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A.BS1'8.*.CT

Refractive lndexes r)f sugar solution at different

concentrations are cietermined using the image formation in plane

mirror and convex lens. Specific rotations of polarized light in sugar

solutlon are determined at differ:nt concentration A discussion and

comparisot] of the result lrave been present.
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INTRODUCTION

Llght goe:; slowe!"in water than air, and slower sllghtly in air

than vacuunt. This effect is described by the refractive index of the

medium. All materials are consisted of atoms, which contain eiectrons'

When radiation from source falls on the atoms it drives the electrons

uo and down. Now any moving electron generates a field Thus the

totai field is not lust the field of lhe source, but it is modified by the

;rdditiolr contrillution frorn the other moving charges. This modification

occurs in such a way that the field inside the material appears to be

moving at a different sPeed.

It is very complicated to find the exact equation of motion of a

moving charge inside a material under the external field For simplicity

we consider a materiat in which the field is not modified very much by

the rnotion of the other charges That corresponds to a material in

which the index of refraction is very close to unity This type of

situation arises when the density of the material is very low'

The standard expression for refractive index is

u = 1+ Nq"2/2Eom (Eo2-@2)

Here, q" = charge of an electron.

m = mass of electron.

(& = is the angular frequency of incident radiation'

Bo= is the a ngu lar frequency of natural osclllatlon of electron

ln case of vacuum N=0, l.e. u r= 1

I



The above expression demancls that the refractive index depends on
densitV of atont.

ln the present project work we study the variation of refractive
index of sugar solution with variation in concentration.

Sugar molecutes have property of optical activity, i.e. they can
rotate the plane of polarized li,ght. in this project work we have
compared the variation of speciflc rotation of polarized light in sugar
solution with varying concentration.

a
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r{oRruue ronuut* or rIIE EXpEBTMENT

The focal !ength f of a lens is given by formula,

r/f = (p - r) {1-lr t -71 rz)

f = (xr+x2)12

1/F = 1/ f1+1/ t2

Or,fr- P 1117' 1',

i1)

Here u is the refractive index of the material of the lens and r1 and r, are the

radii of curvature of its first and second surfaces. Considering proper signs and

using values of f, rr and r: we get.

1/f = ([ - 1) (7/r 1+ 1-/r,\

Or, p = 1 a r, r2/f \r t+ r r) ..... . . .... . . . .. . . ... . . . . ... . . . i2)

The convex lens C is placed on a plane mirror M so that its particular surface,

whose radius of curvature was measrrred, may touch the mirror. A horizontal

pointer is moved vertically up and dc,wrr along the axis of the lens until there is no

parallax between the tip of the pin and its own real imaBe. Thus the focal length f
can be determined using the relation

(3)

where x! is the distance between convex lens to the index rod, x2 is the distance

between mirror to the index rod.

f a doubie convex lens C of focal length f, is placed over a few drops ot liquid

placed on a plane mirror, then a Plano-concave lens of focal length f, is formed

between the lower surface of the convex lens and the plane mirror. lf F be the

focal length of the combination, then we have

(4)

x.

9

Finding f1 and F experimentaliy by coinriidence method, and putting their values in

the relation (4) we can calculate f2. Agarn, the focal length f2 of the Plano- concave

liquid lens is given by



i/ f2= l!- 1") l1.lr -L/t') - i,J- 1)1.It [ :. r, =o]

Or, g = 1 a, 11 r........................(5)

Where r is the radius of curvature of the lower surface of the convex lens.
The value of r can be measured bV a spherometer, using the formula

r - d2l6h + h/2.................. . {6)

Where d is the mean distance getween any two consecutive legs of the
spherometer and h is the displacerilent of the screw tip when it touches
consecutivelv the lower surface of the lens and a plane surface.

The knowing f, and r and puttir,g their numerical value in equation (4) we
can calculate U, the refractive index of the liquid.

'The rotation e of the plane of polarisation of polarised light by an active
solution of length I cm (or,l/1-0 dm) containing m g of active substance per c.c. of
the solution is given bV,

e=slm/10 ....... (7)

Here s is the specific rotation of the substance, which is the rotation
produced by a solution of active substance in a non-active solvent of one
aecimetre in length containing 1 gm of active substance per c.c. ofthe solution.

Using the formula e = s I mil10, we can determine the specific rotation of
polarised light.

t0
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^EPP.IRTITUS

1) A vertical stand with pin.
2| A convex lens.

3) Pla,ne mirror.
4) 20% sugar solution.
5) The arrangement of a bi-quartz polarimeter.
6l Tube and biker.

11



PROCEDUEE

1) The radius of curvature ol one surface of the convex lens is
determined by spherometer. Thus we get r.

2) The convex lens C is placed on a plane mirror M so that its
particular surface, whose radius of curvature was measured, may
touch the mirror. A horizontal pointer is moved vertically up and
down along the axis of the lens until there is no parallax between
the tip of the pin and its or,r,n real image. This is repeated three
times and the mean of these three values give f.

3) A few drops of liquld are now placed on the plane mirror and
the surface of the lens, whlch was originally in contact with the
mirror, is now placed over liquid. The mean of the three values of
the focal length f2 can be determined.

4| Varying the concentration of liquid (sugar) we get many focal
length fu.

5) By putting the mean numerical values of f; and r we can
ca lculate g.

6) To find O for solution of c1% strength: the water in the tube T is

thrown away and after wasiring the tube T for two or three times

by a Iittle of the solution of c1% strength, the whole tube rs now

compietely filled with the sojution of c1% strength and it is placed

in its proper position . As in term (ii), the tube T2 is rotated to
make the two halves of the fjeld equally bright or equally greyish

violet and the mean of the three readings of vernier Vr ond Vr dre

noted. lf R1 and R'1 are respectively the mean readings of verniers

72
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V1 and V2 then we get 01= (R1 - R6) and 02 = (R,1 - R,0). Hence

rTrean rotation l'or solution of cl% strength is e = (01+ O2)/2.

