had discrete values.

(b) The energy transferred from electrons to the : . |
(c) The values so obtained for the energy levels were in agreement with spectroscopic resytg

The Franck—Hertz experiment elegantly supports Niel’s Bohr's model of the atom, with electrons
orbiting the nucleus with specific, discrete energies. Franck and Hertz were awarded the Nobe]

Prize in Physics in1925 for this work.

- Positively charged grid CO-‘E?&;:,tmg ?Eaté: 15 slightiy
sccelerates electrons negative with respect to
TR P S the grid so that only those
+ electrons above an energy
“threshold will resch it.

............
...........

Heated cathode
produces electrons

~ :‘i Current from collactar
*\&)\ Measured 33 8 function
of accelerating

valtage,

F
1gure 2. Franck Hertz Experiment
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e o r=1YTL e i 1€ 1 - =Y s
Ihe Frank-hertz tube .ﬂ\l:s nstrument is a tetrode filled with the vapour of the experimental
Jhstance Fip.1 indicates the basic scheme of experiment ‘
Subs L L = . .
The clectrons emitted by filament can be accel

e oid Gy helns o miniriss erated by the potential Vi between the cathode and
e grid Gz, The gnid &1 MEIPS i minimizing space charge effects. The grids are wire mesh and allow the

Jectrons to pass lhf'mlgh— _T'“C l‘lmlc U-\) is maintained at a potential slightly negative with respect to the
g_rid Gs. This helps in making the dips in the plate current more prominent. In this experiment, the electron
arrent is measured as a function of the voltage Vaak. As Voltage increases, the electron energy goes up
and so the clectron can overcome the retarding potential Vaa to reach the ple b 85 ,h‘ e (A
current in the ammeter, which initially increases. As the voltage further iIr)'.]c'l::aK(st:s),. ;l:::lzlc‘t:;nn::iergy
reaches the threshold value to excite the atom in its first allowed excited state. In doing so, the electrons
lose energy and therefore the number of decreases. This decrease is proportional to the number of inelastic
collisions that have occurred. When the Vaak is increased further and reaches a value twice that of the first
excitation potential, it is possible for an electron to excite an atom halfvay between the grids, loose all its
energy, and then gain a new enough energy to excite another atoms resulting in a second dip in the current.
The advantage of this type of configuration of the potential is that the current dips are much more
pronounced. and it is easy to obtain five-fold or even larger multiplicity in the excitation of the first level
i.e.one can get 5 peaks (dips) or more.

The Tranck-Hertz experiment elegantly supports Niel’s Bohr's model of the atom, with electrons

orbiting the nucleus with specific, discrete energies. Franck and Hertz were awarded the Nobel Prize in
Physics in 1923 for this work.

l I Qggg!u re:

1. Before the power is switched ‘ON.’ make sure all the control knpbs are at FhEir minimum position
and Current Multiplier knob at 107 or 10 or 10~ (whichever suitable) position.

2. Switch ‘ON’ the power.

3. Turn the manual- Auto Switch to manual and check that the Scanning Voltage Knob is at its
minimum position.

i ST i t ads 1.5V.
4. Turn Voltage Display Sclector to Vx and adjust the V 1 knob until voltmeter reads 1.5

S. Turn Voltage display sclector 10 V4 and adjust the V2.4 knob until the voltmeter reads 7.5V
. “ollaye 4 -

: iment.
When you have finished step 1-5, you are r.cady {t‘o ?;;h;lf:cp;n;m\:vith the increase of V. The current
Rotate V., ¥ b the variation ol p P
B G2k :nob and observe ‘ . N . .
reading would show maxima and minima periodically. The magnitude of nglmat:l(cmlti be athUSTe:d
Suitably by \djusting the filament voltage and the value of Current Multiplier. Now take the systematic
¢ i

3



VAN

-axis and
on'Y-ix

‘ urrent |,

) Plotthe praph with output ci

2 divigion), _ :

(172 divigio Sl

'II(’('L'II'IHI]I]]', voltage V,,, ol

(R L %] W ’

,/I'f”- ‘I I'-ﬁ\; )
Lo
- = rent Ip .
V.', { ' 7.5V _ T Plate Cur cres) IJ
levation Potential Vg (nano Amp .
eelera
S No. Aceele ) s
' (Volts i
!‘ - ——
:)-. S
3. . -
L | -
Results:

p I) « > < lt ge
l
]. (]'

‘ ts (ﬁb ._.).
. : ]t Sa ) Incremen o
i'p in current at :1ppmx1mzllcly 12.1 vo ( y )
5 series I'H 5T
S}](IWS SCrics O

; ‘ 2.1 volts when
otential differences—up 1(}1 l ith increnst
t 1C - L . 3
1hrougjid the electric ficld in the (ube
S . ;al_" B ’.u
1l E:rr;:gh the accelerating erid,

t
ur—the curren
the tube contained argon wslp(mlir_(,her oltage
Ng potential difference. T};le]l?l:fgwards o)
and clectrons were drawn more forcefully

Lback to zero,
I volts the current drops sharply, almost back to y o
2.1 vol |
3‘ A! ]"" 1 ¥ . - lnher, 111'1111 e S
Linereases steadily opee again if (e Voltage g Increased fi.
The current increa: .
‘ :mciu:d (exactly 12,14 12,1 volts),
5. A124.2 volts a simi)

ar sharp drop jg obserye.

I During (he CXperimeny

(n:unuu!), whe
curreny indica!nr, if the

N the Volta
ammeter ¢y

ut
§ ¢ OU[‘P'
please pay attention to th

ayol
2 (0 A
| . P Oﬂcb
iding INCreage ¢ decreage the voltage at



ot Oftlu, tube.

111'1:: LL = l ] ' 1
mu'mﬂt,tle\aue of Vo, V :
Gk s ¥ 624 and Filament Voltage during experiment, please

qstthe value of Vg to ‘Zero’,
first &

ver the filament voltage is changed, please allow 2-3 minutes for its stabilisation .

: \\'h-;n;‘
\\.h  the Frank-Hertz Tube is already in the socket, please make sure the following before the
o0 amkhud ‘ON’ or ‘OFI", to avoid damage to the tube.
yaro] — Auto switch is on Manual and Scanning and Filament Voltage knob at its minimum
posito on (rotate it anticlockwise) and current multiplier knob at 107.
400
Franck-Hertz Data for Argon
) 500
ERANG-HERTZEXFT {Argcnﬁ { £
é, e
i1 1. %
1 o
c
| 3 200
é 1
| T2
Fﬁg | @
Fyl 1l 3
T ) T
5 0 .
; : : Accelerating Voltage

=3 g
\'2&..,4\ Cwstt=]

Flgure



MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

M. Se. IS

Quincke’s Method

AlM:
TO_ determine the magnetic susceptibility of Manganese sulphate solution by
Quincke’s method.
Quincke’s tube with stand, Solution: MnSO, Travelling Microscope, ['lectromagnet,
Constant current Power Supply, Gaussmeter.

THEORY:

In electromagnetism, the magnetic susceptibility 2, is a proportionality constant
which is dimensionless and indicates the degree of magnetization of & material in
response to an applied magnetic field. Mathematically, we express itas

Where M is the magnetization, H is the applied field and A4, is the relative permeability of the
material. The experimental set-up used for Quincke's method is shown below

MnS0, solution

Fig. Arrangement for Quincke's method

phate solution under investigation is placed in a vertical U-tube with one
Here Manganﬁse and the other with narrow bore. The narrow limb is placed in between the
Sersb of wide bﬂf: clectromagnet. It should be noted that the surface of the liquid in the narrow
pole pieces ¢ atth the line of centres of the pole pieces when the field is off.
b mUSI he

M 1 Quincke’s Method




e

Whe,

l »
the current iy

narmw switched on a « P ,

: Colun : ) @ strong field is appeared s ¥

101‘0@ Will ac n while the lower portion will be in 4 state r;f";uw; ;,f upper surface of the
€L upon the ¢olumn and if the | ' 5

Iquid is paramagnetic it will rise.

N expregs; .
1on for the magnetic susceptibility of the e a0 ek iy

Where P = density of solution
@ = density of air
g= af:ceieration due to gravity
= 1ise in the surface of the liquid
H = applied field
Hy = permeability of vacuum

PROCEDURE;:

a) Put the tube on stand and fix it with clamp.
b) Manganese sulphate solution is placed in a vertical U-tube,

¢) The narrow limb is placed in between the pole pieces of the electromagnet.
d) Increase the value of current,

e) Take the reading of magnetic field H from gaussmeter

f) Adjust the horizontal cross wire of the eye piece of microscope on the meniscus and
note this reading of the microscope.

g) Repeat the experiment with different value of current.

h) Plot the graph between power supply current and I?agnctic field.
i) Plot the graph between rise in liquid level h and H".

ERVATIONS: _
OBE) Density of solution p=.............. gm/cm‘;
b) Density OF AIE O isnnsosciinisosss gm/cm

A 2
c) Acceleration due to gravity g = 980 cm/sec

Smallest division on main scale

Least count of travelling microscope = Total divisionon vernier scale

PRSI B A cm
rmining rising level of solution ty ) : ]
Table: for d;[t:gnetic . Magnetic | H* 3 Initial | Final Rise of
Power Field H Field H | (K Gauss) position of | position of | solution
supply (Tesla) | (K Gauss) meniscus | meniscus A
Current h(em) hy(em) | =(h-hy) |
I | cm
(Amp) g | 4
i F
| —— T —
A e | %
/"_ﬂ—"_ e ¥ Quincke’s Method

vely weak field. Hence a




]

RESULT.

Magnetic susceptibility of the Manganese sulphate solution =

Sf)URCE OF ERROR AND PRECAUTIONS:

1.
ii.
iii.
V.

Adjust the microscope to get clearer picture of meniscus.
Use lamp and magnifying glass while taking readings.

Let the liquid rise and become steady before taking readings of meniscus.

Reading should be taken carefully.

///T‘/r

Quincke’s Method



Aim: To study B-H curve and to find out the values of coercivity, retentivity and saturation

magnetisation of experimental material. (commercial Nickei).

Apparatus Used: Set up for B-H curve, experimental material (commercial Nickel), CRO

connecting leads.

Figure 1

Theory:

¢ of various magnetic parameters of ferromagnetic

Introduction: A precise knowledg

substances and the ability to determine them
academic significance but are
Is. The characteristics which are usuall

accurately are important aspects of magnetic

studies. These not only have also indispensible for both the

manufacturers and users of magnetic materia y used t0

define the quality of the substance are coercivity, retentivity, saturation magnetisation and

rstanding of the behaviour of these substances and

hysteresis loss. Furthermore, the unde
of magnetic phases present in a system

o known. A B-H curve plots changes in a magnetic circuit's flux density as the magnetic
indicates how the flux density

that behave like tiny

improvement in their quality demand that the number

is als
field strength is gradually increased. The resulting shape

nereases due to the gradual alignment of the magnetic domains (atoms,




magnets) within the magnetic circuit material. When all the domains have aligned, the B-H

curve . < g o . .
reaches a platean and the magnetic circuit is said to he saturated. At this point, any

further increase in magnetic field strength has no further effect on the flux density. Different

magnetic materials, such as iron, steel, etc., have B-H curves with different slopes and points
at which saturation occurs.

Coercivity

-H _
Magnetizing Force Magnetizing Force
in opposite direction

rBl‘
-Bmax
Ssturation B Flux dcn:sity
in opposite direction Y in opposite direction
Figure 2

After reaching saturation, a reduction in the magnetic field strength results in a reduction in
the flux density. However, the resulting curve does not quite match the original curve, but
'lags behind' it. This effect is called hysteresis, which is from the Greek, meaning to 'lag
behind'".

When the magnetic field strength reaches zero, the resulting curve indicates that the flux
density has not, itself, reached zero. The value of flux density remaining is termed the

remanence (or residual magnetism or retentivity) of the magnetic material. 'Soft' magnetic

materials, used in the manufacture of transformer cores, ete,, will have a very small
remanence; whereas ‘hard’ magnetic materials, used in the manufacture of permanent magnets,
]

will have a very high remanence. In order to remove any remanence, the magnetic field
strength requires 10 be reversed (by reversing the direction of the current in the coil) and

increased in the opposite direction. The amount of ‘'negative’ magnetic field strength necessary



to completely remove the remanence is called coercivity. If we continue to increase the
negative magnetic field strength, the magnetic material will again reach saturation in the
opposite direction, and the new curve will be a mirror image of the original curve. The
complete B-H curve is then usually described as a hysteresis loop. The area contained within a
hysteresis loop indicates the energy required to perform the 'magnetise-demagnetise’_process.
'Soft' magnetic materials require relatively little energy to become magnetised and
demagnetised and, so have 'marrow' hysteresis loops , whereas 'hard' magnetic materials

require a great deal of energy and have 'wide' hysteresis loops.

So, B-H Curves and Hysteresis Loops are a valuable tool for comparing the characteristics and

behaviour of different magnetic materials, in order to select them for an appropriate

application.
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DESIGN PRINCIPLE

When a cylindrical sample is placed coaxially in a periodically varying magnetic field (say by
the solenoid) the magpetisation in the sample also undergoes a periodic variation, This
variation can be Pickgj'up by a pick up coil which is placed coaxially with the sample.
Normally, the pickup coil is wound near the central part of the sample so that the

demagnetisation factors inyolved are ballistic rather than the magnetometric.
For the uniform field H, produced, the effective field H acting in the cylindrical sample will be

H = H,-NM where M is the magnetisation, or
H=H- NI

P (1)



v h
VIcre IJ 1S “IE nor n 1 S d 1 sation

defined by factor including 4 and J is the magnetic polarization

B = pH+)
(2)

with B=uH or
Ho(H+M v :
Y. sibewr ) as magnetic induction, The signal corresponding to the applied field
& € written as PP >

€= Cﬂi“
(3)

where C, is a constant,
Further the flux link i i
ux linked with the pickup coil of area A due to sample of area A will be
¢ = po(Ac-ADH+AB

Here H'i ot ;

" is the magnetic field, in the free from sample area of the pickup coil. will be different from
and .the difference will be determined by the magnitude of demagnetising field. However, when

the ratio of length of the sample rod to the diameter of the pickup coil is more than 10, the

difference between H and H' is too small, so that

¢ = MA I:'A S)H+.A sB

= oA H+A(B-poH)

= ¢ = pAH+AJS (4)

The signal ez induced in the pickup coil will be proportional to %?
Afier integration the signal (e3) will, therefore be

€3= C3¢ s Cj].[()AgH"’C'iAJ (5)
Solving equations (1), (3) and (5) for J and H give

C;C;N[%""NJJ = Ce3-poCrAces (6)

€
NC, e
- )

c 1]

and C]C;Ay[—i—s'-N]"=CgA,C|-




o o - i of ] and H
Based on these equations an electronic circuit may be designed to give the values

and hence the hysteresis loop.

In case the sample contains a number of magnetically different constituents, the loop o

will be the algebraic sum of individual loops of different phases. The separation of these is ot
ak

easy in a J-H loop while in a second derivative of J, @ the identification can be made very

clear.

EXPERIMENTAL DESIGN AND ANALYSIS

The aim is to produce electrical signals corresponding to J and H as defined in Eqs. (6)

and (7) so that they can be displayed on CRO (cathode ray oscilloscope).

2

d? : 4
Moreover, it should beable to displayit & % as a function of H or usual time

-

dt de-

base of the CRO.

The magnetic field has been obtained with a multilayered solenoid driven by the AC mains at 60
Hz and supplied through a variable transformer arrangement. The magnetic field has been
calibrated with a Hall probe and is found to be within 3% of the maximum value over a length of
5 cm. across the central region. The instantaneous current producing the field is passed through a
resistor R in series with the solenoid and measured with an AC ammeter.  The resulting signal

e is applied across a 500 helipot and an adder amplifier through a 100 KQ resistance.

The signal e, corresponding to the rate of change of flux is obtained from a pickup coil wound

on a non-conducting tube. Necessary arrangements have been made



to place the sample

: coaxially with the pickup winding and in uniform magnetic field.
The pick

Pick-up coil is connected to point B (Fig. 2) through twisted wires, where ¢
‘conslnutcs the input for further circuit, To obtain 1, ¢, is fed to an adjustable gain
mlf.‘glrntor, Because of capacitive coupling of pickup coil and solenoid, self inductance
of pickup coil and integration operation an additional phase will be introduced in the
output signal e1, whose sign can be made negative with respect to e by interchanging
the ends of the pickup coil. To render ¢ completely out of phase with e;, a phase shifter
consisting of a 1KQ potentiometer and I capacitor has been connected at the output
of integrator. Amplitude attenuation due 1o this network is compensated by the gain of
the integrator and is not important as addition of signals is performed afterwards.

The out of phase signals e and ey are added at the input of a unity gain adder
amplifier and its output which is proportional to J is applied to Y-input of a CRO.
Fractions of these signals corresponding to the demagnetisation factor and area ratio
form the input of another adder amplifier with gain 10 whose output after further
amplification of 10 is fed to the X-input of CRO and gives H. It may be mentioned that
the gains of the amplifier can be adjusted but should always be such that the operational
amplifiers are not loaded to saturation.

d’J
The selector switch (SW) can change the Y-input of CRO to J, 3—{ or e The

2
. J

5:—{ signal is taken directly from the pickup while A
L te

operational amplifier differentiater.

c.

is obtained through an

Let us now analyze the circuit.

