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SEC A 1 PROJECT

"Verification of Stefan’s Law of radiation by the
measurement of Voltage and Current of a terch bulb by
glowing it beyond the draper point.”
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0.1 INTRODUCTION

Stelan-Boltamann Law states that Lhe botal radiant beal power-emitted [rom a surlase
is proportional Lo the fourth power of its absolule lemperature,

Formulaled in 1879 by Austrian physicist Josepls Stelan asa resull of his experimental
studios, the same law was derived in 1884 by Austrian phvsicist Lodwig Bollemann from
thermodynamic considerations; 1FE is the radiant heal energy emitted rom a unit area
in one second (thal is, the power [rom a unit area) and T is the absolule temperature
{in kélving), then FF = o7, the Greek letler sigma (o) representing (he constand of
proportionality, called the Stefan-Boltemann constant. This constant has the walue
5.670374419 = 10~ wall per metre square per K,

The Taw applies only Lo Black-hodies, theoretical surfaces that absorh all ineident heat
radiation.



0.2 THEORY: To estimale the temperature of a torch
bulb filament [from resistance measurement and lo
vertfy Stefan’s law

The resistande of a toreh bulb [Hament may be assumed Lo vary wilhin Bhe operaling
range ol temperatures according to Lhe sguation,

Ry = Bp(1 + ot 4+ 815 (1)

where Ry and iy are the resistances al 1°¢ and 0°C respectively, o and 4 are
Lhe temiperaturs coellicients of resistance. IT Iy 08 Lhe resistance of the Qlament al the
Diraper point Ly al which (he lilament just starts showing & doll red glow, we can wrile,

B 1ol+dr® =
E 1 +exly + ,"ﬂi' 2)

Far a tungsten lament a = 521 107072, 8 = 7.2+1077°C % and the Draper
point Ly = 527°¢C. Henee putling these values of o, f, and {y in equation{2) we i
caleulate Jiy /Ry for dillerent values of t in the usual operating mange of temperatures
of a toreh bulb filament. Now we can draw-a calibration curve by plotting [y /iy as a
lunction of theabsolute of the absolute temperature T = 4 273,

Riesistanee of the (ilament s mcasured Dy using the relabion R= Vi T where T is
Lhe current. through the [lament and 'V is Lhe voltage across it. In Lhis way measuring
R/ By experimentally the corresponding temperature of the torch bulb Glament can e
found from the calibration eurve.

According to Stelan’s Law il a Black body at absolute teruperature T ig surrounded
byv-another black body at temperature Ty the net amount of heat, radiated per sec per
unit-area from the lirst body 15

P=a(T'=T}) (3)
where & 15 known as Slefan’s constant.

Tn case of a lorch bulb flamend T 5> Ty Moreover, Lthe lamenl eannol be taken
a5 8 black Tody, Thus we can approximately wrile,



e AT (4)
it

Togin? = logiod + niogad {3)

where A is seme constant depending on the material and area of the hlament and
ihe power 1 is expeeted o be slightly diflerent from 4,

The power P oradiated by the llamenl s given by P = VI and the teraperature T
is obtained by resistance measurement as before.

Thus if the Siefan’s Law [Eq.3] is valid, the graph belween loge P and logiaT must
b a stralpht line of slope n.



0.3 APPABRATUS: Curcuil Diagram

{i) A tungsten filament lorch bulb (6, 6W},
(i) A 6V de supply.

(iit) A rheostat (100€2, 14)

{iv) A de vollmeter ((-10V],

(v) Ade ammeter (0-1A).

i —

Rh
£ A

Figure 1: Circuit disgram



0.4 PROCEDURE

(1) TUsing & =521 107791, # = 7.2+ 1077°C~2 for tungsten and the Draper
point 1y = B27°C" ealeulate /11y from equation(2) for several U in the range 100°C
Lo 2500°C. Draw a calibration curve by plotting 12, /1, as a ;unetion of the alwolute
temperature T = | + 273, The curve comes out to be of the form as shown in Fig 2
{weaph 1)

{2} Take a 6V, GW Lungsten filament torch bulls, Solder two wires directly Lo pach
ol the base peints of the bulb. Now make the circnil connections as shown in Tig 1.

(B3 Keeping the resistance in the rheostat high, switch on the eireuit: This time
Lhd Bually does oot glow. Now-slowly inercase Lhie eurrent by adjusting Lhe rhepstal until
ihe filament just shows o dull red glow (Draper peinl), Measure corresponding current T
ad voltage V and caleulate By = VT, Go to slightly higher current, and then reduce i
11l the glow just ecases. Measure corresponding I and V and again calenlate By, Repeal
the whole pperation a few times with inereasing and decreasing currenis and lind mean
i,

(4] Mow nereasé the [ibooenl currend T in smwall steps (say, 20 mA) Iroon a value
corresponding Lo the glow stage (Draper point) uplo a currend high enough to make the
filament dassling while: AL each step note Tand 'V oand calenlate power P = VIand
the resistanee I = V1. Compute R — [/l and lind the corresponding temperature T
from the calibration eurve of Fig 2 {graph 1),

{(5)  Draw a graph by [:fli'-ltl.iug loginT along x-axis and logipP along y-axis (Fig 3,
graph 2), Find Lhe slope AB/AC of this curve in the high T region. This gives n.



0.5 GRAPHS

0.5.1 Graph 1:

Figure 2: Calibration curve of & torch bulb filament



0.5.2 Graph 2:

Figure 3: log P vs log T

a



0.6 EXPERIMENTAL DATA

Bulb specification = 6V, 6W (Tungsten [lament ),

(A)  Tdraw the valibration curve of the {ilament ;
a=521+ 1073001 B =72+1077002 L, = 597°€,

1 4 el + BI5 = 3.9456.

Temperature(t) | Temperature | 1y /0y
i (7 T=14273'In K
127 4010 .42
K S ] (.70
a27 EaTBLL 1.0}
T27 FLCH ] 131
027 1200 1.63
1127 1400 1.97
1337 1600 233
1527 1800 2.69
1725 2400 305
1927 220)0) ddT
227 2400 3849

Ry /Ry = 14l + B0 14 edg + BI -

1]



(13) Dty for the Draper point :

Mool Stabe of Lthe PA(V) | Cusrent(l) | By =V = 1{-]3)"]
ohs. lilament in Volt i mA in €2
I{a) Just glows .45 I8 .27
L) | Just ceases Lo glow .44 L4 2,24
2(a) Just glows (146 198 2,32
2(b) | Just ceases to glow | 44 £S5 225
a) Just glows 0.47 199 2336
M) | Just ceases o glow | 046 198 2,32
Afu) Jusk glows 47 2} 2,35
4b) | Just ceases to glow (.45 Loy 228
Sla) Jusl glows (.47 187 2,36
5(b) | Just ceases Lo glow | 0.44 195 2.26

Mean Ry = [(2:96x2)4(2.3652) 4 (2.322) + 2.27 + 2.94 4+ 2.35 + 2.28]/10

= 230 1L

11



() Dala for [Tament lemperatore and corresponding power dissipation -
No. | Cuerent(D) | PA(V) | By =V +10%/1 Iy f R, Temp(T) | Power{P)
ol in in in €2 (1T from | Teom geaph | = Vi in
il md vl Lable(B) lin K W
1 196 144 2.24 0.974 TR Hi.24
2 268 f1.55 2.4i4 1.145 G900 L1440
3 217 .62 286 1.243 LT 1:34:54
4 231 0.73% 3.16 1:374 1040 16263
a 2435 (L83 3.42 1487 1zn 201649
fi 285 .93 .65 LA8T 1150 237.15
T 26T 1.0:3 3 1.G7R 12:41) 27501
4 278 113 4.06 1.765 1280 31414
9 288 1.22 4,94 1843 1340 35136
10 Al 1.33 4.42 1922 1380 40053
11 Al1 1.41 453 1.969 1400 43851
12 321 L1 4.70 2043 14866 484.71
13 30 160 485 2104 1450 aZsn
14 345 1.70 4.93 2.143 1500 586.50
15 350 1,80 5.14 2:235 1560 630,00
16 361 L.90 0260 D287 158() H55.90
17 i 2406 0,49 987 1H2() TT2.50
1= a5 210 553 241404 1641 TS0
19 385 2,16 5.1 2435 1660 23160
) 4100 232 H.50) 2.522 1700 G28.00
2] 444 243 a.04 2:583 1740 993.8T
22 418 2.53 .05 2,630 1760 15754
23 426 2.63 B.17 2683 1R800 112038
24 440 2.84 (.45 2,804 1561) 1249.6()
25 451 293 £i.50) 2,830 LE&0 1321.44
24 464 3.0s 6.4 2ERT 192() 142912
27 493 344 6,98 3.035 200010 1695.92
28 511 3.66 7.6 3.113 2020 187026
24 325 380 T3 38T 2061 202125

12




(D) Diatia to draw loggP ve TogyT graph -

| 81. No. | logP | loguwT |

1 1.9 2.89
2 2.06 2.95
3 2.13 2,98
4 2.93 J2
5 230 3.5
fi 2.3% .07
7 .44 3.09
8 2.50 311
By 2.55 313
1 2.6 314
11 2454 315
12 2.69 .16

1 272 | 347
14 2.57 d18

15 | 280 | 319
16 284 | 3.20
17 289 | 321

I8 2.91) 3.22
14 B 3 .22

20 207 | 3.23
21 200 | 394
29 302 | 325
2 205 | 326
24 310 | 327

25 312 3.27
2 g6 328
27 323 330
28 3.27 331
29 331 .31

L3



0.7 CALCULATIONS

(A)  Caleolations of n and verilieation of Stelan’s Law -

From graph | Frem graph Slope Remark
AT BC n= AB/BC
[ 32 | 148 | 4 | Stefan’s Taw Is verilied. |

14



0.8 PRECAUTIONS AND DISCUSSIONS

(1) The potential leads must be soldored to Lhe bulb base direetly so Uhal the lead
resistances de not allect the measurement of the bulh resistance.

(i) The Draper poinl (800 K} is vear the middle of the usual operating range of
ihe torch bulb ament (400-2000 K). So its use for calibration purpose is justified.

{iit)  One eould use ice point or steam point for calibration purpose. Butl that would
roquire gxles device and tho process woitld be oumbersome,

{iv)  The slope of the fagp P va logiaT graph should be determined in the high T
region. AL lower temperatures the assumption T >> Ty & less justilisd. Moreover, al
lower T. the heat loss by conduetion along the leads is not a negligible [raction of the
hieal loss by radiation,

(v} Slogie of the eurve gy P vs oy T does nol depend on Uhe units in which P
and T are measured.

15



0.9 ERROR CALCULATION

0.9.1 Maximum proportional ¢rror :

dlogwl®) AB

AL 5“1‘-}5’.]:;?1] N _ﬁ‘_‘
 bu 5(AB) , 8(BC)

e = g B

where 8{ AR )= 1 smallest divisions ol graph paper along y-axis.

BN = 1 smallest divisions of graph paper along x-axis,

n.nl} " {5* 10—3
RTEY (.08

o Seerror = 9.3%.

Lis

) = 0.003.
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Introdtiction :

\section{INTRODUCTION]

‘wspace*{2em}

\paragraph{}

Stefan-Bolizmann Law states that the total radiant hieat power emitted from 2 surface i= proportional to
the fourth power of lts absolute temperature.

\paragraphi}

Formulated in 1879 by Ausirian physicist loseph Siefan as a result of his experimental studies, the same
law was derived in 1884 by Austrian physicist Ludwig Baltzmann from thermodynamic considerations, if
E is the radiant heat energy emitted from a unit area In ane second (that s, the power from a unit area)
and T iz the absolute temperatura (in kelving), then SE=\sigma TA4S, the Greek letter sigma (S\sigmas)
representing the constant of proportionality; called the Stefan-Boltzmann constant, This constant has
thevalue 5 5.670374419* 104485 watt per metre square per KM%,

\paragraph{}
The law applies only to black-bodies, theoretical surfaces thet absorb all incident heat radiation.

\wspace{l0cm}

Theory

‘\sectlon{THEORY: \textit{To estimate the temperature of 3 torch bulb filament from resistance
measurement and to verify Stefan's lawll

\wspace{lcm]

\paragraph{}

\hspace{0.2¢m} The resistance of a torch bulb filament may be assumed to vary within the operating
range of temperatures according to the eguation, &



‘\heginfeguatio n}\label{ eu_eqn}

R {t}=R {07 (1 +\alpha t + \beta t2)

\end{equation} &

\hspace{ll. 5cm} where 5R_{t}5-and 5R [0}5 are the resistances at 5t*{\cire}S and SOA\circlCs
respectively, S\alphas and 5\betas are the temperaturs coefficients of rasistance If SR_{d}S isthe
resistance of the filament at the Draper point 5t_{d]S at which the fiiament just starts showing a dull red
g{ﬂw, we-canwiiie,

\paragraph}

‘\hspace{4.8cml\beginfequation] \labei{eu_ egn}

\frac{R_ {tiHR {d}} = \fracil+\alpha t +\beta t"2H{1+\alpha t {d}+\betat {d}*2}

\end{aguatien}

‘\paragraphi}

Vhspace{l.5cm} For a tungsten filament S\alpha = 5. 2110~ A3\ Cirg JOA-A 25, S\beta = 7.27104
AFA\circ}CA-A45 and the Draper point 5t {d}= 5274{\cire}C5. Hence putting these values of $\alpha,
\beta,5 and St _{d}5 In equation(2) we can calculate' SR_{t}/R_{d}S5 for different values of t In the usual
operating range of temperatures of a torch bulb filament, Now we can draw a calibration curve by
plotting 5 [tHR {d}5 asa function of the absolute of the absalute temperatura ST=1+2735%.

\paragraph}

Vhspace{ll.5cm} Resistance of the filameant is measured by using the relation SR=V/IS where | isthe
current through the filament and V is the voltage across it. In this way measuring S8 _{t}/8 {d]s
exparimentally the corresponding temperature of the torch bult filament can be found from the

calibration curie.
\paragraphi}

\hspace{0.5cn} According to Stefan's Law if a black body at abselute temperatura T is surroundad by
another black body at temperatura ST_{0}5, the net amount of heat radiated per sec per unit area from

the first body is
\paragraphi}
\hspace{d. Bcm) \beginiequation] \labei{eu egn}
P=\alpha (TA4 - T_{0}A4)
\end{equation}
where S\alphas is known as Stefan’s constant.
\paragraphit

\hegacelll5cm} In case of a torch bulb fitament 5T :':-T_{i]}S. Moreowver, the filament cannat be taken as
2 biack bedy, Thus we car approximataly write,



\paragraphi}
\hspace{0.5cmi} \beginlequation} \labet{eu_eqgn}
p \approx AT4n
\endieguation} &
\hspace{l.scml ar,
Ybegin{zguation}\label{eu_egn}

log {10}P =log_{10}A + n log_{10}T
\end{eguation}
\paragraph{}

\hspace{D.5cm} where A is soma constant depending on the material and area of the filament and the
power i |s expected to be slightly different from 4.

\paragraphi}

\hspace{0.5¢m} The power P radiated by the filament is givenby P =Vl and the temperatura Tis
obtained by resistance measurement as befora,

\paragraphi}

\hspacefl.5em} Thus if the Stefan's Law [Eq:3] s valid, the graph between Siog [10}PS and Slog_ {1075
must be a straight line of slope n.

‘a,xr-spav:e‘_{i‘jcm}

Circoit diagram @

\saction{APPARATUS: \textit{Circuit Diagram]}
\wspace{lcm}

\paragraphi}

(\hepace{0.3tmlA tungsten filament torch bulb [BY, BW),

\paragraphi}

(i)\hspace{D.2cm}A BV dc supply,

\paragraphi}

[ iii]"\hﬁs:ra ceéﬂ.l&m}.ﬂ rheostat (S100\Omegas,; 14},

\paragraph{}



(iv)\hspace{0. 1cm}A de veltmeter (0-10),
\paragraph}
Ev}\hﬁpac'&{ﬂ.icm}ﬂ dc ammeter [0-1A).

\wspace{2em]

\paragraphi}

\begin{figure} [h]

\centering

\includegraphics[height=8cm, width=Bem]{images/3.jpep}
‘\caption{Circuit diagram}
\label{fig:my _label}

\endifigure}

‘wspaca{llbcm}]

Procedure |

{1} \hspace{l:.5cm} Using S\alpha = 5.21*10“—*3“ﬁtim}£ﬁ—“1&, S\beta= 7. 25 10MATANCircKCA-A2S for
tungsten and the Draper point 5t_{d}=527*\circ}CS calculate SR_{E}/R_{d}5 from equation(2) for several
tin the range 510040\circ}C5 to 5 2500M\circ}C5. Draw a calibration curve by plotting SR #}/R [disasa
function of the absolute temperature ST= t+ 2735, The curve comes out to be of the form as shown in
Fig £ lgraph 1},

\paragraph(}

{2} \hspace{0.5cm} Take a &Y, BW tungsten filament torch bulb. Solder two wires directly to each of the
base pointsof tha bulb. Now make the circuit cornections as shown in Fig 1.

