DEPARTNMENT OF PHYSICS

LAB MANUVAL

LIST OF THE EXPERIMENTS:

b

. .Compound Pendulum -Determination of g and k.
. Young s modulus —non-umiform bending -Pin and microscope

3. Rigidity modulus -Torsional Pendulum -without masses.

4 Young s modulus cantilever- depression- dynamic method-Murror, Scale and

Telescope

3. Young’'s modulus —non-umiform bending -Optic lever

6. Young s modulus - Koenig s method - non- umform bending.
Young s modulus -Koenig s method - uniform bending.

7. Rigdity modulus -5tatic torsion -Mirror, scale and telescope

8. Coefficient of viscosity of liquid-Graduated burette -

=

10.

il
12

13.

i1

15.

16.

17.
18.

Specific heat capacity of liquid -Newton s law of cooling
Thermal conductivity of a poor conductor -Lee’s disc method

Sonometer -Frequency of Tuming fork
. Sonometer- Frequency of AC mains - Steel and Brass wires

Focal length -R and p of a convex lens [focal length 1) u-v and 11) conjugate foc1
Spectrometer -Solid prism- Refractive indexof matersal of a prism

Spectrometer -1-d curve-p of a Prism

Spectrometer 1- 1 Curve.

Spectrometer-Dispersive power of a prism.
Spectrometer-Dispersive power of a grating

. Spectrometer -Solid prism- Refractive indexof material of a prism.
. Spectrometer -Grating -N and A -Nommal incidence method.

. Spectrometer -Grating -N and A -Minimum deviation method

* Newton's rings -Refractive index of matenial a convex lines



23 Asr wedge - Thickness of a thin wire.
24. Deflection magnetometer and vibration magnetometer-Determination of m and BeTanC

position.

25 Field along the axis of circular coil -Deflection magnetometer -M and Ba- Null Deflection
Method.

26 Field along the axis of circular coil —Vibration magnetometer -Determination of BH.
27 Potentiometer - Resistance and specific resistance of a wire.

28. Carey Foster s bridge - Temperature coefficient of resistance of a coil

29 Potentiometer —Calibration of high range Voltmeter

30. Potentiometer - Conversion of galvanometer into Ammeter.

31. Potentiometer — EMF of a thermo couple.
32 Voltage regulator -Bridge Rectifier-Using a Zener diode.

33. Colpatt’s Oscillator- Using transistor.
34. Hartlev oscillator-Using transistor.

35. Logic gates-AND, OR (using diodes) and NOT (using transistor).



14. Compound Pendulum (Method 1)

AIM. To determine the periods of oscillation of the compound
pdulum about various points of suspension on both sides of the
centre of gravity, to draw a suitable graph and use it to determine the
madius of gyration about the centre of gravity of the bar and the value

of acceleration due to gravity at the place.” Also to find the moment
of inertia of the bar about its centre of gravity.

Apparatus. Compound pendulum, knife-edge, stop watch and &
werranger balance.

Description. A compound pendulum congists
of & uniform rectangular metal bar AB made of
jron or brass. A number of circular holes are
bored all along the bar from one end to the other
at regular intervals.

The bar can be made to oscillate about a
knife-edge passing through any of these holes.

Procedure. The bar is first suspended by the
knife-edge passing through the topmost hole on
one side of the C.G. of the bar. The baris set to
oscillations without wobbling. After omitting the
first few oscillations, the time taken for 2 known
. number of oscillations and hence the period T sec.
for one oscillation is determined. The distance
(d) between the knife-edge and the end A is
measured. Suspending the bar at different holes
from 4, the period of oscillation in each case is
found, noting the distance (d) of the knife-edge
from the end 4. When the centre of the bar is
crossed, the bar is inverted to the other side of
C.G and periods of oscillation are determined in
each case suspending the bar through the different f
holes. But the distance of the knife-edge s noted <

from the end A4 only. Fig. 141
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A graph is drawn taking the distance of the knife-edge from the
end A aloug X-axis and the corresponding period of oscillation along
Y.axis. There will be two symmetrical curves on either side of the
C.G. as shown in fig. 14-2,

For any period T, draw a horizontal line which will cut the curve
at four points 4, B, C, D. Then the length of equivalent simple
pendulum is given by

1 AC+BD
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Choosing different periods, the length of the equi.
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Calculate %, ‘

: /
valent simple pendulum is found from the graph and 7o calculated,

Acceleration due to gravity is given by the formula

g=dn* 77 |-

Locate the positions of the minimum period of the two curves.
The line parallel to the X-axis joining these two positions gives the
value 2K in the scale of X-axis, where X is the radius of gyration of
the bar pendulum about an axis passing through its contre of gravity
and perpendicular to its length. Thus, PQ=2K. From this K is

obtained.

Find the mass (M kg.) of the bar by a berranger balance. If K'is
the radius of gyration about. the C.G. the moment of inertia of the
bar about its C.G. is given by I=MK?® kg-m*.

Result. 1. Mean acceleration due to gravity at

the place’ =...mfsec?
2. Radius of gyration =_..m
3. Moment of inertia of the bar about
: itﬁ CiG' =.--kg’m'
Observations. Mass of the bar by a berranger .
balance =M=...kg.
\ Distance of the. l Time for 20 oscillations
3 Period of
S. No. . fﬂ-’}:‘?‘ﬂﬂ oscillation
(m) ' Trial I Trial Il Mean T
P

| m—
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Length of the
Pertod
S.No. cq"gﬁ‘dﬁ;::wh aml’ﬂ"aﬂl;{; T 1 st ( /
(m) (T) secs. ™ L4 ™

Length PQ in the scale of X-axis

Radius of gyration

Moment of inertia of the bar about its C.G.

Mean

w2K—...m.

mK ==,..M.

= I =MK*
=, kg-m?



Mechanics and Properties of Matter

1. Non-Uniform Bending—Pin and Microscope

AIM. To verify the relation between the load and the depression
produced at the centre of a beam subjectéd to non-uniform bending
by measuring depression using vernier microscops, to draw a graph
connecting them and hence to determine the Young’s modulus of the
material of the beam. Also to find the mass of the given body.

Apparatus. A long uniform beam usually a metre scale, pin,
vermier microscope, two knife-edse supports, weight haagas with
slotted weights, vernier calipers, serew gavge and the given body.

Procedure. The given beam is placed on the iwo knife-ecge
supports so that the distance of the beam between the knife edges is
about 0-7 metre. A weight hanger is kept suspended at the centre of
the beam and a pin fixed ‘vertically on the {rame of the hanger. A
vernier microscope is adjusted in front of this arrangement s that the
tip of the needle is seen in the field of view of the microscope. To
start with- the beam is brought into elastic mood bv leading sand
unloading it several times.
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Taking the weight hanger as the dead load, the microscope is
adjusted until the tip of the pin just touches the horizontal Cruss-wire.
¢ reading of the microscope in the vertical scale is noted, . Th=u.

d weights to the hanger in steps of 0-05 kg, each time noting the
reading of -the vertical scale after cnsuring that the tip of the pin
Just touches the horizontal cross-wire in each case. The experiment
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d by unloading the weights in steps of .05 kg, and ne
e nfgasufed as in the loading part. The mean of these ty,
each case are Measure the distance (/ metre) between th

.« obtained. :
for euc;I qufcfliﬂl]}l (b metre) and the thickness (d metre) of the beam .
edges. 1he Dt

orier calipers and screw gauge respectively. |
by vernie jon produced at the centre of the beam subjected to —
m

The depress!
bending is given by

Adingg in

Mgl
§ = )
48 g AK>
For a rectangular bar of breadth b and thickness d,

3
) bd"
AK = E

Mgl

3
bd
48 g % 12
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LE dsbd

= Young’s modulus of the material of the beam in N m

2

q

I = the length of the beam in metre between the two knife-edges
s = depression in metre produced for M kg load

b = breadth of the beam in metre

d = thickness of the beam in metre

g = 98 m/sec?.
[t is found from the above formula that other things remaining constant,

where

M < g
. M
L€. ?= a constant.

_Tn verify the relation between mass (M) and depression (s5), subtract the mean
reading of each luaFl from the dead load reading. This gives the depressions s metre
for the corresponding load (M). Calculate M s in each case, This is found to be a
constant. - 1 '

A grap?] may be d_mwn_cunne::ting M kg along X-axis and s metre along
I"—nxl.s. IF wﬂl.b:': a straight line. The slope of this graph gives s/M value. Then
s}l:bstuunng]lhm lpﬁrju: formulafor g, Young's modulus is determined. Also, taking
the mean value of M/s from the experimental readin : ulus is

5, Y und

by the same formula. s Ting Hoaduinselt
) To ﬁm:.l the mass of the given body, remove all the weights in the
anger leaving 'Ihc weight hanger alone. Adq the given body to the weight
han‘gf:r. The mzcmlscope is" adjusted till the tip of the pin just touches the
hgnznnml cross-wire. The reading of the vertical scale is noted./ The
difference betwezen this reading and the deqd load reading givés the
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depression for the given body. From the M.s graph already drawn, the load

corresponding to this depression gives the mass of the given body.

Result. 1. Young’s modulus of the material of the

material beam by calculation = ..Nm™2
2. Young’s modulus of the materia] of
the beam by graph = .Nm™
3. The mass of the given body from
the graph = ..kg.
Observations. Distance between the two knife-edges = J=
Microscope readings
in metre ;
Load in Depression for M kg k-
kg (S metre) M/s
Increasing Decreasing Mean e
laad load
Mean -
" Reading of the microscope with weight-hanger
and the given body = ..M.
Depression of the given body =5] = ...m.
; M
Mean value of Ei

Breadth of the scale by vernier calipers:
L.C.=0.01 cm.; zero error = ...; Zero correction =

S.No. M.S.R. V.S.R. | Obsecrved reading = M.S.R. | Corrected reading =

(e + (V.S.R. x LC.)em. (Observed reading +
2ero correction) cm.




4 - gy

4 of the scale by screw gauge |
Thicknﬂﬁé (01 m.m; ZETO CITOr= ... ZLTO COrrection e,
LC.~=
m Cﬂrffﬂffd PSR "'{Cﬂﬂﬂcfﬂ[ !!‘9 n \
p.S R 1t S R IH.S.R, 2 L€ ) mm, " | Megy
No. il e e A e fim,
:"::b =...InN, e

B Brcacﬁh of the scale
Thickness of the scale _ === ... 0.
Acceleration due (o oravity=g-=9 8 m/sec?

13 M
7= fﬁ?d" & s
...... N m~—*
The slope of vhe M-s graph=K
g8 ol
4hi% K
=...N m~?

Load corresponding to the depression s; meltre for the given body
=...kg.
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10. Rigidity Modulus by Torsion Pendulum

(Without Symmetrical Masses)

AIM. To verify the relation between the length and the period

0

of the wire.

f oscillation of a torsion Pﬂﬂd?lum, to draw a suitable graph ccnnect-
jng them and hence to determine the rigidity modulus of the material

Apparatus. A circular metal disc, suspension wire, metre scule, &
herranger balance, stop-watch, vernier calipers and screw gauge.

Procedure. The given metal disc fixed to the
experimental wire is suspended from a fixed screw
chuck. The length of the suspension wire between
the point of suspension and the metal disc is the
length of the torsion pendulum.

[nitially the length of' the penduium is adjusted
to be I (say, 0'5 m). Torsional oscillations are set
up by giving a small twist to the disc, The time
taken for a known number of oscillations and hence
the period (T) for one oscillation is found. The
length of the pendulum is increased in steps of
01 metre and periods of oscillation are found for
each length. Measure the radius of the wire (a)
by screw gauge. The dimensions of the metal disc
are determined by vernier calipers and its mass by
a berranger balance.

Theory. The period of oscillation of a torsion
pendulum is given by

rese J(¢)
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Fig. 10.



ial of the wire (in N m-1)

ulus of the mater
f the disc about the axjs o

R od
- .I.I#rlg'dlt}r m " - . i 2] ]
ey moment © incrtia (in kg m™ ¢

rﬂtﬂ[iﬂ“r .
(in m)

the torsion pe ndulum

_length of
j [lation (in seconds)

of oscl
he wire ‘in m)

formu

7= period
adius of 1

g=r -
om the above |a that other quantities remaining

pis seen fr
constant
for T®

I a constant,

—

or
he period of oscilla-

the length and t

relation between
and it is found to be

So, to verify the )
tion, the ratio 1-7,_;-) is found for each length

almost a constant,
of inertia of the disc about its C.G., we use

To find the moment
the foilowing formulae. If M kg. is the mass of the disc, ther

(a) for a circular disc of R radius,

2
= M,;R kg m*

(b) for a rectangular disc of length L and breadth B
M (L2 B?

-
12
{¢) for a cylindrical rod of radius R and length L
R L2
I=M | =+ |=
( FERY; J"kg o

A ; .
gra-ph_ is drawn taking / along X-axis and 7 along Y-axis. It will be

a straicht line. The slope of the curve gives the valu i ituty
) c T . SUbStltutlﬂs

this in the formula

rigidity mfedulus of the wi
Wi A
value of ( L) —— rc can be determined. Also taking the mean
. F i e experimental readin .
using the above formula. gS, n cvan be determined
Resnit. |, ioidi
Rigidity modulus o! tne wire by calculat]
dlion =.,. Nm-?

v > 01 thﬂl frﬂ b}l‘ i ["]ph N m
- I[E — |
EE
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WECHATT
Ob!g[\'ﬂ“ﬂn
ST Period of | Time ; ) o
Length of | Time for ejor | Period of | Mean
the '}f'" af.rcﬂh_:; iweniy loscillations| period i
. No. F:ndumm oscillations| tions T |oscillations T 5
5. [J‘ ni) [.fﬂﬂand") (S) (I) {J) (3)
.-"'"-r-'-.-.---_-.'_ =
|
|
e =
Mean

Mass of the disc by a berranger balance

Radius of the disc by vernicr calipers :

Zero error=,,, Zero correction=,..

L.C=001 cm;

Corrected reading
Observed reading
M.S.R. ==observed reading
§. No, (em) V.S R. =M.S.R. +{li: I;;JSR ¥ L.C.) 49800 eorreciion
e (cm)
"“"-l—__
Mean diameter of the disc =2R=..cm,
* Radius of the disc : =R=...m.
MR

— 2
Moment of inertia of the circular disc=/="—5—="-k8 o




—— e Ty ——— e -—

PRACTICAL Py

The slope of 1-72 graph, =p

32
Radijus of the wire by screw gauge
<) = - ——
(PS.R. + (Corrected Mean
Corrected di
(rmem) (r=m)
— o T—
Mean
M . . _-_"'_"‘_'——-—-..
ean diameter of the wire =2a=...mm
Radius of the wire % AR
=a =..m
Mean valu ! Ve
e of (Tﬂ )_
Rigidity modulus Hes (3_‘-"_{ !
at | '\ 7
— _"N m-'.!

H*—:(M) 1
at |°’ F{‘)

=__ N m-?

g

=




2. Non-Uniform Bending—scale and Telescope

AIM, To verify the relation betw
produced at the centre of a beam sy
by measuring the depression with a single optic lever, scale and’ tele-

scope arrangenent, to draw a praph connecting them and hence to
determinc the Young’s modulus of the material of the beam. Also to
find the mass of the given body,

Apperatus. A long unifnrm_ beam (a metre scale), a single optic
lever, scale and telescope, two knife-edge supports, weight hanger with
slotted weights, vernier calipers, screw gauge and the given body.

Procedure. The given beam is arranged on the iwo knife-edge
supports as descrived in Experiment 1. The front leg of the
single optic lq.v:r is made to rest at the centre of the beam, the other
two legs resting on a separate platform. A scale and telcscope are
arranged in front of this arcangement such that the reading of the scale
as reflected by the mirror is seen clearly whea viewed through the
eyepiece of the telescopz. With the dead load (weight hanger alone),
the reading of thz scal: along the horizontal cross-wire is noted. Add
weights to the hanger in steps of 005 kg. and the corresponding
readings of the scale are found. Similarly, the readings of the scale
for these loads when unloaded are also noted. The mean of the read-
ings for the ascending and descendivg orders for each load is obtained.
The breadth (b metre) and thickness (4 metre) of the beam are found
by veroier calipers and screw gauge respectively, The legs of the
optic lever arc pressed on a piece of paper. The imprassions of the
three legs form the vertices of a triangle. The perpendicular distance
(p metre) between the front leg and the two hind legs is measured.

As seen earlier, the depression (s metre) at the centre of a rect-

angular beam subjected to non-uniform bending is given by

Mgl

T e bd®

_ MgP
T=%sba? |
where the symbols have the usval meaning (refer to Experiment l).
If p metre isthe perpendicular distance of the front leg of the optic

lever from the line joining the two hind legs, x metre the actual shift

In the scale reading for M kg and D metre the distance between the
mirror and the scale,

cen the load and the depression
bjected to non-uniform bending

or

o
S 7 5
%0 Mgh
qn] PX\ s
- 4(E)
e, Mgf'-i?

1= 3pxbdt



r

L]

A lt'S'tE
0 v F W
cen M and X as seen from the above formuly ie
W

" ..[
The relation b Mo x
E.-_—_n constant.
- X

adi or each load is subtructed i
“the seale readings for eac _ rom q,
The mean ﬂ'j:;":,:d this gives x metre depression for the regpmi,.,;
dead lm‘lld “—;‘ﬂchbmsa M|x is calculated and it is found to be gy
loads. In '

most a
constant.

arili 1 batween M kg along X-axis qnd X-
s Sr'lltp::'iﬁ d;;xw; struight line. The slope of this gra
3.,::[:5;:.1!. Then, substituting the slope in the formula

_ gD i{)
q_Zpbd' ( x

the Young's modulus is determined.

Also taking the mean value of M/x from the experimental read-
ings, q is found using the above formula,

To find the mass of the given body use only lh‘e weight hanger
which was already taken as the dead load, The given body whose
weight is to be found is added to the weight hanger and the reading
of the scale is noted. The difference between this reading and dead
loading reading gives the depression x;, metre for the given body,

With the help of the load-depression graph, the mass of the given
body corresponding to %y metre is easily fpund, -

Result. 1. Young’s modulus of the material of the
beam by calculation

Ph gives the

=,..N m™?
2. Young’s modulus of the material of the beam
) b}? g['aph =...N III"'
e 3.. The mass of the given body from graph =.. kg
D_ﬂenntmns. Distance between the two knife/edges =/=...m
p‘ 406 between the mirror gpg the scale =D=..m
€rpendiculay distance b
: elween
3 tWo hind legg of the optic !Fv:?e front lég and the =p=...M
Load Scale Regy,
No. 2a — adings in meyre | mpﬁ,ﬁan Sor M
reas 8.
—_— —_— _____:f_;‘f:i m?;:?'w Mean (X megre) i
-"-'--—____.-_--_—__ sl
e
(I Mﬂ-ﬂ‘
i
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7
Reading of the scale for the weight hanger--the given
body ==,,.m
The dgprcssiun for the given bUtl:u" s, X230
Mean value of AM/x ..
Breadth of the scale =le=,..mn
(Tabular column for vernier calipers to be drawn)
Thickness of the scale ==, m
(Tabular column for screw gauge to be drawn )
Acccleration due to gravity =ge=9 Em/sec?
_&gD (M
=5 (%)
=,..,N m-3
The slope of the (M-x) graph=K=
_ 2D .. 1
=200 K

Load from the graph corresponding to x, metre=...kg



6. Young’s Modulus by Cantilevzcr
(Deflection method)

AIM. To measure the deflection of the loaded free end of a
r by scale and telescope arrangement, to draw load-shift
d hence to determine the Young’s modulus of the material of
Also to find the mass of the given body.

cantileve
graph an
the cantilever.

Apparatus. The given beam (scale), a G-clamp, weight-hanger
with weights, mirror strip, scale and telescope, vernier calipcrs, screw

gauge and the given body.

Procedure. The given beam is horizontally clamped rigidly at its
one end using a G-clamp. The other end of the beam carries a weight
hanger kept suspended from the groove on the beam. Measure the
distance (/) of the beam between the clamped end and the position
where the hanger is suspended. A miror strip is fixed on the frame
of the hanger. A scale and telescope are arranged in front of this
system and adjusted such that the scale readings are scen cleariy when

viewed through the telescope.

mhm%

\ L“‘[QE‘Q}?[;:_—-.{:L

Ln&r\ N

Fig. 6.

scnlﬁ'l:akmg the weight hanger as the dead load, the reading of the
Add in the telescope coinciding with the horizontal cross-wire is noted.
r:ad'wmghts to the hgnﬂ:r in steps of 0 05 kg and mnote each time the
- dr:?cg _ELIDEIIIQ the horizontal cross-wire. The experiment is performed
the I_m;‘(l“: above by unloadmg_ weights in steps of 0 05 kg and noting
tach luadngs in each case. Find the mean of the two readings for

. The difference between the mean reading of each load and
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Elt

d gives the shif
that of the dead loa shift for (e .
deflection produced at the free end of a uantilech?E CCtive 1"Hd5
[].____ X gi\'en by b Tht
2D

where s is the shift in the scale reading in metre for M
distance hetween the mirror and the scale jq nietre,
0 Mel
2q AK?
where the symbols have the usual meaning,
For a rectangular bar,

kg, a .
But' u b I 1]1;

bd?®
el
AK?= v
__Mgl*  6Mgr
bd*= “ghd®
s 6Mgh*
2D gbd®
_12Mgi2D -~
o 9= "5bav

Maﬂsurl:_lh: ]::r:adth b metre and the thickness d metre of the
beam by vernier calipers and screw gauge respectively.

To verify the relation between load and shift, it is seen that other
qQuantities remaining constant, Af « s.

" M
i.e., = =a constant.

Hence,

Find shift s for each load and calculate M|s. 1Itis found to bea
constant. A graph is drawr with A along X-axis and ¢ along Y-axis,
It will be a straight line. The slope of this graph pives the value sfM.
Substituting this in the formula, =

—12e'D M
=" s

Young’s modulus is calculated. Also from the experimental readings,
the mean value of M’'s is substituted in the above formula to
calculate g.

To find the mass of the given body, remouve all the weights from
the hanger and attach only the given bocdy toit. Take the reading
along the horizontal cross-wirc. The difference between this reading
and the dead load reading gives the shift s, for the given body. From
the load-shift graph already drawn, the mass of the body corresponding
to this shift is found.

Result, 1. Young’s modulus of the cantilever by ca!culatign .
=_..Nm™

2. Young's modulus of the cantilever by graph
3. Mass of the given body from the graph =..kg.
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Observations, Dislance of th

cs
the position whbere the weight han ca

ale between the clamped end and

£er is gy -
Breadth of the scale spended :’b“.. m.
Thickness of the scale fd: E

(Tabular columns for vernjer calipers

drawn). and screw gauge to be
Distance between the mirror ang the scale=D...m.
Readi
Load T e wmleroscope Shift for
Sn. Hﬂl (kg.j Incf:a:‘nr D ¥ ;"l’f -ff, 'fi
[4
load ?;ﬂ:}“"g Mean {"}z{ 2 P
Mean
Mean value of M/s=
Acceleration due to gravity=g=9-8 m/sec?,
_12%'p M
9="3a | )
=, . Nm-2
The slope of the load-shift graph=...K.
__12gl*D 1
="pa ' \K
=...Nm—2
Shift ia the scale reading for the given body =5=...m

Mass corresponding to this shift from the graph =...kg.