The magnetic field at the centre of the solenoid for current i flowing through it
will be

H,=Ki (8)
also e =Ry (9)

with symbols defined above Eq. (9) reduces to Eq. (3) with C;=R /K. Further, when the
sample is placed in a pickup coil of n turns

[d¢]
3 =n| —
T di
dH dl]
_ ot Al— 10
-"p“A‘[mJM '(di i

by substituting ¢ from Eq. (4), we gel



-e3= -gJezdl
= -ginpoAH-ginAd (1)

phase shifter combination. The sum of ¢; and

Where g; is the gain of the integralor and
-¢; after amplification becomes.

ey=-gy(e1-c3)

= -g,,{CIH-glnuuAcH+C| gl -ginAd) (12)
0

Using Eq. (1), (3) and (11), g is the gain of this amplifier. If we adjust Ci=gimHoAc,

then
A
€y= gygﬂ'lAc(Ri-N]J (13)

4

Fraction o and B of e; and -€3 respectively, are added together at the input of the first

amplifier for the X-input. If g, be the total gain of both amplifiers we get

€x = g«(e1-Bez)

1|1poAc(-B)H+g,g|nA¢(N-B % ) (14)

c

=00
oXD

after substituting Ci=ginHoAe, J will be eliminated from the right hand side of (14). By

adjusting ciand B such that

o::.éi and B:N (15)
c
A
we get ex = ZxginHoA( A. -N)H (16)

Equation (13) and (16) can be written as

€
0 o (17)
Ac
= Mo Bx Cy
(18)



Where
1

_—

Gy oRITHo (19)

Equations (17) and (18) define the n

; wngnetic quantities H and T in terms of electrical
signals e, and Cy respectively,

METHOD

Calibration

When an empty pickup coil is placed in the solenoid field, the signal e; will only

be due to the flux linking with coil arca. In this case J = 0, ot = I, N =0so that H = H,
and Egs. (13) and (16) yicld

e,=0 and € = Gn"}—{n (20)

i.c. on CRO it will be only a horizontal straight line representing the magnetic
field H,. This situation will, obviously, be obtained only when the condition for (13) is
satisfied. Thus without a sample in the pickup coil a good horizontal straight line is a
proof of complete cancellation of signals at the input of the Y-amplifier. This can be
achieved by adjusting the gain of the integrator and also the phase with the help of
network meant for this purpose. From known values of H, and the corresponding
magnitude of e,, we can determine Gy and hence calibrate the instrument. The
dimensions of a given sample define the values of demagnetisation factor and the area
ratio pertaining to the pickup coil. The demagnetisation factor can be obtained from the
Appendix. These values are adjusted with the value of 10 turn helipots provided for this
purpose. The value of the area ratio can be adjusted upto three decimal places whereas

that of N upto four (Zero to 0.1 max.). The sample is now placed in the pickup coil. The

2

plots of 1. -2 and ‘;13 against H can be studied by putting the selector switch at
- dt dr”

appropriate positions. The graph of these quantities can also be obtained from time base

by using the internal time base of CRO.

Since eddy currents are present in conducting ferromagnetic materials, the
resulting J-H loop has a small loop in the saturation portion due 10 difference in phases
for the forward paths, Moreover, these plots do not show horizontal lines at saturation
and hence their shapes can'l be employed as a criterion to adjust the values of

demagnetisation factor.




The values of loop width, intercept on the J-axis and saturation position are

applied fields. Plots of these against magnetic

determined in terms of volts for different
retentivity and saturation magnetic

field are then used to extract the value of coercivity,
polarization. The first corresponds to the intercept of the width against currents straight

line on the Y-axis and it is essentially the meas
the remaining two parameters are derived from asymptotic

se these refer to the situation when

ure of the width under no shielding

effects. On the other hand,

extensions of the comresponding plots becau
shielding effects are insignificant, Caution is necessary in making the straight line fit for

loop widths as a function of current data as the points for small values of magnetic
current have some what lower magnitudes. This is due to the fact that incomplete
saturation produces lower coercivity values in the material. The geometrically obtained
values of potentials are, in turn, used to find the corresponding magnetic parameters
through equations (17) and (18).

If the area ratio for a particular sample is so small that the loop does not exhibit
observable width, the signal e, can be enhanced by multiplying o and P by a suitable
factor and adjusting the two helipots accordingly. The ultimate value of the intercept

can be normalised by the same factor to give the correct value of coercivity.

Observations

For this equipment diameter of pickup coil =3.21lmm
2x =100
gy =1

Sample : Commercial Nickel

Length of sample  :39 mm
Diameter of sample : 1.17 mm

Therefore,

Area ratio [ﬁ‘—J =0.133
A

¢

Demagnetisation factor (N) = 0.0029 (Appendix)

Calibration
Without sample. Oscilloscope at D.C, Time base EXT, H Bal,, Phase and DC

Settings :
Bal. adjusted for horizontal straight line in the centre. Demagnetisation at

zero and Area ratio 0.40 at magnetic field 200gauss (rins)



ey = 64mm, or
= ?.E]V (if read by applying on Y input of CRO)
For Area ratio 1
ey = 160mm, or
=17.5V
From Eq. (20)

200
Go(rms) = “— = 1.25gauss/mm
160

Go(peak to peak) = 1.25x2.82
= 3.53gauss/mm,

also

2]

P

00
Go(rms) =
ot 17.5

= 11.43 gauss/volt

Golpeak to peak) = 11.43x2.82
= 32.23gzuss/volt

A G
By adjusting N and I‘ as given above the J-H loop width is too small. Thus both are
c

adjusted to three times i.e. 0.399 and 0.0087 respectively (full value of area ratio pot. =
1.000 and full value of demag. pot. =0.100) .

(a) Coercivity
S.No. Mag. Field (rms) @_mp width
(Gauss) (mm)
I 30 70,
2. 62 9.0
3, 94 1.0
4, 138 125 °
5. 179 14.0
6. 226 15.5
7. 266 16.75
8. 302 18.0
9. 336 18.75




(b) Saturation magnetisation

S.No. Mag. Field (rms) Tip to tip height (mv)
(Gauss)
1 29 205
2. 61 370
3. 96 400
4. 137 420
5, 176 430
6. 223 440
7 264 445
8. 298 450
9. 331 450
(c) Retentivity
S.No. Mag. Field (rms) 2xIntercept
(Gauss) (mV)
1. 29 170
2. 61 260
3 95 265
4, 136 270
- S. 175 270
6. 219 275
o 263 275
8. 302 275
9. 335 275
From the graphs Fig. (4) and (5)
Loop width = 2.9mm (after dividing by the multiplying factor 3)
2xlntercept = 280mVY
Tip to tip height =457.5mVv



CALCULATIONS

(a) Coercivity

Since ex=Y2x loop width=Y%2x 2.9 = .45 mm

- Ggye, 35
B o072 o ___h_(lﬁ__ =139.30e from equation (17)
Ao s (0.133-0.0029)
AC
(b) Saturation magnetisation
JS
W= yran due to equation (2)
(ey)s= Y2 x tip to tip height =457.5/2= 228.75mV
J Gy Moy (&
pe=—* = La y)s from equation (18)
an A
gy (—i‘- - N]xcln
A

2.23 22
32.23%1%100x0.229 _ _ 459 oauss

= 1x(0.133-0.0029)x12.56

(c) Retentivity
¥; ;
Be=—— due to equation (2)
4T

(ey)r = Y5 x (2xIntercept) = v, x 280= 140mV

] Gig o8 o5 ) 32.23% 1x100%0.140
== = O Y e 1A 6 = 276gauss
% . 1X(0.133— 0.0029) X 12.56

g, 'R—-"N 47

on and calculation are given as a typical ex
supplied with the unit separately

ample. Test

Note : The above observati
results of individual unit are
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EXPERIMENT: SOLAR CELL

To plot the V- Characteriggcs of the solar cejy
S00ar cell.

APPARATUS:

¥ (“lt rce cter
Sola ell, Voltmuu, ammeter, light bulb, Connectin i
i -ling wires etc,

THEORY':

The solar cell is Semi conductor g
electrical energy. It is
numbers of solar ce|]s

gl 2 evice, which converts the solar energy into
4180 called a Photovoltaic cell. A solar panel consists of

parallel. The number of solar cell

acid or Nickel_—Cadmium batteries. In the sunlight, the solar panel charges the battery
and also supplics the power to the load directly. When there is no sunlight, the charged
battery supplics the required power to the load.

tap contact .

n-fype sihcon (LS0spharus aopea) .
-

o,

i
Ul
|

e
0w

prqunclicn elecinoal fieid {

p-tybr sihoan (Bocon dopead) <7 8

boftom contact
Fig. 1a Working principle of a solar

Fig. 1 .
; as other junction photo detectors.
. in somewhat the same manner _ e
A Solar cell op 'er'ates ks enerated in that without an applied reverse bias and
4 Bl enan D E le-clectrons pairs. In the solar cell, as shown in Fig.
photon adequate encrgy CrFatc-d oab]e dgistance to reach the narrow depletion region to
1, the pair must diffusc a cons! 6;1 inee, there is higher probability of recombination,
be drawn out as useful currer T i ‘nuiru incrcases the depletion region voltage
i separated DAl ot R o
The current gen: Z;te\(:}hti = lgjld is conrected across the cell, the potential causes the
(Photovoltaic effect). When @ © b
photocurrent to flow through the loac .
’ s i the open cireuit, 1.e. when no current
he photo-voitaic cell In the o;un.u}uult. I;mmum Koty
> ] > . - . Y IS b F:
The e.m.f. generated by tt1 dl by Vac (V-0pen circuit). This is the m
i " - dcnoc (b1
is drawn from it Is

l.___ ----- e Solar Cell
=




em.f. When 4
flows through i
80€s oOn increag

high yeg;
5"31&![‘[(;@ is
Mrodyee :
and the v, corenotueed in the ¢y
lng as Seg

mal circuit a small current

5. i * e voltape oo o o
. , e Iesistance in the B¢ goes on falling and the
resistance is reduceq ¢, € exte

; 2er0 the oy . mal circujy g reduced. When the
saturation current and g denoteq 2 urrent rigeg 0 its maximum e D
of a photovoltaic cell is ghq a8 Iy, the Vvoltage becomes zer0, A VoI charcteristc

i wn il'l F]g 3
en Circuit volt

The product of op

oc and shory circuit current I is knowi a ideal

Ve Idea] POWer .
The maximum useful power g t

under the V- curve.

oc X Jg,

he areg of the largest rectangle that can be formed

R, o
Fig.2
&
R
"_rn' ------------ ]
i
1
f g
1
= ]
S ]
8 i
3 :
Q ' X
Voltage —» Vi Ve
Fig.3

PROCEDURE: . _
a) Keep the solar cell in Sunhghzig;rsla
ircui nec
mplete the circuit con cell. | o
b) (_:0 ES’at a distance of 15 cm from solar by opening the connecting wire joining vz
[Ight n Circuit VOltage Voc ) Y fcell to the +ve Of Voltmetcr an
il sy by opethe load (i.e. connecting +ve 0
of milli-ammeter to ol ‘
i tan-E2t hown in fig. 2. - e meter
e Ofth(? 5 lete the connections as $ d note the reading in the amper lisht
91 Cieeagaincon itch at S.C. position an of scale then decrease the lig
W, P o S SWIEic'tion (if meter shows out
ircuit condl
nder short circuit ¢ is called sho
?ntensity).This maXIm;m C:;:;f:;te in the circuit
res ;
introduce the loa cadifip:
¥ I;E:Z zilz)wn the current and voltage I

i ivated.
inutes so that it gets activate
; Oghzc?wr:“i]: the figure (2) below. Then place the
S

ircuit current Isc. .
"y (Clt;crt from low value of resistance) and
5

ey | Solar Cell




g) Repeat the same with gy,

h) Draw a graph betweey Va

i) Repeat the experimeny
positions.

l't.!lll \)‘uluc

8ol the |, .
nd | (fig. 3 he loyg resistance,

Wwith olhey k!
intengiioc .
Ehsities Placing the light source at different

OBSERVATIONS:
a) Voltmeter reading for open cireys:
i : reuit, V. =
b) Milliammeter reading with zore rocie .+ YOlts
O resistance, [, =
= .. mA,
Table: for determinin ao
[SNo Vollage —JEE-40d curreng
S 8 urrent Power
dcuslty )] density
-4
e —Aem | (mW/ens) |
2 |
3 T
4. —
5
CALCULATIONS:
Value of V,, = ... volts

Value of [, = ... mA
Maximum useful power =V, x I, mW
Ideal power V. x [, = ... mW

RESULT: .
The I-V characteristics of the solar cell is plotted on the graph paper using

experimental readings.

SOURCE OF ERROR AND PRECAUTIONS: oo )
1. The solar cell should be exposed to sun light before using it in the experiment.

ii. Li the cell.
ii. Light from the lamp should fall normally on
iii. A resistance in the cell circuit should be introduced so that the current does not exceed

the safe operating limit.
iv. Make sure that connections are ma

de properly and ensure good contact.

e T Solar Cell
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EXPERIMENT: PLANCK’S CONSTANT

OBJECT:
To determine the Planck’s Constant using LED.

APPARATUS USED:
\/"ariablc Voltage source (0-2V DC), Current meter (0-20 mA/2000uA ).
Temperature controlled Oven (ambient to 60°C), LED (Red, Yellow).

THEORY:

The basic idea in this measurement is that the photon energy, which from
Einstein’s relation is E,= hv is equal to the energy gap E, between the valance and
conduction bands of the diode. Energy gap is in tun equal to the height of energy
barrier EV,. Those electrons have to overcome to go from the n-doped side of
diode junction to the p-doped side when no external voltage V is applied to the
diode. In the p-diode side they recombine with holes releasing the energy E; as
photon with E,= E,=eV,. Thus a measurement of V, indirectly vields E, and
planck’s constant. If v is known or measured. However there are practical and
conceptual problems in actual measurement.

Let us consider the LED diode equation:

I=exp(=V,/V, )[cxp (V/ V,)-—l], V=Vr-RI &)
kT

where V, = 7
e

K= boltzmann constant, T=absolute temperature & e= electronic charge.

V,. is voltmeter reading in external diode circuit and R is the contact resistance.
The constant 7 is material constant, which depends on type of diode. location of
recombination region etc. The encrgy barrier ¢ V, is equal to the gap energy E,
when no external voltage V is applied. The quantities, which are constant in an
LED, are impurity atom density, the charge diffusion properties and the effective
diode area. The ‘one’ in the rectifier is negligible if 1 = 2nA, and the equation

becomes,

I cxp[(l’ ~Vo! )|

‘ 2
o cxp{e(f’ -V, / .P]k'[)l i

Planck’s Constant by LED

1



The height of potential barrie
of diode current on the
height of barrier fixed,
barrier.

In our experimental se

b sel- Y variatl
- ahm[n i nrlalll’r:nlll:t,];/]a:iz‘utlnn of current | with temperature is measur ed
- . - at a fixe age V(= (C i
below V. The slope of Inl vs I,"I'curw.na:md voltage V(=1.8volts) kept slightly
> PIves
Aln/l X g

X—x N

AT o

ris obtaine :

|Clnpcr*m:“mmd by directly measuring the dependency

The external keeping the applied voltage and thus the
W voltage is kept fixed at a value lower than the

=

W

The constant n may be d i ¢ diode
s ¢ determined se eristi i
: separately from I- >
at room temperature from the relation ¥ from -V choracterisic of he 0

n=(e/kTXAV/AIn7T) (3)
(NOTE: value of m is alrcady given in observation table)
The Planck’s constant is then obtained by relation

h=eV, Alc )

Tha . chnbnmme: ok : : . . 4
l\l:_.q:on‘l.lur lru;-;;lanu o'l LED is usually around lohm, while overall internal
r‘:.j istance 0 LE at applied voltage (1.8V) is few hundred ohms. The factor Rl in
expression V=V, =RL may therefore be neglected.

FORMULA:

The Planck’s Constant,

exV, xA

}J' —
c
Where,
4 AN\ A
Izdzl' — --—l‘X—“Xl;
A‘{ ¢
slope of curve of graph, ;:: 1111_1[

K = Boltzmann constant
¢ = Electronic charge

n = Material constant

2. = Wavelength of LED
¢ = velacity of light

Planck's Constant by LED

T




PROCEDURE:

Dependence of current (1) on tempe

Temperature coeflicient

l. l\ccp.lhc mode 5\\-|[c!1 on \.f-] side and adjust the voltage across LED slightly
below the band-gap of LED ic 1.8V for bt yellow and red.

Change the mode of two-way switch to T-] side

Insert LED m‘lhc oven and conneet the other end of LED in the socket provided

on set up. Before connecting the oven check that oven switch is in OFF position

and _SH Temperature knob is at minimum position. Now 1" display would read
ambient temperature,

4. Set the different temperature 20, 25, 30......°C with the help of set ~Temperature
knob. -‘\”f‘“' about S minutes on cach set temperature to stabilize and take the
reading of temperature and current.