7) To dllute the solution of cl% strength to other lower strengths

and then to find rotations for those strengths: the x c.c. of stock

solution of c1% strength is mixed with y c.c. of dlstilled water to

have c2%o strength.

Bry washing the tLrbe T wrth a little of this new solution of c2%

strength for two or three times, the whole tube T is filled ct%

strength solution by avoiding any air bubble. By placing the tube T

in irs proper place the mean rotation of the plane of polarisation

by this solution is determinecl in the manner as mentioned in term

{rii).

8) By adopting the process rnentioned in term (iv) solutions of

other lower strengths are prepared and the mean rotations of the

pla ne of polarisation for those solution are determined.

9) A graph is then drawn bV plotting the strength of the solution c

along x axis and lts corresponding rotation O along y axis. The

graph would be a straight line.

13
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E)(PERIMf,NTAL D.[Ti[.

A)Determination of h:-

Value of each division of linear- scale = s=1mm.

Nc of division of the circular. scale=N=100.

P itch of the screw=p=1mm.

Least count of the instrument= l.c =,p/N =1/100=0.01m m.

Distance between two outside legs,.d= (4.1+4.2 +4.2)/3 c.m =4.167 c.m

TABLE-1

Surface
posit io n

l't
surface

14

en the screw touch the
plane

No

of
o bs.

in,tia I c.s

read ing
when the

screw
touches

the convex
spherica I

surface(R1)

No of
full

rotatio n

of
circ u la r

disc(m)

Final

circular
scale

read ing(R2)

Total
no. of
C.S.D

rotated

h=
x.l.c

mm.

Mean
h in

cm.

1

surface
1 69 2 90 79 279 , 70

652 2 9 56 256 2.56

1*
su rface

3 74 2 90 84 2.84
o.2684

-

-

\

\

\

\

<t
\f

Add.
No of

C.S div.
rotated

n

284



B) Find the radius 11 and 12:-

rr=d2/6fu+ht/2

= L7.36/6xO.2762 + 0.2762/2

= 10.48+0.138=10.618 c.nr.

Rz = d2 /6 h2 + h2/2

= 17 36/6xO.2684 + 0.2684/2

= 10.78+0.l"34=10.914c_m.

1't
surface

4 2. 28 48 248 2.48

1't
su rface

5 69 2 94 75 11a 2.75

7 94 2 96 98 298

2

surface
2 68 2 97 71" 2.71

2

surface
3 66 2 93 73 273 2.73

-,

su rfa ce

4 55 2 89 66 266 2.66

2'
su rfa ce

5 2 73 11) 2.73

0.2762
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C) DETERMINE FOCAL LENGTH AND REFRACTIVE INDEX,

WITHOUT WATER AND WITH WATER:-

Distance
between

convex and
index rod
xl in c.m.

Focal

length
f=( xr+
x2l12in

c.m.

Refractive
index

F

Without
water 19.5 20.5 20 1.5309

With \ rater 29.L 30.1 29.6 1.3587

16

Distance
between

mirror and
index rod
x2 in c,m,
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%

Concentration
Distance
between

convex and
index rod x1

in c.m.

Distance
between

mirror and
index rod x2

in c,m.

Focal

length f=(
xr+ x2l/2in

c.m.

2% 29.7 29.2 1.363

28.1 29.1 28.5 L,37L

6% 26.6 27.6 27.1 r.392

26.9 26.4 1.402

t0% 24.8 25.3

LZo/o 24 25 24.5

L4o/" 23.2 24.2 23.7 1.448

16% 22.8 23.8 23.3 1.456

2L.7 22.2 1..478
18o/o

20% 20.2 2t.2 20.7 1.513

Refractive
index

p

28.7

4%

8% 25.9

2s.8 1.420

1.433

22.7

D)DATA FOR CONCENTRATTON VS REFRACTTVE TNDEX:-

TABLE-3

t
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DATA FOR C VS. p2

ENGTH (C) OF SOTUT|oN% STR REFRACTIVE IND tl

2o/o t.857769

4% 1.87964L

6% t.937664

8% 1.96s604

LO% 2.0164

12% 2.053489

L4% 2.096704

L6% 2.LL9936

L8% 2.t84484

20%

18

.T

-

-

t
*

*

*

\a

2.289L69

-r



E) To find V.C. of verniers Vl and V2:

Smallest value in
main scale in

degree

vernier divisionValue of er constants of Vr andVerni
V2 in degree

t0/9 (L-glLolxL

=0.1o

Readings for 1n vernier V1 Readings fo r second vernier V2

Circular

scale

readings(

s) in

degree

Vernier

read ings

(v.r)

Total R6

in

degree

Mean

Ro in

degre

e

Circular

scale

readings(

s) in

degree

Vernier
readings

(v.r)

Total Ro

in

degree

Me

an

Ro

tn

deg

ree
259 1 259.7

5 79.6

260 7 260.1 259.47 1 80.1 80.

77
259! 2 2s9.2 79 5

1

F) To find the lengt
two ends platesi

h of the tube T between the inner surfaces of its

I = (20.3 + 20.4 + 2l.Sllt =2O.4 cm

G) Vernier readings when pure water fills the tube Tr

TABLE - 1

20

79

in2
F

80

79.6

.-1\jS

t\
sa
c=
*1

t\
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H) To find the rotation of the plane of polarisation when the
tube T contains of different known strengths:-

1.