8 young’s Modulus by Koenig’s Methogy

ot between the load
ey the relation - 8d and
o verity ! ent when load:l at the centre by 1:“:]] ang|,

AN peam 18 b Y

'+ which & bed" jouad-depression graph and hepe Sthog
:hnm.L';:ﬂ.:ury. to draw @ 1 o material of the beam, ; 10 dety,
due 16 7y oung's I“Dd‘”;s lso 0 fing
mine 1€ © 0 aijven body.
(he mass nrl:l!:: g]‘hc piven mnuh:ﬂ'mI beam (metre scale), one Weigh
hangeT calipers, Sorew gauge 37:1 & SHER )
vernier The given uniform beam 1S supported s:,un:nﬂn-imu:’r

procedure. he distance between them j
nife cdges so that th . 13 aboyt (.
- tcwu 'I}‘::?:)rinirrgms My and M, are fixed on either side of the kﬂifg
nziejrs‘uuch that they arc almost normal to t_hr:: beam. A sgalc is Placeq
edoces & - A telescope is arranged behind the Other

chind:one of the mirrors. '
;i?mr and adjusted till the scale readings are seen clearly after
reflection’through the two mirrors.

Ma

-

: Fig. 8.
With the dead | :
reflected by the two E?ﬂ[m the hanger, the rcading on the scale as

Cross-wire. We ors is fh'ff'lJ.IllSI corre 7 &
readings op tht‘gfallsca l:rea;:i g6 to the h“ﬂ;fl:l"ml!: l:t% ':ﬂt:utl'!1 S_{%_ﬂilz“:::jl
aken while loading aﬂdp:lnlﬂﬂdl'ﬂg & The

" : for ea ;
ween this meap reading ﬂﬂdc?t::adiaéslﬂb:jai“d‘ The difference be-
©ad reading gives the shift x

for the respective
load.” The shife ;
Th ) ¢ shift jg _
€ depressiop gy the centre of t:: l::;al::fl fﬂ:r different loads.
' 1S given by,

-.5'——_‘l‘}i‘-——‘g':n_a
dgbd® (1)
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Irx is the shift in the scale i'uﬂding for the load ‘M’
x=a (20)-} D (40)
is the angle through which the mirrors are tilted, ‘a’ is the

sherc @ y
ce between the two mirrors, ‘D : .
fi;tlinnnd Toe farthest mirror. and ‘5 the distance between the
P . S
a 2 (u+-2D)
dy 3Mglt
From eqn. (1), = %—fa,,ﬂ:lnn f=40 (approximately)
SMEF X

4qbd® — (a4 2D)

or t}'=3MgF ‘a+ZDJ
2xbd?*

Tu_veril‘y the relation between load and angle of tilt of the mirrors,
the ratio (M/x) 1s calculated for different loads. It is found to be
almost a constant.

‘ A graph may be dra}un with ‘M’ along X-8Xis and ‘x’ along Y-uxis,
This will be a gtrutght line. The slope of the graph gives the value
x/M. Substituting this in the formula,

L 3gi? (a+?.DJ‘ (ﬂ )|

g 2bd3 X

Young's modulus can be calculated, Also taking the mean value
of M/x from the experimental readings, g can be determined.

To find the mass of the given body, remove all the weights from
the hanger and attach only the given body to it. The reading of the
scale is noted. The difference between this and the dead Joad reading
gives the shift x; for the given body. From the M-x graph already
drawn, the mass of the body corresponding to x; can be found. The
breadth and the thickness of the scale are determined by vernier

calipers and screw Sauge respectively.
Resplt. 1. Young’s modulus of the material of the

scale by calculation — ..N m-*

2 Young's modulus of the material of the
scale by graph =..Nm*?

3. The mass of the given body from the

graph =_..Kg.

Observations. Distance between the two knife-edges =/ =...m
Distance between the two mirrors =q =...-M
= D= m

Distance between the scale and the farthest mirror
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(Tabular column for screw gauge to be drawn)

PRACT]C AL p Hye.
24 ¥Sig
e
A Shift for M
No. | Load Scale readings in metre M kg, e
(kg) (x m.)
— {
Increasing Decreasing Mean
load load
LL. e T v Y
Mean' 4
Reading of the scale for the dead load
with the given body ;
Shift in the scale reading = XI=..m
Mean value of i‘f— =
Acceleration due to gravity = g =98 m/sec>
Breadth of the scale = b =.,.m
(Tabular column for vernier calipers to be drawn)
Thickness of the scale = d =..m

3gi® (a +2D) M,
X

Young's modulus = q = 3
2bd
= ..Nm™
The slope of M-x graph =K = ..m
. - 3gl* (a+2D) P
2bd° K

The mass corresponding to x; from the graph = ...kg.
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h‘ E{ﬂ'L’SNI
|

| 8 (b) Uniform Bending

AIM. To verify the relation between the load and the elevation produced
 the centre of a beam subjccted to uniform bending by Koenig’s method, to-
Sraw the load-clevation graph and hence to determine the Young's modulus
of the material of the beam. Also, to find the mass r::_f two cqual bodies.

APPARATUS. The given beam (metre scale), two weight hangers with
slotted weights, WO planc mirrors, scale and telescope, vernicr caliper, screw

gauge, WO equal bodies.

PROCEDURE. Thegivenbeam (metrescale) issup fiuried symraetrically
on two knife edges such that the distance between them is about 0.7 metre.
Two weight hangers are suspended, one each on either side of the knile edges

r

so that their distances from the nearer knife edges are equal. Two plane
mirrors are fixed near the two knife edges:so that they are almost normal to
the beam. A scale is placed behind one of the mirrors. A telescope is arranged
behind the other mirror and adjusted till the scale readings are scen clearly
through the mirrors. y :

With the weight hangers as the dead load, the reading on the scale as
reflected by the two mirrors is found corresponding to the horizontal cross
wire. Therealter, cqual weights are added to the hangers in steps of 0.05 kg,
and the scale readings atre taken while loading and unloading. For each load,
the mean of the readings is found. The difference between the mean reading
of a particular load and the dead load gives the elevation for that partictlar
load. .

The elevation(s) produced at the centre of a beam _subjﬁcleﬂ to uniform

~ bending by Koenig’s method is given by,

_ 12 Mgal + 2D) .
y bd(gq-

Twhere s = the shifting the scale reading in metre for the loud 3f ki,
- g = acccleration due to gravity in m/sec”
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Jistance in mctre between any onc of the knife Cdges ang
the dixt '

= ] 3
a = . giacent weight hang X3 .
. ihe (;djl anee between the scale and the farthest mirror.

lake : ] :

e o distance between the m:rmr:_i in mclm.-.
p = t:‘z distance between the two knilc gdgﬁs in metre,

= 1N Sl - ‘
: _ preadthol the scale in melrc. |
g ; (hickness of the scale 1n mclre.r , J

_ Young's modulus of the becam in Nm N ‘
q the above formula that the other quantities mmﬂming

constant, 5
‘M as (or) — = a constant.
§

So unr-.n.eril'g.'r the relation between load and elevation, the ratio M/s is calculated
in :aach case and it will be found 1o be a constant. _ | - _

A graph is drawn cannecting M along the X-axis and s along the Y-:axls_, It
willbe astraight line. Theslope of the graph gives the value (s/M). Substituting

this in the formula, _
' o . 12gal (p + 2D) M
q = - bd3 . .1‘

the Young's modulus is determined. Also taking the mean value of (M/s) from
the experimental readings and substituting in the above formula, g can be found.
To find the mass of two equal loads, these two loads are attached to the
weight hangers alone after removing all the slotted weights. The scale reading
is noted and the difference bewween this reading and the dead load reading
_gives the clevation for these two equal loads. With the help of the load-eleva-

lion graph, the mass of the wo cqual loads corresponding to this clevation
can be found, .

RESULT :
1. Young’s modulus of (he materia® »f

the beam by calculation <> Nm 2
2. Young’s modulus of the material /
of the beam by graph -2
3. The mass of two cqual loads 4 i
from the gruph
= Kg

OBSERVATIONS :

1. Distance belween the wo
knife cdges

ll
fl
=

2. Distance between dnyoncof .

the weight hangers and the
adjacent knife cdges



=

(Tabular column for Vernier ¢

Thickness of the bcdm

Young’s modulus =g =

The slope of M-s graph = k =
12 gal X (p + 2D)

X

£=

bd—"

The mass corresponding 10 s1 from

the graph

a ]pC‘-I‘S tobe drawn)
=d
(Tabulars.sr:olu mn for screw gauge 10 be drawn)

12pal X (p + 2D)
- bd®

M
s

K
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3. Distance between the two mirrorg =p = m
4. Distancc between the scale and
the farthest mirror i O = st
Seale reading in metre Shift
No. | Load |— for M
(kg) Increasing Decreasing | Mean M kg !
Load Load (s )
|
f |I
i \
|
s =
. Mean
_ Scale reading with two c¢qual \
loads auachcd to the hangers = m
Shift in the scale reading =51 = m
Mean value of g ) =
Acceleration duc to gravity = = 9.8 mfsec?
Breadth of the beam _=b = m

Nm™2

Nm -t

kg



9. Rigidity Modulus by Static Torsion
(Scale and Talam‘:npu)

o verify the relation bet j
v, To verify _ . between load and angle of twist
r,gf:ccd in a rod by the static torsion method, to draw a load-twist
rh

gnd hence to determine the rigidity modulus of the mater
ﬂﬁé rod. Also to find the mass of the give)t'l body. -

apparatus.  Scarle’s static torsion apparatus, slotted weights, scale
¢nd telescope, SCTCW gauge, the given body,

Description. The apparatus consists of the experimental rod
which is held horizontal bg introducing one end of the rod into a
chuck. The.other end is attached to another cbuck. This chuck is
fixed to the centre of a circular wheel provided with a groove along the
circumference of the wheel. A thread attached to the fixed nail on

I“"'""t“"l"'l

Fig. 9.

the rim of the wheel can be wound over the rim either {n the clockwise
or anticlockwise direction. - The other end of the thread carries
& weight hangér. A small plane mirror strip can be fixed to the rod
Vertically at any distance from its fixed end (the end not carrying the

wheel). A scale and telescope arrangement is kept at a distance of
One metre from the mirror.

Procedure. The planc mirror is fixed vertically to the experimental
rod at a distance ! metre trom the fixed end. The thread is wound
Over the rim in the clockwise direction. The other end of the thread
carries the weight hapger which is taken as the dead load. A scile
&nd telescope arrangemient is placed in front of the mirror and

justed sich that the readings of the scale as refiected by the mirror
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Cg

:th the dead load, the reading on th
ﬂ;]yi]m horizontal cross-wire I noted. Adding iﬁ?cale
correspondt: n‘ steps of 0°5 kg, readings are noted both while lﬂa:;%jhl'
to the hanger 1% 2 weight hanger. For ecach load, the mean of 118

ng tween the dead-load read}:fc

gnd unlod ing ined. he differcnce bch Ay
readings .ading of each load gives the Shifl or respective |
d the '3""22: ‘; mpfutcd winding tic thread in the antielucl?,:?s'
f'“.;hc radius ‘@ of the rod 18 measured by screw gauge, Se
f twist (@) produced in the rod is givea by

Theory- The angle 0
wna'd

C==71
moment of the coupic
n=rigidity modulus (in N m™)
a=radius of the rod (in m)

J=distance between the fixed en
the rod {in m)

is the shiit in the scale

Ii § metre _
betwcen the scale und the mirrer s
g

2D

nnat ‘5
Gt (275)

Also, C=Mg.R
where R is the radius of the wheel (in metre) and g the acceleration

due to gravity (in m sec™?) :
R="27 . (55
Mg 21 "\2D

Mg IRD

] e

or
g mat §

To verify the relation between the load
ratio (Ms) is calcul : oad and the angle of twist, the
Cﬂnstant_}l alculated for each load. It is found that the ratio is &
A graph is drawn taki
Y-axi & laking load alon _axi :
s, S St o i o o i e s
M. Substituting this in the formula of this graph gives the

Where C=

d and the mirror strip of

reading for M kg and D the distance
trip (in metre)

&

the rigidity modulus
can be determi ‘
M|s value from the experiment rcadil:g::j;i cirisge Elﬁé?ﬁm:gg ulsni;b;ntl;f

above formula.

To find the:mass of the gi
. e given body, i
Bfh Sy anc.aiy the pivce body el e
w found and subtracted from the md:ls:él Iﬂ:lﬁ rcndq;ng
-load reading.
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; the shift ‘s” metre for the given
Thlsh i!l:zi‘é? drawn, the mass of the bod
£ o be found.

it. 1. Rigidity modulus o
e rod by calculation

body. From the load-shift
Y corresponding to the shift 5

f the matcrial of the

-iiiN m“l
2. Rigidity modulus of the material of the
rod by graph =...N
3. Mass of the given body from the graph =. kg,
Observation. Distance betwcen the fixed end and the
mirror strip =[em,,.m
Distance between the mirror and the
scale =De=.,.m
I
Seale reading for clock- Scale reading ant!i-
wise moment in clockwise moment
melre S}:Ui in m, .?!:U'r
or or
s No. Load | -—= =y T (M kg) (M kg) M‘:H Mis
R (K2) Increasing | Dec- 5 | Incre-| Decr- ’ (m)
' load rea- |Mean| (M) | sing | eas- |Meani (M)
sing Irad| ing
| load ! load
|
| |
| |
Mean
Mean vaule of M/s ==
Acceleration due to gravity =g=...9'8 m/sec?
Radius of the rod =g=...m
(Tabular column for screw gauge to be
drewn)
Radius of the wheel =R=...m

"=M (%) =,,.Nm-t

17
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joad-shift graph
4g IRD (_!_ )
n=-"_- 4

iw

Siﬂpﬂ Df th':

sa ale reading for the anti-
Shil lglégﬁw?:e moment for the weight

panger and the given body

Shift in the scale reading for the clock-
wise moment

r=51+ 8o

=35

Mean shift

Mass of the body corresponding to the
shift “s’

==5=..

B TV

=...N m—32

=Sl= --.m

¢==m

Il

&= ... KE.
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22. Viscosity of a Liquid by Burette

o verify the relation between thc pressure-head and the
irough a capillary tube, to dray

id flowing per second tl _
connccting them and hence to determine the coeffi.

cient of viscosity of the given liquid.
Apparatus. The given liquid, burette (ungraduated), ‘a small
watch glass, pbysical

cubber tubing, a pinch cock, capillary tubc,
balance with weight box, mercury, & stop watch, an iron stand, a

AM. T

volume of liqu
a suitable graph

~ beaker, and a metre scale.
eld vertically on a retort

duated burette is h

Procedare. An ungra
ttached to the lower end

stand. A capillary tube of suitable bore is a
is provided with a pinch

of the burettc by a short rubber tubing which
cock. Marks 4,B,C ..etc., arc nﬁ_‘dﬂ on & paper w
to the length of the burette. ~F' -

hich is pasted parallel

[

Fig 22.

" Fiil the burette with the given liquid whose ¢ i iscosi
) ette _ oefficient of t
is to be .determined. _ The ‘capillary tube is made hnrizm?talvfafg ge}i'

liquid is allowed to flow freely through it. When the liqui
the level A, start the stop watch. Find the time sccsh‘}'::'dtﬁgﬁ?ﬁs
to flow up to the level B collecting simultaneously the liguid in 8
weighed ‘beaker. A pinch cock is used to stop the flow of liquid. -
The mass of the beaker with liquid is found again and from this the

mass of liquid collected for the flow from A4 to B is obtained. Let it

be m k. The heights h, and 4, of 4and B from the axis of the
capillary tube are measured by a scale. The driving height is given by
bt -
s 2

4
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th the pinch cock open, the experiment
' ntis r
d from the matk Bto C, Cto D, ete,, till wﬁpﬁg:g E%nre ﬂll;t?gg g;

> burctte. The density p of the liquiq ; i
ﬁgaﬁufﬂ the length (/) of the fapmag;"?u:fcfound by Harsls apparatus.

To find the radius of the capillary tube by mercury pellet, a small
¥

dry watch glass is weighed. A sujtab

is drawn into tfée captllary tube by su?k!:ggatﬁ- E'?g;fthrg:{:g? utsl‘“ﬂd
short rubber tu ."-h The mercury is transferred to the weighed \:rlal,gﬁ
glass and the weight-of Lhe__wamh glass is found again. The differ =
between the two weights gives the mass (my kg) of the mercury th E:T
Assuming the density of mercury to be 13-6 % 10® kg m~3 fad'uy iy of
the capillary tube is given by ‘ . Lecta e

wr X136 X 108=m,

or r#( B m, 1/a

wh X 13°6 % 10?
- Ta verify the relation between the pressure-head and volume of
liquid flowing per second, we have

v '
r 8l A1)
m
But V=;~ and P=}ng'
m__ whogrt
pr 8N k)

where, hA=driving height in metre
m=mass of the liquid collected in kg. in time f secs.
o=density of liquid in kg m~*. <
r=radius of the capillary tube in metre.
n=coeflicient of viscosity of liquid in N 8§ m~2.
I=length of the capillary tube in metre,
g=acceleration due to gravity in m/fsec?.
In the above formula, other quantities remaining constant, we have

ﬂ-nch
I

or At _a constant.
m
So, for each driving héight, calculate (E) and it is found to be _cunsiant-
Y-axis and (m/t) along

A graph may be drawn connecting h along : !
Y-axis. Itpwill {:n a straight line the slope of which gives t_!lfﬂ?ﬂlﬂﬁ

From (2), we have — ——___
() (¢

-
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in the above formula, th
the graph in the above  the g
hg ﬂmnﬁd, Also taking the mean value of (4 fm?f»:‘h
t;l readings, " can be found. %

Coefficient of viscosity of the liquid by =...Ns kS

_ bstituting t
of viscosity 18
the expcnmen

Result. 1.

calculation o
»  Coefficient of viscosity of the liquid by =.Nsp,
. oraph | -
Ohsermtiun:. Length of the capillary tube =/ =...m

en in the
Length of the mercury thread tak T

e e =d=13'60X 102 kg o
Density of mercury e
Acceleration duc to gravity =g=9"8 m/sec

- —

v ————— = |

S

Load Turning point Resting | R.P. nearer |  Corpy
- point ro Z.R.P. | weigh

L R L | R.!

0

1 l
Empty ]
watch W,
glass

Watch
glass+
mercury

W,

Empty
Beaker

- R e I

Beaker+
liquid for
the flow
Ato B

I

-
F
e

(Tabular column for liqui i Iﬂ
extended). _ Igu:d flow* from B to C, C to D, etc., to *

Mass of mercury =W, —W,=nty=...K8
Radius of the caﬁillary tube —=p= (.ﬂ!_ )m ==I”II

i l,.d . il
Mean specific gravity of the liguid =... e R -

Density of the liquid=p=specific gravity x 10 kg m-* E4

(Tabular column for Hares’ apparatus to be drawn as usual) 1

e
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- Time of ) '
Buretie flow hy+hy  'Mass of ht
5. No. level (f secs) hom | hym | h=" 2= M| Nqud | 7
B i (m kg)
—1 A8 = [
BtloC 1 |
CtoD \ i
| |
PR == === L }
I

%: . Mean l__

Mean value of at -
m

Coefficient of viscosity = q(“P;%" i (r.i.';. )
=...IN § m—?

The slope of the ( h—r%) graph =k=
(gt (1 ;
=\"3r )* ( k )
=...N 8 m~*

Note. Ifa gradliated burette is given, the volume of liquid flowing can
be directly read from the burette. From this, the mass of
liquid collected is easily obtained, knowing the density of the
liquid. This avoids taking readings with the physical balance
cach time.



36. Specific Heat Capacity By Cooling
(Newton’s Law of Cooling)

To verify Newton’s law of coolin P |

B g g by drawing coolin

curves for water and liquid and hence to determine the Spegiﬁc hcaé
capacity of the liquid. :

Apparatus. A “alﬂﬁmﬂﬂ,fﬁghcricalj, one-holed rubber cork, a
sepsitive thermometer, water, liquid, heater, pbysical balance, weight .
box and stop watch. /

Procedure. ‘The given spherical calorimeter is weighed first. Hot
water, at about 90°C is poured into the calorimeter to fill it completely.
The calorimeter is closed with the one-holed rubber cotrk through
which 2 thrmometer passes. Take time-temperature observations for
every one degree fall starting the stop watch at 80°C. After taking a
considerable number of readibgs, say, upto S0°C, the weight of the

. calorimeter with water is found. Water is then poured out and instead,

the calorimeter is filled completely with the hot liquid at 90°C. Again

1 Y
C .Y !
w
o -
2 [ I~ LT
4 1 L
& % | X s
a v
: x o
; ]"' 1 :
i J :hli L7 *
- o TIME
L
: Fig. 36'1 ¥la. 352

- time- i are taken for the same range, from
; agélt%ms%ggtur_;h: E;s:ir;lﬂm;lfs the calorimeter with liquid is foundh.
. .Draw cooling curves for both water and liquid on the same grap
paper.

: Consideri e of temperature, say 6, to 0, the time .
taken bys;f:tr;? %r:" :_I:?L;ai?guid (1.) to Eaul from 0, to & is found from
the graph. If W,, W, and ¥, are the weights of empty cqlmi:m::lcr,
Calorimeter ﬁxih' water and calorimeter with liquid, respecfively, then
from Newton’s law of cooling,

. W:-F-I-(H';—W!} dlﬂﬂll _ Wys “‘::1 - Wll} x
.t f1 .
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. < the specific heat capacity of the material of the _
.’ﬂ:}?ii;i:h::h;ptr::iﬁc heat capacity of the liquid. 1::11I«;,,".|:|t

[Wst(Wy - Wy) 4180] 1 Wys
or XEFTT (Wa—W) iy Wo— W,
v == J kg I

waasing different temperature ranges, specific heat capaci
fﬂ:‘;ﬁ?is:llt}‘diﬂ‘crcnt temperature ranges is found. PGy Jof the

To verify Newton’s law of cooling, sv¢ have for water or liquig
¥

102

lep

— —

t
where 0 is the temperature of the surroundings (room tempcratum)

2

Bz o B! = 3 constantL

6
r(BI; 2-'I-!)

Choosing different temperature ranges for water and liquid, the
cooling times are found from the respective curves and '

Hence,

) 8,0
929 is caloulated. Ttis found that 2"
B|+Bz BI+92

(F7-0) I =)

is a constant, thus verifying the law of cooling.
Result. (1) Newton's law of cooling is verified,

(2) Specific heat capacity of the liquid =...J kg~k-!
Observations.

Weight of empty calorimeter =W;=..kg
Weight of calorimeter filled with water = Wy=...kg
Weight of calorimeter filled with liquid =W,=...kg.