\paragraphi}

{3} \hspace{0.5cm]} Keeping the resistance in the rheostat high, switch on the circult. This time the bulb

does not glow. Now stowly Increase the current by adjustingthe rheestat until the fllament just shows a
dull rad glow [Draper point}. Measure corresponding eurrent | and voltage V and calculate 5R_{d}= V/15.
Go to slightly highar current and then reduce it till the glow just ceases. Maasure corresponding Fand V



and again calculate 58 _{d}5. Repsat the whole operation a few times with increasing and decreasing
currents and find mean 58 {d}$_.

\paragraphi}

{4) \hspace{0.5cm) Now Increase the filament current | In small steps (say, 20 mA) from 3 value
corresponding to the glow stage (Draper point} upto a current high Eﬂu:irugh 1o make the filament
dazziing white, At each stepnote | and V and calculate power SP=Vi5 and the resistance SR_{t}=V/i5.
Compute SR-{t}/R _{d}% and find the corresponding temperature T from the calibration curve of Fig 2.
{graph 1).

\wspace{ll.5cm}

\paragraph{}

{5)\hspace{®.5cm} Draw a graph by plotting Slog {10175 along x-axis and $log_{103P% along y-axis (Fig 3,
graph 2). Find the slopa AB/AC of this curve in the high T region. This gives m.

\wepace{10em]}

Graphs:

\section{GRAPHS}

\vsgacellcm}

‘\subsection{Graph 11}

\paragraph}

\begin{figure} [h]
\centering
\includegraphics[height=15em, width=15cm]{imapes/4 (a).jpeg}
\caption{Calibration curve of a torch bulb filarment}
\labalfigimy_label}

\endifigure}

\newpage



\vsgace{3cm}

Ysubsection{Graph 24}

\paragraphi}
\begin{figure} [h]
\centering
\includegraphicsTheight=15cm, width=15cm]{images/4.jpeg}
\captioniSlog: {10}PS vs Slog_{10ITS]
‘\Jabel{fiz:my label}

\end{figure}

Exparimental Data:

\section[EXPERIMENTAL DATA}

\wepace[Zem}

\hepacel.4cm) Bulb specification : 6V, BW (Tungsten filament).
\wspace{lem}

\paragraph{}

{a) \hspace{0.2cm} To draw the calibration curve of the filament
\paragraphi}

\hspace{ll.5cm} Shalpha= 5.2 11043 A \circjChA 15, S\beta= 7.2*10A-A7ANCirclCA-A2S, 5t {dl=
527 \circics,

\paragraph}

\hspace{2.5cm} 51+\alpha t_{d} + \beta t {d}"2 = 394555,
\paragraphi}

\hegace{l. 1em] \beginftabular}{|cle]e|]

\toprule



Temperature(t) & Temperature & 5R {£H/R [dls*\
nSMACrCCS B T=t+273In K& W
\rnidrule
127 8400 &0.42\\
327 &600 & 0.70\\
527°2 800 & 1,00V
727 210008 1318,
927 & 1200 & 1.63\\
1127 & 1400 & 1.97\\
1327 & 1600 & 733\
1527 & 1800 & 2.69\\
1727 & 2000 & 3.05\\
1927 & 2200 & 3.47\)
2127 -& 2400 &3.89\}
\bettomrule
\end{tabular}
\paragraphi}
\hspacell.lem}*5R {t}/R_{d}5 = $1+\alpha t+\beta t425/51+\alpha t {di\betat {d}"25

\wspace{10cm}

{B) \hspace{0.5cmi} Data for the Draper point ;

\paragraphi}

\wspace{lcm}

Weeginftabulari{|clcjcicic|}
\toprule
No.of & State of the & P.d{V) & Current(l) & 5R_{d}= V=10735/1\\
obs, &filament &inVolt&lnmA & in3\Omepash\
\rnidrule

1{a) & Just glows 20458 1938 & 2.27\\



1{b) & lust ceasesioglow & 0.44 & 196 &2.24\\
S\midrule
20a) &Justglows R O0468 1988232\
2(b) & lustceasestoglow & 0.44 & 195 & 2,26\
\midrule
3a) RJustglows  &047 & 19958236\
3(b) & Justceasesioplow & 0.46 & 198 & 2,32\
\midrute
4{a} B lustglows & 047 & 200 & 2.35%
4(b) & Justceasestoglow & 045& 197 & 2.28Y),
\midrule
5{a) & Justglows & 0.47 & 197 & 2.38\\
S(b} & lustceasesto glow & 0.44 & 155 & 2.26\)
\bottomrile

\enditabular]

\paragraph{}

Niean SR {d1S = [(2,26%2)#(236%2)#(2.32%2)% 2.27 + 2,24+ 2.35+ 2:28]/10

\paragraph{}

\hspace{l.6cm} = 2.30 $\Omegas.

\vsgace{10cm}

(e} \hspace{l.5cm) Data for filament temperature and corresponding power dissipation
\paragraph}
Ywepace{lcm]
\bagin{tabular}{|cic|c|cic|cic|}

\topruls
No. & Current(l) & P.diV) &5R_{tl=V*10435/| & 5B {t}/A_{d]5 & Temp.[T) & Power{P)\\
of &in &in &in3\OmegaS & (58 {d}S from & from graph &= V.| in\\

obs. & mA  &volt& & table(B) & 1inK ZmW\\



\midrule

1819620448 2.24 8 0.974 & 780 B 86.24\)

2% 208 8055 &2.64 & 1.148 & 900 & 114.40\\
3R 21740562 & 2.86 & 1.243 8 960 & 134,54\
4823120738316 8 1.374 & 1040 & 168.63\\
5% 243 8 0,83 %3.42 & 1.487 & 1120 & 201,68\
6& 255 & 0.93 £ 3.65 & 1.587 & 1180 & 237.15\\
78267 & 103 & 386& 1678 & 1240 & 275.01\\
BE278&1.1384.0681.765 & 1280 8 314.14\}
9% 288 & 1,22 £4.24 & 1.843°8 1340 & 351.361)
108301 & 1.233 8 4.42 & 1.522 & 1380 & 40033\
112311 & 1.41 &4.53 & 1.969 & 1400 & 438511\
1272321 81,51 R 4.70 & 2043 & 1460°& 484.71)\\
13 2330 8 1.60 & 4.85 & 2,109°& 1480 & 528.001\
14 8345 2 1.70 £4.93 & 2.143 & 1500 & 585,501\
15 &350 & 180 & 5.14 & 2.235 & 1560 & 630.000\
164 361 & 1.90 & 5.26 & 2,287 & 1580 & 685.90\\
17 8375 & 2.06 & 545 & 2.387 & 1620 & 772,50\
18 %380 % 2.10 & 553 & 2.404 & 1640 & 798.00\\
198 36858 2.16 & 5.61 & 2.435°R 1660 & 831.60\\
2044004 2.32 &5.80 & 2,522 & 1700 & 928.00\)
21 8402 & 2.43 & 5.94 & 2.583 & 1740 & 993.837\\
22 84188 2,53 & 6.05 B 2.630& 1760 & 1057.54\\
23R 4268263 R 5,17 & 2.683 & 1800 & 112038\
24 8 440 8 2.84 8 645 & 2,804 & 1860 & 1249.60\)
25 8451 & 2.93 £ 650 & 2.830 & 1880 & 1321.43\\
262464 2 3.08 R 6,64 & 2.887 & 1920 & 1429.12\)
27 & 4538 3.44 & 698 & 3.035 & 2000 & 1695.92\\

29251123668 7.16 23113 & 2020 & 1870.26\\



2985258 385& 7338318748 Zﬁﬁ.ﬂ & 2021.25\\
\bottomrule
\end{tabular}

\vspace{3cm)

(D) \hspace{0.5cm} Data to draw Slog_{10}PS vs Slog {1015 graph :
\paragraphit
'\hs;}ace{-zc m} \beginftabulari|c|cic|}
“toprule
3l No. & Slop_ {10105 & Slop_ {10}TS\\
\midrule
1&1.54 & 2.89\\
28 2.068&2.95\\
38 2.13 & 298\
482.23&3.020\
5 & 2.30 & 3.05\}
B & 238&30N)
78& 2.44 & 3.05\\
8 & 2.50 & 3.11\\
9 & 255 &3:13\\
10°& 2:60 & 3,141\
11 8264 &3.15\)
12 & 2.65 & 3.16%\
13& 2728317\,
148& 2.77 & 3.18Y),
158 2.80 & 3.19\}
16 & 2.84 &3.20\\
17 & 2.89 & 321\

18 & 2.90 & 3.22\\



19829283220,
208 2,97 &3.23\)
21°&3.00 & 3.24\\
22 & 3.02 &3.25\)
238305 & 3.26\)
248310 & 327\,
258 3.12 & 327\
26 8316 & 3.28\\
27 B:3.23 &3.30\)
28°&3.27 & 331\
29 8331 & 3.31\),
\bottomrule
\endifabular}

\wspaca{sem}

Calculations |

\section{CALCULATIONS]

\vsgacelZcm}

\paragraphi}

{A)\hspaceftl.5cm] Calculations of n and verification of Stefan's Law :

Ywepace{lcm]

\paragraphit

\beginftabulari{|cic|clc]}
\toprule

From graph & From graph & Slope. & Remark\\



AB &BC Zn=AB/BC& M\
S\midrule
032 & 0.08 & 4 & Stefan's Law is verified.\\
\bettomrule
\end{tabular}

Ywepaca{lscmi

Precautions and Discussion:

\section{PRECAUTIONS AND DISCUSSIONS]

‘wspace{lcm}

\paragraphi}

(i) \hzpace{0.5cm} The potential leads must bie soldered to the bulb base diractly so that the lead
resistances do not affect the measurement of the bulb resistance.

\paragraphi}

(i} \hmaceiﬂ.r_is:m} The Draper point{RO0 K) is near the middle of the usual operating range of the torch
bulb filament {400-2000 K}, 5o its use Tor calibration purpose is justified.

\paragraph{}

{iii) \hspacel0.4cm} One could uss ice point or steam point for calibration purposa. But that would
require extra device and the process would be cumbersome,

\paragraphi}

[iv) \hspaca{l.dem) The slope of the Slog  [101PS ¥s Slog {10}TS graph should be determined inthe high
T region. At lower temperatures the assumption 5T>>T_{0]5 is less justified, Moreover, atlower T, the
heat loss by conduction along the leads is not a negligible fraction of the heat loss by radiation,



\paragraph}
{v) \hspace{0.5cm} Siope of the curve Slog {101P5 vs Slog_ {1075 does not depend on the units In which

Pand T are measured.

\wepace{12em])

Errorcalculation:

\subsectioniMaximum proportional error i

\wspace{lcm]

".,I::eg'm{'equaﬁﬂﬂ}
n = \frac{\delta(log_{10IP){\delta(log {1017} = \frac{ABHEC}

\end{equation}

\beginfequation}
\therafore \frac{\deita nHn} \rvert_{max} = \frac{\delta(AB)HAB} + \frac{\deita{BC)HBC}

\end{egquation}

\paragraphi}
where 3\delta (AB)5= 1 smallest divisions of grapgh paper along y-axis.

\paragraphi}



\hspace{l.lcm}5\delta (BC)5= 1.smallest divisions of graph paper along x-axis.

\paragraphi}

\begin{equation}
= (\fraci0.0140.32}) + (\Frac{5* 10X A3H0.08})
=0.093.

‘\endiequation}

\paragraph{}

\begin{equation}

\therefore max \53 error= 3.3 \%.
\end{equation}

Ywepace{i0cm}
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1 THEORY

(i)

(i)

(i11)

At first, to find the resistance per umit length (p) of the bridge. wire connections are
made as shown in Figure. 1a where connections are made with the resistance box X in the
extreme left gap Gy, a copper strip ¥ ol practically zero resistance in the extreme nighl
gap Gy and two equal resistances @ and (2 in the two middle gaps. Let with certain
resistance X in the resistance box X the null point be obtained at a distance I [rom the
left end. When the box X with resistance X and the copper strip ¥ are interchanged, let
the null point be obtained at a distance Iy from the left end.

If A; £ and 4> € are the end resistances at the left and right ends of the bridge
wire then before interchangineg X and ¥ we may write by employing Wheatstone bridee
principle,

Q] - X'l‘ril-t‘hp
Qs Y4+ (100 =1 )p
.Ql X+ 4, +1_!1P

0T,

01+ 0r X+Y+d + 42+ 100p
Adter mterchanging Xoand Y. if we proceed in the same manner as indicated above
we again gel
(¢ Y+ud, +lp
0, +0s X+ ¥+ +4 + 100p

From the above two values of the rato O, /() + (J2) we gel,
x+.'t| +.:J'||ﬂ= l"+,i-| +|’2ﬂ

Then 1t can be shown that
X-=-Y

R0 =E

As the resistance ¥ of the copper strip is pracucally zero. therefore.
X
1=
i

(1

Now, the connections are made as in Figure. 1b by placing the given wire of resistance R
in the extreme right gap Gy, a resistance box § in the extreme left gap Gy and two equal
resistances 0 and @5 in the two middle gaps Ga and Gs respectively, Let 4 null point be
obtamed at a distance I from the left end with a resistance § in the resistance box 8. On
interchanging the positions of the given wire R and the resistance box §. a new null point
is obtained al a distance I, from the left end.

Then it can be shown that

S - R
o
P=E-T
or; R=S-p(ts-I) 2)

If the resistances Ry and R; ol the given wire at two different temperatures 17C (low) and
5C (high) are found oul by using equation | and equation 2, then it can be shown that
the temperature-coefficient (i) 15 given by

Ry — R,

- GLQ‘ 3
Ri!j"REf] per &

¥



2 CIRCUIT DIAGRAM

{a} Circunit Diagram tofind p

(b} Circuit Dizgram to find reistance R of the given

wire
Figure |: Experimental Setup
3 EXPERIMENTAL DATA
3.1 Data for the measurement of p :
Here,
Qi=0:=10
Table 1
" Resistances in Null points in em
£ applied in with
5 5| B = |L B|= §
s Extreme | Extreme E 1 g T E E :‘E.E E E 8= E
2 left gap | right gap E E % = :'l'f o = o
= o
a |z *
1 (&) 0.7 0.0 68 | 6.7 | 68 ole | 00076
(h) 0.0 0.7 8.4 | 98.5 | 984 ' )
4 3 1 3
2, {d] 0.6 0.0 1228 | 12:6 | 127 195 | 0.0075
(b) 0.0 0.6 021|922 | 22
5 3 2
3. {.d] 0.5 0.0 18.2 lE..S l%.-’l.. 672 | 0.0074 0.00726
(b) 0.0 0.5 85.5 [ 85.6 | 85.6
4. (&) 0.4 0.0 238 | 24.1 | 24.0 s62 | 0.0071
(b 0.0 0.4 80.3 | 80.1 | 80.2 - ‘
5 () 0.3 0.0 293|294 | 294 450 | 0.0067
(h) 0.0 0.3 744 | 74.5 | 744

[




3.2

Data for the measurement of Ry and R»

Here,
0;=0:=10Q
Table 2
Mull points in ¢m with
A
£ E o o 2
8 5 | 228G 225%| 2 | S | M ET‘;EG‘ gz
8 z |57 - ;ﬁ § = iﬁ o
e % % a & = =
e o b |
L @] 29 R 450 [ 452 452 2
(b) R 29 | 78| 79| 718
Room temp. | o (a) 3 R 499 | 446 49 8 28
R A NN XA R R -
=23°C [53 @] 31 R 560|559 560 a0 | Ki=30
(b) R 3.0 |678[677] 678
4 @] 32 R [61.7|61.8| 618 4
(h) R 32 |e627|626] 626
s, | 33 R [680]678] 679 2
(h) R 33 | 569|566 | 56.8
[ @] 51 R B8.8 | 888 | 888 =%
(b) R 510 454452 453
Steamtemp. | 5 (2) | 5.2 R 928 [ 881 | 904 =
(f2) °C (b) R 52 |518[520] 519
=100°C [3 (@ | 353 R [882 8832 | 882 s | Ra=55
(b) R 53 |566(597| 3582
4 (@] 54 R 717 | 710|774 =
()| R 54 |621|633] 627
5. @[ 55 R [765|768| 7656 =
(b)y| R 55 |65.1]693| 672

4 CALCULATIONS

From Table 1 we oblained p = 0.00726 Q/cm and from Table 2 we oblained R; = 3.0 Q and

Ry =554




.. The temperature-coetlicient of resistance is siven by,

tn

(1)

(1)

(ii)

{1v)

(v}

6

Ry — B
= e
‘ H]J’g o lei
~ 55-3.0
T 30x100-55%23
35
T 1735
=0.0144 per®C

. @ = 00144 perC

PRECAUTIONS AND DISCUSSIONS

Al the beginning both X and Y should be made zero to see whether the null point is near
the middle of the bridge wire (when @y = (;).If the null point is found very near to 50
cm, it indicates that @, is almost equal 1o @,.