2 t8%

L5%

55
55
55

219
238
239

235
234
235

235.6
234.9
235.2

5s.8
56,2

55.7

60.5
59.5

60.8

8
2
7

3
60

59

60

s

%

strength
of
solution
(c)

Circular
scale
(s) in
degree

Rotation
of the
vernier
in
degree

vernier Vernier
readings

{v.r)

Total
in
degree

230.8 28.67

2

4

8

5

6

z

vz

230
23L
230

230.2
231..4

230.8

50.1 30.67
29.67

235.23 24.24

55.9 24.87

239.2
238.9
239.5

239.2

20.5

20,27

20.38s
Yz

2L

)

TABLE- 2

Mean
readings
in
degree

Mean
Rotation

=9 in
degree

20% 50
49

50

50.5
49,6

s0.2

6

9

2

V2

24.56

2

9

5

5

5

8
60.27.
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o
f

bs

strength
of

solution
(c)

vernier Circular
scale
(s) in

degree

Vernier
readings

(v.r)

Total

degree
tn

Mean
readings
in degree

Rotation
of the

vernier
in

degree

Mean
Rotation

=O in
degree

24L
242
241

24L.4
242.3
247.7

24L.672.5%

63

63

62

6

3

9

53.6
63.3
62.9

63.27 L7,5
17.685

245
245
245

7

5

0

245,7
245.5
245

245.2 14.27

LA%
65

66
55

5

9

5

65.5
66.9
65.5

55.97 14.8

14.535

249
249
248

L

9

8

249.1
249.9
248.8

249.27 10.197.5%

69
70

59

5

3

5

69.s
70.3

69.5
69.77

10.595

254
254
253

1

6

3

254.7
254.6
253.3

254.5 5.47

75

75

74

6

5

L
75.O7

5.58s

L7.87

4

3

1

5%

v2

6

11

75.6
75.5

74.7
5.7

22
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DISCUSSION ON THE EESUIT

There are various empirical relations concerning dependence
of refraCrlve lndex of a medium on its density proposed. For
example, u'-1/p = constant. This is the Laplace,s formula,
lv'?-7/ tJ2+2)7lp = constant which is called Lorentz-Lorentz

formula. Recently Macdonald has given a dependence,
!2-1lu.p= constant. However in the project work we found that
our result ls in good agreement with the Laplace,s formula. The
nature of pL2 vs. concentration graph.

Tre specific rotation polarized of the sugar solution increase
with corcentration. Actually rotation of polarization plane is
conre-ed to the structure of sugar molecule, therefore the
spec flc rotation naturally increase with the concentration. This
does not mean that the specific rotation is directly related to the
phenc:nena of origin of refractive index. This is because only the
optlca y active materials are of importance in case of specific
rotat cr. But in case of refractive index, all transparent medium
are cc - ce rn ed.

o1

s1

,'.1

-<r
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$
,.1
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PREC*.UTION

1) Each time the reading must be taken for particular surface of the
co nvex le ns.

2) Focussing of the index rod must be accurate as possibte.
3) Preparation of a solution of different concentrations must be

done with high accuracy because the change in focal length is
small due to change in concentration.

4) lf we had used travelling microscope in place of centimetre scale
to measure the highest than we would get more accurate result.
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ABSTRACT

ln this project work, Fermi energy and Fermi teurperature of cooper is detennined by

studying resistance variation at different temperatue. The resistance of the material

increases linearly with variation of temperature. The obtained nurnerical values are

compared with slandered values.
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1. Determination ofFermi energy ofGood conductor (copper) by study

-ing, resislance variation at different temperatures.

2. Therefore. calculation ofFenni temperature ofthe specimen.



lntroduction:

"Ferrni level" is the term used to describe the top ofthe collection ol eiectronic
energy levels at absolute zero temperature. This concept comes from Ferni
Dirac statistics. Electrons are fermions and by the pauli,s Exclusror principle

cannot exist in identical energy states. So at absolute zero they pacli into the
lowest available elergy states and build up a ,,Fermi 

sea,. of electron erergr.
states. The Fermi level is the surface of that sea at absolute zero r.vhere clectrons
will have enough energy to rise above the surface. The concept of the Fermi
energy is imporlant for the understanding of the electrical anij themral
properties of the solids. Both ordinary electrical and thermal processes involve
energies of a small fraction of an electron volt. But the Fenni energies of metals
are ofthe order of few electron volts. This implies that the vast rna1orit),ofthc
electlons cannot receive energy for these processes because there are no
available energy states for them to go to within a fraction of an electron vort of
their present energy. At higher temperatures a certain fraction, characterizcd bv
the Fermi function, rvjll exist above the Fermi le,".el. For a metal, the density of
conduction electrons can be implied from the Fenni energy. The Fcrnrr cnergl
also plays an important role in

understanding the mystery of why electrons do not contribute significantl), to
the specific heat of solids at ordrnarl ternperatures.FLulher, trr metals, Femi
energy gives us information about the velocities of the electrons- rvhich
participate in ordinar-v electrical conduction.



THEORY

The Fermi velocity Vr ofthese conduction eiecirons can be calculated from the Fermi energy EF

using the relation,
vF=J(29r,/,"r

where m : 9.I x 10,..r kg is the mass'ofejectron Er is Fermi energy vF is lermi velociry

Thrs speed ls a part of lhe mlcrosLoplc Ohm's Law for electrical conduction A Fermr gas ls a

a"ii#., 
"rrJ*.,*acling 

lelmions ll is quantum mechanrcal \ersion of rdeal€a' I lecnon'

;;#';;.;,,;;;du"t,i,, "u' 
b" 

"pp' 
o*imatell .consrdered 

as Fermr gases The firersv

dr)rribuLion of ihe.(rmrons rn a Fermr gas rr lherndl cqurlrbrru'n '' ":t*Ill-:: ll.
,fr"'" a"."0,, ,t 