5. Find the inverse of temperature and draw the graph between in 1 & (1/T).

fature (T) at constant applied voltage to find

LV e ]

OBSERVATIONS:

e Sample: (RED / Yellow) LED

Voltage = 1.803V (constant for whole set of readings)
Material constant of Red LED (n) = 1.755

Material constant of Yellow LED () = 1.782
Boltzmann Constant K= 1.38x10" J/Kelvin

Electric Charge e= 1.602X 10" Coulombs
Wavelength of yellow light .= 5800 x 10® cm
Wavelength of Red light 2. = 6400 x 10" cm

Table: Determination of temperature coefTicient of Current

S.No. Temperature 'I'umpcrmufé— /T “ T Current I (mA )__'Yl_iﬁlﬁ
(‘C) (‘K) (K") ' C(LinmA)

]
2
3. 40
4. 45
¥ |
6.

50 — |
55| | | ,
7. | 60 | _ _ [

Draw graph between Inl — 1/T

J

et e S ———
Planck’s Constant by LED




CALCULATIONS:
Slope of curve

Temperature Coefficient of Current

Alnl
AT—l - 09 '\.
A -
I/o:V— hl_{xé_x’? o8
AT e
= gr
The Planck’s Constant, =
h— exV x4 a8
7o
h=.......Joulesec 05,0
RESULT:
The Planck’s Constant 22 =.......coeeviveevuninn, Joule.sec

PRECAUTIONS:

n

32 33 34

T.l (K-l)

i.  V-I characteristic of LED should be drawn at very low current upto = 1000pA

only, so that disturbance to V, is minimum.

ii.  In T-I mode, make sure that the oven switch is ‘OFF’ and SET temp knob is at

minimum position before connecting the oven.
iii.  On each setting of temperature, please allow sufficient time for the temperature to

stabilized, between 5-6 minutes.

f
Planck’s Constant by LED
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EXPERIMENT: Photodiode,
AIM:

[y

Phototransistor. LDR, LED

To study v o
Characteristics of Photo Diode, phototransistor, LDR, and LED.

APPARA TUS:
Photo diode, Photo transistor, LDR, and LED Kit

THEORY:

Eh0£0V01tal_c and Phojcoconductive devices like Photodiodes, Photo resistors (also known as
1g t Dependent Rgsxstors or LDRs), Phototransistors etc. are example of semiconductor
Light Sensors. A Light Sensors or Photo Sensors is a device that measures the intensity of

light, usually the Electromagnetic Radiation in wavelength range from Ultraviolet to far
infrared.

PHOTODIODE

It is a form of light sensor that converts light energy into electrical energy (voltage or current).
Photodiode is a type of semi conducting device with PN junction. Between the p (positive)
and n (negative) layers, an intrinsic layer is present. The photo diode accepts light energy as
input to generate electric current.

Internally, a photodiode has optical filters, built in lens and a surface area. When surface area
of photodiode increases, it results in less response time. Few photo diodes will look like Light

Emitting Diode (LED). It has two terminals as shown below. The smaller terminal acts as
cathode and longer terminal acts as anode.
Light Energy (oo
=y
e

\l
Fhataceose

Anode Cathode o £—;
-

Photodiode [ g
Symbol | oliage S 10

PHOTODIODE
Figure 1 Figure 2

fthe photo'diode is similar to that of an LED but the arrows point inwards as

The symbol 0 the LED as shown in Figure 2.

opposed t@ outwards in

ANSIST ‘ .
PHOTOT is a Photo junction device that is similar to a regular transistor except that it

: sistor :
L\ i)hc;t'zg'f’;:;fﬁiw Base terminal (or Collector — Base Junction), In other words, a photo
as a light seB

Irancistor cAnBe considered as a Photodiode with current amplifier. A phototransistor
Tansis A




onver ls photo - de and n add]t]on i s £

phototransistor also provides a current gain.
The symbol of phototransistor is shown below.

The principle of operation of a phototransistor is similar to a photodiode in COEmeatwn wuﬁ

an amplifying transistor, The light incident on the base of 2 phoiotrans_lstor wi z‘nducea-mﬁ_ |
current. This current is then amplified by normal transistor acti on, which results m_a .
significantly large. Usually, when comparing to a similar photodiode, a phototransistorean &
provide a current that is 50 to 100 times that of 2 photodiode.

Characteristics of Phototransistor S
As phototransistors are basically Bipolar NPN Transistors with large base — collector junction, 4
the characteristics of a Phototransistor are similar to that of a simple BJT. Phototransistors are g
available as two-leaded or three-leaded devices. In a two-leaded Phototransistor, the Base &
terminal electrically unavailable and the device is completely dependent on light. Collector
terminal is usually at a higher potential than Emitter to induce reverse bias at base — collector
Jjunction. When there is no Ii ght falling on the phototransistor, 2 small amount of leakage
current known as Dark Current flows from collector to emitter. When there is enough lLight

falling on the base terminal, 2 base current is produced, which is proportional to the intensity
of the light.

Ig (pA) I{ma)
f is
.‘.:.?5 1 2.0 T SooLux
Se
3 = 600 LuX
5o - 300 LUX
. S WL o 100 Lux
2 4 6 B 10 Dark currens o Py z
Radiation flux density T‘—-—;———-—:j_____“___ .

LDR : ’ _
A Light Detector or a Light Sepsor is a device or circuit that detects the intensity of the
light incident on it. When the light falls on the LDR, the J; ght stays off st s the
light stops falling on LDR, the LED glows.

When subjected to light energy, a Photoconductive light sensor wiyy change its
physical property. Photo Resistor is a common type of Photoconductive device. Photo
resistor is a semiconductor device that uses light energy to contro) the flow
electrons and therefore the flow of current in till]cm. _ -
. sesa mmon type of photoconductive cell1s a L}ghl_ Dependent Res
. Th%f:‘;’;:;; impﬁﬁ?ﬁ a Light Dependent Resistor is a semiconductor de




chamges 1Y eleg
Rosistor chy
i the dipk
clectron

trical resistance ¢
WMges its electrical re
Lo only a few
hole

le[mmiing on the
SIstance from
hundreds 0F Ohmg w

presence of light. A Light Dependent
a high value of several thousand Ohms

: hen light is incident on it by creating
PAIrs in the materig],

he MOSt common material used 1o make

). Other material
or Lead Sclenide (1

. a Light Dependent Resistor is Cadn?ium :
Sulphide (g s like Lead Sulphide (PbS), Indium Antimonide (InSb)
'bSe) can also be used ag the semiconductor substrate,
Cadmium Sulphide is d

eposited as a thread
sesag line ag shown b

elow,

T i) S a T S an( 1 2 zcrease 1he
\L”k L'lllTl‘ . = s

s of light now-

X ommonly used source s
LED ; simply LED is one of the most cd fluorescent bulbs) need a specia
Light Emitting Dwdcf)rl;:gacy filament bulbs, LEDs (EIIIED Drivers. The two most
a-days, | 11-1111:’: (Sl;l:l:)ivork' They are Simply ca"e:lczsextensweiy used in varl?a:JSSER dlodes
Arcuit to make th light emitting sources extensively u5e: ™ .
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When the Positive P side of the diode is connected 10 power f,-upply audi Side to
ground, then the connection is said to be in forward bias, which allows th_e e].
current to flow through the diode. The majority and minority charge carriers of
and N side combine with each other and neutralize the charge carriers i the dep
layer at the PN junction, The migration of electrons and holes 1n turn relea_\seg:-- me.
amount of photons, which discharges energy in the form of .mom-,_chmmatlc llght%
constant wavelength. The color spectrum of LED emission 18 pr'U?]]Y Cxiremely
narrow. The selection of emission of color from the LED is falrlylhm‘ted duet i
nature of semiconductor used in the manufacture, Commonly available colorsg
are red, green, blue, yellow, amber and white. The working voltage of‘red, green,
amber and yellow colors is around 1.8 volts. The actual range of wqumg_ voltage of 5
light emitting diode can be determined by the breakdown voltage of semlcopdug_tﬁ
material involve in the construction of LED. The color of the light c‘:mzttec'i n LED ig
determined by the semiconductor materials that form the diode’s PN junction.

Forward Current

I{mA})
50
Infrared Red Amber Yellow Green Blue while
40
30
) PP P A
color
10
0 5 VF
—~
PROCEDURE:
Phototransistor:

1. Focus the Light on the photo transistor, take reading of Volts and micro ammeter. |
2. Change the Volt and distance of the light source and again take other set of reading |
and draw the graph.

RESULT: |
The 1V Characteristics of Photodiode, Phototransistor, LDR, and LED are shown in the gra

SOURCE OF ERROR AND PRECAUTIONS:
1. Make sure that all the corrections are right and then switch ON the power.
2. Do not provide light continuously to the Photo Diode, phototransistor, LDR, and
LED for more than 30 Mins.
3.Handle the apparatus carefully.
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EXPERIMENT: MICHELSON INTERFEROMETERS

OBJECT: _
To determine the wavelength of He-Ne laser with the help of Michelson interferometer
APPARATUS USED:

Michelson interferometer, laser source, screen €lc.

THEORY:
The Michelson interferometer operates on t

division of wave front.
The important parts of a Michelson interferometer include a sturdy base, a diffusing glass, a beam

splitter, a movable mirror with a micrometer, screw for measuring distance of movement, a ﬁxe?d
mirror. and compensating glass. These parts are shown in a typical physical arrangement in

Figure 1.

he principle of division of amplitude rather than on

wall
Mirror 2 (Movable
Beam Splitter L __( } f«hcrometer Driven Lever Arm
| /|
Fi ]
|' | / Leveling Feet
_ | /
' |
Tar— -l — <H]]
[ 1 1 Q l|. U
Laser f \
i
2 a
Convex Lens T 11
[ | o Micrometer Knob
Mirror 1 (Fized) e T @I )] )
4  § f{ T

Mirror 2 Suppeit Plate

—

Fig.1 A typical Michelson interferometer

The 1%t source shown to the left can be a white light or spectral light source. It is not generally
considered a part of the Michelson interferometer.

An accurately machined micrometer screw is attached to the movable mirror, permitting the
mirror ‘0 be moved toward or away from the beam splitter by a precisely determined amount. The
micromeier penerally has about one inch of movement and usually can meusure mirror motion to
within 0.002 mm. The two mirrors, beam splitters, and compeisaling ylass al! are made of
carefullv annealed glass (e.g., borosilicate-crown).



The optical arrangement for the Michelson interferometer is shown schematically in Figure 2.
Light from a broad spectrum source S, such as an incandescent bulb, passes through a diffusing
glass DG (e.g.. a ground glass plate), and strikes the beam splitter P. The beam splitter is half-
silvered glass plates (silvered on the back side) which reflects half of the light toward mirror A
and transmits half of the light (but the entire cross section) toward mirror M.

If the two mirrors are
precisely aligned such that
planes are  —exactly
perpendicular  to  one
another, thus ensuring that
differences over different
regions of the mirrors are
constant, the fringe pattern
be secn by the observer at
consist of a series of
concentric rings Figure 3.

The fringes shown are
called fringes of equal
inclination. When the
mirror A, is moved so as
approach the condition for
zero path difference, the
fringe pattern will appear
collapse with all fringes
moving toward the center,
then disappearing.
Collapse of one fringe at
the ce:t=r  will  be

WO ABLE
MmACa

their

path

“EAM sul;h‘ln

soumce ‘(/ /
S | X " will

__O P

. ? et —= “,

Ve Al P 0o
CLass _l GLASS

ORSEAVER
v o

(=]

Fig.2 Oprical arrangement and light path in Michelson interferometer

angre LY'EE

et A==
DIRECTICN
= - —— FERPLNDICULAR TO M,

to

FIELD OF WIEN 351N
FROM EYE

to

Fig. 3 Circular fringes (equal inclination)

\CMKTHIC
\ RINGS

seen in Michelson interferometer
%

equivalent to a displacement of mirror M, by an amount of A. Thus if N is the number of fringes
collapsing at the center when M,is moved by a distance of d, then

2d, =NA

Using this relation 2 can be obtained.

FORMULA USED:

ravelength 7.,
:‘-: 2 dq_l }‘N

where d, is distance measured with micrometer screw and N is number of frisiges

collapsing

PROCEDURE:

a)  Setup the Michelson interferometer
by Mount the laser on the optical table with the beam parallei to the table surface

c)  The moveable mirror will be the one in the direct path of ti 2 laser beam.
d)  Align the mirrors using the laser beam.

2



e¢) Adjust the distance of M; and M, from P to be nearly equal.

f)  Adjust the center of circular fringes in the field of view.

g) Note down the least count of micrometer screw provided with the mirror M,

h) Record the initial reading of the screw. Now, move it solely and count the number of
fringes collapsing at the center in steps of 25 and each time note down the micrometer
reading in the tabular form.

i)  Measure the wavelength of the He-Ne laser using eq.3 .

OBSERVATIONS:  \_

- “.-‘-“h—-‘\\‘—— -
Least count of interferometer Main scale =
Least count of circular scale V, =

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

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

Leastcount e vernierscale Vo = ucmsivammmassssss cm
TABLE:
No. of fringes | Main scale | Circular scale | Vernier scale Total Separation d, for
collapsed (€pt) mm Vi (cm) bn V, (em) mw {em) (mw) N=,50’(c;rﬁ 25 Fan
0. ( i ~q
25 < R
50
75 ?
100
Mean valueof d,-__ (cm)
CALCULATIONS:
Wavelength A,
A=2 d‘? /N
v T S L cm
e, e AAO
RESULT:
The wavelength of given He-Ne laser is ......... ...... A°
PRECAUTIONS AND SOURCE OF ERROR:
i. The two mirrors should be highly silvered on their front surfaces.
ii. The glass plate should be of same thickness, -
iii. Adjustment should be made by moving M, only



EXPERIMENT I-V CHARACTERISTICS

Aim : To determine the current — voltage(l-V) characteristics of given Conductor and Semiconductor

Apparatus Required : Apparatus required A diode, A DC voltage supplier, Bread board, 100 ohm

resistor, 2 multimeter for measuring current and voltage, connecting Wires

Theory

The increase (by Ohm’s precise relationship between voltage and current) is different for different
components and can be shown on an |-V graph :

SEMICONDUCTOR DIODE

RESISTOR
CURRENT %4 CURRENT 4
POTENTIAL POTENTIAL
DIFFERENCE DIFFERENCE

>
If an electric conductor is connected to a voltage source with voltage V a current | is produced. We
define resistance being the ratio of the voltage applied and current flowing through conductor:
R=V/I

The resistance depends on the material and geometry of the conductor. In the simplest case the current
is proportional to the voltage applied. Thus, in this case the resistance is constant and the conductor
termed Ohmic resistor (or conductor). For such resistors, Ohm’s law holds true:

R=V/I at constant Temperature T.
The I-V graph for a metallic conductor at constant temperature e.g. resistor, is very simple:

e The current is directly proportional to the potential difference.
e This is demonstrated by the straight line graph through the origin.

The |-V graph for a semiconductor diode is slightly different. A diode is used in a circuit to allow current
to flow only in a specific direction:

e  When the currentis in the direction of the arrowhead symbol, this is forward bias. This is shown
by the sharp increase in potential difference and current on the right side of the graph



e When the diode is switched around, it does not conduct and is called reverse bias. This is shown
by a zero reading of current or potential difference on the left side of the graph.

OBSERVATION TABLE

For Conductor:

.NO. Voltage (V) Current (mA)

Giplw(N e e

For Semiconductor:

.NO. Voltage (V) Current (mA)

GipwN e e

Result : For |-V characteristics, the graph will be drawn between current and voltage.




List of Experiments of Physics Laboratory — Il
1. To calculate the frequency of oscillations of RC phase shift oscillator
2. Study of RC Coupled CE amplifier — Two stages with feedback — Frequency response and
voltage gain
3. Study of Push-pull amplifier using complementary — symmetry transistors power gain and
frequency response.
4. Study of Active filters — low pass and high pass-first and second order frequency response and
roll off rate.
5. Study of gain of Inverting/ Non-inverting amplifier and also study the frequency response
characteristics and find out the bandwidth..
6. Study of frequency response characteristics of differentiator/ integrator.
7. Study of frequency response characteristics of Clipper Clamper circuit.
8. Verification of truth table of OR, AND and NOT gates.
9. To determine the frequency and wavelength in a rectangular waveguide working in TE10
mode
10. To study the drain, transfer; drain resistance, amplification factor, and Trans conductance

characteristics of an FET.
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EXPERIMENT: PHASE SHIFT OSCILLATOR

To determine the frequency of Phase Shift Oscillator.

APPARATUS:

Transistor, Capacitor, Resistor, CRO, Connecting wires.

THEORY:

An oscillator is an electronic circuit for generating an AC signal voltage with a DC
supply as the only input requirement. The frequency of the generated signal is decided
by the circuit elements used. An oscillator requires an amplifier, a frequency selective
network and a positive feedback from the output to the input.

RC-Phase shift Oscillator has a CE amplifier followed by three sections of RC phase
shift feedback Networks. The output of the last stage is returned to the input of the
amplificr. The values of R and C are chosen such that the phase shilt of cach RC
section is 60°.Thus The RC ladder network produces a total phase shift of 1807
between its input and output voltage for the given frequencics. Since CE Amplifier
produces 180 © phase shifl. the total phase shift from the base of the transistor around
the circuit and back to the base will be exactly 360° or 0° This satisfics the
Barkhausen condition for sustaining oscillations. Total loop gain of this circuit is
greater than or equal to 1, this condition used to generate the sinusoidal oscillations.