In this expenment the effects of the end errors of the bndge wire are eliminated and hence
this method using Carey Foster's bridge pives more accurate result than that obtained by
using mekre bridge.

For greater sensiliveness the resistances of the four arms should be of sume order.

While determining po. the value of X should be adjusted to make (£; — I ) very nearly equal
to the entire length of the bndge wire This minimises the error due to non-uniformity of
the bndge-wire.

While measuring R; and Ky, § should be adjusted 1o make [ — f‘;) small, R=S-p (& - I} ],
where § is chosen [rom box and is Fairly correet whereas p being o measured guantity
miay have some error. Therefore, the error in R i5 0K, = r}?;_r{.n’f_, = 11) +p- 281, Smaller
is the value of I, = I} . oR,,,, will-also be smaller.

MAXIMUM PERCENTAGE ERROR

We have,
Ky — Ry
3= ————per"'(
O 26K ol (f + 1) + ot (/) + Ka)
(— = + (4)
¥ Fwax R: - R] IIIIel."‘l = Rl‘rl



where, or = | div. of thermomeler

I~

.'m-_tl:‘!'f-fmi.zp|;‘ ; +1

261

K-l

where, df = D.1em (1 div. of the metre scale)
I -1 =-7.8m
Iy =1 = 67.9¢cm
and p=0.00726 Q/cm

~7.8
¢ DR I}J}ﬂ?hﬁl—ﬁ?ﬂ +1{2x 0
R = 1285 x 1077 O

Therefore. from equation 4
(a_a) x 20K AR +6)+ 8 R) + A3)
. m_Hg"R|+ erl—H3f1

2% 1.285x g 3 1285 % 1077 (23 + 100) + 0.1 x (3.0 + 5.5)

55-30 3.0x100-55%23

= L028 % 107 +5.810% 107

= 6838 x 107
Therelvre,

Maximum percentage error

i :
(u_{:) x 100% = 6.838 x 107 x 100%
=+ 68 %

. | Maximum percentage error in « is + (.68%
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\section\textsf{THEORY}
\beginjenumerate] [label=(\raman®|]

\item At first; to find the resistance per-unit length [S\rhoS) of the bridge, wire connections are
made as shown in Figure.\refifig:sub-first} where connections are made with the resistance box
S\bmDS Inthe-extreme left gap S\bmiG_1]5, 3 copper strip S\bm{Y]S of practically zero resistance in
the extrame right gap-S\bmiG_415 and two équal resistances S\bmi{0. 115 and S\bm{Q 215 in the two
middle gaps, Let with certain resistance S\bm{X}S inthe résistance box S\bm{X]5the null point be
obtainad at a distance S\bmil_1}5 from the left end. When the box S\bm{X}5 with resistance S\bm{X}s
and the copper strip S\brmi{Y¥}$ are interchanged, |et the null point be obtained at a distance S\bmi{l 215
from the left end:\\

\hspace®{0.8cm}

If S\fambda_15 S\OmegaS and S\lambda 2% §\Omegzas are the end resistances at the left and
right ends of the bridge wire then before interchanging $\bm{X}5 and S\am{¥}$ we may write by
employing \emph{Wheatstone bridge principle;}

\beginfalign®}
\fraciQ 1Ha 2}8=\fracix+\lambda_ 1+ 1\rholly+\lambda_2+{100-1_1)\rho} \\

Veextfor B\ \racio_1HO. 3+0, 218=\frac{X+\lambda_1+|_1\rho}X+¥+\lambda_1+\lambda
_2+100\rha}

\endialign®}
\hspace®{0.8cm}

After interchanging S\bm{X}$ and S\bm{¥}s, if we proceed in the same manner as indicated above we
again _g_et.

\vsgace*{-0.8cm}

\begin{center}

\[\frag{a 1HQ 1+Q 2}=\frac{¥+\lambda 1+ 2\rholX+¥+\lambda 1+\lambda 2+100\rha\I\}
\endicentar}

\hspace*{0.8cm}



From the above two values of the ratio 30 1/(Q_1+Q 2)5 we get,
\wepace®{-1em]
\bagin{center}
\iX+\lambda 14 1\rho=Y+\lambda 1+ 2\rhg\]
\endicanter}
\hspace™{0.8am]
Then it can be shown thaih)
\vspace*{~1.5cm}
\begin{center}
\rha=\frac{X-¥Hl 2-1 11]
\endicanter)
\hspace*{0.8cin}
As the resistance S\bm{Y}S of the copper stripis practically zero, therefore,
\begin{equation\label{first}
\centering
\rho=\fraciXHl 2-1_1}
\end{eguation}

\item Now, the connections are made as in Figure.\ref{fig:sub-second} by placing the given wire of
resistanca S\bm{RIS in the extreme right gap S\bmiG_4}5, a resistance box S\bm{515 in the extremaleft
gap S\bm{G_1}5 and two equal resistances S\bm{Q_1}5and $\bm{Q_2}5 in the two middle gaps
S\bmiG 215 and S\bm{G_3)5 respectively. Let a null point be obtained at a distance $\bm{l' 115 from
theleft end with a resistance S\bmi{S}S in the resistance box 5\bm{5]5. Oninterchanging the positions
of the given wire S\bm{R}S and the resistance box S\bm{5}5, a new null paint is cbtained at a distance
S\bemfl' 218 from the left end.\\

\hspate*{0.8cin}
Then it can be shown Thatl),
\wepace®{-1.5cm}

\bagin{center}



\[\rho = \frac{s-RHI" 2 1}]
\endicenter}
\wspace®{-0.02cm}
\beginfeguation]\label{second}

\centering
Veextfor}, LA\, R= s\rho\left(l' 2" 1\right]
\end{equation}

\item If the resistances S\bm{R_115 and $\om{R 215 of the given wire at two different temperatures
St 1M\circ G5 (low) and St 24\cire C5 (high) are found out by using equation \ref{first} and equation
\refisecond}, therit can be shown that the terperature-coefficient {5\alphas) is given by

\wepace®{0.2cm)
\bezinfequation}\labal{third}
\centering
\alpha=\frac{R_2-R_1HR 1t 2-R 2t 1N\ Mexiper\, M\circC
Yendisguation]
\endlenumerate)
\newpage
\sectionf\textsfICIRCUIT DIAGRAMY
\begin{figural{h]
\hspace "{-ﬁlcm}:
\bagin{subfigurel[tH0.5 textwidth]
\centering
\framebox{\includegraphics[width=8.5cm;,height=5.2cm}{Resistanca.jpe}}
\caption{Circuit Diagram fo find $\rhos}
\labeal{fig:sub-first}

\end{subfigura}



\hspace*{icm}
\begin{subfioure}T1{0.5 textwidth}
\centering
\framebox{\includegraphics[width=5¢m,height=5.2cm{Unknown resistance jpgh
\caption{Circuit Diagram to find reistance $\bm{R}S of the given \hspace*{dcmiwire}
\label{figisub-secand}
\end{subfigura}
\caption{Experimental Setup?
\label{fig:fig}
Yendifigura)
\wspaca™{-0.8cm}
\section]\textsfIEXPERIMENTAL DATA}
\subsection{\emph{Data for the measurement of S\rho5 3}
\hspace™{2.5em]
Here\\
\hspace*{4.5cm}
S\bm{G_1}5 =S\bm{0_2}5 =1 S\Omega$
\begin{tablel[h]
\caption{}
\vspace®{-0.2cmi}
\centering
\begin{tabular}{| |c ¢lc|clelele]ele|c] |}
\hiire \hiipa

& &\multicolumn{2}{c| H\makecell{Rasistancas in \\ S\Omegas applied
in} i \mutticolumn{3 He | H\makecall{Null points in om \\with} B8 \\

\elingfa-73



\multicolumnf2H| fc|H\raiseboxi0.5cmi{\ rotatebox{S0H \makecell{\hspace{1.2cm]No. of
obs.}i}&\raisebox{2. 2emi{\makecall{Extrema\\left gapl}&\raisebox{2.2 em}\makeceil{Extreme\\right
gapli&\rotatebex!90H\hspace{ L.0ScmDirect current}8\rotatebox{90H\hspace (0.8cm]Reversed
currenti&\rotatebox{90\hspace{l.7TemiMeani8)\ rotatebox {90} \fispace{l.8cm}

Shleft{l 2-1 1\righti5} \rotatebox{90H\hspace {2 4cmiind\,
\rotatebox{30H{\hspace{2.32cmicm} &\rotatebox{S0H\hspace{1.3cmiS\rho=x¥/\left{l_2-1_1\right)S}
\rotatebox{90H\hspaca{2. 4cmlin \rotatebox{90\hspace{l.8cm}5\Omega$ per
cmi&\rotatebox{30H\hspacefZcmiMean S\yrhos] \rotatebox{50}{Yhspace(2 S5emiin]
\rotatebexi90}\hspacall.8cm}S\Omegas per erm\y

\wspace®{-L.o0cmi\\
\hline

& {a) &0.7 &0.0 &6.8%6.786.88 & &\\
\eline[3-7P\-0.8em]
\vspace®{-0.6cm}
\raisebox{0.5cm P 1. 188 &R R &8 \ralseboxi0, 4cni}{91. 618 \raisebox{D.4cmH0.00761R\\
& {h)&0.08&0.7898.4898 5898.4888)\
\elinef1-9}
& (a) &0.6 80.0812.8812:6812.78 & 8\
\clinef3-77N-0.8cm]
\wspace*{-0.6cm}
\raisebox{D.5cmH2. 1888 & &L 8 \raisebox{0.4cm} 79.58\raisebox{D. 4cmH0.0075 54,
& (b)80.08:0.6852.1852. 2892 2B&8&\)\
\clinefiz=sg}
% (a) 0.5 80.0 &18.28.18.5818.4& & &0.00728\\
\elinef3-7P\-0.8cm]
\wspace™{-0.6cm}
\raisebox{0.5cm M3 IR REERE R raiseboxd0. 4cmia7. 218\ raisebox{D. demHO.007 4580\,

£ (b)R0.0R0.5885,5555,6885.6888\\



\cline{1-9}
g fa) &04 80.0 &23:8&24.1&24.08 & &\
\cline{3:7R0\[-0.8cm])
\wspace*{-0.6cm?}
\ralsebox{D.5cmia. JRt&E&E& & \raisebox{0.4cm}{56.2}&\ raisebox{D. 4cr HO.DO7 13&\
8 (5)&0.080.4880.2880.1880. 2888\
\cline{1:9}
& {a) &0.3 &0.0 &29.3829.4879.4% & &\
\elinel3- 7P\ 0.8cm]
\wepace®{-0.6cm)]
\raisebor[0.5cmHs. & & &L &\ raisehox {0 4em {45, 0M& raisebox{0. Acm HO.008 T HEA N
& (b)&0.080,3874,4&74.58 71, 4&ER\)
\hiine\hiine
Yenditabular)
\labelftable(a)}
\end{table}
\newpage
\subsection{\emph{Data for the measurement of $R_15 and $R 28]}
\hspace™{2.5cm}
Here\\
\hspace*{4.5cm}
S\bmiQ_1}5 = S\bmia_2}5 = 1 S\Omegas
\bezin{table}lh]
\caption{}

\wspace™{-0.2cm}



\eentering
\beginftabular}{| jc}l ¢|c]c|elelc|clel | }
\hiine \hiine
88888 \muiticalumn{2He] ¥Null points Tnom with}&E&4\
\cline{g-8}
\vspace™-0.54cm I\

\raisebox{lomH\rotatebox {50} \makecell\hspacell semiTemperature 38

\multicolomng2 }{1:]_}{\raiiebox{l.SEmHHrmtatebﬂx{B@}{"-,makeceiI{‘\hEpﬂcﬁ{L 2emiiNe. of
obs. &\ rotatebox {S0i{\hspace{2ZcmiRas. in the extreme} \rotatebox{90H\hispace{3cm} left gan}
\rotatebox{S0H\hspacea{3.6cmiin) . .
\rotatebox (90} {\hspace 2. 84cmis\Omeazasi&\rotatebox {90\ hspace{2cmiRes. in the extreme}
\rotateboxdo0}{\hspacei3em) right gap) \rotateboxiS0H \hspacel3. 7emiing
\rotatebox{90}{\hspace!3.74cm S\ Omezas &\ rotatebox{o0}\makecell\hspace{2 4cm]Direct
currentii&\rotatebox {30} \makecell{\hspace{2. 2cmiReverse current}}& \raisebox{3.5
cmi\makecell{Mean}i&\rotatebox {90, hspace{2emiUnknown resistance]}
\rotatebox{20H\hspace{2 3cmiSR = 5-\rhel\left|l' 21" 1\right|S}H\rotatebox {30 \hspacel2.5cmlin}
\rotatebon{90H\hspace {3 55cmiS\Omegas| &\ rotatebox{30] [\ hspace{2 dcmjMean resistance;
\rotatebox{50}{\hspace!3.5cmlin} \rotatebox {90 {\hspace{3.55cm S\ Omegas]

Ywspace* 1. 7emN\

\hline

8:8(3)&2 9&REA5 2RA5. 2845 JRE\)
\clinaf4-8P\-0.8cm]

\wspace*{-0.6cm)

&\raiseboxi _U.E-Em}{ 118882888 \raisobox{0Acm3 2. 7N
5&(BJRRE2 8778877 53877 388\
\cline{2-5}

Room temg. &&{(a)%35R849.9845 6849888
\clingfa-aPM\[0.8cm]

\wspace®{-0.6cm}

B\raisebo0.5em 2. 1B AR E R raisebor {0 docmi 2. 8RN,



SMeft{t 1\right)\,"\circ CSRA(DIBR&IRTI. TELT3. AT BEE\\
\cling{2-9]

=23 $M\girc €S & &(a)&3. 18R &S56.0455.9856.08&5R 15 =3.0\)
\clinaf4-8P\-0.8cmi

\wspace*{-0.6cm)
&\raiseboxiD.S5emH 3 &R &R &AL \raiseboxi0.4cm {30381\
5&(BJRRES. 156788677867 388\

\cline{2-9}

&&4a)&3.28RRA1.7861.8861.888\\

©elinefa-8P\-0.8cm]

\wspace™{-0.6cm}
E\raisebox{0.5cmHA. 1888 R &R &\ raisebox{0.4cmi}{3. 2180\
E&(b)&RR3.2802.7862.6%62 688\

\elinef2-9]

B &(5}&3.38REEB.0867.8867. 988\

\clinef4-8P\[-0.8cm]

\wspace™{-0.6cm}
&\raisebox{D:5em}{5. 1888 & & &8 \raiseboxil.dem{3.438\\
EE&(DI&RE3.3556.9856.6856.888\)

\hline

&&(a)&%5.1&RE32.58.85.8888 388\

©elinefa-8P\-0.8cm]

\wspace™{-0.6cm}
E\raisebox{0.5cmH1. 1888 & &R &\ raisebox{0.4cmi}{S. 458N\

&&(b)RRES.1845.4845.2845.388\\



\cline{z-9}

Steam temp. &&|a)&528RE8.92 88821890488\
\etine{a-8]\\[-0.8cm]

\vspace*[-0.6cm}

&\raiseboxfd.5cmiZ JAESR&RE \raiseboxid.4cmH5. 55&N )
S\teft{t_zmghﬂ\,ﬂc;rc C588(h)&RES5.2851.8852 0851988\,
\clina{2:9}

=100 S*\circ C S & &{a)&5.28R&88.2888. 2888 28&5R 25 =55}
\elinefd-8P\[-0.8cm]

\wepace® {-D.6em]

&N\raiseboxD.5cmH 3 I LER L& LS \raiseho{D.AcmH5 518\
&&(b)&RES5.3856.6859. 7858288\

\clinef2-9}

8.8(a) 85 A8RETT.TRTT.08T7 AREN,

\climefa-a P\ =0.8em]

\vspace*{-0.6cm}

&\raisebox{0.5cmH4. )& & & & & &8 raisebox{D.4cmi{5.518)\
B&{h)&RES5.4862.1863.3862.7&8\\

\cline{2-9}

B&(a}&5.58RETE.5876.3876.68&\)

\cling{2-8M\[-0.8cm]

\wepace® {-D.6em]

E\raisebox{0.5cmH5. 1L E&E&&EE \raisehox {0 4omH5.61&\
B (b)&RES.5865.1869.3%67.288\\

\hitne \hiine



\enditabular]

\label{table{B)]

\endf{table)}

\section{\textsHCALCULATIONSY

From Table {\ref{table{A]}} we obtained S\rho = 0.00726 \,\,\Omega/\text{cm}s and from Table
{\ref{table(B)} we obtained SR_1 = 3.0\, \Omega$s and SR_2 =5.5\,\, \Omezas\\

Zh\therefores Tha temperature-coefficient of resistance is glven by,
\beginfalign®]

\alpha&=\frac[R_2-R 1HR 1t 28 2t 1N\
E=\frac{5.5-3.0}{3.0 \times100-5.5\times23} \\
&=\Frac[2.5H173.558\\

B=0.0144\\, \bextiper\, Meirc C
\endialign®}
\hspace®{2.5cm}
g \therefores\,

\framebox{S\alpha= 0.0144 \ \ \text{per} |, "\circ CS)

\sectionf\texisfPRECAUTIONS AND DISCUSSIONS)H
\beginjenumeratel{label=(\roma ri*ﬂ

\item At the beginning both S\bm{¥}5 and S\bm{Y¥}5 showld be made zero to see whether the
null point’is near the middle of the bridge wire (when S\orm{Q_1}5 =S\brm{Q._2}5).0f the null point is
found very near to 50 e, it indicates that $\bm{Q_1]S is almost equal to S\bm{Q_2}5.