(Tabular column for Wy, W,, etc., to be drawn)

Specific heat capacity of the material of the

calori
orimeter —5=.. kg k-

Wat
ol Liquid

Temperature Time Temperature

— |

Time




HEAT

103
| wiﬁutinn of Newton’s law of cooling -
Room temperatyre 0°C
| ]
I Warer | 7t ,
. id '
S | LU i :
5. No- Time of 1+ 0 ‘. —2_0 ==3
0, |8s| cCoolin t (a-——-—a._. 0. |g.. Time 8+
voling 3 6 (6|0, C‘aoun;f t (__5;'_'2"' B)
. I
-—.-_—_______.,._—— e
[
Specific heat capacity of the liquid :
To find x at 75°C we have,
Time-taken by water to cool from 75:5°C to 74:5°C
from the graph ' = {y=...5CCS,
Time taken by the liquid to cool from 75-5>°C to
74:5°C from the graph =1I3=...8€C8
o (Whas+(Wy—Wy) 4180] 1y _ W,s
— . (Wﬂ_ Wl) f; WE_ wl
4= s =,.Jkgtkl
Temperature range Time of cooling (secs) Specific heat
i capacity { x)
S. No, - = m (J kg Yk71)
Water Liquid
ﬂ'luc E‘lnc rl ri
e _ R SR - —
1 75° 745 T
: 70°5 645 Ao
3 €55 645 e
4 605 50'5 gy
: 55-5 54'5 St M-
““‘--_.,__l___ \ o




39. Thermal Conductivity
of a Bad Conductor—Lee’s Disc

etermine the ~thermal cunductiyity ofa |
To d Also to calculate the emissivity of tﬁrﬂ:’:&m by
i

Lee's disc apparatus.
at its steady tﬂmP“ﬂt“r:: 1 & Gt
atus. Lee’s disc apparatus, a car oa.sd of the sam,
the d};l;p:fcam generator, twO0 thermometers of 100°C range, sto;. Ry |
: a berranger balance. “'“'Eh, |

vernicr calipers, screw gauge,
he Lee's disc apparatus consists of a highly polis |
ed
B R

escription. T ;
hmss]{liﬁﬁ U0 is suspended by three strings from a circular iy
iron stand. N

hich is fixed to an |
111 circular cardboard whose
diameter is the same as ghat of
the disc is placed on the disc and R
a steam chamber 3 ; l_h[)

over it is placed ; [
S, also circular in shape having
the same diameter as that of the

disc. Holes are provided in B
and S to facilitate the insertion

of thermometers 7y and Ty

Procedure. The diameter (2/)
and thickness (/) of the lower
disc are found by vernier calipers
and screwgauge respectively. Let
the mass of the disc as found by
the berranger balance be M kg.
The thickness (d) of the card
board disc is measured by screw

gauge. Thc arrangement is sct
up as shown in the .diagram.
Steam is allowed to pass through y
@he_chamhcr. The temperatures [
indicated by the two thermo-
meters will start rising. After Fig 39-1

when the temperature of

about half-an-hour, a stéady state is reached
the lower disc no longer rises. At this stage, find the temperature
ed by

T, °C of the lower disc. Let the temperat s dicat
the thermometer in the upper Chﬂﬂlbﬂfpbg nu';fff steam as indica

Now, the cardboard is removed by gently lifti

: Sy lifting the upper
?thianmc% r:t ;l*he‘luwer disc is allowed to b::- Eeataﬁ dire[cltlfr bly kHPIF:S
{ower d.:"'" with the steam chamber. When the temperature 0 the
ttmpcmtluc a:}]mns a-valae of about 10° more than its steady S(8!°
bt duwnrf; he chamber is removed and the lower discis allowed to
-taken ever ntl,:? own accord. The time—temperature observitjons are
Beow the -'!'t :lﬂ!f seconds until the temperature falls to at least 5
steady state temperature. A graph is drawn taking tim®
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Timg

Fig. 392

along X-axis and temperature along Y-axis, From the graph, the time
taken (¢ sec) to cool from (7:+3)°C to (T.—4)°C is found. o

Theory. If s is specific heat capacity of the disc, then rate of loss
~ of heat from the surfaces of the lower disc=¥ Joule/sec,

- In the steady state, only the curved sltface and the lower surface
~ of the lower disc are exposed. So,

. _Ms (r+2D
rate of loss of heat in the steady state = t (2r 7 21) Joul/sec.

This is the same as the quantity (@) heat conducted the cardboard.

| But, 0= Ezj_i?_;}_"_ﬂ‘ juuléfsr;c'
23 _KXrrtx(Ty—Ty)

| d

" Hence, KX®rix(T,—T,) _Ms(r420)
e d t(2r+2)
ﬁr K Msd (r+2I) W= k-1

S .. Pt (T Ty @r20) |
givef?ﬁwiw of the lower disc at its steady temperature T, °C is
, Y,

L j Ms -2 k-1
s Er!'—f (T, =T) 2mr? + 21r|:riwm
' F{l""‘."ﬂ ru is the time taken by the lower disc to cool from (Ts+4)
*=4)°C and T°C is the room temperature.
Resit. (1) Cqefficient thermal conductivity of
the cardboard

°Cto

= w I'I"I._l k-‘




o Flyg

Observations: er disc by a berranger balance = M=, kg
Mﬂssﬁaf;::tl;:;acity of the material of the dise =8 = § kg1
Speciiic i =re=..m
. lower dIsC )
I{Tnd;u?;fgg;zmn for vernier calipers to be drawn) ’ t
( a u ¥ d' C = = .M
? he lower QIS
Thickness ol t i
Thickness of the cardboard o d=..m
(Tabular column for screw gauge to be drawn) :
Temperature of the upper chamber :;‘:uga..
Steady temperature of the lower disc =1 C=,..
Time Temperalure
Time tak_e_n by the lower disc to cool from
(Ty44)°C to (T;—4%)°C from the graph ={ =.H;u;'s(.r+2”
' 5 S
Coefficient of Thermal conductivity = 2PHT—T) ()
=..Wm!k
Room temperature =T"C=
Emissivity of the lower disc at its steady temperature 7,°C

= Ms -3 k-1
T (To-T) ur? + 2writ m
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41. sonomEtBr"‘Frﬁquﬁncv of a Forlk

M To verify the relatj
Al rif 10n bEtWEEn the tensi
‘hrating segmen f - 1NE nston and the

fthe vibrating segment of a Sonometer wij dinel ¢ ik l::nig|'\|1

the frequency of the given tuning for, Also to find the mass of the
siw:'ﬂ hﬂd)’t

apparatus. Sonometer, the given
swndﬂ_rd weights. = x
Description. The sonometer consists of a string stretched on a hollow

wooden box. One end of the string is fixed to a nail projecting from one end of
the sonometer box, while the other end passes over a pulley and carries a

tuning fork, weight hanger and

A B
gA— A A
@) O

4

i 1 ' i the tension
weisht hanger. By placing different weights on the hanger, ‘
to which th% string is subjeeted can be varied. There are, two bridges
Aand B over which the given wire is stretched. By adjusting the
positions of A and B, the lenath of the vibrating scgment can be

altered.

Procedure. ‘The given tuning fork is excited and placeI;i g;:lh;:.s
stem on the sonometer box. A suitable mass 1s placed nﬂdnoiE 1?11: strigng:
Let M kg. be the total mass suspended from the free €

- b ! e : i1 the note emitted by
Che length of the vibrating segment IS adjusted unuwilh that emitted by

the wirc when plucked at its ccnlrﬁ_PFUd.UUeE beats will Niehtl
the fork, tI1\11E|:¢::.~1..-|.»fpuue: length of the vibrating SEgmagtblswal::;fg;gF “{
50 that the number of beats produced per secor hen vibrating in onc
this case, the frequency of vibrations o' th'? “"rﬁ-w 3 At this stage, @
Stgment is the same as the frequency of {l"’f‘- ﬂ?,itt;rﬁ violently and is
Paper rider placed at the centre of the wire © ¢ is meastred. The
'hrown off. The length of the vibrating segmen
“Xperiment is repeated for different loads.

Fig. 41




T AL Pitvg
=1

i1 tmen siring is taken and ;

: of the specime¢ r _ its

\ A known ';Tﬁr[:;c:{l{’)hﬂlﬂncc' Then, the linear density of 1he Etfi{:;:
: d by pi

M, is foul!

is Ef\'t‘ﬂ by ”;-.-_—.-% hgfm.

of the tuning fork is given by
| n=-—-l— Mg Hertz
20N m q
. the acceleration due to gravity (9:8 m/sec®). For a giye,
where 215 ¢ d for a given wire,

tuning fork an
- !f_‘lf-;a constant

f.e. \/M o I : )

So. for each load M carried by the string, v/ M|l is calculated and
: 3 i e k. _
4 m;gng:;ui;it;];zg l:f bthe. given body, say, a heavy stone, it is
suspended from the frec end of the string of the son'?l?m]te; ﬁ:';g}
remoying ail the weights m_chaghn_g the _welght_ hau}%e:r.' tn e gr 0
vibrating segment (/; m) which is in unison with the same tuning fork
s fuundl.: If M, kg is the mass of the stone, then

The freque ncy

k= "/‘E 8
Iy
or M,=k2\* kg

where X is the mean value obtained already using standard wnightsl.
A graph may be drawn between /M a_pd I. From this graph the
mass of the stone M, kg is found corresponding to the length /, m.

' Result. The frequency of the fork =n=...Herlz
The mass of the given body (by calculation) =...kg.
(by graph) = ..kg..

Observations.

o e s = - T— TR

! Length of the vibrating
. | Load carrled segment (in a single segment)
' No | by the string _ (m) yM

M kg  Trial Trial Mean !
| % ! 2 ! !
I L ‘ I - ” J—
| |




(by gragh)
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rprating length when the giv
L stone) is carried by thc“;:rh”bb' (heavy
I —"1=.,.m
Mean value 0 VM :
Length of the specimen string / e
Mass of the Specimen String - =L=_.m
_.—-_._-._-_-_._-_----__-'__“ . _.____-'-_-___\_.- . —— e
gl | e v S g
— Restlr -F. nearer | Correct
el —| poinr to mrf;
L -R L R Z.R.P, (kg)
¢ . Z.R.P.
String e e
s M, -
Mass per unit length s = kg/m
Frequency of the fork =n =-£— )(l/iifx Jﬁ- Hertz
/ g
= X kX J = Hertz
Mass of the given body =M,=k* X l*=...kg
(by calculation)
Mass of the given body =M,=...k8



45. Sonomatar——Fraquencv of A, o ‘
(Using electromagnet and steg| \,.' "8

A1M, To determine the frequency of A, C. Mayj), usj |
ngalnr

meter.
Apparatus. Sonometer, weight hanger with slotted Wein
clectromaguoet. BhIs 4
Procedure. A steel wire ‘is mounted on a sonometer under c.
teosions. An electromagnet is fixed near the centre of the twﬂrns]“ll&b't
bridges of the wire, The given A.C., whose frequency is to p, 520t
mined, is applied to the electromagnet. A paper rider j Dlmh

aced

A &
0 0
N (e
Fig. 45.

betwcen the bridges and the movable bridge is adjusted until the
paper rider flutters violently and falls down. The length ‘7 of the
vibrating scgment which has the same frequency ‘m’ as the 4. Cis
noted. A tuning fork of known frequency ‘ny’ is cxcited and placed
on the sonometer box and the length of the vibrating segment ‘I
which has the same frequency as the tuning fork is noted.

We have

Therefore, n=—==
The frequency of the A. C. supply is given by |
n
J=- Hertz,

the 4. C ¢

as during iti :' i :
uring both the positive peak and the negative peak of e vibrating

wire is pulled by the ciectromagnet. resulti 2 e ik
twice, for each cycle of the 4. C p ISLIIL’II]g Mg

The experiment is performed for\different loads.
Result. The frequency of A. C. Mains=...Hertz
\
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“mn Frcqucncy of the luning fmk | -

r
DIISE S e Ry LS RY

Vibrating lengtl for T ——
o |_—— :
i [ metre =0
It A. C. malns [n Tuning fork lo metre
e T -
D

Mean




oter - Frequency of A.C. Maijng

46. Sonom
r magnet and brass wires)

(Using ba

Jine the frequency of A.C. Mains wijh
t and brass wirc. A 307,

briss wirce, SlEDdGWH tl‘&ﬂﬁrﬂrm
er and

To detern
meter using bar magne
Apparatus. Sonomcler,
horse-shoe magnel.
procedurc. A brass wire 1s used s the SONOMELST wire und i
itable tension by adding & load to the weight hanll:?

subjected to & su : ; . :
A ﬁlnﬁc.,-.hoe magnct 18 placed 1n the middle in such a way that .
L] It

AIM.

l
T

Fie. 46

E?Eﬁ;lr:ﬁﬁsﬂ“ : etween the pole pieces of the magoet.
length of the win::- in a horizontal plane and at right angles

The magne
to the

awn (rags

The A.C. Mains is connecred to the primary of a step-d
ads of the

former 3 ]
ﬁOHDmét:::lfuifzmnﬁdw of which is connected to the two €ncy .

The distance between th rider is placed between the movable brids¢™
flutters violently : ?_]n the bridges is adjusted until the paper ridel
vibrating 51‘:*'111"’:1 i falls down. In this position, the lﬂliﬂfh““m
distanucb'f’ uhc:;ﬂ;:tl?ht:ll::n with the frequency of AC M[ﬂtiﬂf- :
repested for different loads. o bridges is measured. The experime”

The li g ;

m==nr’: h*:lr]t:u?::'adcn?“y of the wire can be determined using the formu
tables) and r is the 'rid‘f.l': cﬁﬁs""- of the wire (can be taken rof e
Screw gauge, e Wire which can be determined usioé

tis
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- e ency of A.C. Mains ig o;
~ The frequency T Eiven by
e T
2 \m
osult. Frequency of the A.C. Mains H
e =..Hz
b Length of the viprating =
Load M kg. 5 {rr Je';;?rrg.fng I M
n
Mean M/ -

fadius of the wire

. Density of the material of the wire
~ Linear density of the wire

e

EE .

- (Screw gauge tabular column to be drawn)

=r=...m

=p=, kg m?
=m=,.7rfpkg m!-

=L Ty ey
2~/(“F)(ﬁ;) s



53. Focal Length of a Convex Leng

AaM. To determine the focal length of a conyex leng,

Apparatus. Convex lens, lens holder, lamp housing, sereen gy,

' re. (1) Distant object method. The given ¢
t;;%czd“u o lens holder and placed in front of a distﬂ?:;- leny
ed on the other side of the lens and adjusteq E,1r:.+::l, A
clear wen.dﬁﬁnﬂd,_invcrtcd and real image of the object js | 0t
the sereen.  The distance between the lens and the centre
gives the approximate focal length of the given convex lens

mounte
screen is plac : .
'$ Caughy

L PR

__h_‘_‘_h‘—__”“*--_

v ¥y

\4

—mmm mm— = —————)

£
; Fig. 53-1.

2) Plane mirror method. The given convex lens is mounted m
a lens holder and placed in front of an illuminated wire-gauze of a lamp
housing, which ' serves as the object. A plane mirror strip is placed
vertically behind \pc convex lens, so that its reflecting side faces the
object. The pnsitinp of the lens is adjusted so that a clear, and well
dqttil?gtti image having the same size as the object is forned side-by-side
w1 1L, |
The distance between the lens and the object gives the focal leagth
of the lens. A

\
S <

/; I?Fig. 532

(3) U-V method. The lens i g infror
g Ll . mounted on a holder is placee " qer
of the illuminated object at a convenient distance ‘«’ which i Y,

than /' but less than 2f, (/. being known by distant object ‘"cthuf bt

plane mirror method). The soreen js placed on the other side ©

. ot
lens and adjusted so that a clear apd enlarged image is €BY5 e

The distance ‘vo* between the lens an -2 measuitl e
experiment is repeated for differemt v:ljut::o?'cf:s,n ﬁ;? en::lnrﬂ"'d ad
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'
: laced at n distance

¢ is now P Breater than 2/ and ¢
rhe ["-I:I for n clear lllﬂﬂlﬂli:liﬂl!lltd image, The v{Iuc of uc;:&::r;::
ld’:;“nl- The experiment s repeated for ojfferent diminished images
u ‘
n}<¢ I
& u —T———-—-- Ve—
.~ Fig. 533
he focal length of the lens is obtained using the rclati
T ; : ; B tion
Uy
/= u+v

The readings are tabulated,

~Gtaphs. (a) u-v graph. A graph can be drawn by taking u-
the X-axis and v along the Y-axis choosing the same sﬁalc nngbl::t?ﬂig
axes with origin ‘O’ representing zero values for both. The shape of
the graph will be a rectangular‘hyperbula. The biscctor of XOY will
meet the curve at P.  From P, lines P4 and PB are drawn parallel to
the X and Y-axes. OdAand OB are measured, Sjince the values of
uand v are equal at P, OA=0B=2f from which [ is calculated.

———T T

By

OA=z0B- 2f i
"i' B D-ﬂ :ﬁl-. -;

E ___-7= :57

:'!'n "/‘ ; = — 0 _& A
& 1 1 ,
‘WJ/-:— — -5 eragh. A graph: can be drawn with 1/v along the
X-axiy o :

d I/ ulong the ¥Y-axis with (0, 0) origin. T ill b
| : : ’ gin. The graph will be a
' Th%h;,-,:mt' making cqual intercepts on both the axes. The intercept
€ along the X or Y axis gives 1/f, from which f'is calculated.

,:-'_I‘ g h“;;“"‘."} Braph/u—(uv) graph. A graph can be drawn with

“ax1s and (u-+v) or (up) along the Y-axis. The shape of the
php::ﬂ_ be as shown in Fig. %3-&, B']‘l:u': value along the X-axis
ng 1 )!i value of (u-+v) or (wv) gives 2/, from

o

Y —
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Y
Bl P
oA = Af
Cu +v) l
¢
o A a5 x

Fig. 53°6

_/4) Conjugate foci method. (dlsplacement method). The distance 7
he screen is adjusted to be greater

between the illuminated object andt adj
on a lens holder 1s interposed betwetn

then 4f. The lens, mounted
the cbject towards the screen until a clear,
Il defined and enlarged image is scen on the screen. The
It is then moved to its conjugate position
med on the screen. The position

«}* between the two conjugalt

inverted, we
position of the lens is noted,
until a clear and diminished image i8 for

of the lens is again noted. The distance

positions is measured.
The focal length of the convex lens is
aE_bg

5= 4a

_ The experiment is repeated by changing the distan
object and the screen and the readings are tabulated.

calculated using the formul?

ce between the

ﬁ Fig. 537
L -2.4 - s
/Result.  The focal length of the given convex lens==.-T0
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Ir: - % W » N .
Ne e, Jength of along focus convex lens, For determining the focal length of
¢! : Th L i - . .
h;m-us convex lens,a short I'lucus convex lens is used. At first the focal length
11"“,!}!;.: Jhort-focus convex lens is determined by u—v method. It is then keptin

i . with the long-focus cohvex lens and the focal length ‘F° of the

cﬂni:l‘imliﬂn s determined.
m 3

¢0 The focal length ‘f2" of the long-focus convex lens is determined using the

mn‘[‘lﬂlﬂ

|
| —_— = — + =
| F A f
| fI = Ffi
h-rF
: Tabular Column
= (1t — v method)
SN Nature of 1 v f= uy
[ image metre metre (1 +v)
] Enlarged
2 n
3 "
4 Diminished '.
5 L
. ﬁ L]
i Conjugate foci merhod _ .I
i a-b’
S.No. | Distance berween object | Distance between conjugate Jlee=r
and screen positions
| ‘a’ metre ‘b’ metre melre
-____'—-——-L__
\,
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;
p pﬂctmmetar—-ﬁafracﬁua Index of A Glass Prism
8. (Minimum Deviation)

b

AIM. To determine the refractive index-of the material of a glass
o psing 8 spectrometer.
i Apparatus. Spectrameter, glass prism, spirit ievel, sodium vapour
clc. A
pescription of the Spectrometer. The spectrometer consists of
s collimator, (if) a telescope and (#if) a prism table.

! "

L The collimator consists of two hollow ymetal tubes, one sliding

ver the other. A convex lens is fixed to one end of one tube and a slit

gfadjustahlc width at the farther end of the other tube, The distance
the slit and the convex lens can Be adjusted by a rack and

tween : P . e
g'i:nian arrangement.  The collimator is fixed to a rigid stand.

The telescope consists of two coaxial metal tubes sliding one over
gpother, one having an objective at-one end and another having an
eyepiece at the farther end. Two cross-wires are fixed near the cye-
piece. The distance between the objective aud the eyepiecc can be
adjusted by a rack and pinion arrangement. The telescope is capable
ol rotation about a vertical axis and can be fixed at any position by a
screw. Slight adjustments can be made with the help of a tangcntial

serew.

The prism-table consists of two circular discs connected by three
levelling screws. The table is fixed at the centre of the instrument and
it can be raised or lowered and can be fixed at any position by a long

Screw.

A circular scale, graduated in decgrees and half of a degree is
attached to the telescope. A circular disc provided with two vernier
scales moves over the circular main scale.

Procedure. (a) Initial adjustments of the spectrometer. Before using
the spectrometer for any optical experiment certain initial adjustments
bave to be made : .

I (1) The eyepiece is adjusted until the cross-wires are clearly seen,
€0 viewed through the telescope.

ﬂista{uzg; The telescope is directed towards a distant object and the

clear wt"hﬂwecn the objective and the cyepiece is adjusted until a

rou b i defined, inverted and diminfshed image of the object is seen
80 it. Now the tclescope is capabe of receiving parallel rays.

The Eildthl’h? telescope 1s rotated and fixed in line with the collimator.
of light, (f' ih“ slit is made narrow. The slit is illuminated by a source
and ba.ckwand ooking through the telescope, the slit is moved forward
td with the help of the rack and pinion screw until a clear

|
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158 N
. through the telescope. oW the rays or ;.
qoe of the slit 1 -’;?;"wl:jmatgor will be rendered parallel, OF ligh,
e ina out from ometer is adjusted to be horizop

roing © , 3
emergin: he base of the spectr tal it

: vs and spirit level.
ling SCrews now adjusted to be horizontal. Fqr thi
rism table, para‘lel to the line joining :, a

One of the screws is adjusted until the aj, bubbr;y
. "ot centre. It is then placed in a Ptrptndmu]:r
he third screw is adjusn_:d, so that the air bubbie is g o

Now the prism table will be horizontal.

b) A The slit is illuminated by yellow light from
ng
sodium vapour lamp.