" "-perature 
and the set ot ar arlable energy stales uslng Fernll-ulrac

sr/n\trcs Il is oo,srbre to dellne a I 
"rm' 

ttrnpt"rure beloi'uhlch the Jds 'an 
bc cn ''d'red

;G: ;,:' ii:;;;;;;" ;;t*;" ". 
rhe mass or rhe rern'ron: and rhe energl ro

metals. the elecfion gas's Fermr temperatr'lre rs generally many thousands. of Ktlr rn' so they

t* tJ 
"".trJ"t"J 

a;generate Fermi temperattrie rr can be obtarned b\ the relation

Er = kTr

Where k = 1.38 x l0 2r I K_r is Boltzmann constant

The number of free electrons in metal per unit volume is given by'

n=N,,,0A,I

Where N = 6.023 x 1026 per mr is Avogadro number p = density of the metal

M = Mass number oflhe metal

The electrical conductivity ofthe metal'

6-L/RA

Where L is the length ofrhe metel u'ire, R is its resistance a1 a reference temperature

a is the area of cross_section oflhe wtre

The relaxation trme rs grven b\
T:Om/ e

Where e = I 602 x lo rec is electr-on charge

lf\rr, is Fermivelocity, then mean lree path ofelectrons'

r. .V r
Wlth all these, expression olFermi energy comes out

E1- lt qnq)nr r LV7 1'x 14!,1'

Where the constanl A = h x T, T is the relerence temperature ofthe wire in Kelvrn'

r is tle Ji.,s ortr,e *ire and (AR/aT)is the slope ofthe strarght lrne obtarned bv plotting

resistance of rhe metal \\'re dgaln<t absolute remperalule ol the melal \ lre'



APPARTUS UStrD:

1. Solenoid ofcopper wire.

2. D.C regulated power supply (0-2V).

3. Meter bridge.

4. Thermometer of range (0-200) degree.

5. Table galvanometer



Experimental Procedure

1. About 6 meter length copper wire is taken and its radius is determined and
cross sectional area is calculated. Its mass number and densily are notcd from
Clmk's table.

L 
"upr,", 

:6 m, Radius r :0.1 l2x 10^ - 3

Density P = 8930 Kg m-3

Mass number M : 63.54 grr

2. The wire is wound over an insulating tube (10-15mm dia) to form a coil. The
coil is Immersed in pre heated water as sho\,!r in ttre experimental setup. The
two end ofthe coiled wire is connected across another gap of Meter Bridge and
power supply is connected to the bridge.

3. A thermoneter is immersed in the beaker containing water and coil. When

the
Thermometer attains steady temperature the temperature is noted.

5. Tdal is repeated taking reading in the interval of5 degree and until the

temperahue reach 45 degree. At each temperature the voltages and curents
measued are noted in Table-1.

4. The po$,er suppll, is switched on and voltage and ctlTe ts are noted L] -Iable-

1. The Liquid is allowed to cool and power supply is switched otIuntil another

steady Temperature is reached.

6. A graph is drawn takhg temperature in degree K along X-axis and resista:rce

on Y axis as Shown in Figure-2. The slope of straight line is calculated and

substituting this value find Fermi energy of the wire.
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EXPERIMENAL DATA

Resistance in Q Null point in

lr-11 in cm in Q/n
Mean
pin Q/cm

left right i1 t,

2

0

0

2

1a.9

a2.a

0.03129

0.03211

L

2

2.5

0

0 77.4

43.7

72.3

0.03457

3

0

0

3

3.8

98.4
94.56

0.03772

4

2.7

0

0

2.7

44.7

0.03187

5

0

0

2_2

15.9

85.9
70

Measurement of resistivitv of lVleter Bridee wire (o):

63.9

2.5

4.7

93.4

2.2 0.0311



DATA FOR RESISTANCE VARIATION WITH TEMPERATURE

Density of meter bridge wire p =0,0327L Qlcm, L=6m , resistance in box
at room temperature r=2.1 I

Nullpolnt in .m at
.orresponding
temperature(l)

(l'lo) in cm
Coresponding copper
wire aesistance
R=r+2p(l-lo) in.m

ln 0c ln k

85 358 13 2.93

75 348 57.62 2.78

338 56.05 9.4 2.68

55 s4.96 8.0 2.60

45 53.56 6.7

3s 308 52.77 5.9 2.40

30 303 50.90 4.O 2.35

Temperature

s9.95

11.6

65

328

318 2.53



DATA FOR RESISTANCE VARIATION WITH TEMPERATURE

Density of meter bridge wire p =0.0321L Qlcm, L=8m, resistance in box
at room temperature rr2,1 Q

Temperature Nullpoint in cm at
correspondinS
temperature(l)

(l-lo) in cm
Corrcsponding copper
wire resistance
R=r+2p{l-lo) in cm

ln 0c ln k

95 368 56.84 9.84 2.73

90 353 s6.37 9.37

3s3 55.59 8.59

343 s4.70 7.70 2.568

60 333 53.24 6.24 2.50

50 323 52.15 5.15 2.43

40 313 50.90 3.90 2,43

303 49.95 2.95 2.35

2,70

80 2.63

30
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e&teutATloINn

Length ofthe copper wire (L)= 6m , radius of wire (r)=0.12: 10'3m

Cross sectional area ofthe wire =nr2=4.53x 10-8m2

Density p= 3939 1r7*:

Mass number M = 63.54 g

At I=303K

Electron density=n =Nap/M={6.023x 10'?3x B93O)/0.06354

=8.46x 10'?8 /kg.mol

The electrical conductivity o=L/R A= 6/12.35x 4.53 x 10 8)

=0.563 x 108 /Qm

Fermi velocity for copper =VF= 1.57x 106m/s

The relaxation time r=om/ne2=2.37x 1.0'14s

Mean free path ),F=VFx r = 1.57 x 1O6x 2.37 x 10'1a =3.72x 10-8m

Constant, A= LFT= 3.72x 1o'8x 303 = 1.12x 10"s

Slope ofthe resistance versus temperature graph= (AR/AT) = 5.86x 10-3

With allthese, Fermi energy comes out to be

Ee= f( srr2nl)lt..,lTml ', (-S)'