The frequency of oscillations of RC-Phase Shift Oscillator is,
|

?.HRC\FJ'G

e +OV

FEEDBACK Loop connection 5 [
1
c1 2, I Th 2t
| 11 H Phase Shift
i
; R3 L. |
R1 R2 ” - ) ?__l_ |
[s] 1 £ 1
60° 120 i
Phase Shift . Phase Shift Phase St ) 1____“. GND

e

Basic Phase Shift RC Oscillator using NPN Transistor

| R-C Phase Shift Oscillator



pROCEDURE: o

a) Connect the circuit ag shown in Fig,

b) A9V Supply Voltage is given b

from collector of the Transistor.

c) Observe the output signg] from CRO gngq note down the output amplitude and time
period (Ty).

d) Calculate the frequenc

Y Using Regulateq power supply and output is taken

OBSERVATIONS:

T, = time period of oscillations
f=1/T,

Table: for determining the frequency of RC phase shift oscillator.,

S.No.

Resistance Frequency

e (KHz)
1.

2
3
4,
|

CALCULATIONS:

The frequency of oscillations of RC-Phase Shift Oscillator is,
1

27{RC\/€ ,

RESULT,

The frequency of phase shift oscillator is calculated for different values of R and
Lo

SOURCE OF ERROR AND PRECAUTIONS:
L All Connections should be right.
o Readings should be taken properly. _
UL Power supply should be switched off after use.

\

\/’/ R-C Phase Shift Oscillator
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EXPERIMENT: R-C COUPLED AMPLIFIER
AIM:

To study the fre

uency res _ i i
e andesilt. quency response of two stage RC coupled amplifier and to determine

APPARATUS:

Transistor, resistor, capacitor, voltmeter, Power supply, connecting wires.

THEORY:

‘ Description of components: D.C. power supply, the resistances Ri, R2 and Re
provld-es potential divider biasing and stabilization network. i.e. It establishes a proper
operating point to get faithful amplification. Rg reduces the variation of collector current with
temperature. The potential divider bias provides forward bias to the emitter junction and
reverse bias to the collector junction. Since the emitter is grounded, it is common to both
input and output signals. Therefore, the amplifier is common-emitter amplifier. Capacitor Cin
(= 10 uF) isolates the d.c. component and the internal resistance of the signal generator and

couples the a.c. signal voltage to the base of the transistor. The capacitor CE connected across
the emitter resistor RE is of large value (= 100 xF) offers a low reactance path to the

alternating component of emitter current and thus bypasses resistor RE at audio frequencies.
Consequently, the potential difference across RE is due to the d.c. component of the current
only. The coupling capacitor Cc (= 10 pF) couples the output of the first stage of amplifier to
the input of the second stage. It blocks the d.c. voltage of the first stage from reaching the
base of the second stage. The output voltage is measured between the collector and emitter
terminals.

When a.c. signal is applied to the base of the first transistor, it is amplified and developed
across the out of the 1st stage. This amplified voltage is applied to the base of next stage
through the coupling capacitor Cc where it is further amplified and reappears across the out
put of the second stage. Thus the successive stages amplify the signal and the overall gain is
raised to the desired level. Much higher gains can be obtained by connecting a number of
amplifier stages in succession (one after the other). Resislang:e-capacilance‘(RC ) coupling is
most widely used to connect the output of first stage to the input (base) of thf: second stage
and so on. It is the most popular type of coupling because it is cheap and provides a constant
amplification over a wide range of frequencics. Fig. I shows the circuit arrangement of a two
stage RC coupled CE mode transistor amplifier where resistor R‘IS used as a load and the
capacitor C is used as a coupling element between the two stages of the amplifier.

Voltage Gain = Vou/Vin

N
Where V, = Output voltage
Vin = Input voltage
Bandwidth of the amplifier = f> - fi KHz
Where

fi = lower cut-off {requency
f, = upper cut-off frequency

S 1 R.C. Coupled Amplifier
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PROCEDURE:
a) The circuit connections are made as shown in the Fig.1.

b)

©)

d)

g)

First the signal generator is connected directly to the a.c. milli-voltmeter by keeping
signal frequency at about 500 Hz. The amplitude (voltage ) of the input signal is
adjusted to 0.1V or 0.05V. This is the amplifier input ( V).

Now the signal generator is disconnected from the a.c. milli-voltmeter and connected
to the input of the amplifier and the a.c. milli voltmeter is connected to the output of
the amplifier.

Set the input frequency at 10 Hz, note the output voltage (Vo) from the a.c. milli-
voltmeter and keeping the input voltage, Vi constant.

Vary the input frequency ‘f* and note the output voltage.

The frequency of the input signal is varied in convenient steps i.e. at least 5 values
with equal intervals, in each range of frequency in the signal generator, the output
voltage Vo is noted in the table for each frequency.

Calculate the voltage gain, G of the amplifier for each value of the frequency, f of the

input signal, using the relation, Voltage gain, G = Vo / Vin.

OBSERVATIONS:

Maximum frequency  ..........oeeee
Lower cut-off frequency .............
Upper cut-off frequency ...........oovn
In put voltage Vi= .............. A%

Table: for calculate the Voltage gain

S.No. | Applied frequency Output Gain= | Gain in dB (20logo
Volt age Vuuv’vin VOHI){VN)
1
2.
3.
4.
%
2 R.C. Coupled Amplifier
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To determine (e

bandwid ) . T
Draw the freque AWIdth (BW) of the amplificr

vl ind \_.“]“::E' “':‘i“hmmc ’cm'\.*c as said above, .hy mking (he frequency I ( r':r }I,(iglfud,é f:}
0.707Gmax on (he \EI-\\I-liqt1!;:.‘.-l‘XIS' Note (he maximum gain, (illllilx and mark t (. V-d. i
line cuts the curve .nlll‘wln‘ “‘nn\”““ g dmw‘ o line (d"';‘;hul I‘|nc) partiicllo x,»::a quv.v
two perpendicular fine :} I’“ln?h. cnlllml lhu‘hal[-puwcr points. .I-rnm those two points dr
e S OO X - axis, the feet of (wo perpendiculars corresponding to two
frequencies 11 and 12, Thesc are called as lower half power frequency and the upper half-
power frequency (or cut-oft frequency). “The difference between these two frequencies f1 and
{2 is the bandwidth (BW) of (he amplificr.

=~ Bandwidth of the amplifier = f; - f

c
O
Gl“l y
0.7071 G, / \
Bandwidth
p r‘F f‘- /
Frequency

Figure 2 Freguency Response Curve of a RC Coupled Amplifier
CALCULATIONS:

Voltage Gain = Vou/Vin

GainindB = 20102]0 Vou/Vin

Bandwidth of the amplifier = f; - f; KHz
Where, f = Jower cut-off frequency

f2 = upper cut-off frequency

RESULT:
The graph is plotted between gain and frequency. This curve is known as
frequency response curve and the values of f> and ) from graph are.........

SOURCE OF ERROR AND PRECAUTIONS:
1. Before going to the experiment the input voltage V,should be measured.

2. The input voltage should be maintained at constant value throughout the experiment,
3. All connections should be tight.

4. Transistor terminals must be identifying properly.

5. Reading should be taken properly.

6. Scale on the graph should be taken correctly.

3 R.C. Coupled Amplifier
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UXPERIMENT: pysii-pyLI, AMPLIFIER

AIM:
To study the Oup i 1
ut f Push-Put
- | Baln, output power and frequency response O
APPARATUS:
DC power supply, Twao L, plate transformers, transistors, resistors and capacitor.

THEORY:

Push-pull alTI[]llﬁF:]‘ is a power amplifier and is frequently employed in the output
stages P[‘CICCP'ODI_C cireuits, It is used whenever high output power at high efficiency
is required. Diagram shows cireuiy diagram of push-pull amplifier. Two transistors TR,
and T;R_? p[aced back to back are employed. Both transistor are operated in class B
operation Le. collector current g nearly zcro in the absence of the signal. The centre
tapped secondary of driver transformer TRsupplics equal and opposite voitage to the
bzl_se circult of two transistors. The output transistor Tghas the centre-tapped primary
winding. The supply voltage V_ is connccled between the bases and this centre tap.
The output load is connected across the sccondary of this transformer.
Input signal appears across the sccondary AB of driver transformer. Suppose during
the first half-cycle of the signal, end A becomes positive and end B negative. This will
make the base emitter junction of T, reverse biased and that of TR, forward biased.
The circuit will conduct current due to TR, only. Therefore, this half-cycle of the
signal is amplified by TK, only and appears in tue lower half of the primary of the
output transformer. In the next half cycle of the signal, TE, is forward biased whereas
TR, is reverse biased. Therefore, TE, conducts consequently this half-cycle of the
signai ampiified by TR, and appears in the upper half of the output transtormer
pritnary. The centre tapped primary of output transformer combines two collector
current to form a sine wave output in secondary. It may be noted here that puh-puli
arrangement also permits a maximum transfes of power to the load through impedance
matching.

s
Voltage gain A=VlV.

Output power
P=V?#R (V is the RMS value of the output signal).

.

@ 1]
i
can;_ L _‘_11 ﬁjg m% OUTPUT

&__E'L TO CRO
4 00

IGHAL !
¢ cL1co Z

IhPUT our
PUSH PULL AMPLIFIER CIRCUIT

e e L § R e A

-______‘-—'-__-T._—
Push-Pull Amplifies
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PROCEDURE:
a) Connect audio g

: e
wave signg| 0f20?:\c,-ncy functigy,
b) Connect CRq ~0m

) it at sine
generator acrosg input sockets and set it

i acro €ak (o peak ampli , IKHz frequency.
c) Switch ON the fn 88 oy Sockegs. Peak amplitudes

Struy - l.
d) Observe the AMplifieq en using ON/OFF toggle switch provided on the front pane

c) Caleulate the Voltage tut ag CRO. Note down the output amplitude.

a .
in ofampllﬁcr, using formula
f) Increase the fiq u l A=VolV,

Cne .
the voltage gain gy “f};?rl 1€ Signa] lowards 100 KHz in small steps and note down
g) Note down the o} t' CqQuencieg,

Servatg . in vs
Frequency. 10N in table o (1) and plot a graph between Voltage gain v

h) Connect the load resist
: Stance across Kets ¢ s
S usitig formula-(R? or R8) acrogs output sockets and calculate p

P=vyR (Vis the R value of the output signal).

OBSERVATIONS:

a) Voltage gain of amplifier, using formyla

. Av =Vm|1Niﬂ
b) Output power by using the formy;,:

P=VY/R (V is the RMS value of the output signal).

Table: for determine the gain of the signal
S.No. Frequency Input Output Gain

Signal Signal Output/Input

CALCULATI ONS:
sz Vuu1'/vl'"

P=V?/R

ll ICSUL‘"‘:
The Voltage gain Ay

Output Power P
A LUTTONS
*OURCE o1 krirOR AND Pk Al
Connection should be rig lmlu'l“"h"
RCEt(lingg should be tnken

; TTACRIAS
1 ¥ 4 " ‘ i." l‘”
" Supply ghould he switeh

Push-Pull Amplifier
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Low Pass and High Pass Filters

Aim

To introduce to Low Pass and High

Pass Filters. Determine the amphitude and frequency
response characteristics of Low and High Pass filters. Draw graphs showing the frequency

responses of an low-pass filter (LPF) and an high-pass (HPF) filter.

Apparatus Required

Resistors, Capacitor, CRO, Function Generator, Bread Board, Wires.

Theory

s filters are two commonly used types of filters that work in opposite ways

s the name suggests, allow low-frequenc

ignals. On the other hand, high-pass filters allow high-

Low-pass and high-pas

to filter signals. Low-pass filters, a y signals to pass

through while attenuating high-frequency s

ass through while attenuating low-frequency signals.

frequency signals to p

Low Pass Filter
lter is shown below. The circuit of LPF can be built with a

The circuit diagram of the low pass fi
at the output can be achieved. Once the input is given

resistor as well as a capacitor in series so th
to the circuit of the LPF, then the resistance will give a stable obstacle, however, the capacitor

position will have an effect on the output signal.

Page | of 7




Figure T RO T ow Pass [iler

Figure 2 Frequency Response of RC Low Pass Filter

High Pass Filter

The circuits of a high-pass filter and a low-pass filter arc completely opposite, because the two

components have been swapped, and the filter output signal is now taken out of the resistor

The low-level filter circuit only allows the signal to pass below its cut-off frequency point fe. As
the name suggests, the passive high-pass filter circuit only passes the signal above the selected

cut-off point, and eliminates any low-frequency signals in the waveform. Consider the following

circult:

Resistol Vet

Q=
(o]

Figure 3 RC high pass filter

Page 2 017



Figure 4 Frequencey response of high pass filter
Formula:
The cut-off frequencey of low pass and high pass filter is given by
= 1/2nRE
Where R = Resistance used in the circuit

C= Capacitance used in the circuit.

Procedure:
I. Construet a circuit like in figure 1 by connecting the capacitor and the resistor in series

for low pass filter.

2. Conneet the oscilloscope across the capacitor for low pass filter.

3. Calculate the cutofT frequency from fe= we/2n =1/2xRC.

4. Draw frequency response curve [logio f vs logio (vo/via) Jfor both low pass and high pass
filter.

Compare the theoretical cutoff frequency with experimental cutoff frequency.

6. Repeat the procedure for high pass filter.

Input signal logio f Vo (volts) log10 (vo/vin)
Frequency f (Hz)

Table for frequency response curve for both Low pass and high pass filter
Result:

The frequency response curves of the first-order RC low-pass and high-pass filters were analyzed,

and their characteristics were plotted.

Page 3 of 7
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EXPERIMENT: INVERTING & NON INVERTING AMPLIFIER
AIM:

To study gain of Inverting and Non-Inverting amplifier and also study the frequency
response characteristics and find out the bandwidth.

APPARATUS:

Opcrational amplifier as an Inverting and Non-Inverting Amplifier Kit, Patch chords,
CRO.

THEORY:

INVERTING AMPLIFIER-
Ar inverting amplifier using Op-Amp is a type of amplifier using Op-Amp where the
output waveform will be phase opposite to the input wa~eform. The input waveform
will be amplifier by the factor Av (voltage gain of the amplifier) in magnitude and its
phase will be inverted. In the inverting amplifier circuit the signal to be amplified is
epplied to the inverting input of the Op-Amp through the input resistance Ry. Rris the
cedback resistor. Rrand R;, together determine the gain of the amplifier. Inverting

cpcrational amplifier gain can be expressed using the equation Ay = — R/R;. Negative
sign implies that the output signal is negated. The circuit diagram of a basic inverting
emplifier using Op-Amp is shown below.

R1.'R2

DC
VOLTS

Figure 1. Inverting Operational Amplifier

The nput and output waveforms of an inverting amplifier using Op-Amp is shown below.
The graph is drawn assuming that the gain (Ay) of the amplifier is 2 and the input signal is
a sinz vave. Jtis clear from the graph that the output 1s twice in magnitude when
compared to the input (Ve = Ay # Vis) and phase opposite 10 the input.

A simple pracucal invering amplifier using 741 IC is shown in Figure 1. A 741 is a high
performance and of course the most popular operational amplifier. [t can be used in a )
variets of applications like Integrator, Differentiator, Voltage follower, Amplifier etc. A
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741 has a wide supply voltage range (+22V DC) and has a high open loop gain. The |C
has an integrated compensation network for improving stability and has short circyjt
protection, Signal to be amplified is applied to the inverting pin (pin2) of the IC. Nop
inverting pin (pin3) is connected to ground. R; is the input resistor and Rris the feedback
resistor. Rrand R, together sets the gain of the amplifier.

Mathematically the voltage gain offered by the circuit is given as
V,
A, ===
v ":
Vi-W1 =LR;
Vi -V, =1IfR;

However, we know that an ideal op amp has infinite input impedance due to which
the currents flowing into its input terminals are zero i.e. I1 = I2 = 0. Thus, Ii = I. Hence,

V; — Vi = IfR;

Vi =V, =IRy

We also know that in an ideal op amp the voltage at inverting and non-inverting inputs are
always equal.

As the non-inverting terminal is grounded, zero voltage appears at the non — inverting
terminal. That means V2 = 0. Hence, V1 =0, also. So, we can write

Vi - 0=I:R;

from, above two equations, we get,

Vo IsRy V, IRy
V. LR, Vi LR

This indicates that the voltage gain of the inverting amplifier is decided by the ratio of the
feedback resistor to the input resistor with the minus sign indicating the phase-

reversal. Inverting amplifiers exhibit excellent linear characteristics which make them ideal as
DC amplifiers. Moreover, they are often used to convert input current to the output voltage 1n
?he form of Trans-resistance or Trans-impedance Amplifiers. Further, these can 2lso be used
in audio mixers when used in the form of Summing Amplifiers.



' NON-INVERTING AMPLIFIER

- ANon-inverting Op-Amp uses Op-Amp as a main element The

' terminals (pins). One is inverting denoted with :
denoted with a positive sign (+). When we a
not change its polarity when it gets am
of the amplifier is always positive.