- - - 1
The siven equilateral pri '
light eme%ging from the collimator 18

-5 of the prism. '
suffa-ri T:lescc;pe s released and rotated to catch ‘thi l[;.‘lage: of the slit
reflected by one refracting face of the _prisni. r_h" te ¢scope 1s ﬁx.m
Esd the tangential screw is adjusted until the vertical cross-wire coin.
:;:ies with the fixed edgé of the image of the slit, :I'he main scale and
vernier scale readings are taken for both the verniers. The telescope s
flected by the other face of the p:ism

in rotated to catch the image re _
?ﬁgsmgefcre, the readings are taken. The difference between the two

readings gives 24, where 4 is the angle the prism.

ism is placed on the prism table, such tj
Al v incident on both the n:l‘"ra:li::?lgl

T
]

8

I .

|

Al
SN

e,
T /-%/ “~ i
[
S
Y
,

e

C

=]

_§

- —

_—
el

that igéhtt?ng;igami?imum deviation. The prism table is rotated such
face of the prism gﬂ romr the collimator is incident on ong refracting
ing face. The r.:frga ? 3:1 racted and emerges out from the other refract-
through the teléscé itﬁmagﬂ.”’ Seen through the telescope. ng
travels towards th Peihe prism table is rotated such that the image
position retraces i[i‘p";."“-’ﬂ of the direct ray and at one particul&r
deviation and the tElc.p' y T IS position is the position of [Dl-ﬂimum
readings are taken Tfmpe' 's fixed in this position and as before "¢
'quﬂ_catch the direct imalgi p;ﬁgl :s ll'}:t:rit_mved, and the telescope i$ rolfllfﬁ‘:
ilerence betwecn the tw : ore the readings are taken.
deviation, ¢ readings gives «p’, thegﬂ.ngle of minimu™



yot!
: -
The :crrﬂ'-"ivﬂ index of the materig)
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adings are entered in a tabula,

Colupp,

[ the 8lass prism :
Prism s gq|
ﬂhrfc formula p : Alculated
%2 Sin (-—-'_;‘_P )
Gl o
Sin |
(3 )
gesult. The refractive index of the Material of the glass prism—
Angle of the pzism (A;
eled image
Refe - )
| —
Face | Face I} Av;mg.-:
!
l va| Va | Ve Va Vp Va Va
Angle of minimum deylation (D)
r =
Inimum deviation Angle of minimum i
Direct Reading | ™ . )
Position dcl{fgr on Air'i;agc
Va Va Va Ve Va Vs




60. Spectrﬁmgte,.h__(i__d -
rve)

1. To find the angle of deyiay; |
ﬂ-l’ﬁ‘-{f when a ray ol light " lon lfdfl for diffe

. {a sl ' £ ; . \Sses ¥ rent arpleg of
iﬂ"df“:'f calculate the refractive ingey of l.:::-,m:#h a Igla‘sﬂrprigm and
hcfﬂ; oy drawiug the i-a curve. ' Alerial of the plags
ot

Appuratus. Spectrometer, glass PHsm, spirif level
E

sodium light,
elc.

procedure.  The 1nitial adjustments of the SPeCtrometer are maq
he telescope is kept in front of the collimator and the diject re?da‘ .
is taken. In this experiment care is taken to see that ¢ e

3 ' ; - € vernier d;
s fopt fixed onoe and for all so that the dircot reagy i, 553
change.

The prism is mounted on the prism table, so that light falling on
one refracting face, emerges out through the other face as shown in
the diagram. To keep the prism for an angle of incidence ‘i* the
telescope is rotated through an angle 0==180—-2i, from the direct
reading position. For example, for an angle of incideace of 40°, the
telescope should be rotated through an angle 100°[=180— (2% 40)) from
the direct reading position and fixed in that position. The prism table
isrotated so that the image of the slit as reflacted 'by one face of the
prism coincides with the vertical cross wire of the telescope. The
prism table is fixed. The telescope is then released and rolated to
catch the refracted image from the other face of the prism. As before,
the scale reading is taken, after making the vertical cross wire of the
telescope coincide with the image ol the slit. The difference between
this rﬂaq:ng and the direct reading gives the angle of deviation (d) for
the particuiar angle of incidence.

the angle of incidence is increased to 45°. by rotating the teles-
"OP€ by an angle 90° from the direct reading and the experiment is
Performed a5 before, to find the angle of deviation. -

-
—

-l.:--
Awgle o ALyviabm(d.)
(w['—# -

L
- >
S 1‘ O Ay A4 - “-MHL:J
N | M'ﬁ‘“‘ |
. Figso,  Fig. 602

|

{

|
!
]
}
(]
]
i
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at is repeated for different angles of incidence

The cxpf—ri::cmhum,d_ A graph is drawn taking the “ﬂaleﬁ

the r“dinﬁfngarth « Y-axis and the angle of deviation along the y.qy;
incidence 8 b the angle of minimum deviation (D) is noted.

From the Brap ) '

. o iq drawn parallel to -the X-axis for a particular angje o¢

A Imt‘”- The angles ol incidence #, and iy, corresponding tq the
gg?ﬁ;lﬂ;ﬁhteré this line meets the graph, are found.

Then Ard=ii+1s where A is the angle of the prism.

= —d.
herefore A=1+1a _ o
“Fll"-h: refractive index of the material of prism 18 given by

in (442)

BE= A
sin (l-,—-}

Result. The refractive index of the material of the prism=...

Observations :

:‘ﬂgfl! nf
roration of
the telescope| Reading for

Angle of :

Direct from direct | refracted Angle of

Reading incidence i reading image deviation Dﬂ_‘ﬁ?:: o
£ Rel VA |vB | va | vB | va | vB

e —




61. Spectrometer (i—i" curve)

AIM. To determine the angles of emergence for different angles
of incidence, to draw the f=1 curve and hence to calculate the
refractive index of the material of the prism,

Apparatus. Spectrometer, glass Prism, spirit level, sodium light etc.

| Procedure. The initial adjustments of the spectrometer are made,

I The telescope is kept in fmnt of the collimator and the direct reading
is taken. (It is convenieat to adjast the vernier, so tha( the divest
reading 1s0° in one vernier and 180%in another. After this adjust-
ment, the vernier disc is kept fixed once and for all, so that the direct
recading dces not change).

The prism is mounted on the prism tab!

from the collimaior falling on one refracting face emerges out through
the other refracting face. To keep the prism for an angle of incidence
i, the telescope is rotated through an angle @=180--2{, from direct
reading position, For example, for an angle of incidence of 40°, the
telescope is rotated through am angle 100° {=180-(.x40,} fromthe
direct reading position and f(ixed in that position. The prism table
is released and rotated, until the image of the slit a- reflecred by cne
face of the prism is made to coincide with the vertical cross wire of
the telescope. The prism table is fixed in this position, Now the
angle of incidence is 40°. The telescope is then released and rotated
to catch the refracted image from the other face of the prism. The
telescope is fixed in that position vhere the image coincides with the
vertical cross wire, _The prism table is again released and rotated,
so that while looking through the telescope, the refracted IMmage moves
towards the minimum deviation position and then returns back.
Rotation of the prism table is continued in the same direction until
the image returns and coincides with the vertical cross wire. Now,
the angle of incidence, on the other face, is i.© To determine 1his, the
telescope is released and rotated to catch the reflected image from the
telescope. The rcading is taken. The differcnce between this reading
and the direct reading gives 6.

e in such a way that light

But 6=180°—2i" \
1'=90"--6/2

The experiment is repeated for differeat

Values

lated, of i, and the readings are tabu-

¥ A Braph is drawn with i along the
“AXis and i’ along the Y-axis with (0, 0)
’:“ origin. The nature of the graph isa
;ﬂangular hyperbola. The bisector of
?gl‘“ XOY will meet the curve at P.
DEGE! P lines P4 and PBare drawn per-

Odicular to X and ¥ axes, It will be

g
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» ACticy, PP

- f incidenc Ty
_pB=i, the angle 0 ® COrrespong:
seen the’ fi/gnimum deviation ‘D’ Ming 1, th
position © D=2i—4, '
Hence ism, determined :
Y le of the prism, mined as expla
where A is the an& ; (‘4 +ﬂ) B
=" "
- of the materiel of the prism is given b
The refractive index gy D) . y
SnyT2 ] . sinj
p= Ay . [4
. sin (—2—) sin (2—)

Result. The refractive index of the material of the glass prism=

Ohbservations :

for th
’ Reading for the o (00—
Direct reading | ., ﬁi ﬂi‘;,"&‘;- image ¢ i"e=(90—8/2)
s Meant
VA VB VA VB VA VB VA VB

Note. Verification of Stoke’s law.

If *i” and ‘7’ be the angles of incidence &n
face and r* and #* the angles of incidence and emergence

face of the prism then from Stoke's law,

_ A -~
P! tan ( T) tan (-—2— )

tan = -
é tan (E-ZL )

d refraction at the first
at the second

from which r—r’ is calculated
Since r4-r'=A, r and 7’ can be determined.

Then _sinf_sin i’ ‘oo ke's 1aW.
= . i Stoke
T sinr sinr’’ I
he readings are entered in a tabular column. _____.-—f""”f
i i tan =T r r' i M f
2 sinr al- ¥ o
. i ___---r-..‘
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62. Spar:tromater:i’rism : Cauchy’s Constants
and Dispersive Power

aM. To dstermlne Cauchy’s constants.
Apparstos. Spectrometer, prism, mercury light etc.

procedure. The initial adjusments of the specirometer are made.
e slit 19 illuminated by mercury light. The prism is mounted on
(be prism table and the telescope is rotated to catch the mercury
gpectrum obtmt_m.d by refraction through the prism. The prism is
adjusted for minimum deviation position for any colour of light (say
ceen colour).  The telescope is adjusted so that the vertical cross wire
coincides with the position of minimum deviation for that particular
colour of light. _The rg:-l_dm% is taken, The prism is adjusted for
minimum deviation position for the other lines in the spectrum and the
corresponding readings are taken. The prism is removed and the
girect reading is taken. From the knowledge of the direct reading, the
angle of minimum deviation (D) for each colour of light is calculated.

The angle ‘A’ of the prism is determined, by taking readings for
the rays reflected from the two refracting faces of the prism, for &
particular colour of light. i |

The refractive index of the prism for any particular colour is deter-
mined using the formula ' i :

sin ————(A-IZ_D}

Ft
510 -i"
Y ;
IA.
- -
-

a1

:
o

1]

L}
] o -
o 1

f.f

Fig. 62°1
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166 _ | iy,
ths (A) of the different colours of mercury

The waveleng using & grating or can be taken from the TabF::l’“m

hy's formula, the refractive index jq Biven 1
Y

F’=d+"i'n
v and ‘b' Are called cauchy’s consiants.
where ‘@’ & : |
4 graph is drawn with 55 2100 the X-axis and p along the y.,,;
e o straight ling The sl::)]:c of the straight line giye o
e t along the Y-axis gives ‘@

b
intercep :
and :fi::t The value of Cauchy’s constant ‘a’ .y
o The value of Cauchy’s constant b’ o

»s constants can also be detzrmined by knowing
h fi?::?:féc Ea;iigjs’ p and ¢y corresponding to any two colours of
:v:velr:ngths A and Ag. We have,
b
p=0t5T (1)

b
Fl=ﬂ+5‘? ()

pr—bs_

bb=ﬂ———] i
T
b
ﬂ=ﬂ1—iﬁ' | |
2. The dispersive power of the prism in the ﬂvcleng;h region
between Ay and A, is’

by —Ha
(H‘l+F’i )___]
A 2
Tabulation: . E .
(/) Angle of the prism (A). L
Readings for reflected image ;
24 A Mean
Face 1 ’ Face Il —

| |
o 114 L




le of minimum dey;j
(i) ﬁgﬁuq Spectrum, I

167

ti
alion (D) and refractive index (1) for

T posttion of minimum | Direcy | Angte o T—T————
deviation reading min, deyy. ik
Colo¥f R atlon sin’ T2
#f = | - =—r ﬁ’gﬂﬂ [Te 2 F
M V A
| Jig Va | Ve Va | vy L yA‘ Ve sin5.
/’—-_ r
Red
yellow 1
Yellow 11
Green
Blue green
: Bm
Violet |
(i) Wavelength of light. Mercury spectrum. Grating.
- r
Diffracted image ™
20
Order | colour Left right Mtaan A
| ' =,
|
Val Va| Va| Ve| Va|Ve | Va|Vs




- spactrﬂmater‘ Narrow angled Prism

mine (1) the angle of the prism, (i) the

To deterty i A
":Iﬁ corresponding 0 “”rm[;l incidence, and (jif)" yp, Sn8le of
fjcu_na n.c‘:- m}rn:sflﬂﬂdmg to norma emergence and hence t, c&l;glu of
inciden . qax of the prisni. Culgt,

the I‘kt!l'l'ﬁ“:"'i“'wﬂ [ di light, narrow
ium I
Spgctrﬂlnﬂtﬁr, SO gnt, T angled PTiSm’ ete

Determination of the angle of the pris,,

edure. (0 .
‘ ‘tiaﬁlr?lfﬂjustmcnts of the spectrometer are made:  The slit ig j{j, .
:;:md by monochromatie light (yellow light from sodium Jigpy, ;1‘[&

e is rotated to catch the direct ray. The direct reyg;
when the -.Etnical cruss wire qmn_cldeg with the image ﬂ'f lh&ii;ﬂmig
(aken. (Usually the vernier disc is adjusted, so that the dircot readipg
is 0—180). The telescope is pow rotated through 90° and fixed, g

ght angles 10 the collimator. The given small angled

that it is at ri : \
prism is mounted centrally on the prism table and the prism table i

Apparatus.

FI'E- 63-1. ! Fig- 63'2-

rotated, so that the image of the slit as reflected by one refracting face

of the prism is seen thro:
50 t : hrough the telescope. - The prism table i adjing
hat the image coincideés with the -.rgrtjual cmEs-wirc. The ""3,"3’35

= & -

vertical cross-wi m the other face of i oincides

The diﬂ‘er!:;sccwg:fw The vernjer table is ﬁ;:cf fgésTh: reading is ! riﬂ-_
ment of the angle ﬂ;ﬂﬂ the two readings gives 8, which is the suppié
the prism. The angle of the prism isrlth‘ﬂrﬂm

Biven by 4-:.(130._3)

¢
djmin Angle of deytay

o B he
reading is tayen (o oy 0T €SPORdIng to normal incldencs: ;P‘"

n (UB“my Edjmtd mi: Iﬁb*—'lsou)t 'I'h.ﬂ td‘s

with the

Y |
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rough ?Uﬂ a'nd fixed, so that it is at i ke o
thThg prism is mounted on the prism {;E,‘D!L i:llﬁles to the

is 1% ; : ; : thio ot
,:glilmamf ated, so that the image of the glit g reflected by Oengr]{ﬂsél;

able 1¥ 7 ith the vertical cross-wire. Now that face of the pri i

Y e o - rism will.
c”’?::;?inﬂ 4 at an angle 45° to the incident ray. The vernic}:;' screw is
be

Fig. 63-3, Fig. 63-4.

released and the vernier table is rotated by an angle 45° in the appro-
priate direction, so that the face of the prism is normal to the incident
ray.. Thus the prism is adjusted for normal incidence, Now the
telescope is released and rotated to catch the refracted image. The
reading is taken. The prism is removed and the telescope is rotated
to catch the direct image. The direct reading is taken. The difference
between the two readings gives the angle of deviation ‘4’ corresponding
to normal incidence.

For refraction at the second face,

‘But i=A and r=A+d (from the fig.)

gin (A-4-d)
sin A

The readings are tabulated.

) Angle of incidence correspondin ] emergence. AS
' g to normal eme|
git:l;i e prismfis adjusted for normal incidence- for the first fnﬁi
fixeq lescope Js released and rotated to catch the refracted 1ma.igc catr.d
age The prism table is released and rotated, §0 that the refra o
bagy, ~OVES towards the minimum deviation position muf:l rqg:; s
tSturng ¢ rotation js continued in-the same direction until the Iblcgia
e ﬁ!::;d Coincides with the vertical cross-wire. The p&':gm t: le i
e fﬁ-ccT he telescope is released to catch the reflectcd Imag

The reading is taken.

e —— -

e ——

—

= =

e
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\1 = RETLECTED IMAGE
'r' : T /

¥ :
8-/ |
o {
& t
y |

¢/ /0! DIRECT MIRAGE

Fig. 63°5,

The prism is removed and the telescope is rotated to catch the

direct image. The reading is taken. The difference between the two
readings gives 8. The angle of incidence corresponding to normal

emergence is calculated using the formula

a
i==90—?_

For refraction at the first face,
_sini
H=sin r
=sin i
sin A
Result, The mean refractive index of the material of
the narrow angled prism=... |
Observations :

() @g!e of the prism (A) Direct reading 0°—180°.

Rean“fng'carrnpﬂﬂdtng to reflected Image

= — | Difference (8 | Mean
Face I_ Face IT @ 6 ,{a:.fgﬂ""

V4 VB Va4

VB
VA ’:{g | . 2

| hem g

— eyl 2 l_‘,f«-—"




v 40 T 1/1
. g Je of deviation (d) corresponding ¢, normal incldence
( L""‘_ﬂ_— ] )
B i Reading for T
gmff"’g |mage Direct image Difference
Refroctt S Mean
_ \ |
B _sin (44-d)
a Bind .

(ili) Angle of incidence corresponding to normal emergence,

R

' Reeding for Reading for
Refiected image Direct image Digerence Mean I—W-E
— = g
VA VB VA 177 VA VB 9
. _sini
F=¢in 4



65. spac:tromater—-—Diffractinn Grating._
Normal Incidence

To determine the wavelengths of the constit

AIM. 1o : ] ¢ . .
of a composite light, using a plane transmission grating,

Apparatus. Plane transmission grating, Mercury vapoy, lam
P,

spectrome ter, etc.

Procedure. (a) Adjustment of the grating for normal tyeig,
The initial adjustments of the spectrometer arsy magc. = The J}ce:
transmission grating is mounted on the grating/table. The telgf;am
is released and placed in front of the collimator. The direct read?pﬂ
is taken, after making the vertical cross-wire to coincide witp :E
fixed edge of the image of the slit which is illuminated by a g .
chromatic source of light. The telescope is then rotated thruughl:.
angle of 90° and fixed. The grating table is rotated until on ﬁ*&ﬁinnl
through the telescope the reflected image of the slit coincides with thg
vertical cross-wire. This is possible - oaly when light emerging
from the collimator is incident at an argle of 45° to the normal to the
grating. The vernier table is now rcleased and rotated by an angle

_ 45° in one ‘appropriate direction. Now light
coming out from the collimator will be

uent coloy,,

4 incident normally on the grating, _
o  (b) Standardisation of the grating, (i.e., fin-
J ding the number of lines on unit length of the

grating) : The slit is illuminated by sodium

light of wavelength A= 5893A. The telescope
is released to catch the first order diffracted
image on the lefi side of the direct image.
‘The reading is taken. It is then turned to the

" image and the reading is again taken. The
difference between the two readipgs gives
for the first order, where 0 is the angle of
diffraction. The experiment is repeated for
the second order image and the readings 81
tabulated. The n mber of lincs of unit
length of the grating (1) is determined usifé
the formula .

sin 8=mn A

T ; F
T where n is the order of the image and A
wavelength of light used.

~ Therefor. , m=sin 0/nA\.

js the

I | Fig. 62+1

/right side to catch the first order diffracted

—— e ———
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[.-IGHT \ .
petermination of wavelengths of different colours o

IE? i Tee slit is nuulr :il}umlt}uted by white light mr;;e ;‘:{gﬁ?’
spec e jamp. _The centra - irect image will be an undispersed ima 4
vap? on the either side of the direct image, we will get dis =r5§%‘
B.#;actcd images of the EI!:EI‘m the different regions, constituent E;ln‘ur
i gponding tO the diflerent orders, The angles of diffractio
ours are determined as in the standardisation part t‘nl:-

corre: 1
renl €O
for d:lzf and second orders and the readings are tabulated.

the fir :
The wavglength of a particular colour of light is determined -usi

the formoya S 0=mnA where & is the angle of diffraction fnti.lf;::'s.%

colour of light- - |
Therefore A=sin d/mn.

The wavelengths of spectral lines are determined.

Dispersive power of the grating. The change of angle of
b is called dispersive power of the grating,

Result.

Note.
giffraction with wavelengt

According to the theory of grating,
sin 0=mnA

Differentiating
cos 8 dé=nmdh

dd__ nn
d\  cosé
do . : . :
s called the dispersive power of the grating. This can also be
calculated for any two lines for the mercury spectrum using the

dd 0s.-6,
formula ) _7\1* 3

Observations :
(1) Standardisation of the grating (sodium vapour lamp)

- Diffracted image | | 5 o
g ; lefr right Mean|  mm
[ Va | Va | Va.| Vo |(Va) [(V8)|(Va)|(VB)

’ | |

4
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PRACTIC '
ICAL Phry
81

Cy

@) Dctcrminﬂﬂﬂ“ of wavelength of different colours G ,

Iigtig__________.__.-— . y
- f i Diffracted Image l\

— 20
0
C"f’ ol Left Right

o |
light — e my
|

Order of
imoge

Vi | Vo | Va | Vb | Va| Ve | V4 i %

Violet 1
Violet 11
1. Blue

Blue green

Green
Yellow 1 1
Yellow 11

L

Violet I J T
Violet IT

2. Blue

Blue green
Green
Yellow 1

' Yellow II :
Red '




66. Spectrometer—Grating, Minimum Deviation

AIM. To detern:[ine the wat_.feicngths of the diffcrent colours of
mpercury spectrum using a grating adjusted for minimun deviation
pasitian.

Apparatus. Grating, mercury light, spectrometer, etc.

procedure. The initial adjustments of the spectrometer are made.
The slit is illuminated by mercury light. The grating is mounted on
the grating table. The telescope is rotated to catch the first order
spectrum on one side of the direct image. The grating table is released
and rotated so that one spectral line (say, violet) moves towards the
minimun deviation position and retraces its path. The grating is set
at the minimum deviation position, The telescope is adjusted so that
the vertical cross-wire coincides with the position of minimum deviation
for that given colour. The reading is taken, Readings are taken, when
the vertical cross-wire coincides with minimum deviation position for
other colours in the spectrum. The telescope is relzased and rotated
towards the other side of the direct image and the readings are taken
corresponding to minimum deviation positions for differeat colours.
The difference between two readings for a particular colour on both
sides of the direct image gives 20 where @ is the angle of minimum
deviation for that colour of light.

For minimum deviation,
2 sin %—_—mrm
- A _2 sin 0/2
 mn

A is calculated for other colours of mercury spectrum using the
above formula. The t‘.xpcrlm*‘nt 15 rcpcat-.:r.l for the second order

Spectrum also and the readings are tabulated.

Result. The wavelengths of the spectral lines of the mercury
SPectrum are determined. »
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Observations -

—
' Reading cﬂ;r}tspahd{qg \
to diffracted image af
S Celour m!ng;ﬂml deviation 20 8
sy of Lefr Right Mean ,
S ht - 8 A 4l
¢ " | e
Q V4 Vg V4 Vg V4 Va l YV, Yy :
J
'I'.iolﬂt l _____-"'""'--..-‘-._H
Violet 11
Blue
1 Blue green|
Yellow 1 :
[
Yellow I1 . ! .
Red i
I
i
——
2
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70. Newton's Rings

aM. To determine the wavelength of
b forming Newton’s TIngs.
¥

aratus. Newton’s rings Apparatus, a long focus convex lens;
sodium vApoUur lamp, condensing lens, microscope, etc.

procedure. Light from sodium vapour lamp is rendered parallel
py & condensing lens L. The parallel beam is incident on a plane
jass plate, inclined at an angle 45° to the horizontal and gets reflected.
The reflected light 1s incident normally on the convex lens-glass plate
system, The interference pattern is viewed through a microscope.
The microscope is moved up and down until alternate bright and dark
circular rings are observed. These rings are called Newton’s rings.
In this system, the central ring will be a dark ring. For want of
proper curvature in the convex lens, the central ring and a few rings
at the ceatre will not be well defined. Hence that dark ring which
appears as a perfect circle is taken as the p ring. To find the diameter
of the " dark ring, the vertical cross-wire of the microscope is made
tangential to the left and right sides of the ring and readings are taken.
The difference between the two readings gives the diameter of the ni®
ring from which its radius can be calculated. Similarly, the diameter
for the other rings can be found. But this process involves the move-
ment of the microscope in opposite directions which will result in an
error in the reading known as the ‘back lasti’ error. Further, since the
rings get closer &8s we go away from the central ring system, it may be
difficult to find the diamcter for each ring, Both these difficultics are
overcome by the following procefiure :

a monochromatic light

Fig. 70°1



i d until the vertica] )
scope is move ; al crogs. .
r?}m 11::-iug onhthe left sludc and the chl;:l
en when the vertical cross-wire jg ta
7] ..nt rings on the left side, T, SChtia) to
direction to the right side of the rj?lcmﬂcup .