=[( 1.5 1x L}-ztl / lt.ot g x 1 0-',0)]' x (7 .0 14 x 70)2

=6.28x 10-1sJ = 4.0ev

Fermi temperature Tp =(6.28x 10{e)/(t.38x 10'3)

=45.68x 103k



ct&L0ut&T'[oNi

Length of the copper wire (L)= 8m , radius of wire (r)=0 12x 10 3m

Cross sectional area of the wire =nr2=4.53x 10 3m2

Density P= 8930 kg/m3

Mass number M = 63.54 g

At T=303K

Electron density=n =Nnp/M=(6.023x 10'73x 8930)/0.06354

=8.46x 10'z3 /ke.mol

The electrical conductivity o=L/RA= 8/(2.25x 4.53 x 10 3)

=0.78x 103 /Qm

Fermivelocity for copper =Vr= 1.57x 106m/s

The relaxation time Fom/ne'?=3.28x 10 1as

Mean free path Ir=VFx r = 1.57 x 1O6x 3.28 x L0 ra 
=5 14x 10-3m

Constant, A= &T= 5.14x 1O-3X 303 = 1.55x 10 5

Slope of the resistance versus temperature graph= (AR/AT) = 7 014x 10 3

With allthese, Fermi energy comes out to be

F,e= 11srr"2 nl 1l L,uEml', (#)'



Fermienergy EF=[(1.57x 1O'11)l0.O7gx 1014)]': x (7.014x 1oi)'?

= 9.63 x 101s J

=6.02 ev

Ferm i te m perature =(9.63 x 10 
l'q)/{1.38x 10 '?3)

=69.782 x103 K



RESULT:

Metal

wtre

length Fermi energy Fermi temperature

theoretical experimental experimental theoretical

Copper

6m 4.0 ev 45.68 x 10r K 80x 10: k

8m 7ev 69.78 x 103 k 80x103k6.02 ev



DISCUSSION

1 . Since copper wire is good conductor, the variation of its resistance u'ith
temperature is very small.

2. The variation ill low temperature is uniform than in high temperatnre.

3. If we increase the radirLs ofthe r.r,ire, then resistance will dcctease. To

4. Get better resuh we have to take large length and small radius oi rhc rr ire
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SIESTB.&C]T

Usinp, U rube arangement the surface

deterinined. The pheoomena of capiJ lary

in agreement with the standard result'

tension of water al different temperatules

rising are implied. The result of the experitnent



IXJTTROD{.IC,TNOTJ

Surl'ace tension rs a fttndalrerral pl operq' of all liquid surfaces and exhibits itself in many

u,irys. In our daily ii1'e lve sce that suall quantities of liquids tend to become sphcrical in

shape and soap 1ilm, tend to become exterlded. This phenonenon is mentioned above lead

us to heiief tle skil like behalior of the surl'ace of the liquid i.e, as if a thin membrane is

cor,ering the licluid surfhce.

The contractile chmacter of the surface layq of a liquid is not due to any real existence o

surface teusion but it is due to the intermolecular actions resr ting in the existence

molecular surface energy and tle contractile character of the surl'ace as evidenced is not

due to an), tensiou corring to play but due to the fact that surface molecules of a system in

ecluilibriurr tend to attain minimum potelrtial energ]'.

'fhe surface tension o F a1l liquids decrease linearly with rise of temperature, *'hen dre teurp.

range is small. Surfaoc tension S at temperature t is S:S0(1-ot)

\\rbere So is the r,alue oftlte surface tcnsion at o degree centiggade and u is the tenperatule
coefilcient of surface tension. The above expression may also be u'ritten in thc liom

dSidt--Soc =-K

At critical ternpelature T. the value of surface tension is zero. According to Vander 'lvalls

the sLLrface tension at absolute temperature I is

s-sr[ ]-(T,'T")13 
2.

Where So is the constant for the liquid.

The,r ! = -?I111- 17161r 
:

dt 2Tl

-a=--l1t-T/Tc):s. dl 2Tc'

Thereforc
ds

cLt - 0. rvhen T: Tc

Thus both s and f arc zero at critical tenperature.
dt

A rrodifl formtLla. according to Ferguson S-SnI I-(TiT")]"

ulrere n is constant. For a singlc liquid but varies slightly fiorr liquid to liquid. The

valLre ofis 1.21.

Let M be the molecular eight of the quid and p 1tS dens ity The Surface area occuPied by

by c1}-motecule, AS sulr1ng the molecule are synmetrical lll shape 1S proportional to

(N,I,/p
.2/3
) This Surfac S called molar surfac Sruface energy 1n the lllo1ar Surface s



According to Eotvos larv. S(\fip):'r:K('f"rf),rvhere K is universal constant know1
Eotvos colstaal. The approximate r.alue olK is 2.2.

The rclation uas corrected b.v Ramsey-and Shilds giving S(NO'p):3:K(T.-T-5),

The conslant 6 has a value betu.een 6 and 8 for more solids. From this relation lve see that
thc surlhce tensiolr is zero r"hen T : 1"-6.

Ditl'erentiatin g u,e get,

d/dTfS(\lip): 'l=-K



TI{EOBY
This method ls used to compare the surface tension of a liquid at different temperatures. The

apparatus consists of a U tube with Iimbs of different cross-sections. The exper mental liquid is

taken n the U-tube and the same is mounted inside a suitable tenrperature bath.

The pressure just below the men scus in the I mb AB, inside the liquid s

P12s/rr) IP ls the atmospheric pressurel

The pressure just below the meniscus in the limb CD, inside the liquid is

P {Zsh)

Where rrand h the radiiof the bores of the two limbs.