Op-Amp has two input
minus sign (-), and other is non-inverting

¢ apply any signal to the Non-Inverting input, it does
plified at the output terminal. So, in that case, the gain

Here, in the above circuit, we connect an external resistance R1 and feedback resistance Ry at
inverting input. Now, by applying Kirchhoff Current Law, we get,

L = Vg — W

E_T .......... (2)

Let us assume the input voltage applied to the non-inverting terminal is vi.
Now, if we assume that the op amp in the circuit is ideal op amp, then,

U1 =

Therefore, equation (i) can be rewritten as,
Uy Up — Ui




The closed loop gain of the circuit is,

-5

This term does not contain any negative part. Hence, jt proves that the input signal to the
circuit gets amplified without changing its polarity at the output.

From the expression of voltage gain of a Non-Inv
be unity when Rsr=0 or R; — .

When, R; =0

R
f 0
A=|1+—Z)=(14 =
( Rl) (+R1) .

When, R — o
R R
A:(H—i) - (1+—i)=1
Ry 0o

PROCEDURE

erting Op-Amp, it is clear that, :he gain wil

For Inverting/Non Inverting Amplifier
1. Connect the circuit as shown in Figure 1/2.
2. . Use R1 in the input circuit and rf in the feedback circuit. (IEHI‘ZIOK ande‘f:lOK)
3. Set the input supply at 1V.
4. Note down the Output us ing‘ DC Voltmeter.
5. Use R2 instead of R1 and note down the output voltage. (R2=1K)

6. Repeat steps (2-4) for different input voltages (0.5V and 1.2 V)

For Frequency Response

1. Connect the circuit as shown in Figure 3 i.e. connect audio frequency sinewave ;
generator across input of the circuit. Set the output of generator to 2V P-P amplitude,
10 Hz frequency.



Figure 3. F requency Response

2. Connect CRO probes across output of the circuit.

Switch ON the mstrument using ON/OFF toggle switch provided on the front panel.
4. Gradually increase the frequency of sine wave generator towards 100 KHz and every
time note down the output amplitude from CRO. Note down all the observation in

Table No. 1. And calculate the gain of amplifier using formula.

E.;J

J Vo
A = _ﬁ

5. Draw a graph between frequency vs gain by taking frequency along X-axis and gain
along Y-axis.

Table 1.
S.No.|  Frequency Vin Vout Gain=20log10Vout/Vin
|
RESULT: = ; .
The frequency response of an Op-Amp is studied. The gain of Inverting and Non-Inverting
ATHier 18 oo speavavens

SOURCE OF ERROR AND PRECAUTIONS: .
1. Swich ON the power supply only after making all connections.

2.CRO must be handled carefully.
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EXPERIMENT: INTEGRAT(p 4 DIFFERENTIATOR

AgM: '
: To study frequency responge characterigticy of Integrator and § differentiator
APPARA'FUS.: ' ' .

Operational Amplificr as a Differentiator and Integrator Kit, pateh chords, CRO

THEORY:

INTEGRATOR-
When a voltage, Vin is firstly applied to the input of an
uncharged capacitor C has very little resistance and act
(voltage follower circuit) giving an overal] gain of Jess
ocutput. As the feedback capacitor C begins to charge up, its reactance Xc decreases
and the ratio of Z¢/R increases producing an output voltage that continues to increase
until the capacitor is fully charged. At this point the ratio of feedback capacitor to
input resistor (Z#R1) is infinite resulting in infinite gain and the output of the amplifier
goes into saturation. (Saturation is when the output voltage of the amplifier swings
heavily to one voltage supply rail or the other with no control in between). The circuit
Cesign generate triangular wave providing square wave as input to the integrator.
Hence, the integrator circuit generates integral output with respect to the input
waveform. The output voltage is directly proportional to the negative integral of the
input voltage and inversely proportional to the time constant RiCr. For example, if the
input is a sine wave, the output will be a triangular wave, as shown in Figure 2. The
input offset voltage vi, and the part of the input current charging capacitor Cz produces
the error voltage at the output of the integrator. Therefore, in the practical integrator
shewn in Figure 1, a resistor R is connected across the feedback capacitor Cr. Thus,
R limits the low frequency gain and hence minimizes the variations in the output
voitage. Both the stability and the low frequency roll off problems can be corrected by
the addition of a resistor Ry as shown in Figure 1.

integrating amplificr, the
s a bit like a short circuit
than 1, thus resulting in zero

10KO
c1
0.1,F
——
K1 Wee
10K 2
M- + 1
* 6
IC 741 —3)
SQUARE WAVE TRIANGULAR
INPUT WAVE
CUTPUT
™ ]
@ INTEGRATOR T

Figure 1. Op-Amp as an Integrator
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Figure 2. Input and Output waveforms of an Integrator
DIFFERENTIATOR

A differentiator circuit is one in which the voltage output is directly proportional to the
rate of change of the input voltage with respect to time. This means that a fast change to
the input voltage signal, the greater the output voltage change in response. As a
differentiator circuit has an output that is proportional to the input change, some of the
standard waveforms such as sine waves, square waves and triangular waves give very
different waveforms at the output of the differentiator circuit.

Figure 3 shows Op-Amp as a differentiator. The differentiator may be constructed from @
basic inverting amplifier if an input resistor R is replaced by a capacitor Ci. Thus the
output Vo is equal to the RrCi times the negative instantaneous rate of change of the inpu
Vip with the time. Since the differentiator performs the reverse of the integrator’s functior
a cosine wave input will produce a sine wave output or a triangular input will produce a
square wave output. This malkes the circuit unstable. Also, the input impedance XCy
decrease with increase in frequency, which makes the circuit very susceptible to high
frequency noise. When amplified, this noise can completely override the differentiated
output signal. Both the stability and the high frequency noise problems can be corrected
by the addition of two components, R, and Cr, as shown in Figure 3. This circuitis a

practical differentiator.

c1
0.1y 3 *Vee
o— : : + 7
. Ic g —3
TRIANGULAR M >
AVE
INPUT SO%AUF%UWTME
-Vee
@_

DIFFERENTIATOR : i

Figure 3. Op-Amp as a Differentiator



T T ——

!D‘u’:n’-lLEUulnl
E Bulken
Suuste Wave —
Roctanaulnr
Yoisnauine Wave D

Inveriud Gina

Figure 4. Input and output waveforms of a Differentiator

PROCEDURE

OoP-Amp as an Integrator

1. Connect audio frequency function generator of 2V, 1KHz frequency at the input.
Select the function generator at the square wave output.

2. Connect the CRO probes at the output sockets.
3. Switch ON both the instruments one by one.

4. Observe the Triangular wave as the output on CRO.

5. Repeat the above steps with different input waves and observe the output on CRO as
shown in Figure 2.

OP-Amp as a Differentiator

l. Connect audio frequency function generator of 400 mV and 500 Hz frequency at the
input. Select the function generator at the triangular wave output.



2. Connect the CRO probes @

3. qwitch ON both the i

4. Obscrve the Squarc Wave a

Wwaves and observe the output on CR

5. Repeat the above steps with different input

shown in Figure =

RESULT:
The Op-Amp as an Integrator and differentiator ;g studied. The waveforms are traced g
graph.
SOURCES OF ERROR AND PRECAUT]ONS

1. Power supply shou uld be switched off after use€
Switch the power ON only after making the connectlons
Handle the CRO carcfully-

l:d

sl
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EXPERIMENT: CLIPPIN G & CLAMPING

Study of frequency response characteristics of Clipping & Clamping circuit.

APPARATUS:

Power supply, Clipping & Clapping circuit, Connecting leads, CRO.

THEORY:

Clipping: The clippers have the ability to remove signal voltages above or below a
specified 'level & hernce change the wave shape of the I/P signal. Most of the clippers
employ diodes & are known as diode clippers.

Different type of clippers are-

 Positive & Negative clipper: A circuit that removes +ve half-cycle of the signal is

called +ve clipper. Sometimes, it is required to remove the —ve half cycle of the I/P
signal, the only thing to be done is to reverse the polarity of the diode connected
across load, such a clipper is known as a —ve clipper.
Biased clipper: A clipper used to remove a small portion of +ve or —ve half cycle of
the signal Voltage is called a biased clipper. A diode is employed in series with a
battery of  different volts depending upon the requirement.
Combination clipper: In this circuit small portion of +ve as well as small portion of —
ve half- Cycle of the signal voltage is removed.

/\ /\ //\ e i T i V—\ mimy
VAV a2 VIR

Figure 1: Clipper circuit

D3 BT1 D3 BT
1] < 2
e 1|H— —H1H
V1 T CRO V1 RE'{‘?'.G =0
© " © l
POSITIVE CLIPPER " NEGATIVE CLIPPER '

Clamper: A clamping circuit adds d.c component to_the signal in 51.1ch away that it
pushes the signal either on the +ve side or on the —ve side. When the circuit pushes the

1 Clipping an:d Clamping
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signal on the +ve g

ide then —ve igns sero level, this circuit is
called a +ve clam peak of the signal falls on the 7 )

per. When the circuit pushes the signal on the ~ve side, this 18 —ve

clamper,
- .
10uf
l‘[} S 1040
e, Pd
O
L
Figure 2: Clamper circuit
C3 3
M- I
I\ s " C v
v ROA Vi I F9A
D4 10 CRO D4 10 CRO
NEGATIVE CLAMPER POSITIVE CLAMPER
PROCEDURE:
CLIPPER:

A. Connect the circuit as shown in the circuit diagram
B. Observe the output on CRO
C. Now connect the battery and observe the output.
-D. Repeat the above steps for each type of clipper
CLAMPER:
A. Connect the circuit as shown in the circuit diagram
B. Note down the output on CRO
C. Use dc/ac switch of CRO to calculate the added dc level to the wave

WAVEFORM
+
o //\U/\U time Input Waveform
¥
o {——\ T\ time Positive Clipper
N
+
oll/\ ,/ﬁ\, — U™ Negative Clipper
2 Clipping and Clamping
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Dirdpint velags

Positive Clamper Negative Clamper

RESULT:
Verified the circuit diagram of clipper and clamper waveforms are drawn.

SOURCE OF ERROR AND PRECAUTIONS:
i.  Connection should be proper & tight.
ii.  Switch ‘ON’ the supply after completing the circuit.
iii. Handle the equipment with care. '
iv.  Loose and wrong connections are to be avoided.
v.  The output waveforms should be obtained without distortion.

3 Clipping and Clamping
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EXPERIMENT: LOGIC GATES

AIM:
To study and verify the truth tables of AND, OR and NOT gates.

APPARATUS:
AND gate, NOT gate, OR gate, Power supply, connecting wires.

THEORY:
Logic gates are the digital electronic circuits because they are made up of number of
electronic devices and components with one output and one or more inputs. They are
the basic building blocks of any logic circuit. AND, OR and NOT gates are basic logic
gates. A table which lists all possible combinations of input variables and the
. corresponding outputs is called a “truth table”. It shows how the logic circuit’s output
responds-to various combinations of logic levels at the inputs.

AND GATE:-
An AND gate has two or more inputs but only one output. The logic symbol & truth
table of two input AND gate are shown in figure. The symbol for AND operation 1s “.”.
With input variables A & B the Boolean expression for output can be written as

' Y=AB

ANMND

BE|Oi=|C
Hlrla|el
| O|D|C

OR GATE:- . _
Like an AND gate, an OR gate have two or more inputs but only one output. The logic

symbol & truth table of two input OR gate are shown in figure. The symbol for OR

operation is “+”. With input variables A & B the Boolean expression for output can be

written as R

Y=A+B

Logic Gates




OR

INPUT.

= ~pe | -oqwur-- .

0 (s ) 0

1 0 1 -

o 1 1 o
A \_ 1 i_ o

NOT GATE:-

ANOT gate is also known an inverter, has only one input and only one output. It is a
device whose output is always the complement of its input. The logic symbol & truth
table of NOT gate are shown in figure. The symbol for NOT operation is ™ (bar),With
input variable A the Boolean expression for output ean be written as

Y = A
) NOT
_[>‘.,-
SEINPUT RS [ it
e COUTPUT
0 1
1 0

PROCEDURE: ‘

a) To verify the truth table of a logic gate, connect inputs and also conneet output of
logic gate to output indicator. ‘

b) Switch ON the instrument using OFF/ON toggle switch provided on the front
panel. ‘ ‘ .

¢) The logical inputs of the truth table are applied and the corresponding output is
noted. o -

d) Observe the output indicator, If it glows the indication is that the output.is in state
¢1” and if it does not glow the indication is that the output is in state *0’.

e) Similarly the output is noted for all other combinations of inputs as shown in the
truth table. . . .

f) In this way, the truth table of a logic gate is verified.

RESULT: _ '
The truth table of logic gates AND, OR and NOT is verified.

SOURCE OF ERROR AND PRECAUTIONS:

i.  All connections should be made neat and tight.

ii.  While making connections main voltage should be kept switched off.
iii.  Never touch live and naked wires.

iv.  Handle the equipment with care.

2

- Logic Gates
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EXPERIMENT: Rectangulay Waveguide

gth in a rectangul: : -
TE10 modc. cctangular waveguide working in

Rectangular Waveguide, Laser Source, Receiver

THEORY:
Any system of conductors and insulators which is used for conveying the
clectromagnetic wave is called as a wave guide. It is a hollow conducting medium or
tube which transmits high frequency clectromagnetic waves from source to
destination. A specially designed hollow metalloid pipes are used as wave guides.
Such constructed wave guides provide an attenuation of transmission line to transmit
the clectrical energy at microwave frequencies. Inside a wave guide, any configuration
of electrical and mechanical fields must have a solution of Maxwell’s field equations.

In uddition, the boundary conditions imposed by the walls of the guides must have to
be satisfied by these fields. There are different modes by which field configurations
mezt the requirements. These modes include transverse electric or TE modes or H
modes. In such modes, electric field is transverse to the axis of the guide and has no
component in the direction of the guide except at the location of the associated
magnetic field.

In another particular case, magnetic field is everywhere transverse to the guideline
axis and some places the electric field has components in the direction of propagation.
Such type of mode is called TM or transverse magnetic mode or E mode.

Generally waveguides are classified into two major type’s namely Metal waveguides
and Dielectric waveguides. These waveguides are in the form of a closed metal pipe.
By the reflection from the conducting walls, the wave propagation 1s char am”ze_d
inside the metal wave guide. These are used in microwav‘e ovens, microwave radio
links, satellite communication, radar sets, etc as a transmission ]me_ at microwave
frequencies to connect microwave receivers and transmitters to their antennas.

Diclectric waveguides consists of dielectrics only. To propagate the electromagnetic
wave along the wave guide, it employs the re.ﬂectlon from dlel‘ectr_lc mtelrfaces. Rather
than having a hollow pipe, dielectric waveguide emplqys a solid dielectric rod._ lnl
prectical, an optical fiber is a dielectric wavegll_lt_le d_trsu:ned to Wf{rk‘ at t.he O‘P‘t‘_ca »
frequencies. Again, these waveguides are classified inte two types namely rectangular
waveguide and circular waveguide.

In rectangular waveguide, electric field varies with time having maximum at the center

Whereas the magnetic lines are tangential to the walls.
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EXPERIMENT; FIELD EFFECT TRANSISTOR (FET)

AIM:
a) To Draw the drain and trang
b) To find the drain resjst
of the given FET.

fer characteriétics of a given FET.
ance (rq) amplification factor (i) and Trans conductance (gm)

APPARATUS:
FET, Regulated power supply, Voltmeter, Ammeter, Bread Board, Connecting Wires.

THEORY:

Tht? FielFl Effect Transistor is a three terminal unipolar semiconductor device because
their action depends only on one type of charge carriers i.e. either electrons or holes.
The three terminals are Gate, Drain and source. The current conduction at output is
- controlled by means of Electric Field (Voltage at the gate) and hence the name is
FIELD EFFECT TRANSISTOR. Schematic symbols for P-channel and N-channel

FET are shown in Fig.1.
Drain bmin
Source - Source

P-Channel N-Channel

Fig.1 Symbols for P-channel and N-channel FET

Static Characteristics of an FET:

The following two characteristics are o ’ .
1. Drain characteristics: Drain characteristics are obtained between the drain to

source voltage (Vps) and drain current (Ip) taking gate to source voltage (Vgs) as the
constant parameter.

5. Transfer characteristics: Transfer characteristics are obtained between the gate to

source voltage (Vas) and drain current (Ip) taking drain to source voltage (Vps) as the

constant parameter.

FET Parameters:

1. Drain Resistance
source voltage (Vps) to t

tant gate to source Vo

(rg): It is given by the relation of small change in drain to
he corresponding change in Drain Current (Ip) for a
ltage (Vgs), when the FET is operating in pinch-off

cons
regiOI’l.
.= é_lin_b at constant Vgs (from drain characteristics)
47l
e ———— 1 FET




y

2. Trans Condue ,
correspondin ,M‘;m“ (8a): Ratio of small change in drain current (Ip) to_ the
E cChange in pale 1o source voltage (Vgs) for a constant Vps-

Al

¥ -

- i . S1s . - .
g A_!_/ — atconstant Vyy, (from transfer characteristics)
G4

% i)l!l;lr[;l‘lﬁc;]m(m factor (U): Itis given by the ratio of small change in drain to
‘V € voltage (V) to the corresponding change in gate to source voltage
(Vas) for a constant drain current ([ D).

pr [ﬂ’ﬁjz (_Aln_ _ AV
Al AV, (4 AV,
ie, H=r, xg.