' irc is ggn 5 Ystey, | i
taken when the vertical cross wire js tanos Yoten
arﬂ“{n_i_g'?yn rings on the right side. From th, n&‘:‘hai ln?ﬁ‘f ‘

and hence the radii (P) of the nth, (n+3}rdtrtadjn?;

move
eadings
;m ; (JH':;J'M'

diameter *
lt'!'lnﬂgs are calculated. {th“
cadings are entered in a tabular column. It wij be
the vﬂ}uﬁe: in the last column will be a constant. Let 's* be llleﬁtaen.[r‘::;Im

of the last column.
S=P=n+]5—Pﬂ'E 15 R\

where R is the radius of the curvature of the surfuce conyex lens ;,
contast with the glass plate (known).

Therefore, A=S/15 R metre.
Result. The wavelength of sodium vapour light =nm

Notes. (1) The radius of curvature of the convex lens is calculateg
using the formula R=S5/15A metres, where 2 is the wavelength of light

in metre (given).

(2) To find the refractive index of the material of the lens, the
radii of curvature R, and R, of the lens are first determined using the

above method.

The focal length f of the lens is determined by auto-collimation
method using the following procedure :

The telescope is adjusted for parallel rays. A bright scale is
mounted in front of the telescope. The given convex lens is fixed in
front of the objective of the telescope and the distance between the
Scale and the telescope is adjusted until the scale image is clearly seen
through the cyepiece. The distance between the scale and the lens
gives the focal length of the Jeps. The refractive index of the material
of the lens is calculated using the formula

I .1
d ey (_ Iy
Froa=h Rl+Ra)
(3) To determine the T :..cs :ven liquid
g refractive index of a liquid, the given lid
(say, water) s introduced between the plape glassqplatE and the Nﬂ"::
e lens and 1h- DI20¢ concave shaped liquid filen is formed betwe?
T s ¢ glass plate, The experiment is repeated as above #

The ive i
refractjve index of the given liquid is given by

S5
#—-j;s-.;
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n49
ntl2

n+18
n+18
ntll
nt+24
n427

Microscope reading
-_.___...-—-'-_'—-———-——'—
Left Right

Diameter
(2p)

e —————
——

F.I
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Se

Puare— P

Meen

Radius of curvature of the surface of the convex lens in
contact with the glass plate

A== =...m

=R-"=|nm



71. Air Wedge

determine the thickness of 2 tnin wire fore.
es due to an air wedge. %y
Two- optically plane glass plates, given wirs, 4.

. To
interference fring
Apparatus.

:oht. microscope, eiC: N
il cedure. Tow optically planc 3_1-1’55 Pld-ﬁﬂ;_drf :)':ztcd % n
the ult,ll:.zr and'tied al one qnd. he given wire is introduced z.s,

FFFF l‘r.
i d bEtWCEn !}-5 p:ffll--; P
’ air wedge is formec D; l2ter, Ti.
o Ln-?-’ bﬁwﬁitu?: wire and the tied end i3 macasured using g,
distance .

microscope. ’_ﬂ
[

#

[

L5

Fig. 7%2.
iig. 71-1.

Light from a sodium vapour lamp is rendered parzlle]l by 2
condensing lens L. The parallel beam is incident on a plane glass pzt:
inclined at an angle 45° to the hcorizontal and gets reflected. TEz
reflected light is incident normally on the optically plans gias
plates forming the air wedge and again gets reflected. The refisctec
light is viewed through the eye-piece of a microscope. The microscop
1s moved up and down and adjusted for clear interference fringes
alternate brightness and darkness, The miicroscope is fixed so that tb2
:r;;m:glbcmss-w:m comﬂidt:.:s with the fixed edge of a dark band (s2%,
the nfriuagg'} ang the reading is taken. The microscope is moved acros
coincides. witla;n-th “ooings are taken when the vertical crossit

he readings are t:bﬁf ed edges of (n+2), (n+4)...... ... dark baodt
band fs caloglated. ulated. From tuc opservations the width ‘B of

If A’ is the . ) - »
A ““‘:ﬂlength of light illuminating the system, then '**

of the Wﬂdgﬁ 18 giVCH b}, B:ﬁ"'ﬁ

-—ﬁ'..;

-

h___
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l,tﬂ'f“‘ 191
put = ‘;'" wheke ” is the thicknees cf the given thin wire
. ! 28
Al
t =2
Result. The thickness of the thin wire T

. The thickness of insulation of a
dﬂtﬂfminﬂd ‘ usiug_ ﬂll:_ above m_ﬂihﬂd. At ﬁl’lt
wire with insulation is determined, The wire 13 taken out and the
msulation is removed carefully and again placed between the plates.

h—ty
f= I...2 l.‘ll
Obzervations ;
Determination of Band widih (B).
oilir o Microscope reading . qf'. Biierozcope reading g}{d{;ﬂ Bord
the fringe ‘ | the fringe fringes | Width
Msr| vsr| cr | MSR‘ VSR , CR | "em | Bem.
cm cm ., &om cmr
n : [ n+10
n+2 : _ n+12
n+d _ n+14
n+6 1.+ | n+16 y
.i;l + 8 _‘n + 18 ' {
- Nl | l '
Average ...... X'10 * metres
Wavelength of the monochromatic light A== ..m
Distance between the wire and the tied end of the system*/=...m
Al '
f=gg=..m.
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76 petermination of m gng By—Tan ¢ Position

M. To determine the pole strength

n B (m) and
I-.nml component BGg of the earth’s the v
L

: aluc of the
i : magnetic j :
hot! «ng & deflection magnctometer in thﬂgTﬂ“ énd:n'ttl_nn at the
P ﬁ:l;,c vibration magnetometer, POsition and 4
pox 1)

Apparatas. Given magnet, g deflect

;bration magnetometer, a p'c}:.rsmal balance and 5 vernier calipers,
procedare. [The deflection riagnetometer is adjusted 1o be in Tan

A position. The given magntt’ 18 kcpt vertically “op onet arm of the

deflection magnetometer at a gujtable distance, The distance d between

the centre of the magnet and the centre

of the compass box is measured. Let W

one of the pnles. of the magnet, say, +

north pole be facing dpwnwards. The

dzflzctions corresponding to the 2 ends s,

of the pointer are noted  The magpet T

is reversed pole for pole and two more -

deflections are noted. The magnet N '*@

is transferred to the other arm and $= - mec e danee .

kept in a similar manner at the same

distance d. Four more defiections are Fig. 75,
noled as described and the mean deflection 6 is obtained. If Lis the
length of the magnet

ion magnetometer, box type

E';- %‘*(gf_l_i??;"—a—] =By tan 0

m _4n  d%(d%+ L%)%2.tan 6

Br py  [(@+L"=gv)
po=47X "7 henry/meter

ability of free space, Choosing different distances the

srtepeated and m/Bg calculated. Its mean value is then
Let it be X

Here

i':'-. the perms
CXPeriment {
Obtained.

The given magnet s placed on the stirrup of the vibration

fagnztometer and its period is determined by finding the time taken

: inertia of
he - d¢linite number of oscillations, If 7 is the moment of inerti
the bar MARact, then

T=2nJ(Tf%-E)=‘2“ _/(H?E;T-c'z_.‘)

B 4nt. 1
in H:nj__.-L

To determine the moment of inertia (1), we have
I Mass of the magnet x (L*+ 5%

12 .
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the length and breadth of the magnet |
vhere L and 5 9%€ gnet is determined by physical Jasured p, Verr:
alipers The mass of the mag y physical balanee Mig, |
c . |

Let the value of mBH be Y. Then
Pole strength of the magnel
=m=v| mByx& |=

" " By wr(}’""’0?-...:urn;u

Horizontal component of the earth’s magnetic induction

B
=BH=\"(ij J: d(%): S Tﬂﬁiﬂ

Results. 1. Pole strength of the given magnet = .amp=m
2. Horizontal componen of the magnetic
induction of the earth’s field = ... Tesla
Observations. Length of the magnet = L=..m
S.No. Distance berween centre Deflection : i
of the magnet and centre 12345678 M By
of the compass box d metres -t (6)
Mean
Mass of the magnet = _kg
Length of the magnet = L=..m
Breadth of the magnet — B=.m

(Separate tabular columns for balance and vernier calipers may be drawn.)
J = mass of magnet x (,Lz +B%

Moment of inertia =

12
= ...kg-m?
Period of Oscillation:
SNo. = =
o Number ?f G:fm'anon.s Time taken | Period T (secs) Mean
- SECE
_.-_________.-

| [P
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&11”” ats
W siod of oscillation =T==,, secs
R=TIx L ==
'+
m, .
Mean value of B2 B i




76. Determination of M and B,

AIM. To detcrmine the magnetic moment (M) of (he
magoet and the horizental component of the earth’s magneyjc;, due ¥
(By) using deflection magnetometer and the box-type "'ihraiji’m
magnetometer, o |

Apparatus. Given bar magnet, a deflection magnetometer, 5 b
type vibration magnetometer, o physical balance and a vernijer t?-lipc;:'

Description. Deflection Magnetometer. The deflection magneto.
meter consists of & compass box provided with a short magnet pjvogag
at the centre of & circular scale with a long aluminium pointer fixed
at right angles toit, This is enclosed in a brass box with a glas
cover. The circular scale is graduated from 0°to 90° in all the four

' ‘-\ﬁ\l\\i\&\‘ﬁ‘:a

A
N N ‘”‘F:\‘x
I V] ll'l 1& 1"
: AUSERPINSTD:
D e e

Fig, 74°1.

quadrants, so that 0-0 readings form a diameter. At the ceutre of the
compass box, there is a plane mirror to facilitate taking readings witb-
out parallax. There are two arms on either side of the compass box
with scales fixed to them insuch a way that the zero readings of il
scales coincide with the centre of the compass box.

Vibratlon Magnetometer. A box-type vibration magnetomeis
consists of a rectangular wooden box with sliding glass doors. Its
base is covered with & mirror having a straight line drawn parallel tg
its length.  There is a narrow slit on the top of the case with ifs |¢nT_g1:
I}agallc! to the line drawn in the mirror. On the top is fixed 8 ¢ i‘:
ct;pa w';}l? a brass cap, An unspun silk thread is attached to thF*ETH':
give:n mac other end of the thread carries a light stirrup on whic 0
is al!Dwtgnft cen be placed. When the magnet placed on the \ﬂiiiﬂﬂ'
Tho box O come to rest, it settles itself in the magnetic M0 "
i ® then rotated to a position where the axis of the m85

18 parallel to the line drawn in the mirror fixed to the base.
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Fig. 74°2.

procedure. (@) To determine the ratlo (M|By) using the deflection
mognetometer. '_l"hﬁ deﬂcclmp magoetometer is first adjusted to be in
the Tan A position. The given bar magnet is placed at a suitable
distance on the eastern arm so that the centre of the compass box lies
on the axial linc of the bar magnet. The distance d between the
centre of the magnet  and” the ceotre, of the compass box is measured.

n
A

I /‘E‘E"\

| T l [ 2 o [N
L tluﬂq._ut fi %)ﬂ Ul et

Fig. 74'3.

The deflections of the aluminium pointer corresponding to its ends are
‘obgerved without parallax. The magpet is reversed in the same place
pole for pole and two more deflections are observed. Now the magnet
is transferred to the western arm. Xeeping it at the same distance d,
ina similar manner, four more deflections are observed as before.
The mean of the eight defleciions is taken to be 0, Ii 27 is the length

of the magnet, then for Tan 4 position.

Jo 2Md
4w " (d*—P)
"".L.Egi . gj_z:_;_n_}: tan 6
B Pe d

T#mexperiment is repeated for various other distances and in each
case b7y is calculated. The distance chosen should be such that the

deflections lie between 30° and 60°.
Here, Bo=47 % 10~7 henry/meter, is the permeability of free space.

poml;]uﬂw, the deflection magnetometer is adjusted to be in the Tan 0
n.

=Bxtan 0




magnet is placed at a dis- ~—
4 on the qorthern arm such that the —
i ol line of the bar magnet passcs =
cquatortd centre of the compass hox. '——ﬁ
thrnu[:tl}mg ted corresponding to both =
Dcitvl;cﬁrl;hé pointer. The magnet is reversed 5 H}
cTic for pole and kept at the same distance.
![1‘:1,-.:. more deflections  are noted. The
procedurc is repeated transferring the magnet
to the southern arm and four more deflec-
Let the mean of the eight

tions ArC noted.
deflections be 0. Then for Tan B, (.

o M = By tan ¢ \ [T

t
|
>z

-

'_"""""-\1 - .-..,.-.‘

nrc nNo

z’

&

or, Bp o

Choosing different distances and ensur-
ing thsat the deflections are between 30° and
60°. the experiment is repeated and M/Bg
calculated in each case. The mean value
of M/Bg determined by Tan A and Tan B
methods is found. Let it be X

Now the vibration magnetometer is set Fig. 744,

along th= magnetic meridian. The bar magnet is placed on the

stirrup and is made to oscillate by the use of another magnet. The

period of ascillation 7" is calculated by knowing the time taken fora
definite number of oscillations, If I is the moment of inertia of ths

magnct,

M 4= (a" 4 12)%2,tan 0

LLILLEICLL A lIll_ll |

dn?X 1
MBH-———T'-‘,' =
To caleulate the moment of inertia I of the magnet, the -massudf

the magnet (W) is determined by physical balance and its length L an
breadth B by vernier calipers, Then for the rectangular magnet,

'
I= W(-EI—;-'—-B: ) kg-m?
substituting I and 7, the value of MBy is calculated. Let it be Y.

Then, magnetic moment =M= Jﬁﬁ % MBH——--\/E’T’;---HNP'N'
H

Horizontal component of the

—_—

carth’s field =By= _/ A8y v |X .. Tedla
H|By G
Results. 1. Magnetic moment of the given
magnet — ...amp-m’

2. Horlzontal component of the

carth’s magnotio ind
the place RGN =...Tosla

——— —— rm s




>

205
MAG"‘H!SH h
Dw“aﬁﬂns, Length of the magnet |
for Tan A position :
& between the cenire
& Df;}ﬂcg magnet and the ﬂf@ﬂ“am in degrers M
s No. | centreof the compassbox |1 2 34 5678 Mean| By
d melrec (¢)
..--"""—__—_
Mean
For Tan B position :
i ! bet th
Distance between the centre )
N :f the magnet and the Deflections in degrees ﬁf_
S centre of the compassbox |4 2 3 4 5 6 7 8 Meah By
d metres (8)
Ly
Mean
To find MBy;
Mass of the magnet =W=..kg.
Length of the magnet =L =...m
Breadth of the magnet =8 =..m

(Separate tabular colums for balance and vernier calipers may be

drnwu.)

The moment of inertia of the magnet is given by

I=

Period of oscillation :

S, No,

;

2 2
PELE) . ygm

—

Number of oscillations

Period
T

Time taken

Mean

1)
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i illation
Mean period of oscl R
MBH= F i
Mean value of M|By in Tan 4 posftinn=—-...
Mean value of M/Bg in Tan B position=..

~ . Mean M/Ba=X
M=4+/YX =...amp-m*®
Bg= *‘/m::_..?:ﬁﬂiﬂ.

.\I

=T = "'E:ES.
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Electro-Magn_BtiSm and Electricity

78. Field Along” the Axis of a Coil—
Deflection Magnetometer

M. To determine the magnetic moment of a bar magnet and
Al e of the horizontal component of the earth’s magaetic induction

he ];i’:];lau using field along the axis of coil apparatus with a deflection

Al

;mgnamm-:ter.

Apparatus, Field along the axis of a coil apparatus, magnetometer,
compass box, a 6-volt battery, a rheostat, a commutator, an ammeter
wnd & plug key.

ocedure. Remove magnetic materials, if any, f rom the vicinity
of lh?appamlus. The initial adjustments are made by setting the plane
of the coil in the magnetic mzridian and the wooden bench alon g the
maguetic east-west. A compass box placed with its centre coinciding
with the axis of the coil is adjusted to read zero-zero.

Am 8 K Rn

1|
Fig, 78°1. _
A circuit is made connecting the circular coil in series with an
inmeter

i The
» 8 8iX-volt battery, a key, a rheostat and a commutator.
gfﬂltat &nd ’-mmtltrastl:uz'ld be ‘{c’e pt sufficiently away from the clic:in:
di L The compass box is placed along the axis, thh_:il! centr a
Tﬁtlmt ‘X' metre from the centre of the coil on one side, hs;:,:; st
tui? rheostat jg adjusted to pass a suitable current h.r:n:lpn.-:j lﬂc ligm e
Hgd';ch that the deflection is between 30° and 60°. The de h :t ke
on 1y, Y the ends of the pointer are noted. The given bar }:n_ug oS
the 5o; c2Yera side of the compass box on the bench wit “!dLuMH ne
def 3 of the cojl. The position of the magoet is adjuste B
the ?}lnu in the magnetometer compass box becomes ze;?.mf i
mx':tt'hlimn:t: d between the centre of the magnet and centre b
' dtfloey;:O™mPRS box, The current in the coil is rct_;?;st Ak
“‘re::'“ﬂl Wwithout the magnet in viclnity are noted. ¢ A i
o to end and its distance corresponding to zero

. |




' 14 PRACT I
4 " CAL Phygc,

The experiment is repeated by keeping (pe
meter compass box on the other side of the coil.  The mean é’;ﬁgnﬁt&
0 and the mean distance d arc obtzined. Likewise keeping the matctmn
meter al various other distances from the centre of the coil, the cg"tt?'
ment is repeated. The radius ‘@’ of the coil is found by mua:ﬂgn-
the external and internal diameter of the coil and calculating the Uring
digmeter. 1 nis the number of turns of the coil used in the cxmcaln
ment, field produced along the axis at a distance x from the uF'nttn.
of tlie coil is given by re

is agn in ﬁ:!und .

nla®
F p= ZT;‘.!LF—IQ}EH'- Tesla.

If 0 is the mean deflection in the mugnétomctcr,

po nlat .
Fo= 3 {a?*+xﬂj3f' =Py tan ¢

where By is the horizontal component of the earth’s field in Tesla.
ent

If this field is nullified by. a bar magnet of magnetic mom
2]’ metres kept with its centre at a distance ‘d’

M amp. metre? of length d
tometer with its axis along the axis

metre from the centre of the magne
of the coil, .
 ponla® _ Po _2Md
Fg= 7 (a0 =By tan 0= Ir (d—P)
where p,=4nx 10~7 is the permeability of free space in heary/metre
nla® X« X (d*—1*)*
—— m— - trc!
M @) xd ampere-me

. o nld 1
Ifﬂ—z (ﬂ'-f" x‘j’-" X ian O Tesla

Result :
1. Horizontal componenr of the earth’s magnetic
=...Tesla

induction at the given place
2. Magnetic moment of the magnet —...ampere-metre’

Observations :

Lengtl: of the magnet =2=...m
Semi-length of the magnet =[=...m
Number of turns in the coil =n ==.,mn
External diameter of the coil =dy=...M
Internal diameter of the coil =dy==,..m
Mean diameter ‘-fl-_-g-ﬂ' .. /M

Radius of the coil =g =,..m




L

To find hn_riznﬂtal component nt_' the earth’s magnetic induction :

I ’—-‘-—‘_’__...-—-—’_'-_
A efomeler [o east . M.
: ge 'So ,__Magn i | agnetometer to west £
E‘ 5o | EE deflections . deflections 5 E tqz
5E | 2 |3 | S| 8
w | Q% & i £ I . I ” | 6 7 I 8 = |
I -""'-J-__-—_
: i
t
f
/
b
Mean
To find magnetic moment :
. 8y 15a Mugnetometer to rast Magnetometer to west Mean
S E?.- £ E | distance of the magner distance of the maghnet 4 M
9 S5 |0~ (m) (m) metre
Q% I | 2 3 4
Mean

*Note. The radius (a) of the coil can also be determined by
measuring its circumference (2ma) with a thread.



AIM. To determine ¢he

i y value ¢ ‘ \
magnetic induction (Bg) at the pla.c: gmz““‘“‘ “Omponent of enyih’s

of & coil apparatus and g Vibration mgiet‘;’:ﬁ;hc field along the xig
Apparatus. The field a)op the avi ‘

tion magactometer of SaaﬂE'E ?; :n:ix?i '}“Wt:l a

rheostat, ammeter and a plug key, ) 0

Procedure. .A circuit is mage connect; il i
with a six-volt battery, a theostat g pl_u;iégga:} iffr;‘}:;tﬁ?;’r n serles

Pparatus, a vibra-
attery, Commutator, \

Fig. 80.

The coil is set with its plane perpendicular to the magnetic-
Weridian. The vibration ma

gnetometer is arranged along the axis of
the coil in such a way that the ceatre of the ci

rcular coil is in the same
evel as the centre of the suspended needle of the magnetometer, The
distance ¢’ between the centre of the needle a

nd the centre of circular
coil is measyred. The circuit is closed and a suitable current Tamp is
passed through circular coil by adjusting the rheostat.

thu:_ vibration magnetometer is set to oscillations
Oscillatj

ton and hence the frequency n, for the combj
Y the coil and the earth is found.

f®Quency n, is determined. The ex
Currents in th

to kmp th

The needle of
and the period of

ned field produced
The current is reversed and the

periment is repeated for various

¢ coil keeping the distance x constant. It is’ advisable

¢ distance x as small as possible with a current of one

:l':lpere Or more so that Fp is always greater than Bg. If », if greater
an a,,

i corresponds to (Fz+Bp) and x, corresponds to (Fs—Bg)
Blways. We have,

Feg+By o« ﬂll
F.*-.B. oC ﬂ‘-..
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Here n, is assumed to be greater thag My, Then,
Fp+By
F,"—.BH -E;‘ﬂ

Fz _n+n

0r'ﬁ HB-._H—_HII_HHE
i _m*—n,?
o g < Fo
T |
But : F Kol

3“2{a=+xz)m
where po=4x X 10~7 henry/metre is the permeability of free Ipace,

; B ni—n,8 ponla?
:. . " nll+nll . 2{a'+_£=)l'f2

Result. The mean value of the horizontal compo-

nent of the earth’s magnetic inductjon =By =...Tesla

Observations. Number of turns in the coil =n =._,,
External diameter of the coil =dy=...m
Internal diameter of the coil =~ g =...M
X Y dy+d
Mean diameter of the coil =d t-'-j'!'—-’-...m
; : d
Radius of the coil =z =d..m
Time for 10 Timse for 10
S. No.| Current | Distance | oseillations when |-y | oscillations when Ty | n, By
U Tamgp .| % melre | current is in one current Iz in -

direction

sees, =

opposite direction g
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g7. Resistance and Specific Resistanca_
Potentiometer

AIM. To find the_ ms.if’tﬂnce of the given coil usi i0-
meter and hence determine its specific rcsist%nce_ ng a potentio

Apparatus. The given coil, _potentiometer, lead accumulators
two plug keys, rheostat, resistance box (0 - 10 ohms), DPDT switch

. (Pohl’s com mutator), table galvanometer and a high resistance.