Th erefore the d fference of pressures tn the two limbs of the Utube

p- 2sll1/tl \1/t..)l

=hps or s= hpc/21(1/rj) (1/r2)l

The values ofS are found for differenl temperatures t and a graph ia lhen ploted between the
temperatures t and the corresponding values of S.From the graph we see that surface tension of
the liquid decreases with rise of temperature and become! zero at a particular iemperature r.
known as critica I tem p eratu re which dependi on the nature of the liquid.Taking two points A(tr,SJ

and B{t: S, on the graph,we see thdt the Bradient of the graph gives us the temparatureg
coefficient of surface-tension i.e.,

ds/dt=(srsr/(t-t1)



d[PPi&&&TUg

1. A capillary U-tube

2. A therinometer

3. \4icroscope

4. Electic hcatcr



PROCEDURE

l. At firstwetakea Utube and its conlain water Therc isnobubble

2. A thennonicter and this U-tube arc dropped into the cold lvater partially'

i. Wc set up the travelling rnioroscope and then we take the reading ofcross-mark

l Wirh increasrng tempenrurc, \\e reading the height ofthc liquid at two part of thc tl{ube l'e,

nafow and \\'idc tube

5 Next $'e calculate the radius oflhe narrow and wide tubc

6 We alread! calcuiate the valuc of h and also rve know at paticular temperature value of p is

constanr. Then w e caloulele thc value of surface tension ol thc liquid Hence \T e plotted this valuc

of sLrrlacc tenslon ofthe liquid at diil-erent temperarure on the graph paper



For wide tube height ofliquid level m cm For narrow hrbe height ofliquid level in cm
-femp

of liq
c

Scale reading in crr Total il cnl
(t :)

Scale reading in cm Total in crr
(xi)

t0 10.4 J 10.403
,7 47 7.047

14 10.4 15 10.4 15 '7 '7 .026

l8 10.4 38 10.438 7 31 1 .031

20 10.50 2 10.502 7 .05 7.086

22 10.5 5 41 10.591 7 .15 7. 158

21 10.65 4 10.654 '7 .209
26 10.70 42 10 .7 42 7 .25 '7 .286

l0.9 21 10.921 7.45 7.454

30 ll.t0 16 I 16 7.6 7.638

34 11.3 16 346ll 7.8 /_6JO

40 I t.5 32 I1.532 44 '7 .994

Experirnental data
Reading for mark point:

Data for measurement ofxiand xi

Narrow tube of U tube Wide tube of U tube
Scale reading in cm v.r Total in cm

(x,)
Scale reading in cm Total in cm

(x:)
1.35 11 7 .95 40 '7 .99

v.L

26

7.2

'7.95

1.394

36

l(

36

4

36

36



Data for measurement of 11 and 12 :-

Radius of Nirrro$.tub" r, : ?: }I!: O O::Zs 
",r,

Iiadius of rvidc tubc r, - ] = $q : O.O,1S:S ".

Direction
ofobs.

Reading lbr lefr and
lorver end ofthc borc

Reading 1br right to
end ofthc bore

D=
R1-

R2 in
cm

D,'=
D7+D2

2

Din
cm

Scale 'l-otal

in cm
Scale v.r 'fotal

in cm
Ilorizontai 11 49 11.049 t4 32 14.032 0.017 0.0115

0.0475
Verlioal 6 ,15 20 6.17 6.45 26 6.476 0.006

Horizontal 14.2 t4.2A1 14.1 22 11.122 0.082 0.0835\reftical 6.35 29 6.27t) 6.35 t4 6.364 0.085llo zontal 1t.95 12 13 95 2 l3.9s2 0.01 0 0065Verlical 665 43 6.693 665 40 669 0.003

0.0965
Horizontal 6.65 30 6.68 6.6 l0 6.61 0.07 0.09Vcrlical 14 30 t4 03 14. \ 40 t1.11 0.11

1

t3 962
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Data for measurement of h2 and h1 :-

Tcmpr. Ol
liquid in Degree

Centegrate

l'-or Nide tube
h: - r]- x, in

cm

For nano *,tube
hr : r1- xr in

h: h: hr in cn'r Surface tcnsion

2ti-r)
dlnicrt

10 2.413 5.653 3.24 '14.29

t4 2.12s 5.632 3.20',7 13.49

18 2..148 561 13.107

10 2.512 5.692 3.180 '12.804

22 3.163 '12.38

24 2.661 5.815 3.151 '72.07

26 2.752 5 892 3.14 '71.',?9

28 2.93t 6.06 3.129 '71.50

30 3.t26 6.244 3.1 18 '7 \.20

i4 3.356 6.442 70.3 8

4i:) 3.512 66 3.058 69.59

2.602 5.',764

3.086



PRECATI

1 I'he radius ofthe both olthe naro\r'and wide tube neasure carefully Otherwise large error rvill

bc occurred.

2 When we noted thc height ofthe liquid lelel, the venire reading must be measured carefulll''

DISCIISSION
The result is in good agreement t'ith the stalrdard result. ]'he temperature dependence of surlircc

tension oi liquid can be dctemmed in other many ways. But this method is suitable to pcform in

the laborarory setup.
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Bli.. :,rJ\ rarliation lollows the well known Planck distribufion law' Ar

a panr,:11: :.Itpcrature energy densit-v has a peak value at certain uavelength'
'[hen er,crgi .lecreases on both sides of that wavelength ln this project we take

sun ai a t,la.l' body and measure its energy dishibution. By the sunlight through

rhe tlLier \\. get sunlight of paticular wavelength and measure its intensity by

u-.ing 1 DR circuit. Then we plot the intensity Vs. wavelength This confirms the

raJirrl iLln la\\

Abstract



)

t
I
v

IE Introduction
Bb

* Sunlieht rrselt- appro\lnlates jdeal black body radiatiol outside the earth's atmosphsrc. 'l'he
inabilrti to erpiittn sltch black body radiation by classical theory was itsetf responsibte for theil dcveloprrent ol quanlum nrechanics. As well as reflecting light from the sun centre at much

* greater \\a\elcnghs because of its lower tempefatule.

*lt ;\bsorptron & scatterirg of light bi, the earth's atmosphere reduce the intensity & u'avelengh
* distribution ot licht reaching the earth's sutlace.