\itam In this experimant the effacts of the end errors of the bridge wire are eliminatad and
hence this methed using Carey Foster's bridge gives more accurate result than that obtained by using
metra bridgs.

\item For greater sensitiveness the resistances of the four arms should be of same order.



‘\item While determining S\rhao5, the value of $\bm X5 should be adjustad to make 5\ left(l_2-
|_1\right]S very nearly equal to the entira length of the Bridge wire. This minirmises the error due tonon-
uniformity of the bridge-wire.

\item While measuring SR_15 and SR_25, S\bm{S}S sheuld be adjusted to make S\left(l'_2-
I'_1\right)s small. R=5-8\rho\left{I' 2-I' T\right}$, where $\bm{S}$ is chosen from box and is fairly
correct wheraas Syrhos being a measured guantity may have some error. Therefore, the errorin
S\bmi{RIS 1s S\delta R_{max} =\delta\rho\left{l' 2-1' 1\right}+\rho\cdot2\delta IS. Smaller is the value of
SI' 20" 15, S\dela A_{max}5s will also be smaller.

\endienumerate}
\section{\textsFIMAXIMUM PERCENTAGE ERROR]]
\hspace™{1.5cmiWe have,
\beginfalignP\labelifourth}
\alpha &=\frac{f_2-R_1HR 1t 2-R 2t 11\ \Mtextiperl\; Meirc C \nnl\

\therefore\left(\frac{\delta\alphal{\alphal\right] {max}&=\fraci2\delta RHR 2-
R_1M\fracf\delta R \left(t 1+t 2\right}+\delta t \leftiR_1+R 2\right}{R 1t 2-R 2t 1}

Yendialign]

\beginfalign®]

\textiwhera}\ )\ \delta 1 & = \text{1 div, of thermomatar}\)

\textiand}'\\ \delta R_{max} &=\rho\left[\frac{l’ 2-I" 1}l 2- 1}+1\rightlicdot2\delta I\

\textfwhere, ]\,\,\delta 1&=0.1\text{cm (1 div. of the metre scale]]\

I 24 1:8=7.8 \textlomP\\

[ 2-1_1 &=67.9 \textfem]\\

Veext{and\,\\\\rho&=0.00726\ \,\Omega/\textfcm\\

\therefare \;\,\delta R_{max} & =0.00726\left[\frac{-7.8H{67.9}+1 \right] Z\times0.1\\
\delta R_{max}&=1.285\times10"{-3]\,\,\Dmezga

\endialign®}

\hspace®{1.5cm} Therefore, from equation \refifourth]

\begin{align®}



\IEftf\frac{”\dfltaHaiphﬂ}f"gakpha}\right}_{max}_&=\frae{.2".ldelta RHR_2-R 1+\frac{\delta R
\leftit 1+t 2\right)+\deita t\left(R_1+R_2Z\right]{R 1t 2R 2t 1]\}

&=\frac{2\timesl .Eﬂﬁ\timéﬂﬁ'“ £a5.5-3. 00+ \fracL. 285\ times 10~ -
3)\times\left(23+100\right}+0.1\times\left{3.0+5.5\right ) H2.0\times100-5.5\imas 231\

8=1,028 \times 107:3145.810\Himes 10431,
£=6.838\times10M-30\
\end{align™}
\hspace™{1.5cmiTherefors \}
\hspace*{2.5cm}
Maximum percentage errar
\beginfalign®}
\leftf\frac{\delta\alphal{\alphal\right) _(maxd\times100 \\% &=6.838\timeas10"{-3}\times100, Vi \\
E=\pm \,\, 0.68\\%
\endialign*}
\hspace™{1.5em}
S\therefores),\ \framebox{Maximum percentage errorin S\alphas is S\pms 0.58'%)

\end{document}
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Figure 2:

1 Introduction

Laser B oo of the most exciting and faseinating deselopmont i physics of the relativoly ropont past,
It is an acronyvm for Lizhe Ampliication by Stimalated Emission of Radiation (lser) and = 8 deyice
fur producing a highly menodhromatic directional and coberent beam of Hght of high power denisity
It's working (depends on the phenomena of stimulated omassion of radiation, the theory of which was
worked oul as early as 0T by Binstein, He obsooved that the absorption aod enission processes
alone cannot explain the equilibriom and predicted that there must be aw additional process now
teminer] as-stinmlated emissdon. The prediction attracted little attention wtil 1954 when 2 Fuesian
phyaicist N Bosoyv and A AL Prokborov aned the Amerdean phyiivist C.H Townes disoovored  almost
shultaneousiv asd independently the plioomens of XMiorawaee Aaplification by Stmulated Enission
of Radiation (MASER)

2 WORKING PRINCIPLE
2.1 Laser works on the princple: interaction with radiation with matter.
Laswer st ds preceded by three proceses, pomely, dbgorption, spontansims omission and stimlated

CnTESIo,

2.2 Absorption and emission: Goes hand in hand

Consider a myslen with © ntulu&l::i.n' uwh-tiulm;’}.A’n Aatom had a ouisnher of |1ué£ﬂ:thl u.luld.lti;a.ef] um-jg&'
states chiaractérsed by its prineipal quantum monber n (=1.2.3......) For simplicicy e assame only 2
states 1) romnatns (o Che grouwsd state with minimnon energy. By o Che slsence of esternal mfoemces: Chi
heing subjected tosome netion, say iradiation by photons-of right frequeney oot transits tooa bigher
energy state Faabsorbing o of the raliation This process is called the stimulated alsorption or
excitation (Bzure 1oy which the sppropriate frequency uis given by

T = EE - EI h
Absorption 3 neeessarily i stimulated or ssduced priveess, the ahsorbed photan belpg the stimulating

phiston and the provess may b represented symbolically as atom-+photon —satom® where the (¥ is
used to ndicato an excitod state.

2.3 Spontaneous emission of radiation

Clonsider wow an qtem itially fn the exeited Bs [Bewre 20 A0 atom stavs i thic esteited state iually
for-a short poviod 107" called fra liferime aod viturns of its owinto the fuitial state £y Givnes omitting
i photon of (veguency w0/ This process opposite o excitation, s termed spont aneous emission or de-
exciiation This is representesd as aton® — oo +pholon aod the energy of the ploton i given by,



fiv= [ —

I there b= o asseanbly of atos (e cadiation (photons) emicted by el atcom dus o spootaneois
transEition. b ocrandom divection (o directivity) and & rawlom phase The eppitted lieht snon-coherent
in natnre,

The quantum deseription of the above two processes bowever s identical-n transition betweon B
ol Fs no matter 19t 3 an exeifation or de-exoitat o

2.4 Stimulated emission

Whens o plhoton of fraguoney preeiely noof oneegy b Irradiates an atom alresdy In the excited state
Eail cannot excite thie atomn which s already excitad I produces the eguivalent sffect § it de-excites
the atom: Soounder the Infuenee of the electromaguetic feld of a ploton of freguency @ Toeident on it
makes a transition to the lovwer energy state Fyemitting an additional photom of the same frequency
wifigured) So.now there are two pliotons dne orlginad uud the other emitted This can be symbalically
vepresontod as; atom® + photon -+ atom +2photans They will be meving in pheso in sae divoction. This
tope of transition & ealled stimulated emission of vadiation In conteast bospontaneons ang 10 many such
esenited atomes are prosentcachyof these two photons cap so ea to spontaneans one I many suc exeited
atoms are present each of fhese two pholons can go on to stimulate two more emissions amd producing
Tonir p'lmtnm_bm 1uuu the majerity of ptoms one st iy oeecited wtato th proress par eontinme I o
cant e mving 1 phntnn—!- 2 phetons—d photons—8 ]Ihﬂl-ulﬁ—* .o il 50 oninehaing, The proces of
stinilnted oinision e the peoduse o deanatic amplification of & Beam of photons, tle basie prinejpie
oof Taser, s deviee that explains the possibility to smplify Tight of o definive frequeney.

The thoory of stimulated emisston was finst gt forward as already stated Sby Albert Einstoln in
1917 While in spontamnesus ennssicn,phiotous are nitted inorandom divectionsin stinndated emnission
the plotan alwiavs leaves the o o the direction of the indident stimolating photon. Tle ieidont and
stimiilated photons are colierent and add to amplify the meident bean A o large mumber of excited
atians B invobved the stimalared emisslon generates e iitease biem of high eolerenee and oo
directivity, Transition between eperey levels with absorption o emission of radiation are called
radintive transition But trasitons-tst oceur withoul ahsorption or eedssion of radinticn ave knowil
ws now-radiative transitions that ocewr mainly due té energy exchange between system wnd fts anvic
vontment=ln laser tuterial such Qransitions are rabler comanot.

3 EINSTEIN'S THEORY AND A.B COEFFICIENTS

Tnu_mi?.!m hetween the various euergy states ks essntially a statistical process and oni cannut predict
which particular abodn ab f given nstant will transie fom e cndrey state to another. But i a very
lorge number of mtomsire mvolved applyitg the probability theoryothe rige of relative transitions
Bstoeem - bwn eneray states can be caléulatm] with-docuracy One of the assumptiows made were - that
the atormic system 15 in equilibrinm with emoradiation. Let an pssembly of atoms 'be in thermal
pouilibvinm at 4 temperature T with radistion of frequeneye and energy densiey ufe). Let Nand A
bir the nmober of aboms por unit volomde ot nny - instant instate 1 und 2 ;'qé[icmiim!y.']lhr pratinbile
ritedfe of alsarption tiansition T—2 depends on thestate 1 oand 2 aud s sl proportional to the
ienergy density of the radiation wiv).

.P'[:; - .Br; £y 1) ........:....{1}

the proportiomality constant By s called the Einstein's cosfficient of absorption of radiation.
MNaunber of atims iu'state 1 that alsorhs a phioton el fses theesby bo state 2 por ool tioe Lo the
time it is given by ) )
h'J P]_"! = -“'l"]_ H] z'ﬂ"l:i?] .............. {2}

The probable rate £ of spoutaneons transithon 21 depends oo the states U oand /2 and also oo
Ay thie probability of spontanecis transition 251,  Nuamber of atoms 6 state 2 that drops to/stare
T b spoiitaneons transition per i tiewe Do the thins rate -

Nadlay, ......----.{3}



being ndependent of the epergy deniity wlo) of riclatiom. Aoy n enlled Finstoln®s coofiolont of
spontaneons enission of radintion, There iy ngain b o downward stimulated trassition from state
B sitate 1 due to the electronugnetic radintion’ Geld Thy peobabilitg of sueh smission trnnsition s
proportionel to the emergy thensity wl ) of madition,spart from its dependence on states 1 oamd 2.0%
sy thus be written as Beyof o) whore By ks the peobability of sthoulated eméssion. Number of atoms
undergoing stimulated transition 2—+1 per anit time,
N Bag i o). cvieinsrinieia{4)

Baypis the Binstein's coeficient of spontaneons emission of radiation.

4 RELATION BETWEEN A AND B COEFFICIENTS
Foar aguilibrinm, the absorption and enmission per unit tine mnst ocenr equally

NyByau(n) = Nodug b NaBapu(n)

w{w) = —JFHA?L -411 "‘"—I
YT N By — NoBly) Bn ge 1

BT” :H“TT* NuRe— [E;I

|Nl.l’--"5"11 = [,i-lr ,17-]

This relation for the etergy density of radiation of frequency v wmust be in accordance with
Manek's vadiation formula:

Bl 1 ;
]i{’ﬂ] = T.W........(ﬂ]

Comprarivg (3 and (6] we gt

Bz = Bajend Ay [ Bay = 8k f¢?

Lo geivheiral
H“Ih - H‘Hrn

anil
Ad B = 87 e i = m) v T)

Thus probabilitiés of stimulated absorption and stimplated embsion are equal Further, the seoond
cqunlity inplies that the probabilivies of spontanecns enissicn iudreases as 5 Lo rapidly with enérgy
dlifferemon between the invalved states e implies that the probubility of spontaneons smission deomimates
aver induced cmission more and more as the coergy difference betwoen: the two state incrooses Loser
aetion becomes more difficult ar bigher frequencies; The two relations o (7) we called Elnstein's
rolations nud the A% and the B's are roforred to ns E'.L\STE'Jth A ANDE EDEFFI.CIENT"T Thaey
cannot be determined by the clsical electromagnetic theory. However B can b ealeulsted quantum
mrechanienkiy using Dirpe’s theoey aud thenee A an be oboained.

4.1 Basic laser system
"The lsser system consists of the following main compoments:

1. The wetive or Jasie medinm A wlibeh 38 either 6 collection of atome molecules or fons o &
sididd Heguid Jras or semicondaitor junetioncapable of sustaining the stimnlatid cimission.

2. Al extornal sonree: of exditation. B that supplies the pumping oneregy petossary to ciuse the
population imversien between o pair of energy lewls of the atomic system and



3. An optical resontor-In order 1o sustain lotor oseillation, a purt of the output must be fed back
tnbo the Svstem Sich a positive leedback s hrought about by plicing the aetive medinmn between
i paie of plose paralle] wilrors foriulug vesonnnt davity. The mireors fuee oach othise, oiie ot oach
enel of the medimm:one of thom s a totad reflector ‘T and the other o partinl one- T that allows a
part of the penvrated laser bean Loto pass oot of the systew The armugement 5 Soown as an
apficl reacnator.

ACTION: To canse populstion versioy, (e medliom A 55 fad with the pump eoerey Bowhich s
then relessed froms the excited atoi stimulatey apother I eodousiers i s path to rolose o soe
ol phioton; the two cobierent photots add completely o a b of tedlee thi intensity. As thit biam
cotises throuph the modium s aniplitude rapidly nereaess wore b more and moke stinilated enis-
sleines, The total eflector T ien reverses the beam allowing it imother passagelin fet, pnlGple ve-
vorsione muy aecur] throueh the oxcited wedion for further pplifieation, Ou reaching P aopare
L ool the beam recapes as & faser bearm Stimdated photons that are omittod inclingd to the axis
are lost through the ddeq of the system do that the final cineygent beawn s always along the axis.
j|.1I'.'hsn||:|glf| Emetein s t.'tu-nnf of stimilated emisgon b onsold s 1917, the eoncept of population invemson
Lowaver came much Intey not before 1954, Lo trako lasing possibiir.

5 Types of lasers

Modern vorld imses o vardely of Tasers. They Bl maduly into § categories: solid divlecteic; gas;smiconductor
autyel tunable lasers They omit red Blise blue-green ar invisible radiation ranging fram microwave to ul-
travioket. Souse produes contingous waves (ow) others are flashed or pebsed The nikse rate is vory short

. being: millisseond? 10}, nanosceandst 101 or: pice-scoand{ 10722} The pulse may be: normal or
Clswitchied Le the release of evergy I a single glant cotitrollable pulse. The power ranges from 25 md-
A ] for o duration of 10s-5 min The highest power bser can produce shart bursts of energy at eales
grepter Lhan 10"3 W by mode locking and cscillator-amplifier technigues.

5.1 SOLID LASERS:

Sobid dielectre losers Bchade ruly gt G900 A NEYAGTYitHwo-Aluinbim Garnet) Lo, YAG witl Nid
s frmpurity ot I=1.064 mm md plass:Nd e glass with N s imparity. ot I=1.064 mm.