Procedure. The primary of the potentiometer is made by connect-
ing the ends 4 and B in series with one accumulator and plug key.
Care is taken to see that the end A is connected to the positive of the
accumulator. Tl{ﬂ secon:i_aw 1¢ made by connecting the resistance
box R in geries with the given coil (whose resistance X is to be deter-
mined), plug key, rheostat and a battery of accumulators. The central
top terminal of the D DT switch is connected to end 4 which ensures
that all the three terminals in the top of the DPDT switch are positive.
The central bottom terminal is comnected to the jockey through'a
galvanometer, and high resistance.

| Bt. . K

it )

B o &
-+ = ¥
= A ) =
4 : -
g l—b_- P4
Rh
I'l: _{_:_k A\h"
Vlat
Fig. 87.

The resistance R is connected to the left pair of t:rn:_iinala of the
DPDT switch and the unkmown resistance X to the right pair©

‘rminals, ensuring proper polarity.

- Include a suitable resistance in R, The DPDT 5“1{&:;-,!;?5:3??;
b one side o as to include the resistence R. The D. sing length I
8lanced. against the potentiometer wire and the balancing !
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is found. The DPDT switch is thrown to the othe
::Ell:t; X and the balancing length /, metre is found as before, r ﬂg: t
R_4
X &

X=RX (j’-) olim
1

Kecping R the same, the experiment is repcated by adjusting (h,
rheostat to different positions, The experiment may also be repeated
for different values of R. The given coil is unwound and its lepgh

L metre is determined by stretching it on a scale. Its mean radjus,
metre is found using a screw gauge.

or

& o
Specific rcsistanm=¥x 10¢ microhm-metre,

=,..0hm

Result. 1. Resistance of the given coil
==, microhm-metre,

2. The.specific resistance of the coil

Observations ;: 1. To find X
f
Balancing length | Balancing length
R in ok 5 N when R is when X Is X=R ;..;ji M}”
BONTE | Sl included included i L oin
(I, metre) (15 metre) o
i
2
® ]
1
2
3
-H—i-'-—-
1
2
3
Average
__—-—-""'....’
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F;’IR
| 2 o fod the radius of the coil :
P ™A L.C.=001 mm.

Zeto error...= Zero correction=...

/ P.5.R.4+(Corrected
P.S.R. H.S.R Corrected ¢ Mean
a ] f}'.S' ) thSlRl x L.C.
5 No. (mn) . (mim) ) JT::;L"
[

f"""---

p— .
Mean diameter =d=...mm
Radius of the coil e=p=df2=...mm
=..m
Length of the coil —=L=..m
Mean resistance of the coil =X=...ohm

. : r#
Specific resmtance—_-“——gﬁ % 10°% microhm-metre= ...



89. Carey-Foster's Bridgg—
Resistance and Specific Resistancg

AIM. To find the resistance of the gjve‘n coil using Carev.
bridge and hence calculate the specilic resistance of the - P"“cr‘,

i Maters
the coil. 2

| r‘!

Apparatus, The given c::il, Carey-Foster’s bridge, & |
resistagge box, a two-dial resistance box (0.1-1 ohm, 1-]p a]i-:;:';'”ﬁi‘!
standard resistances of equal value, Lechlanche cell, plug key ial!;jl
calvanometer, high resistance and a pencil jockey. v tably |

Description. The Carey-Foster’s bridge consists of a uniforp 4,
AB of length one metre. It1s stretched along a wooden boarg 1.
soldered at its ends to two L-shaped copper strips fixed at the o,
of the board. In between these strips are fixed three copper strips
so that there are four gaps formed between the strips. A scale figz
parallel to the wire enables us to measure balancing lengths accurately,

Procedure. Two resistances P and @ of equal value are include
in the two inner gaps. A resistance box R is included in the |
extreme gap and the coil whose resistance (X) is to be found inth
richt extreme gap. Between M and N are connected a Lechlanch:
cell and a plug key. A table galvanometer through a high resistanc
is connected hetween O and J. The arrangement is a modified forz

cell K

1\
@ H.R.
Fig. 89, i
of Wheatstone’s bridge with the resistances P and Q forming F‘hc he

arms, the resistance box R and the portion AJ of the br-iélffﬁ'}m;?f (he

third arm and the y :
. nknown e porti
wire the fourth arm, resistance X and the P
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o find the resISIance per metre length of the bridge wire .

left gap of the bridge is connected a fractional

In thf-l__ﬂ.g ohm) and in the right gap a copper strip resistance

' D' a ¥ 8
pox B (.ﬂ say 0°1 ohm in R,. Find th: balancing lens rIncludEn
,-.-,siutt!ﬂ'-":'r wire. Interchange R, and the copper gtrgiptzﬁ:ihtglmmﬁc;getﬂg

i B ’ 1S 1
e bl;;'n length I’ metre. Ifpis the resistance per metre length of

R i
P=T.—1—; ohm/metre
1 "'""Ia

pe experiment is repeated for different values for R i
u],mTand 0-3 ohm) and the mean p obtained. : (say, 0-2” .

(b) To find the resistance of the coil :

To find the resistance, the given coil is connected to the right
extreme gap and the two-dial resistance box R (0, 1-0°9, 1-10) to the
extreme left gap. Pressing the jockey near the middle of the wire the
value of R for which the galvanometer deflection is very nearly zero is
determined. Choosing six different values of R around this value,
the exact balancing length /; metre for each resistance is found when
Risin the left extreme gap and X in the right extreme gap. Then R
and X are interchanged and the balancing lengths /, metre for all the
velues of R are found. The unknown resistance is calculated using

the formula,
' X=R—U=—II)XP

It may be noted that for some values of R, (I, —1,) is positive and
for some others negative. The sign must be maintained throughout
the calculation of X.

To determine the specific resistance, the given coil is unwound
and its length L metre is measured by a scale and its radius r metre
using a screw gauge. Then,

. . rix .
Specific Resistance=" — % 10 microbm-metre

-]

Result, (1) Resistance of the coil o =...ohm
(2) Specific resistance of the materia :
i = - e
of the coil — ., microhm-met
Observations.
(@) To find the resistance per metre length : S t
B ] I I ing length " "rR
Balancing length || Balancing 1eng _ R
. No, R. in oh when Ry isin the ]Wﬁfﬂ Ry 31’"? copper, P II‘HIIF
VIROAM | pofs-oap and copper r sirip are infer- ohmim
—_—— F;;?{F'fﬁ;%ﬁf | c}ﬂﬂgedﬂzﬂ__ e cougelie
. T .| 2. el ) i eee— I
1 0-1 r
2 02 . |
e M ;
Mean
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(b) To find the resistance of the coll :
JRLADE . B X ——
L ] Balancing length | Balancing length \\
. when R is in the | when R and X
$. No. R inoehm | 1ofi pap and X in | are interchanged | X=R- ly~1
the right gap Iy metre ~ Ohm s
1y metre
—— T L= L - 2 T “"____'_"-\-_____'
Mﬂan l
e ———
(¢) To find the radius of the coil :
L. C. of the screw gauge =001 mm
Zero error =.
Zero correction =
- am ad - $
'» | P 8. R.+(Corrected Mean
P. S. R, Corrected | ;
S. No. . H. 8. R, H. 8 R.xL.C) diameter
in mm H. 5. R. ]| (mn) i
( %
Mean diameter =M
Radius of the coil =r=z=...mm
==_.m
(d) Speclfic resistance of the coil :
Length of the coil =L=...m
Mean resistance of the coil =X=...ohm

" Specific resistance

L

_mriX Xx 10° micrahm'm’m




92, Calibration of High Rangqe Voltmoter—
Potentiometer

AIM. io calibrate the given high range voltmeter using a
1 teri
otentiome

Apparatus. The given high ran
pattery of lead accumulators, a Danicll

iwo resistance boxes, a table paly

P

ge  voltmeter, polentiomcter, a
cell, two plug keys, a rheostat,
anometer and a high resistance,
procedure. (a) To determine the potential fall across 1 metre
length of the potentiometer wire

The experiment is done as described in the first part of Experiment
91.

¥
“< T SWE I

Fig, 92.

(b) To cniibrafa the given high range voltmeter

s 2 i during this part. A
i circuit is left undisturbed =P and O
ﬂcm};iha;il;?;?is mids by ponneting =g msll:smgfm:ﬁ T:hcustal. The
in series with a battery of accumulators, a plug key the positive terminal
voltmeter to be calibrated is connected bﬂtwtcndin i artee
of P and the negative terminal of Q so that the “'ELP—F%Q)- The positive
corresponds to the potential difference ﬂu{]ﬂss Ll eter, tod. its
terminal of P is connected to the end 4 of the tgr e Ligh resttance:
négative to the jockey through a B“h""*“m;"e Po=1ohm and Q=9
hoosing any convenient values of # and Q :‘j gi'rﬂd rending in the volt-
ohm, the rheostat is adjusted 1o have a c'cmss b is balanced by a-
me.tt;r, say, ¥ volts. The potential differencc 0
length 1 metre of the potentiometer wire.

al’di ; ross (P40)
Theory. Let ¥ be the potentialidiffercnce acy



m————— T —__p— —

Current 0 P=pT0)
. VP -
p.d. across P=m)
Since this p.d. is balanced against the length / metre,

1+08
P.d. across P:T X1
vePp 108

Hence 0™~ 7 X1
. 108 LL‘EL)_
01 Vi= T * ( P
The correction to be applied to the observed reading is ( V'—p),

The experiment is repeated for different voltmeterreadings, either
keeping the resistances P and Q the same or varying them each time

suitably, if necessary. A calibration graph is drawn between the

observed readings and correction,

Result. The éiw:n high range voltmeter is calibrated for different
reading on it, and the calibration graph drawn.

Observations, Balancing length when e.m.f, of
Daniell cell is balanced = =/p=...m

Potential drop per metre length
of the potentiometur wir==1£-s=---?ﬂjffm-

/o
Observed | . , - : _
S.No. ' : ~| Balancing C‘a!r:rdnrﬂf
2 .P fmokm | Q.in ohm ”ﬁfﬁg  length value | COrrechion

l (volr) 1 metre wyolt | V= o




g5. Calibration of High Range Ammeter-
Potentiometer )

AIM. To calibrate a hjgh range ammeter using potentiometer

Apparatas. The given high ran'ge ammeter otenti
: : , io
pattery of accumulators, Daniell cell, two plug kays,pa dial t?fﬁ’éagfj

rance box (0-10 ohm), a rheostat, a table galvanomcter and a high
resistance. :

Procedure. (a) To determine potential fall across I metre length of
the potentiometer wire. :

The potential fall across one metre length of the potentiometer
wire is determined by the method described in Experiment 91.

(b) To.calibrate the given high range ammeler :

The primary of the potentiometer is left undisturbed. A secondary
circuit is made by connecting the resistance box R in series wilh the
given ammeter, plug key, rheostat and the battery of accumulators.

Bt b
L— Iy
II' LT}
T B
,‘;.1- #
= 7=
|74 Am

l__*‘-i ‘ .l,_.___{:___d;;;ﬂ
Bt

Fig. 95¢ . ;
3 : tive

Connect the positive terminal of R to end 4 and 1ls nega
letminal to the joc{:ay through a galvanomecter and high I‘«::SISIEEHI:{E.
lacludc a suitable resistance in R and adjust the rllcos}tal o a-:;gha
reading C in the ammeter. Find the balancing length / metre. ¢

current in R and hence through the ammeter is given by
o AeDB.
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254 !
¢'—C is calculated. Th ; Ity
rrection €'—C is calculated. The experiment jg
. ‘Th: Cr'iéa dings in the ammeter by measuring the cun"p“ttd .
gifiese The calibration graph is drawn, - TTeSpong;
palancing lengths. _ P awn, g
Result. The given bigh range ammeter is calibrated anqg e oqp
bration graph.drawn. alj.
Observations.
Balancing length when'e.m.f, of Daniell Cell is balanced= h=..m
— . _.______-__-':‘-"--
Observed reading Balancing | Calcylated o
in the g'wnﬂﬂr S. No. f?lhf:: t'-'.'ngm clirrent E”f‘é?"
amp metre amp. amp,
| e




F.of a Thermocouple —Potentiomet
97 - M (Method I) d

4) To find the resistance of the potentiometer wire,

. )
v calibrate the potentiometer for a fall of potential of 1 milli
(b wctl'ﬂ assuming the e.m.[. of the Daniell cell and hence

solt PET Jetermine the e.m.f. of thermocouple for various temperature
£) lﬂa petween the two junctions,

aratus. A ten-metre potentiometer, two resistance boxes R,

Mpﬂ.jﬂoo ohm), one resistance box R (0-10 ohm), a lead accu-

B Iatﬁfl a Daniell cell, a table galvanometer, suspended coil galvano-

mulart=s

er or any other equivalent sensitive galvanometer, a high resistance,

eter
;nnd o thermocouple.

procedure. (a) To determine the resistance of the potentiometer .

The primary circuit of t}nc potentiometer is made by cr.}nnei:t::ug the
ends A and B in scries with a lead accumulator, key and a resistance
box R (0-10 ohm) taking carc to sec that the end 4 is connccted to
the positive of the lead accumulator through R. Let_a resistance of 1
ohm be included in R. The e.m.f. of th: Danicll ccll is balanced
ggainst the potential dro across 1 ohm resistance and that across the

B "
I - =}
|I I LY.
P
\ A = 63 8

%
~a s,

" ._4-'
e oage. D g B el L
61 H-R
Fig. 97'1. ; :
Potentiometer wire. The balancing length /; is obtained by the use of
& secondary circuit consisting of table galvanometer, high resistance and
the Daniell cell connected in series between the positive end of R and
tﬁ‘ jockey, Care is taken to sce that the positive terminal of the
aniell cell is connected to the positive end of R..

After 1, is found, the positive of the cell is connected to the end 4
®d now the e.mf, of the cell is balanced against the potentiometer
Wire alone. Ba_langing length I, is found. It follows then th_ﬂ.t thﬁ
f¢Sistance of the length (I, ~ /;) metre of the -potentiometer wire is

i == :
bal %‘:’Tfﬁﬁtﬁd temperature=t, *"C=Maximum
Observed temperature+Radiation correction=:...
455 of the empty watch glass =m=...ke.
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- . Hy

hm Hence, for the entire potentiometer o Sig

l o is piven by, F length 1 Met, !

e

resistance
¥

P il
lfl e f‘l}x Iﬂ ﬂhm.

The experiment is repeated for different values of R

(b) To calibrate the potentiometer :

To calibrate the potentiometer for a fall of potential
per metre, o Milliygy,
Bt
o { lh' :
| r LY
RI R'L ﬂ —|
— .. J
B
41:
D &
Fig. 97°2.

the required fall of potential across full length of
the potentiometer
Consider the circuit

(between A and B) is 10 mi

0 -2
C:-I—}Fm—-amp.

= 10 milli volts

shown in Fig. 97-2. If the p.d. across P ohm
i volts, then the current in 4B is given by,

istance box Ry so that

If a resistance R, is included in the res 3 |
then the potential drop

there is zero deflection in the galvanometer,
across R, is 1 08 volts.

Hence, current in R,= I_R_Uﬁ amp. Since Rgiand AB are connected
in series. : 4 !
1:08_10x 10
R, -
o.f, of the

Thus, if the p.d. across R,=108 P obm balances the ¢.m it
Daniell ccll, ths potential fall across the potentiometer is 10 millivolt:

Now a circuit is made connecting the potentiometer in serics WIIEE}'-!
two resistance boxes R, and R, (each of range 0 to 5 0 ohms/ & =)
Ihe cqlculaled value of (08 x P s inc}udea in Ra, omitting t
rart, if any. The Danicll ccll, the table galvanometer 80 1
resistance are coanected across the resistance box Re as showD,
Fig. 97°2. A suitable resistance is included in Ry for 2er0

-
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g { AND ELECIRICITY

Janometers: Now with resistances R, and R, included as above,
pntcntial across the potentiometer wire is 10 millivolts.

To deffrmfng the e m. f. of thermocouple :

t ke
— )

E\ R:

‘ % =l - G

Hot Cokl
Fig. 97°3.

The primary of the potentiometer of the previous part with Ry
R, having been included for 10 millivolt calibration, is left undisturbed.
For the secondary, the given thermocouple is connected between A
and the jockey through a sensitive galvanometer (suspended type) and 2
high resistance. A difference of temperature is maintained betwezn
the junctions. The circuit is closed and the jockey is pressed first near
A and then near B. If the deflections in the galvanometer are in
opposite directions, the e.m.f. of the thermocouple opposes the p.d. on
the wire and the connections are made. Otherwise, the terminals of
the junctions of the thermocouple must be interchanged. After ensuring
the correctness of the circuit, the exact balancing length (1) is found
for a particular temperature difference.

/
The e.m.f. of thermocouple= 10::3!!

Rhﬂﬂ I, is in metre. Usually one of the junctions is maintained at
¢ temperature of melting ice and the other at the temperature of a
water bath which can be maintained at different temperatures.

=4 millivolt

S A graph can be drawn connccting the temperature of the hot
on :::Gn un'tha X-axis and the corresponding e.m f. of the thermocouple
¢ Y-axis. The graph is found to be a straight line.

Result, E.M.F. of thermocouple for various temperature
differences is determined.
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Observations. Resistance of the potentiomeqer .

§.No.

R in
ohm

Balancing length when
postiive of Danie'l cell
iy connected fo positlye
of R

(4, in metre)

o
B.ﬂfaucfng leagth
positive of D. cel 1"
connected to end A
(y in metres)

P
RACTICJ. L Phy
Yie
1

Y

Res itg H\

pot of
. ﬂPwa.,,,,," by
T Eew
1™ I,

xﬂim‘
.~

Calibartion part : Resistance in R,

Mean

~=r Al

Resistance in R,
E.M.FE. of thermocouple :
Temperature of the cold junction

———

= ...nhmﬁ.
=_..0hms,

= Ir],ucﬂ' Vi

p————

.S;.Na.

Temperature of the hot

in

[ Balancing length ly in | E.M.F. of thermocouple
Junction (t,°C) metre millivolt (1)
7._- ——
L]
i
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24 Hagulated power Supply Using Zene Diog
124 8

r:b"ulﬂtcd power suPPI.‘f uﬂiﬂig a4 Zengr

struct @ .
To construct, d D.C. voitage of 8 V and study its '::Iudt
®gu.

AfMio a predeterine
:‘;tign charﬁctcnsucs. o :
; -0-12 transformer, IN .
nd Components A 2. e, IN 400,
mgu‘?}?;r?t\’us :apngstar zener diode (81 Z) resistance boy, drlr?sﬁf"
[=
meter €1C. ’ : |
: : e tions arc made as shown in the dj
cedure. The connec ingta
,:ff'::::ivciy solderingon a br;ad:baard arrangement. _ Ina fﬂgulat:ii'
Enwer supply, we design the circuit to get a predetermined D.C, yq),
30 L
R 11
| 4 THAO) T
Ac e e pesiE [34Y . w %
= Y
Tk e E
ol IN Leet
| 1 N U
-

| li Fig. 124,

resent experiment, Here indepen-

age, which is 8 V in the casc of the p
ndent of the line A.C. voltage, the

) dent of the enrrent drawn and indep:
' output vonitage is a constanl, The circuit consists of a transformer,

two rectifier dlodes (IN 4001) connected across the secondary of the
i  transformer. The N regions of the 2 diodes are short-circuited. ACross
| “the common N junction and t e centre tap of the secondary the
\ rectifier clrcuit is connected. The resistance 3300, ensures that the
| zener  dicde operates in the break-down region. The A C. voltage 10
! be regulated is eonnected across the primary of the transformer.
I :‘Fi is":nm-]l 1S f'-\*r‘l!chcd on and using a multimeter the D.C. outpul ':'“Lt;
I out put f:‘rﬁ;:il}d;‘ ‘*-h:::] no load resistance (Rp) 15 connected across [ha
I ontput [:; ety With a resistance box (Ry) connected Across
h 400 ohim, 600 ol the output voliage is measured for Rg 200 uf;:f:nr:
’ ohm, 800 ohm end 1000 ohm. Care should be ":1 s

il to see that R peve . y
f obtained from the [hrrmu[i?umes zero. The percentage regulatio

r -
| . A rcglllﬂﬁﬂﬂnx oltage without R, —voltage with Rz
‘ voltage without Rz -

ety -reguin
regulation characteristics ;:m :f:diggwcr supply

ts
is constructed and |

_ad
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qabular Column
AC input voltage
pC voltage across the output
terminals when no load
resistance 18 connected =V, volts=...

— 1

323

=,..volts

% regulation=
Vo=V
o

Ry, \ Voltage across the output
5. Ne. ohm \ terminals V volis

N e

|
|
| 200 |
|
i

1

2 400
3 600
4

5

800
1000

| — ] —




1729, Hartley Oscillator (Solid State)

struct a Hartley oscillator ; ‘
(M. To construc ey Or in the AF range and
d:[tfmine the frequency of oscillations for different values ugf capa-
ciwﬂ.ﬂt.

apparatus and Components. Transistor power supply, AC 128

Transistor, Audio frequency oscillator, speaker, inductance coil, capaci-
{ance box, etc.

Procedure. The connections are made as in Fig. 129 by effective
soldering on a bread-board arrangement. The power supply is switched

B
%

ﬂ-mp;
|
_h Ac
128
[
Nk -
IKS SR Bpf
T
fl
-
N\ +inv
L 5
Fig. 129,
0n with

. 4 capacitance of 0'5 pF introduced in the constructed oscillator

HP frequency is found by (/) beats method and (i) CRO as explained in

“‘iusl‘ﬂ:{igm experiment. The experiment is repeated for different
s of C,

Resolt, The Hartley oscillator is constructed and its frequencies
or difierent values of C are found.

Tab 3
S ular Column :

Frequency (Hr)
S. No, C Mean
uF Jfrequency
By beats By CRO Hi
e =
L 1 “hl
< 0-2
3 nsa
& 04
3 | 05
-8 06 L

T
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131. Colpitt’s Oscillator (Solid State)

_ To Construct a Colpitt’s oscillator using a transistor and
(o find its frequency for different values of capacitances.

apperatus and compovents. Transistor power supply, BC 107 npn

iansistor, inductance coil, 2 condenser boxes, base board, Audio fre-
quency oscillator, speaker, etc. .