PROCEDURE:
1) All the connections are made as per the circuit diagram.
2) To plot the drain characteristics keep Vs constant at 0V.
3) Vary the Vopand observe the values of Vpsand Ibp.
4) Repeat the above steps 2, 3 for different values of Vasat -1V and -2V.
5) All the readings are tabulated.
6) To plot the transfer characteristics, keep Vs constant at 0.5V.
7) Vary Vpsand observe the values of Vs and Ip.
8) Repeat steps 6 and 7 for different values of Vpsat 1V and 1.5V.

9) The readings are tabulated.
10) From drain characteristics, calculate the values of dynamic resistance (rd)

AV )¢

by using the formula r, =
D

11) From transfer characteristics, calculate the value of trans conductance (gm)

D

by using the formula g, =
GS

12) Amplification factor (W)= dynamic resistance x Trans conductance

_ AV ps i Al =‘3VDS
g Al AVis ) AV

Le. u=r, X g,
OBSERVATIONS:

DRAIN CHARACTERISTICS: _
S.No. | VoszOV VVGS""Y = Vos=2V ]
| " Vps(V) | _InmA) | Vos(V) p(mA) 5’25_(_\3_*__1_0_(_111_@___
--___,.2__;_ | S S
—~~_~,.§_:_ F—— e s e
---_-,....,“_5__'_ N ! e | - -——-——________________________‘_-




TRANSFER CHARACTERISTICS

q \O- vV ng= 0 \ \,’DS = ]\.f' | VDS = 15V
1 Vos(V) | Ip(mA) Vos(V) Ip(mA) | Vos(V) Ip(mA)
Z
. |
4, \]
Sl |
MODEL GRAPH:
DRAIN CHARACTERISTICS TRANSFER CHARACTERISTICS
Ingrmay
% Olmicf Scuralna Reyin i
L ’ Vaz= +60V & s g
st (1 Vrs= +5 OV : =
-
2 Vos= +40 §
5 Vas= -0V :;
10 Vo= 220V 2 o
) Vei=<10V Vastoen
= (':'mﬂfr Ves = OV 4 3 21
T 2 4 & 8 w n u 1 vsH =, R I
Fig. Drain characteristics Fig. Transfer characteristics
CALCULATIONS:
1) Dynamic resistance (r4)
AV,
r, = DS
Al
2) Trans conductance (gn)
g, =2l
3) Amplification factor (u)= dynamic resistance x Trans conductance
H=T4 xgrn
RESULT:

1. The drain and transfer characteristics of a given FET are drawn.

2. The dynamic resistance (rg), amplification factor (i) and Trans conductance (gm) of the’
given FET are calculated.

SOURCE OF ERROR AND PRECAUTIONS:
i.  Connections must be made according to circuit diagram.
ii. Make the connection tight.
iii.  Tumn off power supply while making connection.
iv.  The three terminals of the FET must be fully identified.
v.  Source and case should be short circuited.
vi.  Voltage exceeding the ratings of the FET should not be applied.

FET




List of Experiments of Physics Laboratory — I
1. X-Ray Diffraction — Determination of lattice parameters of a crystalline solid
2. UV-Vis Spectrophotometer — Determination of absorption coefficient and bandgap
3. Measurement of ac and dc Electrical Conductivity of bulk and thin film
4. Measurement of e/m using Geiger Muller Counter
5. Dielectric Constant and Curie Temperature of Ferroelectric Ceramics
6. Study of Electron Spin Resonance spectrum of paramagnetic substance
7. Study of Nuclear Magnetic Resonance spectrum of magnetic substance
8. Study the Magnetoresistance behaviour of deposited sample
9. Regulated Power Supply using IC-555, IC-723
10. Filp flops a. SR flip-flop b. Clocked SR flip-flop c. JK flip-flop d. Master-slave flip- flop
e. D- flip-flop f. T- flip-flop

11. Design of full adder/ full substracter.




M{_}TERISTICS OFGM.COUNTER :-

AIM:-

Geiger Counting System (GCS), GM and a radioactive source.

When a gamma ray (ora charged particle) enters the gas filled GM tube,it ioinzes the gas inside it and the
cletric field applied between the electrodes drifis the electrons towards :;nd Em(;df:. The tglccironic thus
collected at the anode are counter for various applied voltage using Geiger Counting System . A graph is
plotted for applied Vs corrected counts (N-N,) and hence the operating voltage is determined from the

graph.
PROCEDURE:-

The Geiger Counter System is connected to the GM tube which is mounted on a stand (virtical mount) . The
radioactive source is placed in the source holder at a distance of about Scm from the tube . The GCS is
switched on and the counter is reset zero. The high voltage is increased slowly from minimum until the
counting just starts . This theshold Voltage is noted. The preset time is set to be 20Seconds and the number
of counts for this voltage is recorded. Now, the voltage (V) is increased in steps (say 20V) and the number
of counts (N) is recorded every time . Increasing the voltage is stopped when the count rate suddenly
increases. Any Further Increase in voltage may damage the GM tube . The number os count starts decreas-
ing at this point.In this particular case the voltage should not be increased more than 650V.

The voltage checked on digital multimeter atrange 1000D.C. afier every setting,before taking readings the

meter lead is disconnected so as to avoid unnecessary load across the GM Tube. By rtemoving the radioac-

tive source the background count (N, is recorded for 20 Seconds.

A graph is plotied for applied voltage (V) Vs corrected countarte (N-N, The theshold voltage and limits
of the Geiger plateau are marked . The m idpoint of the Plateau region gives the operating voltage of the tube
. The tube must always be operated with this voltage wheniitis used.

RESULTS:-
(i) Threshold voltage = S——
(ii) Operating voltage = rresssrorens Y
I Reset Counter afier every sel of reading by pressing reset switch.
2. Take out,Redioactive Source after every reading with the help of fork.
3. Do not hold radioactive Source with the fingers directly.
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Graph:-

OA = Threshold Voltage
BC = GM Plateau
oD =  Operating Voltage (N-Ny)
Reading from GCS v
Background counter for 20s,
Trial | Applied T CEniaPar =
il N TR
1
2
3
a
5
6
7
3
9 -
10
11
12
13
14
15
16
17
18
19
# 8

-

|l‘i|(_—,“§.3 ‘"‘1—1 Hm,,. o

SOCKETS FOR
G.M.COUNTER

DISTANCE FROM TUBE

TO 1ST SLOT=1CM STARTING

=2€EM.

SLOTS FOR SOURCE
ANDABSORBENT
SHEETS(1CM EACH)
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INSTRUCTION FOR HANDLING END WINDOW:-

1i

Hold the detector with body in the middle only (when used bare).

Do not touch the end window with finger. You may rupture the end window thus damafing it
permanetly.

Carefully takeout the detector from the packing box and GM tube Stand with help of detector
holder given with the stand.

Now connect the detector Red Socket with Red Socket of GM COUNTER and Black with Black.
Do not interchnage or reverse connect these Ieads . If you reverse connect these leads you will
demage the detector permanetly.

once mounted into the stand , do not remove frequently . After use, keep the GM stand with
detector together in a safe place.

Do not operate the detector in the DISCHARGE for a long time. Life will be reduced and dectector
may fail if you operate for long time.

Onc year warrantee against manufacturing defact,Breakage in tube & not working (Due
to negligence/weather condition are not covered under warrantce.)

RADIOACTIVE
SOURCE

INSTRUCTIONS FOR HANDLING RADIOACTIVE SOURCE:-

L.
2.

3.

Carefullt takeout the source from the packing box. keep a safe distance from it.

Hold the source with body (Container’s). Do not touch it with finger. Wash your

Hand with soap if do so.

Activity , Dose rate and date of manufacturing is mentioned on the back side of source. :
The source supplied with GM COUNTER must not be resold or Tranfered to any other user or
Diposed off except as advised by AERB/RSO.

The institution have to provide facilities for safe/Locked Storage, handling and use of radiactive
material Prescribed by the department of Atomic Energy Regulatory.

Source and Lead Containers , must be retured to the manufacture when not in use. Do not Sell any

~ Metal parts supplied with instrument to any Scrap Vendor/Kbariwala in any Conditions.

Any Complaint or discrepancy observed should be brought to your RSO notice within 2 working
days.
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Aim: To determine the dielectric constant of solid and liquid.

Apparatus Used: Dielectric Constant of Solids & Liquids, Sample Jar (Glass). Sfam.ple (golid):
Glass Plate, Bakelite Sheet, Teflon, PZT (Lead Zirconate Titanate), Sample (Liquid): Caoen
Tetrachloride (500ml).

Theory: .

Dielectric or electrical insulating materials are the substances in which electrostatic
field can persist for long times. When a dielectric is placed between the plates of a capacitor
and the capacitor is charged, the electric field between the plates polarizes the molecules of
the dielectric (Figure 1). This produces concentration of charge on its surface that creates an
electric field which is antiparallel to the original field (which has polarized the dielectric).
This reduces the electric potential difference between the plates. Considered in reverse, this
means that, with a dielectric between the plates of a capacitor, it can hold a larger charge. The
extent of this effect depends on the dipole polarizability of molecules of the dielectric, which
in turn determines the dielectric constant of the material.

- -
> &>
Charge - —>

g =TSO

L 2 CE> X (K b

»

LD > g

—p -
B 5 &

— —

—p D

>
Electic =X D DO=P

fleldE =™
—

C O XD
—p —p
Dielectric

Polarised molecules

Figure 1

The electrons in the molecules shift toward the positively charged plate. The molecules then
create a leftward electric field that partially annuls the field created by the charged plates.
(The air gap is shown for clarity; in a real capacitor, the dielectric is in direct contact with the
plates.)

The method for determination of dielectric constants of liquids consists in the successive
measurement of capacitance, first in a vacuum, and then when the capacitor is immersed in

the liquid under investigation. A cylindrical capacitor has been used for liquid samples and
different size parallel plate capacitors for solid samples.

Parallel Plate Capacitor:
The capacity of a parallel plate capacitor is given by

£
C = kegA/d arad, (1)



farad, )

where A is plate arca and d

is distance between the plates. It is assumed that the dielectric
completely fills the space bet

ween the capacitor plates.

Cylindrical Capacitor:

The capacitance per unit length of a long cylindrical capacitor immersed in a medium of
dielectric constant k is given by

C =2 i, @)
In (.i"3 /n )

Here €, =8.854 %107 C?m™N"' js permittivity of free space, r, is external radius of the
inner cylinder and r; is internal radius of the outer cylinder.

In actual practice, there are errors due to stray capacitances at the ends of the cylinders arlld
the leads. In any accurate measurement, it is necessary to eliminate these. It has been done in
the following way:



.81
V(
n
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Measurement
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Figure 2a: Coaxial Cylinder Set-up (CCS)

Dielectric Measuremant in Liquids
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Figure 2b

Dielectric Measurement in Solids & Liquids (Non Conducting)




Consider a cylindric i
y al capacitor of length 7, (in m eter) filled to a height #< L with aliquid

of dielectric constant « . Is tota] capacitance is given by

- nEg
n(ry /n) L +x (2. n] + c,. 3)

o Her-c Ko is the dielectric constant of air and C, is sum total of stray capacitances. A
simplification of Eq.(2) leads to

2NE;

C= ¢
m(l\ Kﬂ)h ~|-Cnq (4)

2ne,

C,=C, +

Eq. (.3) _shcfws that the measured capacity C is a linear function of A (the height upto which
the liquid is filled in the capacitor). If we vary the liquid height 4 , and measure it, together
with the corresponding capacitance C , the plot of the data should be a straight line. The
slope

where

£ _ 27
dh- lnir2 / r,j
will yield a value for kif Kqr and r, are known. The uncertainty due to C, has thus

(K -K 0) farad/m - (5)

been eliminated.
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EXPERIMENTAL PROCEDURE
e ——

SETUP:

Choose the appropriate Sam
the Digital Capacitance Meter, Now
and switch the capacitance meter *
switch for 2-3 seconds, until the it
Nnow.

ple Holfler. as per sample size and connect the same to
add a little space among two plates of the sample holder
ON" without keeping any sample. Press “ZERO ADJ”
er shows “Zero Cal”. The capacitance meter is calibrated

SOLID SAMPLE:

The u ‘ ; .
is raised e 'pl e of the appropriate parallel plate capacitor of the arrangement for solids
is raised by !urn'mg the top screw anticlockwise to keep/ insert the sample. The plate is then
Iowlcrcd by turning the top screw clockwise till the capacitor plates touch the sample surface.
Switch the Meter “ON” and record reading.

LIQUID SAMPLE:

The glass container is put on the stand below the Coaxial Cylinder Set-up (CCS) as
shown in Figure 2b. The container is filled with the experimental liquid up to a height of
about 12 cm. The CCS is now lowered until the liquid touches the zero mark on the scale.
The Capacity Meter is now adjusted to zero value by pushing zero set button for about a
second (pressing it for longer duration will automatically set it to Auto Calibration mode,
which is not desirable for this experiment). Remember, the result depends not on the actual
value of capacitance, but on its variation with the height of the liquid. The CCS is then
lowered in steps of 1 cm and the readings on the Capacity Meter are taken and recorded.

TYPICAL OBSERVATIONS TABLE, CALCULATIONS

SOLID SAMPLE:

(1) Room temperature: 26°C
(2) Diameter of smaller capacitor plates: 10.0 mm

(3) Diameter of bigger capacitor plates: 50.0 mm

(4) Thickness of lead zirconate titanate Pellet: 2.55 mm

(5) Thickness of bakelite sheet s
(6) Thickness of glass plate sample = 1.5 mm

ample = 1.5 mm

(7) Thickness of teflon sample = 1.0 mm



Capacity Measurement

Sr. No. Sample C (pF)

1 PZT
(Lead Zirconate Titanate)
Glass
Bakelite .

Teflon

Liquid Sample:
Sample: Carbon Tetrachloride (CCls)
Dielectric Constant of free air (ko): 1.0059
External radius of the inner cylinder: 25.4 mm

Internal radius of the outer cylinder: 30.6 mm

Capacity Measurement:

Capacity (pD

S.No. Liquid Level (cm)

1 0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

\quc\m&h‘}“




1. A plot of Capacitance v/s Liquid height is shown in Fig, 3.

2. The graph is linear. g slope dC #ih is measured

Using Eq.(4),
Gk e !d(f{dh[

]

In (!‘2/ rl )
ZTIE:n

One can calculate dielectric constant.

PRECAUTIONS AND SOURCES OF ERROR

1. The connecting leads internal capacitance through compensated by Zero Setting, but
still could introduce some error.

2. Presence of vapour over the surface of the liquid.



Aim: To study the biolo

ic
oxygen species (Ros) Jical free

radicals f,
and react or

: Quantitative and qualitative arialyses of raachive
Ve nitrogen Species (RNS) !

Theory:
1. Basic Circuit: :
: The ﬁrst.stagc of the ESR circuit consists of a critically adjusted
oscillator hayin

at the slightest increase in its load decreases the
| t. The sample is kept inside the tank coil of
» 18 placed in the 50}, magnetic field, generated by the
s L.e. when the frequency of oscillation equal to the Larmer's
pﬁle‘, the oscillator amplitude registers a dip due to the absorption of
This obviously, occurs periodically - four times in each complete cycle
S supply voltage. The result is in amplitude modulated carrier (Fig. 4A)
ed using a diode detector and amplified by a chain of three low noise,
quency amplifiers of excellent stability. A sensitivity control is provided

in the ampliﬁer to suit the input requirement of any oscilloscope. A block diagram of the ESR
Spectrometer is given in Fig. 1

which in (yrm
Helmholtz coils. At resonance

frequency of the sam
power by the sample,
of the Helmholtz coij|

e
RF. AF
OSCILLATOR [——] DETECTOR AMPLIFIER
} OSCILLOSCOPE
HELMHOLTZ COILS
DPPH
50 Hz N 60 Hz
SWEEP UNIT PHASE SHIFTER

Figure 1. Block Diagram of the ESR Set up

ifter: i ible to use an ordinary displaying type
2.  Phase Shifter: In order to make it possi :
oscilloscope, instead of a measuring oscilloscope which preserve the phase ‘between X apd Y
plates signal,s a phase shifter is provided. This can compensate the phase difference which is
introduced in the amplification stage of the ordinary oscilloscope.

B hase shifter is shown in Fig.4(B). The primary of the
t}ansfg:]rﬁe:l;:li‘gdd;rigr;amcogzhh\ie ‘;0“2 (or 110V, 60H;) nlmins and the St?condal:y is centre

ing V;-0-V| (say). The operation of the circuit may be explained with the help
tapped devclop:p&) I shown in Fig.4(B). The vectors OA and BO represent t‘he yoltage
of the vector :lagran;dar in phase and magnitude. The current flowing in- the circuit ADB
ije\:jekzlljz‘i;?t;gz 32(::01. B ;y\'due to the presence of capacitor C and is shown in the diagram as
eads

./fféf”

o

3 ’
‘a .r i
v

o
ol
-t



phase with the current I, and the Voltage
current. The vector sum of Ve and vy ig
t is clear from the diagram that as R js
le, shown dotted. The vector Op,
constant magnitude equal to v,
hich is fed to the X-amplifier of
have taken place in the rest of

L. Voltage developed across resistance R, i.e. VR is in
across capacitor Ve is 90° (lag) out of phase with the
equal to 2V. These are also plotted in the diagram. It 1S
varied, Vr will change and the point D will trace a semicirc
or the voltage across points 0 and D, will, therefore, have a
and its phase, variable from 0 to 180°. This is the voltage W

the oscilloscope to correct for any phase change which might
the circuit.