5.2 GAS LASER
Ceas-lasers incluide He-Ne at 63284 and argon oo sod Kevpton fow emitbiog o blas-green s md
part Anothes important: mas laser s OOy taser developed by COHON: Patel
5.3 SEMICONDUCTOR LASER:
Suely lasers are wnde ol o single crystal of & sultshle imparity:semioonduetor snoh s Cacds] galtiom
arsenide) emitting near infraved{ S3H-8500A ),
54 TUNABLE LASERS:
They are of two kinds:
1. Dye lasere puanped by argon-and aitrogen Lasors o

2. Pavaetric ascillators{whers 4 won lear copstal g LENHOq(Hehinm niobate) i ponped Ty
NebEYAG Damers), The dye losers use aetive Hucresoont material (organ dye)eg Suerescin or
rhodamine 60 or B in nosolvent, emitting radiation rabging from S0-10004,



6 Laser and its Applications

Loser gemerates: ligh waves| ey =] Binee 1960t apened up o completely, new beld of development
i OpticeAlthough o source of Jght it doeesnet fnd fsell wseful o dhaaduation purposes mther it
shows o close resemblanoe with racdio and wlesowsve traosmiters @5 e then it fnds 08 usage in
generating o highly coberent and directional Hght bemn of extreme monochromaticity. Owing to it's
ability of providing humisus intemsity of the order 107°— 10" & with case it aloo finds s wee whion
it oomes to the stady of nom-linesr optical effectsoptical beating long distance interferencesnd wany
other exhilurating phonomenn,

Laser sedence or laser physies fornes a link betwisen quantun electronics and stomie and mole-
euar phyvsics It acquives o comunanding position as 1t's study dnvolves ovorlap of differont brankies of
physics samefyguantom oomputing lser cooling quanttom chemisity and quantum cryprographyvand
mhany meve whlel-males e vory engrossingsabjoet,
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\section{introduction)

Laser is one of the most exciting and fascinating development in physics of the relatively recent past. It is
an acronym for Light Amplification by Stimulated Emisslon of Radiation (Faser) and is a device for
producing 2 highly monochromatic directional and coherent beam of light of high power density, (t's
waorking depends-on the phenomena of stimulated emission of 'r_adfatlun, the theory.of which was
worked out as early as 1917 by Einstein, He observed that the absorption and emission processes dlone
cannot explain the equilibriurm and predicted that there must be an additional process now termed as
stimulated emission. The prediction attracted littte attention until 1954 when 2 Russian physicist
M.Basov and A.M. Prokhorov and the Ametican physicist C.H. Townes discovered almost simultaneously
and independently the phenomena of Microwave Amplification by Stimulated Emission of Radiation
(MASER}

\section{WORKING PRINCIPLE]

\subsection{Laser works on the princple;\textit{ interaction with radiation with matter.}}

1



Laser action is preceded by three processes, namely, absorption, spontaneous emission and stimulated
emission.

\subsection{Absorption and emission: Goes hand in hand }
\begin{figure}

\centering

\iricludegraphicsfwidth=0.4\textwidth]{1.jpe}
\caption{\label{fig:1}}

\end{figure)

Consider a system with \textit{v} atoms{or molecules).An atom has a number of possible quantized
energy states charactersed by its principal quantum numbern (=1,2,3,.....).For simplicity, we assume only
2 states.it remains in the ground state with minimum energy \{E_1\} in the absence of external
influences.On being subjected to some action, say irradiation by photons of right frequency  n it
transits to a higher energy state \(E_2\),absorbing bn of the radiation.This process is called the
stimulated absorption or excitation (figure 1)for which the appropriate frequency nis given by

\livi=E_2-E_1/h\]

Absorption is necessarily a \underline{\textit{stimulated}} or \underline{\textit{induced processilLthe
absorbed photon being the stimulating photon and the process may be represented symbaolically as

atom+photon —satom™®

where the (*) is used to indicate an excited state.

\begin{figure]
1Il.'r.l‘!ﬂ'ﬂ‘!rir?g

\includegraphicsfwidth=0.4\textwidth]{2.jpg)
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\caption{\abel{fig:2}}

\end{figure}

\subsection{Spantaneous emission of radiation}

Consider now an atom initially in theexcited \[(E_2\) (figure 2).An atom stays in the excited state usuaily
for a short periad ~\(10-8<}\),called its lifetime ,and returns,of its own, to the initial state \(E_1\),hence
emitting a-a photon of frequency n.This process,opposite to excitation,is termed spontaneous emission
or de-excitation, This is represented as

atom®* = atom +photon

and the energy of the photon is given by,

\[ h\textitlvi=E_2-E_1\]

if there is an assembly of atoms, the radiation (photons) emitted by each atom, due to spontaneous
transition;has a random direction {no directivity) and a random phase.The emitted light ls non-coherent
in mature,

The quantum description of the above two processes however is identical-a transition between \(E_1\)
and \[E_2\),no matter if it ls-an excitation or de-excitation.

12



\subsection{Stimulated emission}

Whin a photan of frequency precisely n or energy h\textit{v) irradiates an atom,already in the excited
state \(E_2\},it cannot excite the atom which is already excited.ft produces the \underlina{equivalent
effect) : it de-excites the atom . So.under the influence of the electromagnetic field of a photon of
frequency \textit{v} incident on it,it makes a transition to the lower energy state \(E_1\],emitting an
additional photon of the same frequency \textit{vl{figure3).50,now there are two photons,one original
and the other emitted. This can-be symbaolically represented as;

atom*+photon — atom +2photons

They will ke movingin phase in same direction. This type of transition is called  \underline{stimulated
emission) of radiation in contrast to spontaneous one . If many such excited atoms are present,each of
these two photons can go on to spontaneous one f many such excited atoms are present,each of these
two photons can go on to stimulate two more emissions and producing four photons.So long the
majority of atoms one still in excited state,the process can continue in a cascade giving

1 photon— 2 photons—4 photons—8 photons— ..
and 50 an in chains.

The process of stimulated emission can thus produce a dramatic amplification of a beam of
photons the basic principle of laser,a device that explains the passibility to amplify light of a definite.
frequeéncy.

The theory of stimulated emission was first put forward,as already stated by Albert Einsteln in

1917 While in spantanesus emission, phatons are emitted in randem directions;in stimulated emission
the photan always leaves the atom in the direction of the incident stimulating photon.The incldent.and
stimulated photans are-coherent and add to amplify the incident beam, It a large number of excited
atoms [ invalved the stimulated emission generates  \underline{\textit{an intense beam of high
coherence and extremel}

\wunderline{\textit directhvity.}

Transition between erergy levels with absorption and emission of radiation are called
\underline{\textit{radiative transition}} .But transitions that occur without absorption or emission of
radiation are known as non-radiative transitions that eccur mainly due to energy exchange between
system and its environments.in laser material such transitions are rather common.
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\section{EINSTEIN'S THEORY AND A,B COEFFICIENTS}

Transition between the various energy states is essentially a statistical process and one cannot predict
which particular atom at a given instant will transit from one energy state to another. But if a very large
number of atoms are involved,applying the probahbility theory the rate of relative transitions between
two energy states can be calculated with accuracy.One of the assumptions made were that the atomic
system is inequifibrium with e.m.radiation.

Let an assembly of atoms be in thermal equilibrium at a temperature T with radiation of frequency| v\)
and energy density \{ulv\)).Let \(N_1\Jand \(N_2\) be the number of atoms per unit volume at any
instant in state 1 and 2 respectively. The probable rate’y{ P_{12} \) of absorption transition 1-+2 depends
an thie states 1 and 2 and s also praportional to the energy density of the

radiation \fu{\textit{v}i).

W P_{12)=B_{12}u(\rextitfviih oo { 1)

the praopertionality constant \(B_[12)\) is called the Einstein's coefficient of absorption of radiation.

“Number of atoms in state 1 that absorbs a photon and rises thereby to state 2 per unit time i.e. the
time rate is given by

VN_IP {312}]=N_1B {12}uln) e {2\

The probable rate V[P {21]\) of spontaneous transition 2—1 depends on the states 1 and 2 and also on
MA {210 the prabability of spontanecus transition 2—1.

= Number of atoms in state 2 that drops to state 1 by spontaneous transition per unittime i.e., the time
rate is

\iN_2A {21}, SR - |

being independent of the energy density \(u(\textit{v}]\) of radiation.

MA_{2 11\) is called Einstein's coefficient of spontaneous emission of radiation.
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There may again be a downward stimulated transition from state 2-sstate 1-due to the
electromagnetic radiation field The probability of such emission transition is proportional to the energy
density \(u(\textit{v}}\) of radiation,apart from its dependence on states 1 and 2.1t may thus be written
as \(B_{21)\\\u(\textit{v}}\),where \{B_{21}\} is the probahility of stimulated emission,

~MNumber of atoms undergoing stimulated transition 2—1 per unit time,

\l N-28_f21)uf\textit{v)) SRR .|

\E_{21)\) is the Einstein's coefficient of spontaneeus-emission of radiation.

\section{RELATION BETWEEM A AND B COEFFICIENTS)

For equilibrium,the absorption and emission per unit time must occur equally.

AN 1B {12}ul\textitivlj=N_2A_{213+N_28_{213ulw)\]

\luf\textitiv)= \fraciN_2A (21}H(N_18_{12}-N_2B_{21})}
=\frac{A_(21){B_{21}) Mrac{L}{\fraciN_1}{N_2}.\frac(B_{12)}{8_{21}}-11\]

\[=\fraciA_{21}HB_{21}) \frac{1 {\frac{B_{12}}B_{21}}er{hv/kT}-1]}
soccasmu I

MIvN_1/N_2=erhv/kTIN

This relation for the energy density of radiation of frequency \textit{v} must be inaccordance with
\underline {\textit{Planck's radiation formula}:}

u(\textit{v})= \frac{Briw 3 He 3 \rac{1HeMbw/kT)-1] ......(6)\)Comparing (5]} and(6) we get
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VB _{12}=B (21}and A {21}/B_{21}=Bmhv"3/c"3 A

In general
VB _{mn}=B_{nm}\]
\andWU\A_{nmifB_[nml=Snhv"3/c 3 tnzm) o7

Thus probabilities of stimulated absorption and stimulated emission are equal.Further, the second
equality imiplies that the probabilities of spontanecus emission increases as \(vA3\ )1 rapidly with
energy difference between the involved states. )t implies that the probability of spontanecus emission
dominates over iInduced emission more and more as the energy difference between the two state
increases Laser action becomes more difficult at higher frequencies.

The two relations in {7) are calied Einstein's relations and the A's and the B's are referred to as
EINSTEIN,S A AND B COEFFICIENTS.

They cannot be determined by the classical electromagnetic theory. However B can be calculated
quantum mechanically using Dirac's theory and thance A can be obtained.

\subsection{Basic laser system)}

The laser system consists of the following main components:

\begin{enumerate)

\item The active ar laser medium A, which |5 either a collection of atoms,molecules or ions of a
salid,liqukd .gas or semiconductor junction,capable of sustalning the stimulated emission.

\itern An external source of excitation, E that suppliesthe pumping energy necessary to cause the
population inversion between a pair of energy levels of the atomic system,and

\itemn An optical resonator-In order to sustain laser oscillation, a part of the output must be fed back into
the system Such a positive feedback is brought about by placing the active medium between a pair of
plane parallel mirrors,forming resonant cavity. The mirrors face each other, one at each end of the
medium;one of them is-a total reflector T and the other a partial one P that allows a part of the
generated laser beam L to pass out of the system.The arrangement is known as an \textit{\underline
{optical resonator} }

16



\end{enumerate}

\textbf{\textit{ACTION:}} To cause population inversion, the medium A 'is fed with the pump energy E
which is then released from the excited atom stimulates another it encounters in its path to release a
second photon: the two coherent photons add completely to a beam of twice the intensity As the beam
courses through the medium,its amplitude rapldly increases more by more and more stimulated
emissions.The total reflector T then reverses the beam allowing it another passage{in fact, multiple
reversions may occur) through the excited medium for further amplification.On reaching P, a part L of
the beam escapes as 3 \textit{\underline {laser beam}].

Stimulated photons that are emitted inclined to the axls are lost through the sides of the system so
that the final emergent beam Is always along the axis.

\underline {Aithough Einstein's theory of stimulated emission is as old as 1917, the concept of
popul ation inversion)

\underline {however came much later,not before 1954, to make |asing possible.}

\section({Types of lasers}
Modern world uses a variety of lasers.They fall mainly into 4 categories:

solid dielectric;gac semiconductor and tunable fasers. Theéy emit rad ,blue, blue-green or invisible
radiation ranging from microwave to ultraviolet Some produce continuous waves (ow),others are flashed
or pulsed The pulse rate iz very short , being millisecond\ ({104{-3s)\), nanoseconds\{[10%{-95])\) or pico
second\[{10{-125})}). The pulse may be nermal or Q-switched, i.e, the release of energy in a single giant
controllable pulse The power ranges fram 25 mJ-400 mJ for a durstion of 10s-5 min.ﬂ-m highest power
laser can praduce short bursts of energy at rates greater than \(10413\) W by mode locking and
osciflator-amplifier technigues.

\subsection{50L10D LASERS:}

Solid dielectric lasers include ruby at 6940 AN YAG(Yttrivm-Aluminium Garnet),i.e:, YAG with Nd as
impurity at I=1.064 mm and glass:Nd, e, glass with Nd as impurity at 1=1.064 mm.

\subsection{GAS LASER]

Gas-lasers include He-MNe at 6328A and argen ion and Krypton lon emitting in blue-green and red
part.Anpther important gas faser is \(CO_{2-I\}laser developed by C.K.N. Patel.

\subsection{SEMICONDUCTOR LASER:)

Such lasers are made of a single crystal of a suitable iImpurity semiconductor such as GaAs{gallium
arsenide) emitting near infrared(8300-8500A).
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\subsection{TUNABLE LASERS:}

They are of two kinds:

\begin{enumerate}
Vitem Dye lasersipumped by argon and nitrogen lasersjand

\item Parametric oscillatorsiwhere a non linear crystal eq. MUNBO_2\){lithium niobate) is pumped by
Nd:YAG lasers). The dye |asers use active fluorescent material {organ dye),e.g. fiuorescin or rhodamine
6G or B in a solvent, emitting radiation ranging from 500-10004,

\end{enumerate)

\section{Laser and its Applications}

Laser generates ligh waves\([~10%14Hz]\}.Since 1960 it opened up a completely new fleld of
development in Optics.Although a source of light,it doesnot find itself useful in illurination purposes
rather it shows a close resemblance with radio and microwave transmitters as like them it finds it's usage
in generating a highly coherent and directional light beam of extreme monochromaticity.

Qwing to it's ability of providing lumious intensity of the order \(10*[20}\)\(-104{30} K\} with ease, it also
finds it's use whien it comes to the study of non:linear optical effects,optical beating, long distance
interferenceand many other exhilarating phenomena.

Laser science or laser physics forms a link between guantum electronics and atomic and molecuar
physics It acquires a commanding position as it's study invelves overtap of different branhes of physics
namelyquantum computing.laser cooling,quantum chemistry and quantum cryptographyand many more
which makes it a very engrossing subject,

\end{document}
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1 AIM

To finel the of Plandk’s Constant using the graph of voltage of the different eoloured Led against
thiir wavelength.

2 THEORY

An Led i 4 términal semitonductor light sonree.In the unbiased condition a potential barrier de-
veloped across the pon junction is reduced At a particular voltage the hiight of potential barrer
becomes vory low and the led starts glowing e, in the firward biazed ‘eomdition clectron oros<ng

the pen jumction are exeiied and when they return wo their normal stale cnergy 15 emitted . This par—
ticular voltage is reached then the enrrent may increase.

i*JlI{Q

Figure 1: P-N JUCTION DIODE

The light energy endtted during forward biasing i given as -

E—="H sw (1}
where,
E=The Emitted Encrey.
¢ == The Fregueney of the emittod ooergy.
h — Planick’s Constant.
ur, "

X

= —5— )

where,

¢ = Velocity of the Lizght,

A = wavelength of the Light |
i
p)

— Wave Nimmher.