Procedure. The connections are made as in Fig. 131 by eifective
soldering on a biead-board arrangement. The power supply is switched
on with a capacitance of 0'5 uF in each of the condenser boxes. The

0
¥ +9v
o |1
) f!l"
18il § - a7
" LS <
4 : kY
K :]._mup.i-‘ ! "’*ﬁ 2 A
Fan W ‘._ +-I
—— 1 C, Cz : bt red

Fig. 131

frequency of the escillations produced in the oscillator is determined
(/) beats method and (if) CRO, as explained earlier. The experi-
ment is repeated for different values of C, and C;.

Result. The Colpitt’s oscillator is constructed and its frequencie
. 5
for different values of C, and C; are found. ¥

Tabular column : 4

Frequency
S. No. Cl I-IF Mﬁ'ﬂﬂ

l b.'!' beats by CRO . frfqﬁfﬂc;:

i
T
e |

202002
L L b
o0e990
Ar T AR




136. Logic Gates Using Diodes and Transigyg
rs

DI'IS[!'UGt the basic I{,‘igic gates uq"ilng

Toc A
ais :n%mpm the truth table for each logic gate,
Apparatus and Components. 5 V power supply, two S

14d;
ictors of value 510 ohm, 22 K, 56 ohm, 1K, etc,, two § iode,
;;I;r:rn-ﬁ voltmeter etc. G 22 trap,

Procedure. (a) AND Gate o
The connections are made as in Fig. 136'1. A yoltmeter jg o

diodes ang 4y,
it

: nete .
ted across the output terminals. For | level, the point js s né::_d
S Eis Y
*Ev
s —K — WV |
€M1 b\llpll_—
LA
B =~ &

L AND GATE

Fig. 136°1.

to the 45 volt supply and for O level, the point is conneccted to the
earth. Both the points 4 and B are kept at the 0 level and the output
is measured. The experiment is repeated keeping 4 and B at 0 level and
1 level, 1 level and O level and | level and 1 level respectively and in
each case the output is measured. A truth table is prepared as under:

4 B Qutpur i
0 0 0 (low level)

! 0 0 (low level)

" 1 0 (low level)

l R 1 (high level)

-

It is found that_the output is hi A and B are at
I level. e utput is high only when

(b) OR Gate :

ﬂ‘—H_"J 66 n oul pul

DL Ok gaTe
Fig. 1362,



ﬂuﬂ"’s 330
f tSy

Fig. 1363. .

The connecticns are made as in Fig. 136'2, A voltmeter is

onpected across the output terminals. The output is measured for

various input combinations as in the previous case. The truth table is
siepared and it will be as follows : :

\ A \ B Qutput
0 0 o 0
1 0 1
0 1 1
1 1 1 |

is high whether 4 or B is at 1 level,

It is found that the output es and a transistor. The

The experiment is repeated using 2 diod

e +EY
A
Sl
AN
l Saat
T
sut pal
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T

PRACTICAL "“"ﬁlr.:a

former is known as diode logic (DL} and the latter as aiode-tranci; "
pIL) OR Gate. We can also form a (transistor, ;ra,?;;t:;ﬂsllstnr
Ogic

logic (
(TIL) OR Gate as il

(c) NOT GATE
The connections

Fig. 136'4.

are made as in Fig. 136'5. A voltmeter is conpy,

ted across the output terminals. The output is measured when 4
: g

T -_.r’.u’?lﬂ-ﬂl".l.“_
(L
A

T7TL

[ty
-1.-: '
. Fip .
3
.__3\'
e S ——
. . f
4
S // Mf s
i, SO -4 4
s B Y "’*——----_—..a

50T GATE 7T

!ig. 136°5.

at 0 and 1 level and the truth table is prepared which will be as

follows :

A 1 Output

1 T
0 | |

Since, when the inp |
], the output 1s

the input is at 0 leve
as the INVERTER.

(d\ NAND GATE

The connections are made as
A voltmeter is connected across

NAND gate.

ul is at 1 level, the output is at 0 level and when
at 1 level, this logic gate is known

which forms a DTL
the output termina s}

5V

in Fig. 1366

—

PTL NAND GATE
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E & H :
ut i8 measured for various input s
The f’.“tsmpared which is as follows : put ‘combinations,. The ‘tnilh

mb'ﬁ 18
4 B Oultput
0 l 0 1
0 1 1
1 0 |

Jt is found that the output is at zero level only when A and B are
¢ 1 level. The NAND gate can also b : :
:5 i Fig. 1367 to formja TTL NA NDIg;[fﬂSlructcd with 2 transistors

5V

TTL.._ nNAND GATE
Fig. 136'7.

(¢) NOR GATE
The connections are made as in Fig. 136°8, which forms & Transis-

tor Logic (TL) NOR gate. A voltmeter is connected across the output
*EV

I
1K gl pat
B~ AN

Fig. 136'8. TL NOR GATE.
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terminals. The output is measured for the various
table is prepared, which is as follows :

input combinationg

The truth
A B Output
0 0 1
0 1 0
1 0 0
1 1 0

It is found that the outputis at 1 level only when 4 and B both

are at O level.

Result. All the logic gates using DL, DTL, TL and TTL ar
constructed and their logic levels are recorded.
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DETERMINATION OF PLANCKS CONSTANT
AND WORK FUNCTION OF METALS USING
PHOTOELECTRIC EFFECT

OBJECTIVE (i) To determine Planck's constant 'h’ from the stopping voltages
measured at different frequencies (wavelengths) of light.
(ii) To determine the work function "®" of a metal.

INTRODUCTION -

One of the most important experiments f[rom the early 20m century uas the
photoelectiic-cffect experiment. In this experiment, shining fight upon a metal surface
may cause electrons lo be emilted from the metal. In 1905, Albert Elnstein working in
a Swiss pateni office published a paper in which he explained the photoelectric effect.
He argued that light was not a wave - it is particulate - and it travels in little energy
bundies or packets) called photons. The energy of one of these pholons is ‘hf" where
'h' is the fundamental constant of nature as proposed by Max Planck to explain
blackbody radiation, and " is the frequency of the photon. This novel interpretation of
light turned oul to be very significant and secured a Nokel Prize for Albert Einstein.
Robert Millikan, co-founder of the California Institute of Technology and feilow Hobsl
Prize Winner, performed the careful experimental verification of Einstein's predictions.

THEORY - .

An electron in a melal can be modelled as a parlicle in an average potential well d

to the nel attraction and repulsion of protons and electrons. The minimum depth that
an electron is located in the potential well is called the work function of the metal, ‘@".
in other words, it is a measure of the amount of work that must be done on the
electrons (located in the well) to make il free from the melal. Since different metal
atoms have different number of prolons, it is reasonable to assume that the work
function (®) depends on the metal. This is also supported by the fact that different
melals have different values for electrical properties that should depend on the electron
binding including conductivity. The electron in the potential well of a metal is shoun’
below in. It is analogous to a marble trapped in a water-uell. The shaliower the well
(ie. the lower the work function "@"), less is the energy required to cause the emission

of the electron. If we shine a fight with sufficient energy. then an electron is emitted.

When a photon with frequency ‘[ strikes the surface of a metal, it imparls all of its
encrgu lo a conduction electron near the surface of the metal. If the energy of the



photon (hf) is grealer than the work function (@), the electron may be ejpcted from
the metal, If the encrgy is less than the work function, the electron will simply acquire
some kinetic energy hat will dissipate almost immediately in subsequent collisions with
other particles in the melal. By conservation of energy, the maximum kinetic energy
with which the electron could be emilted from the metal surface Tmax, is related to the
energy of the absorbed pholon ‘hf", and the worlk function '®°, by the relation,

Tows = (1/2)Vae = hi — e® A1)

Now consider the case of electrons being emitted by a photocathode in a vacuum
tube, as ilustrated. In this case, all emilled electrons are slowed doun as they
approach the anode, and some of their kinelic energy is converted into potential
energy. There are three possibilities that could happen.

i) First, if the potential is small then the potential energy at the anode is less
than the kinetic energy of the electrons and there is a curreni through the
tube.

r':':} The second is if the polential is large enough the polential energy at the
anode is larger than the kinetic energy and the electrons are driven back to
the cathode. In this case, there is no current.

iii) The third case is if the voltage jist stops the electrons (with maximum
kinetic energy Tmax) from rcaching the anode. The vollage required to do
this is called the "stopping potential’ (V0). A typical |-V characteristic for a
given [requency of light is also depicted in.

Thus Eq. 1 can be reuritten as,

eVo = hf - e® .,.(2}
Vo =hf/e - @ w(3)

It is worth noting here thal, since the anode and cathode surfaces are different, an
additional contacl potential “A” comes into the picture which simply gets added to the
work function “®", Eg. (3) can be urillen in terms of wavelength as

Vo = (hele) (1 L) - (@ + A) )
Standard value of h s knoun to be 6.626 x 10~ J-s.

EXPERIMENTAL SET UP -

The present experimental set-up comprises of a tungsten-halogen light source with five
different colour filters, a Cesium-type vacuum phototube, a built-in power supply and a



eurrent multiplier. The base of the phototube is built into a dark room and in front of
it a receplor (pipe) is installed to mount [illers.

PROCEDURE - \ .

i) Plug in and switch on the apparatus using the red button at the bottom right
corner of the set up.

ii) Before the lamp is switlched on, put the toggle switch in current mode and
check that the dark current is zero.

ii) Turn on the lamp source (it may take 5-10 mins. lo warm up). Set the lighl
intensity near to maximum. Note that the intensity should be such thal the
value of current should not exceed the display range. In case it happens, you
need lo reduce the intensity. You should not change intensily while laking data.

i) Insert one of the five specified filters inte the drawtube of the receptor.

u) Sel the voltage direction swilch (o "+ve” polarity. Adjist the voltage rknob at
minimum and current knob at *X 0." position which means the resolution is up
to one decimal point. Vary the voltage and record the current till the value of

curicn! becomes relatively constant. Use the display mode switch to record Lhe
values of voltage and the corresponding current each time.
vi) Nowy set the voltage direction switch lo "-ue” polariiy. Adjist the vollage knob
al minimum and currenit knob at X 0.001" {we need higher resolution since
current till be less here), Vary e usltage and record the current Lill the value
of current becomes 0. Use the display mode switch to record the values of
vollage and the correspanding current each time.
wii) The above steps 5 and 6 provides data to plot the IV characteristics of the
pholotube for the wavelengthi (or [requency) selected by the filter.
viif)Repeat tire steps 5-7 for all the filters provided.
ix) Fiil up the observation tables and draw necessary plots. Determine the values of
Planck's constant and uvrk function of the metal used in the phototube.

OBSERVATIONS:

Specification cf Filters:
Colour [ Blue

Green | Yellow | Orange | Red
| Wavalength (nm) | 460|500 [540 | 570

635

Table 1: For |-V characteristics

Voltage (+ ve polarity)
Current {A) T




Voltage (- ve polarity)

Current ( A)

Table 2: Data for stopping potential ~ wavelength

Stopping Potential (V)

Wavelength (nm)

GRAPH -

i) Plot I" V characteristics for different wavelengths,

i) Plot Stopping potential - ({/wavelength) and calculate slope and intercept using

Eq4. A sample graph is shoun below.

0.3+
]

w— |inear fil

Stopping polential {V}

.:,r_- ® Chzenjed d
o ha= 6.06x 10 *Js
5 .

e S
15 1.6 1.7 RE: 14
13 x10% nm™

CALCULATION AND ESTIMATION OF ERROR

estimate error.

PRECAUTIONS -

i} Rotate all the knobs very slowdy.

i) Handle th

e filters with utmost care and avoid touching

- Determine h and f and

their surfaces.



14.

To determine the viscosity of wa-
ter by Meyer’s oscillating disk
method

Experiment 14(V)

Theory

If a disk undergoes torsional oscillations about its symmetry
axis in a fluid medium, it does not push aside any additional
fluid while executing this motion. The fluid in contact with the
disk then remains at rest with respect to it, while the fluid far
away is at rest with respect to the enclosure/container. so a
transverse velocity gradient is set up in the fluid, and this in
turn causes a viscous force to act and damp out the oscillations.
Oscar Meyer suggested measuring the decay of these oscillations
to find the viscosity of a liguid.

The equation to a harmonic oseillator undergoing torsional os-
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cillations is.

d*6 dé

I'df_z-l_ﬁ"(ﬁ +TE=U. (14.[)

Here 1 is the moment of inertia of the oscillator, K is the damping
coefficient, 7 is the restoring torque per unit twist and @ is the
oscillations (twist) angle. The solution of this equation is given
by,

3
6(t) = ﬂge“l#sin($ + @), = 5‘%;, T=2xl (—1—)

(14.2)
where 6y and ¢ are constants of integration. The variation of
this function with time is shown in the Fig 14.1. The quantity
A, known as the logarithmic decrement, is the logarithm of the
ratio of any two successive amplitudes on opposite sides of the
equilibrium position. Thus,

»_ BiCi  ByCp  BiCy + B, _ BiCy + ByGs... + B, C,

" ByCy  B3Cs  ByCy+BiCy  BaCh+ BaCat "?ﬂ+1£);ln+1
14.3
Here B; is the amplitude at the " turning point of the disk,

as shown in Fig.1. Thus by measuring the amplitudes on either
side of the equilibrium position, we can find out the damping
coefficient using Eq.(14.3).

In the case of a disk oscillating inside a liquid, the damping
is due to two causes: damping due to the viscous forces of the
liquid, and damping due to the friction of the wire suspension at
the support. Meyer suggested that the instrument be first used
to find the logarithmic decrement )y in air, where the viscous
damping is negligible, followed by a measurement of the loga-
rithmic decrement X in the liquid. As the frictional damping at
the support is the same in both cases., this (unknown quantity)

e
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can be eliminated by taking the difference A — Ag. U‘sin_g this,
he was able to find a formula for the viscosity of the liquid as,

Figure 14.1: Damped Oscillations

n= ﬂpT(fiﬁfzrﬁd)ﬂ H}t Tn‘ + [)h ;A"] 2] 2 (14.4)

Here,

I - moment of inertia of the torsional pendulum about the sus-
pension axis.

T - time period for one complete oscillation.

r - radius of the disk.

d - thickness of the disk.
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1 - Wire suspension

1 2 — Plane mirror

3 — Brass disk

4 — Leveling screws
s Bt
1 N 3
=

Figure 14.2: Meyer’s Apparatus

p - density of the liquid.
A - logarithmic decrement in the liquid.
oo - logarithmic decrement in air.

The quantities mentioned above can all be measured directly,
except the moment of intertia of the disk which is a complex
object. To find the moment of inertia, the time period (T) of
the disk in air is found and then a ring with a known moment of
inertia 7, is placed on the disk with its center on the suspension
axis. The time period of the disk and the ring together in air(T")
is again found, when the moment of inertia of the ring-loaded
disk is I 4+ I;. Then, we have

Y i

??Iﬂ?m (14.5}

I, = ma® N Is
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1 1
? 3 I+1\?
T=27r( - -:) = ({) and T = ( r)
== T T
(14.6)
here, m is the mass, a is the average radius of the ring, i.e.,

a = (d1+ds)/4 where d; and dy are the inner and outer diameters

of the ring, respectively. Using equations (4) and.(6) we can find
the viscosity of water.

PROCEDURE

1. The apparatus consists of a flat disk attached to a short rod
passing through its center which is suspended (with the disk
remaining horizontal) by means of a phosphor bronze wire. The
central rod has a perpendicular screw with two movable masses
on opposite sides for leveling the disk. A small concave mirror
with a radius of curvature of about one meter is also mounted
on this rod (see Fig.2).

A lamp and scale arrangement is provided which is to be ad-
justed till a beam from the lamp after reflection from the concave
mirror forms a well defined circular patch of light on the scale.
The image of the cross wires on the lamp should be clearly vis-
ible on the screen. The positions of the scale and the disk are
adjusted till the equilibrium position of the spot of light is close
to the center of the scale.

2. Taking care to avoid all transverse oscillations (such as lat-
eral swing or wobble), the disk is rotated slightly to give a small
torque and left free to undergo torsional oscillations. By measur-
ing the time of 25 oscillations, the time period of the pendulum
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T is found. Repeat this step once more and take the mean value
of T.

3. The given metallic ring is placed flat on the disk, so that
it’s center is as close as possible to the axis of suspension. The
time period of the pendulum T’ is now found by the procedure
described above. The mass of the ring, and the outer and inner
diameters (d; and dy) of the ring are measured. Make obser-
vation tables for these measurements. (The ring may not be
exactly circular: therefore measure the diameter along different
directions and take the average value). Using these two mea-
surements and Eq.(6) the moment of inertia I of the pendulum
can be calculated. The ring can now be removed and is not
required in the rest of the experiment.

4. To measure the logarithmic decrement, the disk is again set
into torsional oscillation. When the amplitude has fallen to
approximately the full scale reading, start the readings by noting
down the reading on the scale at one extreme position, B,C;.

The very next reading at the outer turning point B,Cs is then
recorded (see Fig.1).

5. After 20 complete oscillations, again record the maximum
amplitudes on both sides 341041 & BypCya. The lﬂg&[‘ithmic
decrement in air can now be found by using these readings and
Eq.(3) for 20 oscillations (i.e., for n=20) as,

- iln ( B\Cy + ByC, )
BuCy + ByaClyo

T (14.7)
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In general, if n is the number of oscillations, then the logarithmic
decrement is the given by

1 ( B\Cy + BsCs )

Aﬂ == 2—-]11 —
n an+lc'2n+1 + Bgn,l.g{jz,;_',z

Repeat the procedure for 30 and 40 oscillations to calculate Mg,
Take the mean value of )y to obtain the logarithmic decrement.

(14.8)

6. A clean glass dish is now placed so as to contain the disk,
and water is poured into it so as to cover the disk but not sub-
merge the mirror (see Fig.2). The equilibrium position of the
light spot is now adjusted (if necessary) so that it again lies at
the center of the scale. The same procedure (as that to find the
logarithmic decrement in air) is now repeated to find the loga-
rithmic decrement A in water. Since the oscillations in this case
are very much damped, the experiment has to be performed for
smaller number of oscillations.

Tabulate the observation for air and water as shown
in Table 1 and Table 2.

7. Using the data measured above, and the dimensions of the
disk equation (4) is used to find the viscosity of water. The
temperature of the water used must be measured and quoted

along with the result.

Observations:

Least count of vernier caliper used =
Least count of stop watch =
Least count of balance used =
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Radius of the disk, r =

Thickness of the disk, d =

Outer diameter of the ring, d, =
Inner diameter of the ring, d» =
Average radius of the ring, a =
Mass of the ring, m =
Temperature of water =
Time required for 25 oscillations in air =
Time period in air, T =
Time required for 25 oscillations in air with ring =
Time period in air with ring, T’ =

Table 14.1: Readings for finding logarithmic decrement in Air

Trial Serial no. Maximum Amplitude Ap
number of oscillation Left(B:C;) Right(B;;)Cisy) | {using Eq.(8)}
1 Start (i= 1)
n= 20 {i = 41)
2 Start  (i=1)
n=230 (i=61)
3 Start (i=1)
n=40 (i =31)

Calculate the maximum probable error dn and write down the
precautions and sources of error.

Result:

The viscosity of water was found to be

temperature of

degrees centigrade.

poise, at a
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Table 14.2: Readings for logarithmie decrement in Water

Trial

Serial No.

Maximum Amplitude A
number of oscillation Left (B:C;) Right (Bi41Cis1) | {using Eq.(8)}
1 Start =1}
n=>5 (i=11)
2 Start (i= 1)
n=10 (i =21)
3 Start . (= 1)

n=15 (i=231)




ADJUSTMENT OF ULTRASONIC INTERFEROMIETER

For initial adjusiment two knobs *AD]" and ‘GAIN “are provided on high
frequency generalor for Initial Adjustment

"AD]" is lo adjust the posilion of the needle on Lhe ammeler
GAIN" is used lo increase the sensilivily of the instruments for greater

deflection. Il desired.

The ammeter is used to notice the number of maximum defection while
micrometer is moved up and down in liquid.

'ROCEDURE

1.

Unscrew the knurled cap of and cell and lift it away from double
walled construction of the cell. In the middle portion of it pour
experimental liquid and screw the knurled cap. Wipe out excess
liguid overflowing from the cell

[nsert the cell in the base socket and clamp it with the help of a
screw provided on its side.

Connect the high frequency generator with cell by co - axial cable
provided with the instruments.

Move the micrometer slowly in either clockwise or anliclockwise
direction till the anode current on the ammeter on the high

frEL]uency generalor shows a maximum or minimum.

Note the reading of micrometer corresponding to the maximum or
minimum (whichever is sharper) in micro - ammeter.

Take aboul 30 readings of consecutive maximum or minimum and
tabulate Lthem as shown below.

lake average of all the difference (A/2)

Once the wavelength is known the velocity in the liquid can be
calculated with the help of the relation v= ) x f

S.Mo.

Micmn}elur Reading ( Maximum Difference bebween two
Deflection) maxima (A/2)

R1

R2 R2-R1

R R3-R2

b L b s

6

And so on | Roeras




PRECAUTIONS:

Do not switch ON the generator withoul filling the ex perimental liquid
in the cell.

Do not tilt the cell afler filling the liquid to avoid flow af‘ﬁquid
towards micrometer which may rust/jam the threads of micrometer
head.

Remove experimental liquid out of cell after use .keep it cleancd and
dried,

Keep micromeler open at 23mm after use.

Avoid sudden rise or fall in temperature of circulated liquid fo prevent
thermal shock Lo the quarlz crystal.

While cleaning the cell care should be taken not to spoil or scratch the
gold plating on the quarlz crystal.

Allow generator 15 seconds warming up time before the observation

& CLEAN THE CELL WITIT ACETONE ATTER EVERY
EXPERIMENT  AND  KEE" THE CELL DRY.

£ ALWAYS KEEP THE CELL INVERTED OR COVERED TO
PREVENT DAMAGLETO THE QUARTZ CRYSTAL



TECHNICAL SPECIFICATIONS

HIGH FREQUENCY GENERATOR —
Measuring frequency viH
MEASURING CELL —

Max.displacement of the reflector
Required Quantity of liquid
Least Count of micrometer

12 c.c
0.01 mm

SHIELDED CABLE
Length of connecting cable between the generator and the cell. Is 50 cm

approximately.

TROUBLE SHOOTING

If deflection in the Ammeter is nil or insufficient for any particular liquid. Try
to increase the same with the help of GAIN knob. If problem still persist.
Please follow following tuning instruction for the high frequency generator:

1. Tum trimmer A on the back side of the generator till maximum
deflection is achieved in Ammeter. Then turn trimmer B for minimum
deflection.

2. Repeal the process by again turning trimmer A for maximum followed
by turning trimmer B for minimum.

3. This can be done for a number of times till they are properly tuned.

WARRANTY

One year against manufacturing defeat.
Damage to crystal or micrometer not covered by warranty

Instrument has to be sent to our works for any service

Repair work will not be carried out at the custonters premises




SAMPLE CALCULATION

Sample: Water
Frequency = 2MHz
Average A/2 = 0.740mm
A = 1.48mm
Ultrasonic velocity in
Sample, v = fxA=1x106x 1.48x10* = 1480m/ sec
Density of liquid p = 996.458 kg/m

Compressibility .4 = 1/pv2
= 1/( 996.458 x (1480)2) = 4.58 x 10-1® N/m2

Above calculation are for 2 MHz ultrasonic interferometer. Check the
frequency of interferometer from specification and calculate velocity

Experiment may be tried for other liquids.