C The energ] received throughout the clav iucreasing from low intensity in the moming peaking at

* solar roLrn & dcclining during the afternoon.

O -Ihe marimum radiation tricks the earth's surface when the sun is directly overhead & sunlight

a h s the :h|nq51 p.tl, length through the atmosphere. This path length can be approximate b-v
I cos(r . \\ herc { i\ rh( ansle bctween the sun & the point directly overhead.s

,,.. lhe sun is a hot sphere of gas heated by nuclear lusion reactions at its centre. Internal
lcrrpcraturc rcach a t'erv warnt 20 rnillior K , the iltense radiation from the interior is absorbedt br a lu*cr oj hr droscn rons closcr to [l']e sur's surface. Energy is transferrcd by convection

l, through thrs optical barrier & than reradiated from thc outer surface of sun, the photo sphere
Thi5 uan enrLts raLharlorr appro\imately that lrom a black body with a temperatwe of nearlya 6oooK

o
a
a

A black body is an ideat absorber & emitter ofradiation. As it is heated, it staxts to glow that is
to emit the electromagnstic radiation. A oommon example is when a metal is heated. The hotter
it gets, the shorter wavelength oflight emitted & an initial red glow gradualty tums white.

o ('lassjcal phvsics rvas unable to describe the wavelengr.h distribution of light emitted liom such
; a hcaled (rbiecled. []o\ve\,cr. in i900. Max l)lanck dcrived a mathematical cxpression describing

lllr. dr.lflh rtJIt
a
a
o
a



Ilthe incident light intensity is I and the LDR current is i.

Then

i a I ...... .... (l)

i h: :h,rr c pr0ponionality relation is a direct consequence of the hterpretation
ol rnlcnsit\ and photoelectric eflect. Intensit_v is nothing but the member of
photon passing unit area per unit time in a nomral direction.

I hu! th!' \ ariatlon ol intensity with rvavelength is to be sinilar to thc variation
(,t' I [)R current \\'ith wave length ofincident radiation.

ln the present rvork we have used the radiation of visible range for study. Thus
\\ e e\pect as mtensity distribution as shown in the Frg.r.I).

I

bl(1r\' )zl \ owl
Lit,i

I
Fig. I

', 
.1 ! -6ir

Theorv

I
l

1

I
I
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Color flltct'

t-DR
Regulated Power SuPPIY

Ammeter
t}'cad board

Some connection rvires

An ertension board
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Proceclure

l]ilstthel-l)Iliscotlllcctedtolggulatcdporversupply.Alixedvoltageof2voitsis
rpplic,J. thc i l)11 is kept in a lark box rvilh a holc of appropriate radius' Color

papel is placed blocking rhc hole' Now the set-up is laced torvard the sunlighl such

it at ,untigltt can 1'all normally on LDR after passing the color paper filter'

C Th" 
"o..".ponding 

LDR current is noticed'
C
I The same thing is perfbrmed using different color filter' The investigation is

n performed in different four times of a day'

a
a
a

{.i

a
a
a
a
a
a
ft



rr/

(

i; I tr+I

Irillilliirl l

11.{k i
J

Itil:iIiltl

l[]11llI

ll.lilllljili
II

lll ,i

llludllt,,;lIt
lfl+H] fi

iiffi
i

ili l

i

lr
Hffi

I
l

:i+li
[]
I ilr I

I

It
l+

lr

IT
Ll

: ]H
II1+

l it

i

I I i

;fr tilitli ii ti
;rll
m

H
T

t
ri Hi+riil
lli;llllll,!l I

I tEllttltE
IulEllullI

Plol ao.nlot llAl?\ {\ ctrf(rltrrl r] -f lr',r l',ct PIvl

0

I

1
I

ll':



)

a
a
{t
a
a
o
t

A Obser. arii,n lit tlme 1:00 PM and daie 20102119
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erimental Data

Table - 1

Exp

llluc

Colour llltcr

Itcd

Wavelcngth (i) in
nu.t

LDR current (I) in
mA

636 - 700 7.1

Green

Light Red

520,560 7.3

590 635 8.0

Yellou 560 - s90 1 1.3

450 - 490 5.0
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Experimental Data

Observation at tinre 1:30 PM and dale 20102119

t'olour illter Wavelength (7,)

ln nm

Blue

Table - 2

6
a
,-l

o
a
a

e

a
a
a
a
a
o
a
a
a
a
a
o

LI)R current (l)
in mA

Red

Creen

700 - 636

560 .520

7.0

7.1

Light Red 635 - 590 9.0

Yellorr 590 - 560 1 1.0

490 - 450 4.7
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a
a

Obselr :ii : .. '. ;:re l:00 P)vl and date 201021|9

L , ----r'

B, ue

Table - 3

d!

a

a
a
a
(.

a
a
a
a
a
a
a
0
O

a
(i

Wal'clcngth (i)
in nm

LDR current (l)
in mA

R.'- 700 636 6.7

C:e::: s60 - 520 6.6

I-:git Rc' j 635 - 590 8.2

\': L.r'.r 590 - 560 10.3

490 - 450 4.8

Experimental Data
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Otrserr ation at time 2:30 pM and date 20102/19

Colour filter

Blue 490 - 450

Table - 4

ia

;

s

I

G!

I
t

f
o
a
a
a
lt
o
a
a
t
Jr

a

R current (I)
in mA
LDaveiength (),)w

ln nm

700 - 636 6.2
Red
(lreen

560 - s20 5.9

7.9
Lighr Ited

Yc'lloir
635 - -590

590 560 9.6

4.0

Experimental Data



.h: erperiment was performed for five different colours namely blue,

rcll,ru r:.1 lrght red and green. Thc coresponding $'avelength are taken fron
.Ll]rfj,a.' .i.;t.] out here due lo lack of \lavelength detector the average values of
i'.rr;l,rIir. 