IFV i the ferward voltage applied across the LED termimals that makes it emit light (it is also called
forward knee vollage fthreshold veltage) then the energy goan 1o the LED G5 givien by

F—=exV (3)

where,

¢ = Mevtronic Charge.
LEDs are wiry high cfficiency diodes and henee this-entire clectricel snerzy is connected o Light
crerzy | then equation (2) and (3)

oV = “; 2 (4)
From which Planck’s Constant is given hy
h_.e.xnx}l. (5)
&

==
shorter |ead
lonper lead /

e

o,

cimrmcisd (ngide the braadboard

Figure 2 CIRCUIT DIAGRAM




3 EXPERIMENTAL DATAS
Wi know,

L= s l'lllltt s
e=18% 10712.@

Tahle 1: CALCULATION OF PLANCK’S CONSTANT

[ COLOUR | WAVELENGTH (1/X) B RNEE VOLTAGE | MEAN
‘GREEN 548 nm 1.8248 % 107 mi ' == 1833 107 w7 2205 v 200 V
bj2.00 V
e) 196 V
YELLOW 6 nm L7361 = 10° m T =Lya= P m | all.?s Vv 17V
BI1GE V
PN
BLUE 4500 rn 2990w WP T =l V3x WP a2 41 v 246 V
B2 v
cj242 Vv
HED @20 L6120 = 10F m T=16lx 10° | a)l.65 v 3416 V
LT3 V
ciLG3 V




Table 2: MEASUREMENTS OF VOLTAGE AND CURRENT OF LED'S AND KNEE VOLTAGE

Vi volt) E_Eﬁfiu mh) ‘E’c']]uw_{iu mh ) EI'{.‘.‘EIIf inmA ) | Blue {in mA)

i 1 1] 0 1]
(L& 4] 1] ] i]

1 1 0 ] i
{8 ] 0 0 i
1.6 i 0 i 1]
L.65 a1 { i 1]
I 0.20 0.1 0 i
1:BE 4.7H 48 4] ]
1.9 4 LA% i i
1.95 33z i 4]

208 oz i
220 {16 i
2.9y 0.a7 f
ig3 (.76 N
235 {154 8 f
240 LE() 1A
250 3.8l 17

'Table 3: COMPARISON VALUE TADLE
[MColonr =E}i:pe:imenfia] Values of Knee Voltage | Knee Voltaze Values obtained from Graph ]

" Red L6s V 165 V
Vellow oLy vV L7l V
{ireen 208 V Lases V'

Plue 240 V TAL6E V




4 CALCULATIONS
We know,

e=25 10 meh
e=16% 10712 @

From the Graph,

fie
alope = =

e{Va_Th)

S
(&%)

I S [
T D40 w3 x 1R

h=

= 6583w 107 F—u

5 PERCENTAGE ERROR
VAL Eg jivivny = 6,626 x 107347 —s
i ALIIIE;-_'I;J;.H”M Erparn = 853 5 10 MJ —:H
VALUEg vowa = VALU Epx ragrs iNTaL

Pérvenitage Ervor = — VAU Erncmn s LMD

6626 % 107 — 6.53 x 107
6.626 x 1031

x 1)

= 1.44%



figare 3: VOLTAGE vs WAVELENGTH
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6 ERRORS AND PRECAUTIONS

6.1 Systematic Error:

Hinge measurements are alfected by the voltmeter such that the voltage is constanily lowered by
some amonnt, the voltage reading attained is less than the actaal stopping potential, especially al,
the lower intensities where the veltage & sostained at o lower rate. In awddition, the (ime Lo attain
the stopping voltage is greater hecanse of this drain through the woltmeter. The static electricity of
the vhserver i touchimg the hfe, Apparatns to resel, the voltage reading can also affect, the reading,
Crossover of Beht fram third arder speetral lines to the sccond order affected the stoppimg potontialis
for that order.

6.2 Random Error:

A muajor component of random error was the varianée in human response times betwoen readings,
and commuuication times between the obseérver and the recordeér. Another source of random error
wid the adjustment of spectiral ines on the aperture insdde the /e Apparatus, which we were not
properly awsare of mntil the third diay. The data eonsistoncy is also aflected by the connection (o a
voltmeter, The time w attain the stopping voltage i3 alfected more strongly by the drain of voltage
throngh the voltmeter-at loweér intensitics beednse the charging rate is slower.

7 PRECAUTIONS
71 1

Reading shonld be taken just when the LEID just start to emit hght,

T2 2

Voltmeter and ammeter shonld be al, sero ereor.

73 3

Wi shonld mote down Che corresponding photocuwrrent with least srror possible:

8 CONCLUSION

It is determined experimentally that the value of Planek’s Constant h— 653 x 1073 T — & which
imowithin acceptable its as compared Lo the Koown walue b = 6.626x10340 - s with s dilference
of L7, Regirding random error and measnoremicnt vncertainly, total ditferentials proved to bein-
sipnilicant with regard toothe the Bual precision of the experimental value of b as ovident by the
wagnitude of in the final experimental value Forther mvestigation and refinement of cxperimental
excention and techniques wonld most likely deoresse random error. Furthermore the scquisition of
adiditional data for & varisty of LED= within each eolor gronp wonld also help o docrease random
eiror bw statistical climination of inhercnt mamfacturing mcensistencies in the LEDs:
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\saction[AIM}

To find the of Flanck's Constant using the graph of voltage of the différent coloured Led against thair
wavelength,

\section{THEORY]

An Led is 3 terminal semiconductor light source.in the unbiased condition a potential barrier developed
across the p-n junction js reduced. &t a particular voltage the height.of potential barrier bacomes vary
tow and the led starts glowing i.e. Inthe forward biased condition electron crossing the p-n junction are
excited and when they return to their normal state,energy is emitiad This particular voltage s reached
then the current may increase\ .

\begin{figurelh!]

\centering



\Includegraphics[width=\linewidth]{1.jog}
‘caption{\bf \underlineP-N JUCTION DIDBE}}
\labalfigimy_label}
Yendifigure}
The light energy emitted during ferward biasing is given as:
".,I::eg'm{equaﬁﬂﬂ}
\label{eu_sgn}
E=h\times \nu
\end{eguation}i\
where,
‘\wspace{lmm}
WWE=The Emitted Energy.\\
W\ S\displaystyle \nuS = The Frequency of the emitted energy.\\

\\ h=Planck's Constant.\\

or, \begin{eguation}
‘labei{zu_egn}
E = \fracth \times e}{\lambda]}
‘\endiequation}
where,
\wspace{lmm}
Wie = Velocity of the Light \)
\\ S\displaystyle\lambdas = wavelength of the Light .\\
W\ Sh\displaystyle \frac{1}{\lambda}s = Wave Number. \\

\wspacef2mmBy),



If V is the forward voltage applied across the LED terminals that makes it emit light{it Is also called
forward knae voltage/threshold voltage) then the energy given to the LED s given by

\beginfequation}
\labelleg agn)

E =oe\timeas
\endiequation}

where,

\wspace{lmm}

\\e = Electranic Charge.\\
\thispagestylaiemotyl

LEDs are very high efficiency diodes and hence this entire electrical energy is connacted into light energy
, then equation (2} and (3)

Ybegin{equation}
\labhel{eg egn}
g V= \fraeih \times c{\lambda}

‘\endiequation}

From which Planck’s Constant is given by
\beginfequation}

\labelleg egn}
h = \fracie \times \nu \times \lambda}c}
Yend{aguation} )
\wspace{2mm}
\begin{figurelh!]

\centering

\incdludegraghicsTwidth=\linewidth]{2.jpg}



\caption{\of \underline {CIRCLIT DIAGRAM
‘\Jabel{fiz:my label}

\endifigura}
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\section{EXPERIMENTAL DATAS}

W lemow \\,

5S¢ = 3times 1048} \hepace{dmm] \si{msM-115 )

Se = 1.6\times 104{-19} \hspace{2mmPsiiC}s

\vspace{3mm}

\bagin{table}h]

\captionf\bf \underline [CALCULATION OF PLANCK'S CONSTANT]
\wspacef2mm}

‘\begin{tabutari{] |c|clc|efel |} \hlinekhline

COLOUR & WAVELENGTH & 5(1/\lambda}5 & KNEE VOLTAGE & MEAN )\,
\hiine\hline

GREEN & 5548 \hspace{2mm}\si{nm]}5 & 51.8248\times 1076\ hspace{2mm] \si{im"{-1}}5 {{\approx}}
1,82 \times 10M6}\hspace{2mm} \sifm™-1}1}5 & a)52.05\hspace{Zmmp\si{Vis &
52.00\nspaceZmimPhsi{VIsh),

\hline
& & & b)52.00 \hspacelZmmPsiivis &\
\hline
& & B c)51.98\hspace{Zmm} \si{V]5 & \\

\hline



YELLOW & $576\hspacelZmm} \si{nm}s & $1.7361\times 106\ hspace{2mm} \si{mA{-1115
s{\displaystyle{\approx}} 1.73 \times 1076\ hapace2mm} \sim M-1}115 & 3)51.78\hspace Zmm\sHV]S
& 51.71\hspace{ZmmPsi{V}Si\

\Rlina
& & & bj51.66\hspace{Zmmi\si{Vis & \\
\hiine
& & & c)51.71\hspacei2Zmm\si{Vls & \\
\Rlina

BLUE'& 5450\ hspace{2mm} \si{nm}$ & 52.2227\times 1046 \hspace{2mmPsiim™{-1}5
s{\displaystylefiapprox}} 1.73 \times 1046} \hspace(ZmmPsifm?{-115 & a)52 41\ hspace[ZmmP\si{V]is
& 52.416\hspaceZmm¥\si{VIs\\

\hiine
£ B & b)32 A2\ hspaca{2mmPsi{VIS & \\
\hline
2 & & c)52,42\hspaceZmmAsiiVES & \\
\hiine

BED & Sﬁlfj".,hﬂpace{imm} Vsifam}s & 51.6120\timeas 10%6 \hepaceZmmBsiimA-115
s{\displaystylei\approx}} 1.61 \times 1046} \hspace{ZmmPsi{mA-115 & 2)51.65\hspacel2mmP\sHVIS
E 52416\ hspaca{Zmm]isHViS\,

\hiine

& & & b)31.73\hspace{ZmmAsiHVIS & \\
\hline

& & & €)51.63\hspace{2mmi\silVis & \\
\hline\hline

Yenditabular]

\end{table)

\begin{centar}



\begin{table}

\caption{\bf \underline{MEASUREMENTS OF VOLTAGE AND CURRENT OF LED'S AND KNEE VOLTAGE 1}
\vspacelZmmj}

\beginftabular}| |c|c|clc|c| [} \hline\hiine
\si{V}{in volt] & RED(in \si{mA}) & Yallow (in\si{mA}} & Green( in \si{mA} j& Blue (in \si{mA}) \\
\hline

505 & 505 505 & 505 & 5051\

\hline

S0.55 & 505 £ 505 & 505 & 5054\,

\Rlina

$15 & 505 & 505 & $05 & 505\

\hiine

$1.55 & 505 & 505 & 505 &505

W\

\hline

$1.55 & 508 & 305 & 305 & 505 \\

\hiine

$1.655 & 50.15 & 505 & 505 &305 \\
\hline

$1.75 & 50295 8 50.15 & 505 & 3051\
\hiine

51.855 B 54,755 & 50,485 & 5058 505\,
\hline

$1.55 & 543 831,435 & 505 & 505\



\hline

$1.05% & & $3.33%5 & 5058 505\
\hline

$2.085 B & B 30,025 B 503\,
\hline

$2.205 & & & 50.165 & 5051\
\hline

$2.255 8 & & 50375 R 505\
\hline

$2.35 & & & 50.705 & 505\\
\Rlina

$2.355 % R & $1.218 & 505\
\hiine

$2.408 & & & S1.805 & 50.035\\
\Rlina

$2.505 & & & $3.313 2 50,175
\hiine\hline

\enditabular}

\end{table}

\endfcanter}

\newpage
Yoegin{tablelh!]

\caption{\bf \wnderine{COMPARISON VALUE TABLE}



\wspace{2mm}
1I.J::f:‘jgjm{ta’ﬂuIar}{| lete|el |}

\hlineihline

Colour & ExperimentalValussof Knee Voltage & Knee Valtage Values obtained from Graph i\
\linethline

Red & 5165 \hspace{2mm\si{V]5 & $1.85 \hspace{ZmmP\sifVis \\

\hiine

Yellow & 501.7 \hspacef2mm} \si{Vl & 51.71 \hspaceZmmPsiiVia \\

\hline

Green & 52.08 \hspace2mmP\silV15 & 51.9866 \hspace{2mmBPsi{Vii\

“hline

Blue & 32.40 \hspace[2mmPsiVi5 & $2.4166 \hspace{2mm\siVIS \}

\hlinghline

\end{tabular}
\enditabie}

\newpage

YoeginffigureH]

\section™{GRAPH}

\centering
\begin{subfigure}
\includegraphicshwidth=0.8\textwidth]{3.jpg}

\caption{{VOLTAGE vs WAVELENGTHA-11



\label{fig:Ng1}

\end{subfi gu re}

\wspaceiemm}

\begin{subfigure}
\incledegraphicsiwidth=0.8\textwidthi{4.jpg}
\caption{{}bf \underina{VOLT vs CURRENT }}:}
\label{fig:Ng2}

Yend{subfigure}

Ycagtion{]

\endifigurs]

\newpage

\section{CALCULATIONS)
We kinow \\
$c = 3\times 1048} \hspaceldmm} \si{msA{-1}5 W\

Se= 1.6 \times 10%-13} \hspace[2Zmm\si{C]5

Ywepacsiimm}

From the Graph, \\,
$Sslope=\displaystyle \fracfhcHalss \\
‘\wspace{2mm}

or,55\displaystyle h=\fracic \left{V_2 -V _1\right} Hc \left{ \frac{iH\lambda 2}-\frac{i}{\lambda 1}
\right) 155 \\

‘wspace{Zmm}



sa=\frac{ll.6 \times 1.6 \times 10A-197}0.4% \times 3 \times 1018155
\wepace{2mm]
Sh=\hspace{2mm}6.53\timas 100 {-34\hspace{2mmPsil-s155

\vspace{4mm}

\saction{PERCENTAGE ERRDOR]}

SVALUE [KNOWN} = 6626 \times 10434} \si{l-s}5\\
\vsgace{imm}

SM’#LUE_EE}{PERIMEE‘HAL} = 6.52 \times 10°{-34} \si{l-sI1s\\
\wepace{fmm}

‘\displaystyle {55Percantage Error = \displaystyle \frac{VALUE_{KNOWN] -
WALl E_{EE'P ERIMENTALFHVALLE {KNOWNT} \times 51005 55}

\vspacef2mm}\\
$5=\fracl6.626 \times 104-34}-6,53 \times 104{-34}1H5.626 \times 104{-34}} \times 10053 \\
\

\u‘-spaceilmm}

S5=1.44 136535

\newpage

\section{ERRORS AND PRECAUTIONS)

\subsection{Systematic Error:}Since measuraments are affected by the voltmeter such that the voitage
iz constantly lowsred by some ameouni, the vaitage reading attained is less than the actual stopping
potential, especially at the lower intensities where the voltage is sustained at 2 lower rate. In addition,
the time to attain the siopping voliage is greater because of this drain through the volimetar. The static
electricity of the observer in touching the h/e. Apparatus to reset the voltage reading can also affect the



reading. Crassover of light from third order spectral lines to the second order affected the stopping
potentials for that order.

\subsection{Random Error:}A malor component of random error was the varfance In human response
tirmes between readings, and communication times between the gbserver and the recorder. Arother
source of random error was the adjustment of speciral lines on the aperture Inside the h/e Apparatus,
which we were not properiy aware of until the third day,

The data consistency is also affected by the connection to a voltmeter. The time to attain the stopping
voltage is affecied maore strongly by tha drain of voltage through the volimeter at lower intensities
because the charging rate is slower,

\section{PRECAUTIONS}

\subsection{1}

Beading should be faken just when the LED just start to emit light.
\subsection{?}

Voltmeter and ammeter should be at zero error,

\subsection{3}

We should note down the corresponding photocurrent with least error possibie,
\wspace{dmm}

\sactlon{CONCLUSION]

It iz determined experimantally that the value of Planck's Constant $h = 653 \timas 104{-34}
\hegaceZmm]\siil-s}S which is within acceptable limits as compared to the Known value h =
€.626x10-34] - 5 with a difference of 51.44\2%45. Regarding random errar and measurement uncertainty,
total differentials proved to beinsignificant with regard to the the final precision of the experimental
valugz of h as evident by the magnitude of in the final experimental value. Further investigatian and
refinement of experimental execution and techniques would most likely decrease random error,
Furthermore the acquisition of additional data for a variety of LEDs within each color gmup. would also
help to decrease random error by statistical elimination of inherent manufacturing inconsistencies in the
LEDs=.

\endidocument}
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0.1 Theory

“When one junction of a thermocouple s kept at 0°C while its other junction i main-
tained al & higher temperature; thermo-eml e will be developed in the couple. I this
ent.l ¢ be balanced against the potential difference existing at the ends of a length
I of potentiometer wire of total length L having the potential drop g per mmit leneth
the;

g=pl {1
If B be the et of the storage battery BR the resistance of the potentiometer wire
of length Loand [ be the resistance applied in the resistance box kept in the potens
tiometer cirenit then,

ER
PR 2)
From Eg.( 1) and Eg.(2) we get.
ERI N
‘= B+ RIL )

By measuring thermo-connf ¢ with the help of Eoq.(1) for different temperatures
of (he Tob junelion, @ eurve iy bedrawn by plotting lemperatare (17C) ol (he hot
junction along r—axis. while the corresponding thermo-e.m.[ e along y—axis, within
acsmall range of temperatures (which is far away from neutral temperature) the
curve would Bie o straight line as is shown in Figare 1, This corve is called the
calibralion curve of Lhe given (hermocouple.