3. 50 Hz Sweep Unit: For modulation with a low frequency Fmagnctlc field, a 50 Hy
current flows through the helmholtz coils. As the resonance in this frequency range occurs at

low magnetic ficlds, no static D.C. magnetic field is required.
4. Power Supplies: . ili I i
a) D.C. Power Supply: The ESR circuit requires a highly stabilised almost ripple free
voltage. These are obtained using integrated circuit regulator.

b) Helmholtz Coils Power Supply: The Helmholtz coils power su.pply consists of a step-
down transformer (220 to 35 V AC). Variable coil current Is _pl’_onded in 10 steps
using a band switch, while the current is displayed on a 3 Y2 digit panel meter. The
output is taken from the two terminals provided on the panel. ‘

3. Helmholtz Coils: There are two coils exactly alike and parallel to .each other, ’so
connected that current pass through them in the same direction. The two coils increase the
uniformity of the field near the centre.

Number of turns : | 500 in each coil
Diameter of the Windings | :| 15.4 cm
Separation of the coil 2| 7.7 cm

In the centre of the coils, an attachment is provided to keep the sample in place and to
minimise shocks and vibrations.

6. Test Sample: A test sample, Diphenyl Picryl Hydrazyl (DPPH) (Fig. 5) is placed in a
plastic tube, which itself is in the induction coils. This increases the filling factor to the
maximum. DPPH is a free radical and widely used as a standard for ESR measurements.

8. Controls & Terminals:

(1) Mains : To switch'ON' or 'OFF' the ESR Spectrometer.
(2) Phase: To adjust the phase between X and Y plates signals.
(3) Current : To control current in Helmholtz coils.

(4) 'H' Coils

+ Terminals and switch for Helmholtz coils.
(5) Frequency  :To adjust the frequency of the Oscillator.

(6) X,Y,E +For X, Y and Earth terminals of the Oscilloscope.
9.  Oscilloscope: As the Oscilloscope is not supplies w
that the worker is already familiar with the control knobs
in question. Any Oscilloscope, normally available in the labo
better, will be quite suitable for the observation of ESR resona

ith the spectrometer, it is presumed
and functioning of the Oscilloscope
ratory of the following specifications or
nce :

Screen diameter 125 ¢om

Vertical amplifier sensitivity : 50 mV/cm



procedure:

) Switch on 'L COIL' power and

(2) Set the front panel controls of 2
FFrequency : Centred
Phase  Centred

adjust the curren af 150 mA.
SR Spectrometer as follows

® 2::;;',0‘:“2:: :Ifjk,iifm;ll,‘]f’“fﬁ{ﬁtn of CRO. Now adjust the FREQUENCY of the
[N sl W L ‘ Of‘ ‘h 4 sl .
peaks and good signal to noise ratio), R S0 Eobtaii e Best il G o

@) Adjust the PHASE

pogdible knob to coincide the two peaks with the other two as far as

(5) Adjust l!‘c orientation of Helmoltz coils with respect to the main unit for best overlap
of base lines.

Calculation:
From equation

hvi=gu H

Fh\.']
H 1o

or

Substitute the measured values of Ho and v; universal constants h=6.625x10*" erg.sec
and p=0.927x10%° erg/gauss to get the g factor.

Sources of errors and precautions:

l. Experiment should be set up at a quict place free from mechanical and electrical
disturbances.

[

Y - output from the ESR Spectrometer should be taken through shielded cable to
minimise external pick-ups.

3. Xand Y plates sensitivities of the Oscilloscope should be adjusted such that they should
be in the linear range only.

4. Since the Helmholtz current is unstabalised, care should be taken that it should remain

constant during the observation.

5. High currents (~ 200 mA) should not be allowed to flow lhrmfgh the Helmholtz coils for
an extended period. This will unnecessarily heat the coils which may get damaged after
some time.

ck the sinusoidal wave form of the mains

6. 1f s .oincide on the x-scale, che /
1e peaks do not coincide 3 the, mein lins dueith ofhier figavy

voltage which may be distorted due 10 overloading 0
gadgets working on the same line.




Aim: To d y i
Crystals etermine the structure of organic molecules in solution and study molecular physics and

A
Pparatus Used: NMR set up, solutions

ThEOry:

by B Nuclear M“B"Flic Resonance (NMR) is a powerful :mnlytif:al tool. It was discovered
i 00'} and Purcell in 1945, NMR spectroscopy is nowadays an important standard method
In chemistry and biology. In medical applications it is known as magnetic resonance imaging
(MRI) and supplements other scanning techniqucs.

It is based on the magnetic properties of the atomic nucleus. A nucleus which
Possesses a nuclear spin | has a magnetic moment pt given by

T
=G U i (1)

Here  u,is nuclear magnetron and g is the nuclear g-factor. The nuclear spin can

have 21 + 1 possible orientation with respect to a magnetic ficld. In the absence of magnetic
field, these orientations are of equal energy. If a magnetic ficld B is applied or is present atthe
site of the nucleus, then the energy levels split. This is analogous to the Zeeman Effect. Each
level is characterized by a magnetic quantum m and has encrgy given by

E"} = l‘Jr' B
=-gul.B
=i G By iainessonpmnsirovimissssasis (2)
with m taking values -/, -(I—1),-(/=2), ccccecen. (I=1), I. A nucleus with spin %z

will have two possible orientations, Fig.1.

Consider the specimen having these nuclci.. When they are in a magnetic ﬁf:ld. the
initial populations of the encrgy !cvcls are determined l?y thermodynamics, as described by
the Boltzmann distribution. This is very :mpf)rtanl, and |} means that .lh\c lowzcr energy level

11 contain slightly more nuclei than the higher level. The actual differential between the
Wi ds on p, B and the temperature 7. 1t is possible to excite these nuclei into the
]e'vcls dcpeln with c]c;trnmagnclic: radiation. The frequency of radiation needed is determined
E’g:;:: cli?f‘;"zrcncc in energy between the encrgy levels. This energy difference is given by

¥

AE = 8 tn By uisimiimisnnnnisisissmsnssiin(3)

as Am=%1.

10 understand the absorption of radiation by a nucleus (of spin %) in a magnetic field,
In orqcf that it is in the lower energy level. Its magnetic moment is aligned with the field and
imaginc posed 10 it. Remember that the nucleus also has an angular momentum (the spin) and
is nOl Dp

PR crpcndiculur to the angular momentum /, acts on it,
e 7, whichisp
a torqy
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of a Magnetie ficld, the
Ieney of Precessi

IH the presence i
Fig 2, The frequ

on will precess around the magnetic field,
Larmor frequency. It is given by

heaxis of rotatj
O s called the
we &H, T
I

h (5)

al to the ¢
POWer oceyrs Whe
he Proper ¢

LI Bessasssasssansans
.
e T

Itis identje
electromagnetic
specimen have ¢

Sl : nergy to exci iti ! .
condition of reson o CTRY 1o excite transitions between these levels, i.e., satisfy the
sonance. The strengqh of th

population of the levels iavolved ¢ absorption depends upon the difference in

ansition frequencyAE Jf . A resonance absorption of
N photons (of the radio-frequency field) bombarding the

“: l]tn !ll . ..
< t‘l'lt 4 i -
= Ot :‘pul f2. ll.“.. 3[!:\0[ pliUIl Oi

: - radiati S Hewes 1 that it
NOW opposes the field, Fig 3. PR e magtomis:

absorbed by the

It is impo 2ali '
: 'mportant to realize that only a small proportion of “target™ nuclei are in the lower
state (and can absorb radiation),

There is now the possibility that by exciting these nuclei. the populations of the higher
and 10\\-'er energy levels will become equal. When this occurs, then there will be no further
absorptfon of radiation. The Spin system gets saturated. In order to have a sustained
absorption, there must be relaxation processes which return nuclei to the lower energy state.

There are two major relaxation processes: (1) Spin-lattice relaxation, (2) Spin-spin
relaxation. The later one is not very effective. Consider the former. The atoms containing
these nuclei are in rotational and vibration motion. The magnetic fields generated by these
motions interact with nuclear precession and cause the nuclei to lose energy and return to the
lower state. The energy that a nucleus loses increases the amount of vibration and rotation
within the lattice resulting in a little increase in the temperature of the sample.

Procedure:

The sample under investigation is placed h_j an inductior} coil, whicl} ' the ey
of the tank circuit of the oscillator (generator). This is the Zavoisky's technique. It is based on
the fact that under certain conditions such as absorption of power from generator, it
loads (Aw) on the generator changes. This change of Aw is proportional to the change in base

t Als or collector current Alc of the generator. The proportionality, however, holds only
curren b

er dissipated by the sample due to absorption is small in comparison to the total losses
the Po“f_:r 1_5 P - 1{ e in Alc is detected with the conventional circuits. To make the
in the circuit. Thlsdcmagrge sensilic"c‘ the magnetic field and hence the Larmor frequency of
ith a low frequency field 50 Hz in the present set-up.

detection simple an
the sample is modulated w




AF
RF i DETECTOR T AHPL'F'ER
OSCILLATOR
Y
Y
~| PERMANENT
™ MAGNET Freq. Display
: OSCILLOSCOPE
- )
o T ™~ HELMHOLTZ coiL 1

A A P 50Hz.
- SWEEP UNIT
Fig. 3 Block Diagram of NMR Spectrometer
Procudure

(@) Switch ‘ON’ power switch of Unit — 3.

(b) Switch ‘ON’ switch of *“H-COILS’ and adjust current to 80 mA.

(¢) Insert the sample tube containing preferably Cupric Sulphate from the top of Unit —2.
(d) Switch ‘ON’ Battery switch of Unit 1.

(¢) Adjust the °Y input” amplitude knob to 50 mV/div. for proton and 20 mV/div for
fluorine.

(f) Rotate frequency knob (Unit - 1) slowly until the peaks are seen.

(g) Further slowly rotate this knob till the distance between peaks in 10 ms.
(h) Note the value of frequency displayed on Unit —3
(i) Please note that the magnetic fi

eld at sample coil is 5.02 KG or 0.502 Tesla.

Observation:

(a) Frequency displayed on unit when {

he distance betwe .
20.82 MHz en peaks 10 ms for solution at
(b) Frequency displayed on unit when the distance betwec
solution:19.59 MHz cen peaks 10ms for
Calculation

From Eq

g, 2

;lﬂ !jr.!

where h = 6,625 x 10 Jg
Jln = 5051 x 1027 /1




User’s Manual

MAGNETORESISTANCE SET-UP

Model: DMR-01
Manufactured by:
SCIENTIFIC EQUIPMENT & SERVICES W @
358/1, New Adarsh Nagar, Roorkee-247 667 M
Ph.: 01332-272852, Fax: 277118 MOODY | uxas
Email: ses@sestechno.com INTERNATIONAL "W

Website: www.sestechno.com



Measurement of Magnetoresistance of Semiconductors

thickness of the crystal; H = Magnetic field

It is noticed that the resistance of the sample
changes when the magnetic field is turned on. The
phenomenon, called magnetoresistance, is due to
the fact that the drift velocity of all carriers is not
same. With the magnetic field on; the Hall voltage

V=E,t=|vxH compensates exactly the Lorentz

force for carriers with the average velocity; slower
carriers will be over compensated and faster one
undercompensated, resulting in trajectories that are
not along the applied field. This results in an effective
decrease of the mean free path and hence an
increase in resistivity.

Here the above referred symbols are defines
as: v = drift velocity; E = applied electric field; t =

Experimented Set-up for Magnetoresistance

The set-up consists of the following:
1. Four probe arrangement
2. Sample: (Ge: p-type)
3. Magnetoresistance set-up, DMR-11
4. Electromagnet, EMU-50V
5. Constant Current Power Supply, DPS-50
6. Digital Gaussmeter, DGM-102

(1) Four Probe arrangement

It consists of 4 collinear, equally spaced (2mm) and individually spring loaded probes mounted on a
PCB strip. Two outer probes for supplying the constant current to the sample and two inner probes
for measuring the voltage developed across these probes. This eliminate the error due to contact
resistance which is particularly serious in semiconductors. A platform is also provided for placing the

sample and mounting the Four Probes on It.

(2) Sample

Ge Crystal (n-type) dimensions : 10 x 10 x 0.5mm.

(3) Magnetoresistance Set-up, Model DMR-11

This unit consists of a digital millivoltmeter and constant current power supply. The voltage and
probe current can be read on the same digital panel meter through a selector switch.

(a) Digital Millivoltmeter

Intersil 3%z digit single chip ICL 7107 have
been used. Since the use of internal reference
causes the degradation in performance due to
internal heating an external reference have
been used. Digital voltmeter is much more
convenient to use, because the input voltage
of either polarity can be measured.

Specifications
Range : 0-200mV (100uV minimum)
Accuracy : £0.1% of reading = 1 digit

(b) Constant Current Power Supply

This power supply, specially designed for
Hall Probe, provides 100% protection
against crystal burn-out due to excessive
current. The supply is a highly regulated and
practically ripple free dc source.
Specifications

Current : 0-20mA Resolution : 10pA
Accuracy : £0.2% of the reading £1 digit
Load regulated : 0.03% for 0 to full load

Line regulation : 0.05% for 10% variation



L0-HING ‘dN-13S FONVLSISTHOLINOVIN IJHL 40 NVHOVIA LINDHID

AWO0L

o]

JOVLT0A _|_|/|.
?

3ol

D

Ywoeg-0 ©
1N3HdNO
INVLISNOOD

ot

A0

506.
AG-
ELVAZ driozy —
£ 2
G\
HILINLTOA VLD | anoS
T Hosy T
) El Dnll.ﬂ 410y T
IH )
AS* 5082 HH
A
AW /
AS-
5062
3oL
gy oy
S g iozy _
V-
<
Mgy T vosy —
ey Jiozy _—
5082

it

SNIVAN'O'Y



313N TaNVd TVLI0Id 40 NvHOVIA JILVINTHOS

",
e lc

NS-O

NG+ O

wz g Z 8 6 ve | < 61
‘dpg oA A| PA 9
0 S A
. o ¢ o] o & ¢ o] e ¢ ¢ & Je & .
QHU_ T N—, L7 ——— L —
o) 6 9
q CYSANd X ¥
——— u— —— ———— —
e
? 2 o9 9 o o o[e o o o e o 0 o o
«&+¢£++¢¢+++¢+++++++
¥ GON 9 L Lk 2LONELSE 9L €2 ON Lk 22 61 ONON ON 02
L0L. 40 SHIAINNN
NId 3HL A9 d3LVOIANI
SV SNOILDO3INNOD
¥ 8 ®» A o o B & 8 Z 3 © @ N o 0o A~ @ o
yAV| VA0 ] C
N nN nN N N N N N w w w w w w w w w w D
N w S (6] D ~ (o5} [{e] o - N w S (3] D ~ oo © o
L] L] L] L] 4 4 4 4 L]
L }
4l WK Lo 41T oot —= $8
20 § Tivo -
i
LNdNI
~N)
Ve g
2 A9




TEST RESULT OF MAGNETORESISTANCE PROBE S.No. 151

Observation and Calculations

(I) Calibration of EMU-50 at a suitable air-gap = 20 mm

8.No. Current (A) Magnetic Field (KG)
1 Min 0.087
2 0.25 0.310
3 0.50 0.537
4 8.75 0.793
5 1.00 1.035
6 1.25 1.290
7 1.50 1.544
8 2.00 2.050
9 2.50 2.550
10 3.00 3.050
1 3.50 3.530
12 4,00 4.000

(II) Magnetoresistance of a Ge-crystal (n-type)
Probe Current | = 4.00 mA (Constant for the whole set of readings)

—AR—R ~Ro R , where Sample Resistance (R) without magnetic Field = 43.92
v [aR
SNo | Current | Mag. | Voltage | R, == |7=xI0 Log (Hx107?) AR M.
(A) | FieldH | v, i (KG) Log(w L )
(KG) | (mv)
1 Min | 0087 | 1757 | 43925 0.00 0.94 %
2 | 025 | 0310 | 1757 | 43.925 0.00 1.49 ©
3 | 050 | 0537 | 1758 | 43.950 0.57 173 -0.24
4 | 075 | 0793 | 1759 | 43.975 1.14 1.80 0.06
5 100 | 1035 | 176.1 44.025 2.28 2.01. 0.36
6 125 | 1290 | 1783 | 44.075 3.4t 211 0.53
7 150 | 1544 | 1766 | 44150 5.12 219 0.71
8 | 200 | 2050 | 1772 | 44.300 8.54 2.31 0.93
8 | 250 | 2550 | 1780 | 44.500 13.09 241 112
10 | 300 | 3050 | 1789 | 44.725 18.21 2.48 1.26
1 | 350 | 3530 | 1799 | 44975 23.90 255 1.38
12 | 400 | 4000 | 1809 | 45225 29.60 2.60 1.47

Nature of Graph: H Vs. A—; as per sheet attached

Q.C. Engineer: Sunil Sharma

{Doc. No. QF/QCTRIOMA-01/02 - Revislon : 0g)

Dated : 10/12/2008
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MAGNETORESISTANCE OF A Ge CRYSTAL #151

log (Magnetic Field X 10°%) (KG)

=y

Log-Log Plot AR/R vs. Magnetic Field (H)

(.01 x yv) Boy
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IC Applications and HDL Simulation Lab Manual ECE, MRCET

EXPERIMENT NO: 5 DATE
1IC555 TIMER — MONOSTABLE & ASTABLE MULTIVIBRATOR CIRCUITS

A) MONOSTABLE MULTIVIBRATOR

AIM: To design a Monostable Multivibrator using 1C555 and compare it’s theoretical and practical
pulse width.