"orresponding lo the above lrentioned llve colours are 1aken.

i i!i\\ i\ !i iire L--\pcrinlcl]t results (hrough lbr very small range ol rvavelength
ili!ir:]] is in Ncll agreernent $ith the previously predicted accuratc resulting

a \pens

Discussion
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TO 

TITLE OF PROJECT:-BIKE CANNOT START WITHOUT HELMET 
 

Our project consist of two circuit. One is transmitter circuit (helmet unit) another receiver circuit (bike unit) 

transmitter circuit block diagram given below. 

Transmitter circuit (helmet unit):- 

Block diagram of transmitter circuit (helmet unit) 

 

Power supply of our helmet kit is two pair of Batteries connected in parallel battery consist of three 1.5 v 

button cell connected in series. For emergency use of supply we use two set of Battery. One for main supply and 

another for emergency use. The switch is two way slideing switch. 

Switching part of helmet kit (Transmitter circuit) consist of three micro limit switch connected in parallel. One 

is pleased inside helmet at upper pressure point and another two pleased inside the helmet at two sides of ear pressure 

point. At the time of use if any one/all connects the circuit will be closed. We use three switches to eliminate 

chattering effect at running time of bike. 

 

 
To increase the force of limit switches we use pressure plate. we use for upper pressure point oval type and 

ear side pressure point rectangular pressure plate . 

 

 
As fixed encoding we use IC HT12E.Though this IC can be use as variable or changing addressing and data. 

For separate addressing we choose separate addressing terminals (Pin No. 1-8) and also separate data terminals (Pin 

No. 10-13). Selecting address terminals connect with negative (GND) and selected data terminals and connected with 

positive terminals through 1 Killo ohom resistors . HT12E has own oscillator. Oscillator in put (Pin No.-16) and 

output (Pin No.-15)are shot by a 1MΩ resistor. From Pin No-17 we get serial data out put 

Block diagram of ICHT12E 
 

OSC 2 OSC 1 
 

 

 
      T                                                                                                                            DOUT 

 

 

 

 

 

 

 

 

      A0 
 

 

 

 

 

      A7 
 

 

 

 

 

 

  

                                              AD8 TO AD11                                                                        VDD                     VSS 

 

 
 

 

Supply Switching Fixed Encoding 
ASK RF 

Transmitter 

E 

 12 

TRANSMISSION 

GATE CIRCUIT 

 

   

BINARY 

DECODER 

SYNC. 

CIRCUIT 

12 COUNTER & 

1 TO 12 

DECODER 

DATA SELECT & 

BUFFER 

3 DIVIDER OSCILLATOR 



RF TRANSMITTER 

MODULE 

Pin configuration of HT12E 
 

VDD    A7    A6 A5 A4      A3        A2             A1         A0 

    AD8   AD9  AD10 AD11TE  OSC2   OSC1   DOUT     VSS 
 

 

 

PIN NO FUNCTION NAME 

1-8 8 BIT ADDRESS A0 –A7 

9 GROUND VDD 

10 -13 4 BIT DATA/ADDRESS PIN FOR INPUT AD0 – AD3 

14 TRANSMISSION ENABLE ACTIVE LOW TE 

15 OSCILLATOR INPUT OSC2 

16 OSCILLATOR OUTPUT OSC1 

17 SERIAL DATA OUTPUT DOUT 

18 SUPPLY 2.4V – 12V VSS 

   

 

 

Serial data output from pin no.-17 of IC HT12E send to DATA pin of 433.9MHz RF transmitter module. This 

transmitter module convert serial data to 433.9 MHz radio frequency and spread to air through antenna(ANT)of 

helmet unit. 

 

 

 

 

 

 

 
                                                                       GND   DATA  VCC  ANT 



 

Circuit Diagram of Transmitter (Helmet) Unit 



Bike unit (Receiver Kit):- 
It consist of 

 

1. Supply 

2. Voltage 

3. RF Receiver Module 

4. Data decoding 

5. Switching 

 

 
1. Supply:- 

Power supply for this bike unit does not need extra supply. We use bike’s battery which is already 

fixed in bike as supply the power of bike electrical accessories. We connect our receiver kit to this battery 

through a switch. 

 
2. Voltage Regulator:- 

Requirement of this circuit voltage are 5V and 12V (For relay operation). We get 5V de from 12v 

battery through 7805 voltage regulator and 12v from battery. 

Pin configuration of 7805 
 

                                                                             Input   GND     Out put 

                                                                            (5-40V)              (5V) 

                                                                      Unregulated             Regulated 

 

 

 

 
3. R.F Receiver Module:- 

This R.F module works for 433.9 MHZ Radio frequency. Data transmitted from transmitter module 

received by Antenna of this receiver module and then transfer into serial data. Receiver module output 

this serial data into a decoder IC HT12D. This module have 8 pin. They are ANTINA, VCC (2 No), 

Ground (3Nos) and Digital data (1 no) Analog data (1 no) 

All GND connect with negative terminal of battery. All 

vcc connect with 5V de of 7805 voltage output pin. 

ANTINA connect with a 20 cm (approx) cu wire. 

Digital data connect with Decoder IC HT12D. 

Analog data blank. 

7805 



4. HT12D is a decoder IC which is same pair of encoder IC HT12E. Addressing pin connection is same as 

encoder IC. Also data pin will be get as encoder data put. For oscillation a 47KΩ resistor connect with pin 

15 and 16. Serial data output of receiver module feed to pin 14 of this IC. This serial data converted in to 

separate data and get from pin 10 to 13 if addressing matched. 

5. Switching:- 

Output data from decoder IC fed to switching transistor BC548 and this transistor operate a relay (12 

v). The relay’s switching terminal (NO) connect operate the bike power supply and also a No helmet 

indication lamp(12v) from NC relay contact. 

 

 

 

Circuit Diagram of Receiver (Bike) Unit 