T

e

Thormpe ot [ LBV IR Y —

———e—W—W w-e
[dyed & Hais B
an ey alfure 181 e e

Figure 1; Theorectical calibration curve of thermo-couplae.

To find the Alisrmo-eleciric power P % al o given temperature 0707 of Lhe hot



punetion a tangent s drawn (o the curve at the point corresponding Lo 8°€7 of the hot

unetio. By measuring the slﬁr{;e (BC/AC in Figure 1) of this tangent line, £ = dﬁ

can bie determined at #°C. If e 18 measured in pV and #in #°C then P will be given

in units of p/C

0.2 Circuit Diagram

tufPE R
C
Cand TAN TAN
T
6L
R .
'i+ taL p
8y 5
; . 5
% J
J—r
Kk B2 ”

Figure 2: Circuit Diagram.
The arvangements shown in the above feure (Figure 2) consists of two cireuies -
(i) thermo-couple circuit
(il] potentiometer cireuit

These twi eirenits ave interlinked. lere,

Ji, Jgare two cold and hot junctions Ry ie resistance box,
respectively, B is hattery.
M is the thermoneter, J s jockey.

G s palvanometer and

ByNB; is the poltentiometer wire,
5 i5 a high resistance,

K s plug key,



0.3 FExperimental Data

0.3.1 Resistance(R) of potentiometer wire:

Resistance of the Pot. (potentiometer) wirve: 204}

0.3.2 Noting of the E.M.F(E) of the cell B:

Stage of | LALF of eell | Mean EALF Rewark
Facpt. Bin ¥ in ¥V
Before Exp 2V The EALT of battery
1 ' A s remaining
After Expt. 2¥ ponstant
Table ;

0.3.3 Calculation of F,:
From Eqg. (2).
#it
=——R
-

Now putting p = b = W0 Viem (for copper-comstantan couple), L = 1000¢m.
EAMF of the eell.E = 2V and the resistance in the pot wire, /# = 2002 We got

2 x 20 ,
= [(W—m) -

= [{8& x 1000) — 20]¢
= TUR0L == KD

It

0




0.3.4 Temperature-Null point record:

- Temperature of cold junction — 07C.

E.M.F of battery (B). E =2V,

Resistance of the Pot. wire. B = 2080

Length of the Pot. wire. L. = 1000em.

No, | Temp.of hot | Resitance in the null peint Total | Therme-c.m,f
of junetipn POL. girenin on | At the | length 51.1 = FR}%E?T
obs. | ¢ QR wire | scale | cm regd inmV
| [t} no, | reading for
| i1 4 EHYFR
L. .'EET:'G 20 211'.1 ?ﬁﬁ 1204 L6004
2. 3PC | 20) 3l | 475 252.5 1.2504
3 | 437 20 dth T8 Ar2.2 ‘1.8564
d. | B30 20 fith Fro ot s 2TAGN
o 637 20 Tth .6 Gufld 3, 15000
6. e | 20 Sth | 227 | Tt 3.8768
7. B3rC 20 L 024 ROT.6 40270
N ) Mith | 45.4 9546 4761

Tahle 2:



0.4 Calculation

Calculation of thermo-e.n.f using the experimental data:

For ahservation (1), thermo-e m £

B P N o
&z CEU-R00 2 L0, 0.6004 ),

For abservation {21, rhermo-e.m.f,

e BV EBOONeasd Sem i) 9 A e T
€= Enainae dminom 12594 il

For observation {3): thermosem.f

v s VAR ITESem A0 - pEe Yy
E = T N0 0 — Leooodim}

For abservation (4), thermo-gam.f,

— VS BB e L g gy
€= S ranoains o0oan — 210021l

For ohservation (5), thermo-¢, . f,

A e Gandian s nd H i ;
= RO e BB Ml

For observation (G). thermo-e.m.f.

OV M T e 1 a
[20 000 LD 3ETHR el

o For abservation (7). thermp-ean.f.

SV e BURRGT em  AY A T
€= TR0 Lihem LTV




o For observation (8], thermo-emf,

o DV S B e Y o F
€= 00 L = 4. T6L mb

(i



0.5 Graph

0.5.1 Drawing of (e-t) curve (Calibration Curve):

To draw this curve. the temperature (t) of the hot junction in *C is plotted
along & — aris while the corresponding theymo-eand (¢} i milli-volts is plotted along
y—awis, As the range of tempershire i small and the highest temperature applicd of
the hot junetion is far below the nentral temperature, the curve would he & straight
line (straight portion of a parabola).

The mature of the curve is shown m the Figure 3.

Calibration Curve of Thermocouple
4.0 1 i i -
35 : | i | *l,’k...' -
.8
E 301 | -
E
% 25+ —
e
£ 5
7} 1_5 o .“.'!.'. .
= .
]._ﬂ . h""."
05 1 .- - 1 1 1 T
30 40 50 &0 70
Temperature (t) in *C

Figure 3 Experimental calibration curve of thermocouple.



0.6 Precautions and Discussions

(i)

(i)

{v)

()

The cold junction shenld be carefally puarded throughont the experiment, so
that its temperature may remain al 07C, To prevent Lhe presence of air between
ice particles, particularly aronnd the soldered junction, the ice is to be pierced
from time to time during the ohservation with the help of & wooden or glass rod.
The jeein the fummel is thos pressed and thecold junction is kept well inside the
iee. IF neceasary, ioe may be added from {ime Lo e

The water taken in the beaker (in which hot jumetion .y is introduced ) should
b large and it shonld be heated slowly so that the temperature may remain
constant for an appreciable time,

The junctions {Jy and Jy) should be kept at the middle region of the baths so
that temperatures of the jimetions may not change due to a small variation of
the temperature of the surroundings.

The experiment should be performed within a small range of temperature 5o
that the (¢ — 1) eurve within that range may be approximately a straight line.

To pnard against the fall of potential of the battery B during the experiment,
its e should be meagored several times during the experinent.

The precaleulation of H s nat must but we ean change it to obtain noll poin
at the 10th wire for each temperatnre of the hot junetion. Hewever, if £y 14
precalelated and kept fised. the potentiometer becomes directly calibrated [The
process of null point=detérmination becomes easter and at vthe same time the
grdder of accuracy in the measurement of null point remains of the same order
as invelved in the measurement of other quantities.



0.7 Error calculation

 EnRl

CTIRERL
Jbe|  _GE SR SR 4l n
“ lmay BB OR+B 1

Here we assume that the face value of By is correet and L is given, Now,

S — 1: smallest division of voltameter or 0.0007 (if measured by & digital mualti-
eter)

G = (LO0LEY (as R is measured by a PO box)

&l = range of values of | over which vo detectable deflection of the walsvanometer
i obtainsd. 16 may ranze [rom O 0em Lo (LGem depending on the galvangmetsr sensi-
Eivit.

Bince (A1 Hy) is fairly laege we can neglect the term H‘iwri‘. . Now putting a set of
:;hs;unud values of E, R, and ! we ean calealate the masamnm pereentage error in ¢ 43
ok = 100%

i

FRLELT

Maximum percentage error caleulation:

£} X 100% (¢ 48 S 102076 x 104

9
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\section{\textit{Theory}}

When one junction of a thermocouple is kept at 5 0*\circ}C 5 while its other junction is
maintained at a higher temperature, thermo-emf S e S will be developed in the couple. If this e.m.f S
e 5 be balanced against the potential difference existing at the ends of a length S| & of
potentiometer wire of total length \uppercase{l} having the potential drop S\rho S per unit length
then,

\beginlequation} \label{eqi}
e=\rho |
\end{equatian}

If\uppercasefe} be the e.m.f of the storage battery \uppercaseib,r} the resistance of the
potentiometer wire of length \uppercase{l} and 5{R_1}5 be the resistance applied in the resistance
box kept in the potentiometer circuit then,

\begin{equation}
\rho = \frac{ERH{R+R_1)L}
\end{equation}

From Eq.(1) and Eq.(2) we get,

\beginfequation}
e=\fraclERIH(R+R_1)L}

\end{eguation}

By measuring therma-e.m.f 5e5 with the help of Eq.(1) for different temperatures of the hot
junction, a curve may be drawn by plotting temperature (% t*{\circ}C 5) of the hot junction along 5x-
Saxis, while the corresponding thermo-e.m.f 55 along Sy-Saxis. within a small range of
temperatures (which is far away from \textbf{neutral temperature}) the curve would be a
‘rextbf{straight line} as is shown in Figure 1. This curve is called the \textbf{\textit{calibration curve}}
of the glven thermocouple,



\begin{figure}[ht]
\centering
Vframebox{{\includegraphics|width=5.0cm]{Thearetical calibration curve.jpeg}l}
‘caption{\textbf{Theorectical calibration curve of thermo-couple.}}
Vabel{fig:sg}

‘end{figure}

Ynewline

To find the thermo-electric power E.P:Kfrac.{de_]{dt}ﬁxat agiven temperature Shtheta M\circ)C S of
the hot junction a tangent is drawn to the curve at the paint corresponding to Sitheta AM\circ}C S of
the hot unction. By measuring the slope

(BC/AC in Figure 1) of this tangent ling, SP=\frac{deH{dt}s can be determined at S\theta A\circ]C
5. If 5e8 s measured in Simu Vsand 515 in Sitheta A\eirc}C & then P will be given in units of $\mu
VIAD\eirc)Cs,

\section{\textit{Circuit Diagram}}
\begin{figure}] !htph]
\centering
\framebox{{\includegraphics|width=14.0cm]{Circuit diagram.jpeghh)
\caption{\textbf{Circuit Diagram.}}
Vabel{fig:sg)
\end{figure}
The arrangements shown in the above figure (Figure 2) consists of two circuits -
\beginfenumerate}
Vitem [{i)] \textbf{therma-couple circuit)
Nitern [{ii}] \textbf{potentiometer circuit}
\end{enumerate)

These twoa circuits are interlinked. Here \\,

\beginiminipage HO.5\linewidth}
Ybegin{flushleft}

Shtextbf{l} \textbf{1}5, S\textbf{} \textbf{2}5 are two cold and hot junctions
respectively,\\



\texthf{ni) is the thermometer, i\
S\textbf{B) \textbf{1]\textbf{N}\textbf{B} \textbf{2}5 is the potentiameter wire,\\
\textbf{ K} is plug key,\\
Yend{flushleft}
\end{minipage}
\begin{minipage}{0.95\linewidth}
\bagin{flushleft}
Shtexthf{R] \textbf{1}S is resistance box, \\
\textbf{B} is battery A\
\textbf{]]} is jockey\\
Veexthf{ G} is galvanometer and\), \textbf{S} is a high resistance.
\end{flushleft)

\end{minipage}

\newpage

\section{\textit{Experimental Data}}

\subsection{ Resistance(R) of potentiometer wire:}
\hspace{2.0cm} Resistance of the Pot. (potentiometer) wire: \hspace{lmm}520 \Omegas
\wspace{Smm)}

\subsection{Moting of the E.M.F(E) of the cell B}

\begin{table}[H]
\caption{}
\begin{tabular}{|cic|c|c|]
Yhiline\y [-0.5em]
\centering

Stage of& E.M.F of cell & Mean E.M.F & Remark)),



Expt. &BinV  &inV & Y\
Vhline
& & & W
Before Expt & 2V & & The E.M.Fof battery i)
\cline{1-2}
& &2V & isremaining \\

After Expt. &2V & E  constant\)

\hiline

\end{tabular]

\end{table}

\subsection{Calculation of SR_15:}

\hspace{2.0cm}From Eg. 12],

\MR_1=\frac{ERH\rho L}-R\]

Now putting S\rho=5\times10M-8] V/cmS ([for copper-constantan couple), 5L=1000 emS; E.M.F
of the cell SE=2VS and the resistance in the pot wire,SR=20%\0megas,We get

\[R_1=\Bigg[\Bige(\frac{2\times20}{5\times10°{-6]\times107{3}}\Bigg)-20\Bigag|\Omega\]
\[=[(8\times1000}-20]\Omega\]
\[=79800\0mega\simeq8k\Omega\]
\newpage
\subsection{Temperature-Null point record:}
\begin{itemize}
\itern Termperature of cold junction = S0M\circlCs.
\item E.M.F of battery (B), E = 52V5.
\itern Resistance of the Pot, wire, R = 520\0Omegas.

\item Length of the Pot. wire, L = 51000 em$



\end{itemize}

\begin{table}[H]

\caption{}

\begin{tabular}{|c|c|c|c|c|elc|c]}
Shilinehy, [-0.5cm])
\centering

Mo.& Temp.of hot & Resitance in the &\multicolumn{2}c|Hnull paint}&Total &
Thermo-e.m.f\

Ycline{4-5)

of & juniction & pot, circuit&on& At the&length in &Se=\frac{ERN\times
103 H(R+R_T)LISNN

obs. & in $M\circ}Cs & S\Omega(R)5 &wire &scale &cm regd& in mvi\
& & &no. &reading&for \\
& & & &incm &balance® \\,

Yhline'y [<0.5cm]

1.8 5238 \eirc}CS& 20 22nd&79.68120.4%0.6004 \)
Yhline
2.8 5330 \circ}C5& 20 83rdR&47.5%252.581.2594 \\
\hline
3.8 543M\circJCSE 20 R4Ath&27 88372.281.8564 \),
\hline
4.8 5537\ circ]C5& 20 R6th&51.48.548.682.7362 A
\hiine
5.8 563 \circ}C58 20 R7ih&60.68630.483.1890 \}
\hline
B.BS73M\circ}C5& 20 RBth&22.78777.383.8768 \\
\hline
7.8 S83M\circ}CS& 20 &09thB92 48.807.684,.0279 \)



\hline
8.8 593M\circlCS& 20 &10th&45. 48954 684.761 \\
\hline

\hiine

\end{tabular}

\end{table}

\newpage
\section{\textit{Calculation}}
\textbf{Calculation of thermo-e.m.f using the experimental data:}\\
\begin{itemize}

\item Far ebservation (1), thermo-e.m.f\Y

Ses = S\fraci2 Vitimes20 \Dmega\times120.4 cm\times 10*3}{{20+5000)} \Omega \times 1000
cms = 50,6004 \hspace{ImmpmVsiy

‘item For observation {2), thermo-e.m.f,\\

Ses = S\frac(2 Vitimes20 \Omiega\times252.5 crn\times 1073}{{20+8000) \Omega \times 1000
cm}s = 51.2594 \hspace{lmm}mVs\}

\item For pbservatian (3}, thermo-e.m.f\\

Se$ = S\fraci2 Vitimes20 \Dmega\times372.2 cm\times 1043 }{(20+8000) \Omega \times 1000
cm}s = 51.8564 \hspace{lmm}mVs\\

\item For chservation (4], thermo-e,m.f,\}

Se5=S\frac{2 Vitimes20 \Omega\times548.6 cm\times 1043 }{{20+8000) \Omega \times 1000
cmls = 52,7362 \hspace{Lmm)mVsi\



\item For cbservation (5), thermao-e.m.f,\\

SeS = S\frac{2 Vitimes20 \Omega\times&39.4 em\times 10*3}{(20+3000) \Omega \times 1000
cm}s = 53,1890 \hspace{Imm}mVsi\

\itern For observation (6), thermo=e.m.t\)

Ses = S\frac{? Vitimes20 \Dmega\times7 77 3cmitimes 10°3H{20+8000) \Omega \times 1000
cm}s = 53.8768 \hspace{lmm}mV3i\

\iterm For observation [7), thermo-e.mi.f\Y

SeS = S\frac{2 Vitimes20 \Omega\times807.6 c\times 1073} (20+8000) \Omega \times 1000
cmls = 54.0279 \hspace[lmm}mvsiy

\item For chservation (8), thermo-e.m.f\}

Se5 = S\frac{2 Vitimes20 \Dmega\timesd54.6 ecm\times 1073 }{{20+3000) \Omega \times 1000
eml$ = $4.761 \hspace{lmm)myS\y

\end{itemize}
\newpage

\section{\textit{Graph}}

\subsection|Drawing of {e) curve (Calibration Curve):}

\hspace{2.0emiTo draw this curve, the temperature (t) of the hot junction in 5*\circlCS s
plotted along Sx-axisS while the corresponding thermo-e.m.f %{e)5 in milli-volts is plotted along Sy-
axiss, As the range of temperature is small and the highest temperature applied at the hot junction
is far below the neutral temperature, the curve would be a straight line (straight portion of a
parabola).

\begindcenter}

The nature of the curve Is shown in the Figure 3.