APPARATUS: Bread Board.
CRO
Probes
Connecting wires
555 Timer, Resistors, Capacitors

THEORY:

Monostable multivibrator is also called as one—shot Multivibrator. When the output is low, the
circuit is in stable state, transistor T1 is ON and Capacitor C is shorted to the ground. However, upon
application of a negative trigger pulse to Pin—2, transistor T1 is turned OFF, which releases short circuit
across the external capacitor and drives the output High. The capacitor C now starts charging up toward
Vcc through R. However when the voltage across the external capacitor equals 2/3 VCC, upper
comparator’s output switches from low to high which in turn derives the output to its low state. And the
output of the flip flop turns transistor T1 ON, and hence the capacitor C rapidly discharges through the
transistor. The output of the Monostable remains low until a trigger pulse is again applied. Then the
cycle repeats. The time during which the output remains high is given by

tp=11RC
Yee &
R T2
Y 4
35K 7 2
< Reset
5 Upper
Comp.
- 275 Lo
cC
. 6 P & Q
Trigger 2 -
Irioist Z 5K Control[ |
e 3 pomar F/F [D
[ S
] ] 2 173 Ny
o ¥cc |_
=
T1
7 J JQI\ BoTeor Output
- sk 4 amp 3 -
C
4
i
Ground

29
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Waveforms for IC555 Monostable Multivibrator

. l = Additional pulse has
Trigger | i no effect on output

Capacitor
VYoltage

Output

W oy

S —
. Extended pulse does

2/3 Vee

.

Reset
/

——

t

+ ¥ce

+ Yo

S L

reset pulse applied during
timing interval terminates

the output pulse

Once triggered, the circuit‘s output will remain in the high state until the set time tp elapses. The
output will not change its state even if an input trigger is applied again during this time interval t p.

DESIGN:

1. Choose a desired pulse width, say tp =1.1 ms.
2. Choose a value for capacitor C (0.1 uF) and then calculate the value of R by using the equation
for tp.

CIRCUIT DIAGRAM:

Trgger arcut

JL\" Diode

O— F—»g—K}— Inputto Ind pin

¥

JUL
0.01 uF

i
§

10KS
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y V.. #5TO 415V

TRIGGER =
PULSE IN
I I o 2 3 I |
T g T T R
O1p T
Ground I 1 g gl Ve
Trigger I} 2 555 7 ] Discharge
Output I} 3 G | Threshold
Control
— 1 ¢ g r Yoltage
PROCEDURE:
1. Connect the components/equipment as shown in the circuit diagram.
2. Switch ON the power supply.
3. Connect function generator at the trigger input.
4. Connect channel-1 of CRO to the trigger input and channel-2 of CRO to the output (Pin 3).

ol

. Using Function Generator, apply 1 KHz square wave with amplitude of approx. equal to 9 Vpp
at the trigger input.

. Observe the output voltage with respect to input and note down the pulse width and amplitude.

Now connect channel-2 of CRO across capacitor and observe the voltage across the capacitor

and note it down.

. Compare the practical pulse width noted in the step above with its theoretical value (tp=1.1 RC)

~N o

oo

CALCULATIONS:
THEORETICAL Pulse width

R= C=
tp=11RC =
PRACTICAL Pulse width
tp =
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EXPECTED WAVEFORMS:

. I~ Additional pulse has
Trigger ’ | no effect on output
B ] —

. | 1 Extended pulse does

Capacitor | -] 2/3Vec

Voltage _7 i oy
Z i t: ) +vcc
Output J
oy
— + Voo

Reset
/ oV

/A reset pulse applied during
4Z— timing interval terminates
the output pulse

RESULT:
QUESTIONS:
1. What is the other name for monostable multivibrator (MSMV)?
2. When MSMV s in stable state, what is the output level?
3. Why trigger is required in the case of MSMV?
4. Which type of trigger pulse is required for MSMV?
5. What is the formula for the output pulse width of MSMV?
6. How long MSMV stays in unstable state?
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(B) ASTABLE MULTIVIBRATOR

AIM: To design an Astable Multivibrator using 1C555 and compare it’s theoretical and practical time
period and duty cycle.

APPARATUS: Bread Board.
CRO
Probes
Connecting wires
555 Timer, Resistors, Capacitors

THEORY:

An Astable multivibrator, often called a free-running Multivibrator, is a rectangular-wave-
generating circuit. Unlike the Monostable multivibrator, this circuit does not require an external trigger
to change the state of the output, hence the name free running. However, the time during which the
output is either high or low is determinate by the Two resistors and a capacitor, which are externally
connected to the 555 timer.

Figure 1 shows the 555 timer connected as an Astable multivibrator. Initially, when the output is high,
capacitor C starts charging towards Vcc through RA and RB. However as soon as voltage across the
capacitor equals 2/3 Vcc, comparator 1 triggers the flip-flop, and the output switches low. Now the
capacitor C starts discharging through RB and the transistor Q 1. When the voltage across C equals 1/3
Vce, comparator 2’s output triggers the flip-flop, and the output goes high. Then the cycle repeats. The
output voltage and the capacitor voltage waveforms are shown in the following figures.

As shown in this figure, the capacitor is periodically charged and discharged between 2/3 Vcc and 1/3
Ve, respectively. The time during which the capacitor charges from 1/3 Vec to 2/3 Vcc is equal to the
time the output is high and is given by

tc=0.69 (RA+RB) C (1)

Similarly, the time during which the capacitor discharges from 2/3 Vcc to 1/3 Ve is equal to the time
the output is low and is given by

td = 0.69 (RB)C (2)

Thus the total time period of the waveform is
T =tc+td=0.69(RA + 2RB) (3)

Therefore the frequency of oscillation is fo= 1/T = 1.45/(RA + 2RB)C

And % Duty cycle = (tc/T) *100 4)
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CIRCUIT DIAGRAM:

Output

—3

5

__LDI WF
T

Figure 1: The 555 as an
Astable Multivibrator

EXPECTED WAVE FORMS:

Ve
2 k
- Viee Capacitor
1 Voltage
i 'y
-3— Ve . I ) 1 . 1
Vouit [ '
A .
2 Output
Voltage
0 t
13 | tz
-
PROCEDURE:

1. Connect the components/equipment as shown in the circuit diagram.

2. Switch ON the power supply.

3. Connect channel-1 of CRO to the output (Pin 3).

4. Observe the output voltage and note down the time period and duty cycle.

5. Now connect channel-2 of CRO across capacitor and observe the voltage across the capacitor
and note it down.

6. Compare the practical time period and duty cycle.

CALCULATIONS:

THEORETICAL time periods
tc=0.69 (RA+RB) C
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td = 0.69 (RB)C

Total time period of the waveform, T = tc + td
% Duty Cycle = (tc/ T) *100

PRACTICAL (from output waveforms)

time period, T =

% Duty cycle =

RESULT:

\

QUESTIONS:

1. What is the other name for Astable multivibrator (AMV)?
2. What is the formula for the time period of the waveform of AMV?
3. What is the formula for the % of Duty cycle?
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INSTRUCTION MANUAL
FOR
STUDY OF RS, D FLIP FLOP USING NAND
GATE & JK, D FLIP FLOPS USING TTL IC’s

lip I lop circuits using NAND Gale and TTL IC's has been designed to verify the truth table

of tollowing .

1. RS & D type Flip Flops using NAND Gates.
2 D type Flip Flop using TTL IC,

3 JK Flip Flop using TTL IC.

The instrument comprises of the following built In parts :

1. Fixed output DC regulated Power supply of 5V.
2. THz Monoshot Clock pulse with pulser switch is provided on the front panel.
3. Four Logic inputs logic ‘0’ & logic ‘1’ selectable using SPDT switches are provided

on the front panel.

4, Two red output indicators are also provided on the front panel.

.(_,"‘.

IC 7400, 7410,7474 & 7476 are mounted on the front panel & important connections
are brought out on sockets,

THEORY

Aflipflop is an electronic circuit that has two stable states, one representing a binary ‘1’ and
the other binary ‘0", If put into one state, the flip flop will remain in that state as long as power
1s applied or until it is changed. It thus remembers the data. In digital circuits, flip flops are
used in a variety of storage,counting ,sequencing and timing applications.There are three
basic types of flip flops the set - reset (also known as ‘R-S flip flop or a latch), the ‘D’ type and
the 'JK'. The 'RS' flip flop is the simplest. It has two inputs ‘S’ & ‘R’ and two outputs ‘Q"and
Q" Applying appropriate logic signals to either 'S’ or 'R’ input will put the latch into one state
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or the other. When a flip flop is set by 'S’ input, it is said to be storing binary ‘1" (‘Q" output is
= High). When reset by ‘R'input, it is said to be storing binary ‘0’ ('Q’ output = Low).

Like any other flip flop, the 'D’ flip flop has two outputs that determine whetheritis
storing a binary *1' or a binary '0' . It also has two inputs. These are called ‘D' and ‘T' and
work differently. The data or bit to be stored (which can be either a binary ‘0' or ‘1’) is
applied to the ‘D' input. The ‘T" input line controls the flip flop. Itis used to determine whether
the input data at'D’ is to be recognized or to be ignored. If the ‘T' input is High, the data on
the ‘D’ line get stored in the flip flop. If the ‘T' line is low the ‘D’ input line data has no effect
and the bit stored perviously is retained.

The 'JK' flip flop is the most versatile binary storage element. It can perform all the
function of 'R’, '§" and 'D’ flip flops plus it can do several other things. An integrated circuit
JK' flip flop is really two ‘RS’ flip flops in one. These are called Master and Slave. Both flip
flops are controlled by a common clock pulse to the * T' input. When the ‘T’ line goes High,
cutting off the Slave. Atthe same time data on ‘J' and 'K’ inputs is passed on to the Master
for storage. When "T' line goes Low, cutting off the Master from the input circuits. At the same
time gates ‘C' and ‘D’ are enabled and data stored in the Master is transferred to the Slave.
This technique provides a complete isolation between the inputs and outputs. The integrated
circuit IC 7476 contains two identical JK flip-flops which are completely independent except
for acommon power supply input connection.

PROCEDURE | ‘ i

Verification of ‘RS’ Flip Flop :

1. Connectthe 4 logic inputs to ‘Preset (PR)', Clear (CRY',

'S" & 'R input of the Flip-Flop'as shown in Fig. No. (1) EO-
through patchcords. Also connect 'Q’ & '‘Q’ outputs to ] | g
output indicators. ]

aQ
cir  Flg. No. (1)

TRUTH TARLE No, (1) ‘RS FLIP FLOP

2. Connect 1Hz clock output to [~ INPUTS OUTPUTS )
‘Clock (CK)' input of the flip [PRESET | CLEAR crock [ s | R|| o Gl
flop. " (FR) (®) ()

L H X X | X|| H L

3. Switch ON the instrument using E II: = B Ed B 5

_ X

ON/ OFF toggle switch SR 0

' H H P L L ¢ Q

provided on the front panel. H H P H|{ Ll wH L

H H P L | H|| L H

4. Varify the Truth Table No. (1) for { H H P H | H |[Not ToBe Used|

PAGENQ.2/S




various sets of input combinations.

Verification of 'D' Type Flip Flop :

1. Connect the output of NOT Gate to “R" input through
patchcord as shown in Fig. No. (2). Connect 3 logic
inputs to ‘Preset (PR)", Clear (CR)' & ‘D’ input of
the Flip-Flop as shown in Fig. No. (2) through
patchcords. Also connect'Q’ &‘Q" outputs to output

indicators.

-

14 1C
7400

., cK

1/41C
7400

2. Connect 1Hz clock output to ‘Clock (CK)" input of E

‘D’ TYPE FLIP FLOP
FIG. No. (2)

TRUTH TABLE No. (2) ‘D’ FLIP FLOP

the flip flop.

3. Switch ON the instrument using ON/ -
OFF toggle switch provided on the

front panel.

4. Varify the Truth Table No. (2) fo
various sets of input combinations.

Verification of ‘JK’ Flip Flop :

gcm

ol

INPUTS OUTPUTS )
PRESET | CLEAR | CLOCK
(PR) CR) | (cK) | D Q |Q
L H X X H | L
J H L X X L H
L L X X H | H
H H P H H | L
_ H H P L L |- M

1. Connect the 4 logic inputs to ‘Preset (PR)', Clear (CR)', 'J' & 'K input of the Flip-Flop
as shown in Fig. No. (3) through patchcords. Also connect'Q’ & ‘Q" outputs to output

indicators.

TRUTH TABLE No. (3) ‘JK’FLIP FLOP

? : ( INPUTS OUTPUTS )
- . [PRESET | CLEAR | CLOCK
o' <. -0 (PR) CR) | (ck | J | k|| Q Q
L H X x | x]|| H L
[
O~ H L X x | x|t v H
O
O« L L O x X | X|| H H
T H H |\ P L{Lf|q | G
H H P H| LI H L
tJK' FLIP FLOP
FIG. No. (3) H H P L H L H
L H P | H| H| TOGGE

Connect 1Hz clock output to ‘Clock (CK)' input of the flip flop.
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Switch ON the instrument using ON/ OFF toggle switch provided on the front panel.

Varify the Truth Table No. (3) for various sets of input combinations.

Verification of ‘T’ Type Flip Flop :

1. Shortthe "J" & "K" input of the |C 7476 to form “T" input. Also connect three logic inputs
to ‘Preset (PRY, Clear (CR)' & 'T" inputs of the Flip-Flop (To obtain "T" input short the
'J' & ‘K’ inputs). Also connect 'Q' &'Q’" outputs to output indicators.

“T" TYPE FLIP FLOP

2 Connect 1Hz clock output to ‘Clock (CK)' input of flip flop.
INPUT OuUTPUT
3. Switch ON the instrument using ON/ OFF toggle switch T Q Q
provided on the front panel. 1 TOGGLE )
4. Varify the Truth Table No. (4) for various sets of input ~ TRUTHTABLE Mo
combinations. ?
Verification of ‘D' Type Flip Flop : =
yp p Flop o0 0
1. Connect 3 logic inputs to ‘Preset (PR)’, Clear (CR)' & ‘D' input of
the Flip-Flop as shown in Fig. No. (4) through patchcords. Also O« 0O
connect 'Q’ & ‘Q' outputs to output indicators. i
2. Connect 1Hz clock output to ‘Clock ‘D’ T:’I';E ::";4';'-0"
(CK)' inputot the fip flop. TRUTH TABLE No. (5) ‘D' FLIP FLOP
_ . i ( INPUTS OUTPUTS )
3. Switch ON the instrument using ON/  5RESET [CLEAR | CLOCK
'OFF toggle switch provided on the “(PR) (CR) (CK) D a |
front panel. i L H X X H L
H L X X L H
4. Varify the Truth Table No. (5) for L L X X H | H
various sets of input combinations. H H p H H | L
L H H P L L | H)
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EXPERIMENT NO: 10

AIM: TO DESIGN &VERIFY OPERATION OF HALF ADDER &FULL ADDER.

APPARATUS REQUIRED: Power supply, IC’s . Digital Trainer, Connecting leads .

BRIEF THEORY: We are fammhiar with ALU, which performs all arithmetic and logic operation
but ALU doesn’t perform/ process decimal no’s. They process binary no’s.

Half Adder: It is a logic circuit that adds two bits. It produces the O/P, sum & carry. The Boolean
equation for sum & carry are
SUM=A+B
CARRY=A.B
Therefore, sum produces 1 when A&B are different and carry 1s 1when A&B are
1. Application of Half adder 1s limted.

Full Adder: It1s a logic circuit that can add three bits. It produces two O/P sum & carry. The Boolean
Equation for sum & carry are
SUM=A+B+C
CARRY=AB+(A+B)C
Therefore, sum produces one when I/P 1s containing odd no’s of one & carry 1s one when there are
two or more one in I/P.

CIRCUIT DAIGRAM

1
) 3 -
E_‘ .

HALF ADDER FULL ADDER



PROCEDURE:

(a) Connect the ckt. as shown in fig. For half adder.

(b) Apply diff. Combination of inputs to the I/P termunal.
(¢) Note O/P for Half adder.

(d) Repeat procedure for Full wave.

(e) The result should be 1 accordance with truth table.

OBSERVATION TABLE:

HALF ADDER:
INPUTS OUTPUT

A B S C
0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
FULL ADDER:

INPUTS OUTPUTS
A B C S CARRY
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

RESULT: The Half Adder & Full Adder ckts. are verified.

PRECAUTIONS:

1) Make the comnections according to the IC pin diagram.
2) The connections should be tight.
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