\end{center}

\begin{figure}|[htpb]

\centering
\framebox{{\includegraphics[width=12.0cm]{Calibration curve.pngil}

\caption{ \textbf{Experimental calibration curve of thermocouple:})

\end{figure}

\newpage
\section{\textit{Precautions and Discussions)}
\begin{fenumerate}

\item [5(i}$] The cold junction should be carefully guarded throughout the experiment, so
that its temperature may remain at

50 Micirc}C 5. To prevent the presence of air between ice particles, particularly araund the
soldered junction, the ice is to be pierced from time to time during the observation with the help of
awooden or glass rod. The ice in the funnel is thus pressed and the cold junction is kept well inside
the ice. If necessary, ice may be added from time to time,

\item[&{ii}5]The water taken in the beaker (in which hot junction $1_28 Is introduced) should
be large and it should be heated slowly so that the temperature may remain constant for an
appreciable time.

\item[S{iil)5] The junctions {S1_15 and S1_25) should be kept at the middle region of the
baths so that temperatures of the junctions may not change due to a small variation of the
temperature of the surroundings:

Yitemn[S(iv)$]The experiment should be perfarmed within a small range of temperature so
that the S(e-t)s curve within that range may be approximately a straight line.

Vitem[S{v)5]To guard against the fall of potential of the battery B, during the experiment, its
e.m.f should be measured several times during the experiment.

\itemn[S(vi)SIThe precalculation of SR_15 is not must but we can change it to abtain null
point at the $10thS wire for each temperature of the hot junction, However, if $R_15 is precalclated
and kept fixed, the potentiometer becomes directly calibrated .The process of null peint-
determination becaomes easier and at the same time the order of accuracy in the measurement of
null point remains of the same order as involved in the measurement of other quantities.

\end{enumerate}

\newpage



\section{\textit{Error calculation}}
\begin{equation®}
e=\frac{ERI}{(R+R_I)L}

Yend{equation®}

\begin{equation}
\therefore \frac \delta e}{e} \Big\vert_{max}=\frac{\delta E}{E}+
\frae{\delta RHR}+\frac{\delta R}R+R_1}+\frac{\delta IHI}

\end{equation}

\noindent Here we assume that the face value of 5R_15 is correct and 515 is glven, Now,\\

Vindent S\delta E=15; smallest division of voltameter or 50.001V5 (if measured by a digital
multimeter )i

\indent$\delta R=0.001\0mega$ (as SRS is measured by a P.O. box]\\

\indent$\delta IS = range of values of 515 over whitch no detectable deflection of the galvanometer is
obtained. [t may range from $0.1 cm$ to 50.5 cm5 depending on the galvanometer sensitivity.\\

\indent Since S(R+R_1)5 is fairly large we can neglect the term S\frac{\delta RHR+R_1}5. Now
putting a set of chserved values of 5E, R,5 and 51% we can calculate the maximum percentage error
in & as S\frac [\delta e}{e}\big\vert_{max}\times100\%S\\

\textbf{iMaximum percentage error calculation: T\

S\frac {\delta e}e}\big\vert_{max}\times100\%5 =
Si\frac{1H2\times\frac{0.001 20N times\frac{0. 1H120.4})\times100\35=52.076\times 10°{-6}5

‘end{document}
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1 To estimate the temperature of a torch bulb
filament from resistance measurement and to
verify Stefan’s Law.

2 Theory:

The resistanes of a lereh bulb filament mayhe asswmed (o vary with the operating
range af tevnperalures accovding to the cquolion,

R, — Ro(1 + nt +1%)

where 1y and Ry are the vesistancds al ¢ and 0% respeetively; o and 8
e the temmperature cocflicients of vesistanes.  If Ry i the resistance of the
Silament ai wlich the filament just starts showing a dull red glow, we can wiite

g

% = tasiath

For a mngsten filament o — 521x1073¢, 7 — 72x 10~ T¢ and the Draper
ponit Iy = 527¢. Hence putling these valwes of o, A and g, o previois erpres—
wion we can ealesdate Ry J Ry for different valies of ©in the wewal operating ranges
wf temipevatures of o torch bl filament. Now we con dra o celibration curee
by plottinig Ry /Ry ava function of the alisolute temperature T = |+ 273,

Resistunee af the filoment 15 merisived by vising the relotion B = V/T where
i the vurrend throagh the lament and 'V is the voltage arsosy it Fn this vy
budl filamient van be found from fhe eolibration e

Aveording to Stefan’s Law of a black body ai absolute tempevature T s -
reumided by another back body af femeperature Ty, the wel aniound of heat radiated
per-serond perounil avea from the first body is

P—a(T" =T

where o s known as Stefan’s dovstant.  In case of e foreh bulb filament
T == 1Th. Movesver, the flement connot be laken as a block body. Thus ae can
apprormaiely urite

B AT"

o Jopy O = Togy (0A -+ wiloey 0

where A v some constant depending on the material end arwa of the filament
and the power n s expected to be sbightly different from . The power- P radiaged
by the filament is given by P = VI and temperature Ty is oblained by resistanee
miasrement as before.  Thus if the Stefan’s Low isowalid the graph between
log, 0F and log, 07" must be a stroight line of slope n.



3 Experimental data:

Bully specification @ 6V, 6W (Tungsten filament)
{A)To draw the éalibrition curve of the filament:

a= 521 % 10=30—
B=T2x 1072
tii— 5270
ety + Bt3 = 39454
logy 0F Vs log, 0T curve

Temperature T in "¢ | Temperature 7' = { + 273 m K -ﬂ: = ﬁﬁ%&
137 00 .42
377 i 32
557 st L.t
piid Al 1.3
g27 1260 164

{Biata for the Dyaper pomid.

| No. of obs. | Current (I} in mA | Potential difference (V) in volt | B, — =52 | B /R, | Ten
(O To diaw logig B Va logy graph

| Temperature T in K | log0T | Power P in mW | [ogp0F |

(E) Caleulation of n and verification of Stefan’s Law:

From graph Slope n= AL/UC Hemark




Fignre 1: R, [HosTraph




Fignre 2: log P VS lag T

4 Precautions and Discussions:

The pntﬂutfml leads must be soldered to the bulb directly so that the
lead resistance do not alfect the measurements of the bulb resistances.
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section{To estimate the temperature of a torch bulb filament from resistance measurement and to
verify Stefan's Law.]

section{Theary:} The resistance of a torch bulb filament maybe assumed to vary with the operating
range of iemperatures according to the equation,

SR t=R 01+ \alphalt + {\beta}t*2}5

where 5R_tS and 5R_05 are the rasistances at t°c and 0°c respectively; 5{\aiphals and 5{\bstals are the
temperature coefficlents of resistance. If SR dS is the resistance of the filament at which the filament
just starts showing a dull red glow, we can write

S\fraclB t}HR dl=\frac{{l + {\alphalt + {\beta}t*2}} {{1 + {\alphalt d+ {\beta}t d*2}}5

For a tungsten filament ${\alpha} = 5.21\timesj 102375, S{\betal = 7.2{\times}10*-7°c5 and the Draper
paint 5t d = 527°ck. Hence putting these valuesof S{\alphals, S{\beta}s and 5t_d5, in previous
expression we can calculate $8_t/R d$ fordifferent values of t In the usual operating range of
temperatures of a torch bulb filament: Now we can draw 3 calibration curve by plotting SR_t/R d5asa
function of the absolute temperature 5T =1+ 2735

Resistance of the filament is measured by using the relation 58 =V/IS where | is the current through the
filamentand V' is the valtage across it. Inthis way bulb filamentcan be found from the calibration curve.

According to Stefan’s Law if 3 black body at absolute temperature T is surrounded by anather black body
at temperature 57 05; the net amaount of heat radiated per sacond per unit area frons the first body Is

SP = {\sigma}{T"4 - T_0/4)5

whera 5{\sizgmal5s is known as 3tefan's constant. Incase of a torch bulb filament 5T>>T 05, Moreover;
the filament cannot be taken as a black body. Thus we can approximately write



SF T ATARS

or Shlog 10P = \log 10A + m\log 105

where A is somie constant-depending on the material and area of the filament and the powearn is
expected to be slightly different from 4.

The power P radiated by the filament is glven by $P = VIS and temperature 5T 0% is abtained by

resistance measurament as befare,

Thus if the Stefan's Law is valid the graph between $\log_10P3 and $\log 10TS must be a straight line of
slope n.

\section{Experimantal data:}

Bulb specification ; BV, BW [Tungsten filament)

{A}To draw the calibration curve of the filament: \\

S\alpha = 5.21 \times 10M-31\siTCM -1 15\

S\bata=7.2\timas 10M-7H\siTCA-2054,

St d =S27\si{"CIS\

31+ f\alphakt_d + {\betalt d"2=3.94543\\

S\log_10P5 Vs S\log_10TS curve \\

\begin{tabular}{|cjc|c]]

\hiine

\bf{Temperature Tin “c} & \bf{Temperature 5T = t + 2734 in K} & \bf{S\frac{R t}{R d}=
\frac{l + \alphalt + (\betalt*2} {1 + {\alphalt_d + {\beta}t dA2}$}\\ \hline

\hline



127%40080.42)\
327&6008.0.72\)
527880081.00\)
7278100081311\
'9278120081.63\\
\hline

\end{tabular}

(B}ata for the Draper point.
\bagin{tabular}{|cic|c|cic|cic|}
“hline

\bf{No. of obs.} & \bf{Current (1) in mA} & \bf{Potential difference (V) in volt} & \bf{SR t=

\frac{V{\times}10} {115} & \bF{SR_t/R_dS] & \bf{Temperature (T} from graph} & \bf{PowersP = VIS in
WY

\hline

\enditabular]

{C)To draw Slog_ {10}PS Vs Slag {T]S graph

\begin{tabular}{|clc|e|cl}

\lina



\bf{Temperature T In K} & \bf{Slog 1073} &\bf{Power £ In mW] & \bf{Slog_10PS}\\

\hline

Yenditabular]

{E) Calculation of n and verification of Stefan's Law:
\hiine

\bf{From graph} & \bf{Slope 5n = AB/BCS} & \bf{Remark} \\

“hline
\end{tabular}

\newpage

\beginffigurel[hl]
\centering
\includegraphics[width=\linewidthl{pragyal.jog}
\caption{\bf \underine{{{R_t}/{R_d}} vsl T Graph}}}
\label{figimy_label}

\endifigure}

\begin{figure}lh!]
\centering
\Includegraphics[width=\linewidth]{pragyal.jog}

\caption{\bf \underlinei{log £ V4 log T}



\label{fig:my _label}
\endifigure}
\newpage

\section{Precautions and Discussions:}

Trepotential leads must be saldered to the buib directhy so that the lead resistance do noft affect the
measuraments of the bulb resistances,

%6 Uncomment the following twa lines if you want to have a bibliography %4\bibliographystyle{alphal
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1 Theory

tunneling s an effect that is caused by quantim mechanical effects when elec-
trons pass through the energy barrier.

The tunneling only occurs under certain conditions it occurs within tunnel
dindes heeause of the very high doping levels employed.

At reverse bias the electrons tunnel from the valence band in the p type mate-
mial,and the level of the current increase monotonically,
For the .ﬁ:}rw:!.rd hias situation there are 4 number of different areas.
For voltage up to

Ve

electrans from the conduction band find increasing ﬁ:lm.llabllrl:y of empty states
in thevﬂiﬁn{:{-bﬂndﬂnd the feval af cirrent increase up to 4 paint where the

et equals
Tpe

Onee the point is reached,it & found that number of empty states available for
electrons with the level of energy they are given i‘i-T,.r inerease yoitage level starts
to fa.H_Thm means that the mirrent level falls in lime with ’:h.m.Tha averall

current level falls away relatively swiftly,dropping tiy ner Zero.

the charscteristics curve for the tunnel diode is made up from several
different elements,



As the current from the tunneling effect falls,so the diffusion current which is
the same action as oeeur in o normal PN nm{'ﬂﬂu d:lﬂrle starts to increase and
steadily | heu:armes the dominant me hﬂ.mHIf.l..
Normal diode current: This is the nermal or expected current that would
How ‘through a PN junction diode.
‘Tunneling current: This is the corrent, that arises s a result of the
turmeling effect.

Excess current: This is a third elément of current that contributes to gverall
rﬂ.n'mt within the diode.It Temlis from what nuiy he t.ermr'd Ewiess eurrend,
that results from tunneling though bulk states in the enerzy gmp.:md THeaTs

thist the valley corrent does nob fall o ero.

The three constituents of the tunnel diode current sumy tegether to give the:
overall characteristic cnrve that 15 seen in explanation of tunnel diode theary,

2 Apparatus required
A tumel-diode, Millie-ammeter{ 5thuA ) Millie-voltroeter 600 /60m V) variable ]jiﬂ.ﬂllppl}"?
3 Circuit

'l’hl-'.-.eviﬂtq.ge = increased in the forward direction across-the diode.




4 Observation

observation tahle

Serial mo: Millie-voltmeter reading, Millie-amineter reading,
i 0 0
2 L} 15
2 20 27
4 A1) 98
f Al ATS
fi i) a4
T L4 3%
8 LD 32
a LBO al
1 ) a0
1l 230 24
12 206 28
14 330 24
14 350) a0
15 A80) 32
16 400 34
\T 430 a6
1% 48R0 349
19 AR 41
2 i 44

A




5 Result
plot a graph in cwrrent(l){mA ) and applied voltage(V){mV)

e e

6 Precautions

(1) Tunnel Diode is be uged in forward biss condition.
(ii) Ratings of the diode are to be taken into considerations,
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\section{Theory}

tunneling is an-effect that Is caused by guantum mechanical effects when electrons gass through the
energy barriaryy

The tunneling only occurs under certaln conditions, it occurs within tbnnel diodes bacause of the
very high doping levels employed.\\

At reverse bias,the electrons tunnel from the valence band in the p type material,and the level of the
current increase monotonically \\

Forthe forward bias situation there are a number 5f differant areas.\\

Far voltage up to \[V_{pe}\],electrons from the conduction band find increasing availability of empty
states in the valence band and the level of current increase up to a point where the current equals

\[_fpeP\L W

Once the point is-reached, it is found that numberof empty states available for electrons with the
leval of energy they are given by increase voltage level starts to fall. This means that the current leve]
falis In line with this.The overall current level falls away relatively swiftly,dropping to near zero.\\

Ybegin{centering]

‘includegraphics[width=5cm, helght=dcmiftunnel.jpgl\\

\end{center ng_'}

the characteristics curve for the tunnel diade Is made up from several different elemeants.\\,

As the current from the tunneling effect falls,so the diffusion current which Is the same action as
oceur ina nermal PN junction diade starts to increase and steadily becomes the deminant
mechanism. i)

\textbf{Normal diede currenis}

This Is the normal or expected current that would flow through a PN junction diode \\
\textbfiTunneling current:}

This is the current that arizes 33 3 result of the tunneling effect )\

\textbH{Excess current:]

This Is-athird element of current that contiibutes fo overall current within the diode. |t results fram
what miay be temed excess current that vesulis fromr tunneling though bulk statas in the gnergy
gap,and means that the valley current does not fall to zero\\



\begin{centering}
\includegraphicsiwidth=5cm, height=4cm]{charecteristc curve.jpgi

The three constituants of the tunne! diode current sum together to give the overall characieristic
curve that is'seen in explanation of tunnel diode theory.\\

\endicentering}
\section{Apparatus reguired}

& tunnel-diode, Millie-ammeter{30mA), Millie-voltmeter(600/60mV), variable D.Csupaly.

\section{Circuit}

The voltage is increasad in the forward diraction across the diode.\)\,
".,I::eg'm{cenieriﬁg}

yincludegraphics[width=10c m_-he'tght=5cm]f‘f:ircuft.jpg}ﬂ\
‘endicentering]

\section{Obsarvation}

\beginicenter]

\begin{tabular}| p{2cm}| | pfdcm}| | pidcm}}

\hline

\miulticolumn{3HcHobservation tablel\\

\hiine

Serial no. & Millie-voltmeter reading, & Millie-ammeter reading.\\
\hline

TEG&G )

2810&35\)\

3% 20 & 37\

4 & ADR 381\

585083751

6 &70& 34\

7 & 140833\

B & 160 & 32\

D RE1808 3TN

10:& 200 & 30\



11 & 23029\

12 & 260 & 2814\

13& 3208 29%)\

148350 2 30\,

15 & 380 & 32\

16 & 400 & 334\

17& 4308 361\

18 & 480 & 35\

19 & 550 & 414\

20 & 600 & 44N,

\hiine

\enditabular]

\endicentar}

\section{Resuli}

plot a graph In current{l){mA) and applied voitage(V)(mWV]\\
".,I::eg'm{ceniering}

\includegraphics[width=7cm, height=10cm]{graph.jpg}

‘endicentering]

\saction{Precautions}
(i) Tennel Dinde is be used in forward bias condition.y\,
(il} Ratings of the diode are to be taken into considerations.\
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