Compressibility and ultrasonic velocity is temperature dependent. Suitable
water bath may be attached to vary the temperature for ultrasonic velocity
and calculation of compressibility at different Temperatures.

Note: Extra peaks in between minima and maxima may occurs due lo a
number of reasons, but they don’( effect the value of /2



LASER — TRANSIMISSION GRATING

DETERMINATION OF WAVELENGTH

AIM : To Determine the wavelength of laser using transmission grating

Apparatus : Laser Source , grating , screen and [ixture to mount and measure the distance between the
grating and screen,

Formula : - A =(d/m)x sin0

=(d/m)x( X'/ Ka® +07)7 )

d = grating element { 2500 Lines / inch or ap:';i_rﬂx 100 lines per mm)
8 = Angle of Diffration

m = Order of spectrum

X, = distance from the m th order from zero order

D = Distance between the grating and screen

(Insert the 150-0-150 scale into the U clamp { Fig 1 & 2)
Place the U type fixture into the clip provided on the wooden bench at the ‘0’ side of the scale. Fig 3
Place the Laser Source in the on the Wooden Bench near the 50cm mark on the scale
Switch on the Llaser
Adjust the 150-0-150 scale such that the laser beam falls on the 0 mark of the scale. ( Fig 4 )
This centre location is the 0" order position.
Insert the grating into the gn_-ating holder.
Place the grating holder on the wooden bench between the laser source and the screen.

Place the prating such that the laser beam passes through the centre of the grating. Fig (5 )

The diffraction Pattern will be visible on the screen.



:ded on the wooden bench,
Note the distance between the grating and the screen Using the scale prov!
e tt te the distance between the 1
The diffraction pattern will show spots on either side of the 0" ur.dt:’r.fl":ﬁ
order from the 0" order . note the distance on both the sides. This is ~

h % = 1 ]
We are noting the distance between the 0" and 1 ' order hence M j

The results may be calculated from the formula provided above.
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PARTICLE SIZE DETERMIANTION USING LASER

—’/The frequency of the laser has been determined using the above experiment.
1
Remave the scale and the U clamp.

Place the Circular scale as shown in fig 6.
Remaove the grating and place the slide provided.

This experiment is to be performed only in a dark roam.

Circular fringes will be visible on the screen.
s could

If the fringes are not clear change the area on which the laser beam Is incident on the slide. Thi

be due to variation in the coating of the particles on the slide.
Adijust the distance belween the graling and the screen so that the fringes are clear and correspond 10

the markings provided in the scale.
The formula
D=1.22 A n(d/r,)
17 s the size of the particles.

7. is the wave length of Laser

d s the distance between the particle (Slide) and the screen.

r s the radius of the circle (image formed)

1 = the order of diffraction
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Frequenc .
i ? EE i) 670nM
) : _n Parlicle
: Radius of order of diffraction
Order of diffraction
d n daimeter radius ndfr
distance Order of order of order
between inmetres  in metres
screen & =
; N
slide e\ Y
0.11 1 0.02 0.0 11
011) <2 0.04 0.02 1
0.1 5 :-1 003 0.015 1066667
0.16 2 006 0.03 10.66567
022 1 0.04 0.02 11
o il !
0,221 2 008 0.04 1
Ir e LB
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CALCULATIONS

Fig 6

particle size D

D
in melers

0. 00000889
0,00000899
0.00000872
0.00000872
0 00000898
0.00000899

in mMicrons

89914
89914
8 71893333
8,71893333
8.9914
8.0914

Fig 7

microns
microns
microns
microns
mIcrons
micrans
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CAUTION

Even if no outpul is visible piease

from which the beam is radiated.
Laser beam should be seen only by projecting it on a SGLIEET.

Staring into the beam or reflected beam directly will result in
permanent damage to your eye sight.

Always connect the Power Chord to the Mains and switch on laser.

The laser should be switched off whenever it is not required.
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EXPERIMENT 1
DETERMINATION OF NUMERICAL APERTURE OF OPTICAL FIBRES

1LLAIM OF THE EXPERIMENT

The anm ol the experniments is 1o determine the numerical aperture of the PMMA ibire
cubles meluded

1.2BASIC DEFINITION
Numerical aperture of any optical svstem is a measure of how much light can be
collected by the optical system. It is the product of the refractive index of the mmewdent

medmim and the sie of the maximum ray angle.

NA= N.SInB,..
ni for Air= 1

Hence NA= SinOnax
L.APROCEDURE WITH BLOCK SCHEMATIC

The schematic diagram of the numerical aperlure measurement sysiem 1S shown
below and is sell-explanatory.

o H=]

ZC

sexie LI

Fikrte
Li

The step-by-step procedure is given here:

Step 1@ connect one end of the 1-meler FO cable to FO LED and the other end to the
NA jig as shown.

Step 2: plug the AC main. Light should appear at the end of the fibre on the NA ne.

Step 3: hold the white screen with the 4 concentric circles (10,15,20,and 25mm
diameter) vertically at a suitable distance to make the red spot [rom the emitting
Filare coincide with 10 mm circle. Note that the circumference of the spot (outermost)
must coincide with the circle. A dark room will facilitate good contrast record L, the
distance of the screen from the fibre end and nole the diameter (W) of the spot vou
may measure the dinmeter of the circle accurately with a suitable seale. _

Step 4: compulte NA from the formula
NA = W/ (4L2 + W2 1/2

PICO CHENNAL-32 3
Jof8



for 15mimn 20mm,and and2smm
i " - L3
tabulate the reading and repeal the experiment
12 i1 ” o

cliameter Loo.
not be

i 38 ithin the spot may
' : I ' filled, the intensity withir .
s e g undcilislrihmiﬂn of light in the fibre, first

evenly distributed. To cnsure cven

TZ A

= dhi

e l f ’ I 1
1

T S

LZLC

on the fibre and then wind 5 turns of the [ibre on Lo the mandrel as

Remove twisl
w view the spot. The

shown. Use an adhesive tape to hold the winding in position, No
intensity will be more evenly distributed within the core.

TABLE OF READING,

S.No L W NA 8f Degrees)

3 I ESpESR—— _

DETERMINATION OF ACCEPTANCE ANGLE OF OPTICAL FIBRES

Acceptance Angle 1s a value derived form 6 | NA )

ACCEPTANCE ANGLE =28

PICO CHENNAI-32
Inf 8



EXPERIMENT 2: LOSSES IN OFTICAL FIBRES
2.1 AIM OF THE EXPERIMENT

The aim of the experiment is to study various tvpes ol losses that occur in optical
fibre and measure the loss in dB of two optical [ibre patch cords,

2.2 BASIC DEFINITIONS

Attenuation in an optecal libre is a result of a number ol elfects. This aspect! is well
covercd in the books referred to. We will conline our study to atlenuation in fibre due
to macro bending and estimate the losses in two patchcords. Preferably we will use
patch cord of two dilferent lengths.

The loss as a [unction of the length of the fibre is measurable enly when we use a 5-
meter cable too in the experiment.

The optical power at a distance in an optical libre is given by
Pe=P. 1 (H-5L L
where P, is the launched power and a is the atlenualion

coellicient value for the fibre under consideration here is 0.3 dB3 per meter al a
wavelength of 660nm.

Loss in fibre is expressed in decibels is given by -10 log (Po/P) whercupon is the
launched power and Pris power at the far end of the fibre.

Losses in [ibre occur at libre-fibre joints or splices duc Lo axial displacement, angular
displacement, separation (air gap), mismalch of cores diameters, mismatch ol
numerical apertures, improper cleaving and polishing al the end. The loss equation
for a simple libre optic link 1s given as:

Pin= Pom = le ¥ Lypy + LJ.?"' Leig2 + 1-13 '

Where @b\uj
L;i is the loss al LED-connector junction

Ly 18 the loss in cable 1
L2 is the insertion loss at a splice or in line adaplor T) Pﬂ | O
Lmma 15 the loss in cable 2 I =

Lys 1s the loss at the connector detector junction

PICO CHENNAI-32
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2.3 Procedure with block schemalic system 1§ shown below

The schematic diagraim of the oplica
and 1s sell explanalory,

| fibre loss measurement

LzC
T
=
L
11
sz

Lghs

s |

Tikza

The step by step procedure 18 given here:

Stepl: connect one end of the 1-metre FO cable to FO LED and the other end to the
FO Power Meter

Step2: plug the AC mains. Connect the optical fibre patch cord securely, as shown
after relieving all twists and strains on the fibre. Note the value on the power meter
note this as Pol

Stepd: wind one turn of the libre on the mandrel, as shown in experiment 1 and note
the new reading of the powermeterPo2. Now the loss due to bending and strain on the

plastic fibre 1s Po1-Po2 dB.

Step4: next remove the mandrel and relieve the cable of all twist and strains note the
reading Pol for the 1-meter cable.

Repeal the measurement with the 5 meter cable and nole the reading Po2.

Use the in line SMA adaptor and connect the cables in series as shown. Note the
measurement Po3d

Pe3-Pol gives loss in the second cable plus the loss due to inline adaptor.
Po3-Pa2 gives loss in the first cable plus the loss due to in the in-line adaptor.
Assuming a loss of 1,0dB in the in-line adaptor, we obtain the loss in each cable.

2.4, TABLE OF READING _
S.No. Pol Po2 Po3 Loss in | Loss in | Loss /
cablel cable 2 metre

PICO CHENNAI-32 6




EXPERIMENT 3:LOSS DUE TO AIRGAPS IN FIBRES WITH IN-LINE ADAPTORS

3.1 AIM OF THE EXPERIMENT

The aim of the cxperiment is lo study losscs at fibre junction with in-line SMA-SMA
adaptor by crealing known air-gaps.

3.2 BASIC DEFINITIONS

In-line adaplors are mechanical components, with which two optical (iber cables may
be connected in series. These {ind application n all [ibre oplc systems. in line
adaptors without air-gap [acilitate low loss connectivity. A number of the other
mechanical connector methods are available. However for reliable permanent
connections between one fiber and another, fusion splices would be the solution.
Many fibre oplic communication systems require attenuators in the optical path to
ensure proper matching of signals between the source and the detector. In case of too
large a signal Irom the transmitter, the receiver may get saturated. To [acilitale
adjustments of optical signal levels in optical fibre networks, attenuators are used.

Attenuators are based on a variely of methods. Variable attenuators arc also essential
fibre optic accessories,

One simple and popular way to attenuate power at [ibre junction is to create a known
(lixed or variable ) air gap at the junction. All the light exiting from the transmitting
side is not coupled to the receiving fibre, resulting in attenuation.

In the present experiment we shall be studying the loss dilference arising out of a-
lateral air gap created in the in-line adaptor.

3.3 PROCEDURE WITH BLOCK SCHEMATIC

The schematic diagram to measure loss in an in-line adaptor is shown below and is
sell-explanatory.
The step by step procedure is given here.

IN LINE
ACAFTZR
3 [] e
- 1 [
Lzc g || || e
et g e D nwTT
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Stepl: connect one cnd of the 1- meler FO cable (designated as cable 1) to POWER
METER keepmg the conneclor wilh a red marking on the hexagonal lock nut free.
Connect ane end of the 4-metre 1O cahle (designed as ¢able 2) 1o "o ol

Swep2: Next connect the free end of eable lwith the red marking) to the in-line
adaptor by rotaling (hree times. Connect the free end of eable 2 to the other side ol
the in-line adaptor tightly, but without force, ensuring physical contacl.

Stepd: Note the value on the power meler say Pl
Stepd: Next loosen the lock- nut with the red marking by one turn. Pull the cables
gently apart so as to create an air gap Lhat corresponds 1o one thread ol the

conneetor (=0, 7mm). Note the meter reading as P2,

Unwind another full thread of cable 1 and pull the cables apart gently to create an air
eap of 1.4 mm, Note the meter reading as 3.

Do not disturb cable2 position in the in-linc adaptor.

Step5: The losses due Lo Lhe air-gaps are given P2-F1 and P3-P1 {in d13)

* o %



HYDROGEN SPRCTRUM
AND DETERMINATION OF RYDBERG
CONSTANT

Dr Sudhakar Rao and G M Chaithra
Dept of Physics, St Aloysius College, Llight House Hill, Mangalore-575 003. Karnataka, INDIA,

Email: sr23us@Yahoo.com

Abstract

Using deuterium gas discharge tube, spectrometer and grating Balmer series of
spectral lines are observed. The wavelengths of the prominent Red (H,) and Cyan
(Hy) lines are determined and compared with the standard values. The Rydberg
constant is calculated using wavelengths.

Introduction

Twentieth century started with the invention of Quantum mechanics by Max Planck [1]. His
theory was proved by Albert Einstein by explaining photo electric effect. A complete
theoretical explanation of the hydrogen atom based on the quantum mechanics was given by
Neils Bhor. Hydrogen spectrum was first observed by Anders Angstrom in 1853. Later
Johann Jakob Balmer derived an empirical formula to explain the spectral lines. Neil Bhor
studied hydrogen atom based on Rutherford’s atomic nucleus theory and applied Planck
quanta. He believed in planetary motion and applied the same principle to the atom. As per
his theory, electron revolves around the nucleus with prescribed orbit and it does not radiate
any energy as far it is in its orbit. Radiation takes place only when the electrons are excited to
the higher energy levels by external source. This was a new concept in 1915, He calculated

the various energy levels of hydrogen and predicted various spectral lines for Hydrogen atom
from ultra violet to infra red region.

Line Spectra

The yellow light produced by Sodium Vapor Lamp is monochromatic light meaning it
contains only one wavelength. The light produced by electric bulb, white light LED, light
coming from Sun are non-monochromatic meaning it contains more wavelengths. White light
Is a mixture of seven colors or wavelengths. The several wavelengths can be separated by
passing the light through a prism or grating. A continuous color variation from violet to red is
obscrw.?d when the light is passed through a prism, which is called as continuous spectruin.
Enclosing a gas inside the tube and reducing its pressure and applying a high voltage 2000-
I5000KV; colored lights are produced. Such glass tube is called gas discharge tube. The
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lighter gases such as hydrogen, Neon, Argon, Carbon diode etc gives colored lights. If these
colored lights are used to illuminate objective of a spectrometer and grating; through the eye
piece colered lines are seen. These colored lines are called line spectra [2]. Different colored
lines arc obtained for different gas discharge tubes. Hence these lines are spectral signatures
of the gas inside the tube. The colored lines observed are the images of the slit with different

colored wavelengths.

Hydrogen Gas Discharge Tube

i

Figure-1, A gas discharge tube used in the experiment

The gas discharge tube used in this experiment contains deuterium gas an isotope of
hydrogen. The gas is filled and pressure inside the tube is restricted to 0.5 to 10mm of
Mercury. Discharge tubes containing gases such as Neon, Mercury, Argon, and Helium are
more reliable and easily available for experiment. Discharge tubes containing hydrogen,
nitrogen and carbon dioxide are also available which are not so reliable. Because of the
atmospheric conditions such as the temperature, pressure, and light the gas inside the tube
slowly evaporate and tube becomes empty and no light comes after few years of use. The
discharge tube used in this experiment is show in Figure-1. Figure-2 shows the hydrogen
discharge tube mounted on a adjustable stand. The tube is 10 inch long and bulb diameter is
20mm.

Figure-2, Hydrogen discharge tube fitted to adjustable stand

Bhors Hydrogen Atom

Hydrogen is the first element in periodic table with one electron revolving round the nucleus.
The single electron is in the K shell (principle quantum number n =1) revolving in the 1s
orbit. As far the electron revolves round the nucleus in this orbit there is no radiation of
energy hence its orbit is a stable orbit. By enclosing the gas inside the tube, reducing its

pressure .artd exciting it with a high voltage, results in pink light radiation. This is the
characteristic property of hydrogen gas,



The high voltage applied excites the atoms to go to higher orbits, There will be thousands of
atoms inside the discharge tube few of them will be pushed to L shell (n = 2), another few
will be pushed to M shell (n = 3) and another few will be pushed to N (n = 4) shell by the
applied voltage. The clectrons come back to its original orbit radiating extra energy gained by
excitation. This energy lies in visible region resulting spectra in the visible region. In addition
to this there is radiations in UV and IR region resulting, transition from higher energy levels
such as n = 5,6 and 7. Table-1 shows the complete set of transitions by the hydrogen atom.
Bhor explained these spectral lines and determined their wavelengths. The spectrum in the
visible region was known before this explanation by Bhor. All the other radiations are
detected after his explanation by different people. Hence the series of spectra were named

after the scientists who have observed it and studied it.

Table-1

Transitions Spectral Wavelength Spectral
From To Series (nm) Region
n=6,n=5n=4n=3 n =2 Balmer 400-750 Visible
n=4,n=3,n=2 n =1 Lymen 10-400 uv
n=6,n=5n=4 n=3 Paschen 750-900 IR
n=7,n=6,n=35 n=4 Brackett 21654051
n=7,n=6 n=>5 Pfund 7457-4652

Complete transitions of hydrogen atom
Violt-410.2nm
Violet434.1n

— an-486.1nm

~=[~-Bed-656.3nm

Figure-3, Possible transitions in hydrogen atom

Balmer Series of Spectral Lines

— o e - R




Out of four different series of spectral lines the Blamer series lines are in the visible region

which can be observed though spectrometer- grating. Two very strong lines are observed in

the Blamer series due to transitions to n = 2 levels from higher energy levels as shown in
Table-2.

Table-2
Transition Color Wavelength Nature
From To (nm)
n=6 n=2 Violet 410.2 Week
n=5 n=2 Violet 434.1 Medium
n=4 n=2 Cyan 486.1 Strong
n=3 n=2 Red 656.3 Strong
Balmer series of spectral lines and their wavelengths

The energies of the electrons in the orbit is given by

4
=L _ i 3¢ L-Llv |
8, h"|n,~ n, n,~ n,

Where n; is lower orbit
nz is next higher orbit

The wave number of the transition is given by

1 11
ot < ] [t et
A H[“ll “JI:I
4 -3 -9}
Whend RS-0 lx(l‘ﬁ"m )3 =1.09x10" m! Is called
8e%:h’c  8x(8.85x107 ) (6.625x10" )’ 3x10°
Rydberg constant.

Johannes Robert Rydberg (1854-1919) observed hydrogen spectrum and obtained an
empirical formula for spectral lines in 1890. In honor of his contributions to atomic structure,
the constant appearing in the energy equation of hydrogen atom has been named after him.

The Rydberg const Ry can be determined by measuring the angle of diffraction and knowing
transition levels.

. 1 n,’n,? .
" A|n%-n?

Apparatus Used

The complete experimental setup used in this experiment is shown in Figure-4. The setup
consists of hydrogen discharge tube, 2KV-5KV high voltage power supply, Spectrometer and
an imported Paton Hawksley (UK) make grating.



Lab Experimenis

Figure-4, Rydberg constant experiment setup

Experimental Procedure

The preliminary adjustments of the spectrometer

1.

The telescope of the spectrometer is focused towards a white wall and the eye piece is

pulled or pushed so that the cross wire is distinctly seen. The vertical cross wire is made
straight.

The Spectrometer telescope is now adjusted to a distant object and the inverted image of
the distant object is observed. By adjusting the rack and pinion movement on the
telescope tube the image is made very clear. With these adjustments the telescope is set to

receive parallel rays. Hence these settings should not be disturbed throughout the
experiment.

The spectrometer is now placed in front of the hydrogen light with the objective of the
spectrometer close to light as shown in Figure-5. The slit is opened about 1mm to 1.5mm
and the slit image is viewed through the telescope. The slit image is made sharp by
adjusting the rack and pinion arrangements on the collimator tube.

{ (Hydrogen Pink Light

Figure-5, Collimator silt placed close to hydrogen light

Adjusting the spectrometer-grating to normal incidence
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4. The direct reading of the spectrometer is

Lap pxperiments 243

taken by coinciding the slit image with the

vertical cross wire. The telescope is now rotated exactly 90° from the direct ray reading

and fixed at that position.

. A grating is taken and grating constant is noted. The grating is mounted on grating holder
fitted to prism table.

Grating constant N =6x10° lines/ meler

The prism table is now rotated towards the telescope, until the slit image reflected by the
grating surface is seen through the telescope. The vertical cross wire is made to coincide
with the slit image and the grating table is fixed at this position. The vemnier table is
rotated away from telescope exactly by 45° and clamped. At this position the rays from
the collimator fall normally on the grating surface,

- The telescope is brought back in line with the collimator tube and first order spectrum is
observed on the left side and two prominent lines red and cyan are identified in addition a
faint violet line as shown in Figure-6. The first order red line is coincided with the
vertical cross wire and spectrometer reading is noted on the left vernier. The reading
obtained is tabulated in Table-3. Similarly the cyan line coincided with the vertical cross
wire and the vernier reading is noted in Table-3.

Hydrogen Red line (Ha) Vemnier reading = 287.585°
Hydrogen Cyan line (Hp) Vernier reading = 117.950°

Figure-6, Balmer series lines of hydrogen spectrum

Table-3
Spectral Reading of diffracted ray Angle of Diffraction X (nm)
line Left vernier 04) | Right vernier(0;) 0= (0:~ 05)/2
H, 287.585 321,900 23.417 662.36
Hp 117.950 152.066 17.057 488.87

Angle of diffraction and wavelength of H, and Hylines

7. The telescope of the spectrometer is now rotated to the right side and the same lines are

observed on the other side again. By coinciding the red and cyan lines with vertical cross
wire spectrometer reading is taken and recorded in Table-3. The difference in the two

readings for the lines are calculated and presented in Table-3. Wavelengths of Red and
Cyan lines are calculated using relation

h=——

Nn wuiilh
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Where ¢ i.s the angle of diffraction
N is grating constang

n is order of the Spectrum n =|

h:SIm"“?

6x10° =662.36nm

Rydberg constant is determined using H, and H line wavelengths in equation -3

] i n 2n z | 1 . 2 7
RH —— y N3 _ 2°13 B 3.
ks u":’ -—nlu_ 662.36x107 | 3° 7 =1.0869x10"m
1| nn,2 | 1 (52 42 ]
RH - 12 = 2 x4 _ 7 -
l{, _nzz—n2|_ 438872107 h41_21d-1.ﬂ9[l3xlﬂ m
Results
The results obtained are tabulated in Table-4.
Table-4
Parameter Expt (m”) Thet (m™)
Rydberg constant | 1.0881x107 1.097X10’
H, (Red) 662.36nm 656.3
| Hp 488.87nm 486.1

Experimental results

Niels Bhor (1885-

Niels Henrik David Bhor
Picture courtesy: nobleprize.org/physics/laureates/1922/bhor-bio. itm

Niels Henrik David Bhor was born on 7% Oct, 1885 in Copenhagen, Denmark [3]. His father
Christian Bohr was a physiologist and mother was very rich. Bhor received very good
education since from the beginning. Bhor was graduated at Copenhagen University and in
1909 he got his masters degree in Physics and 1911 he obtained PhD in Physics. After his
PhD, Niles Bhor went to Cambridge University to join J J Thomson. However, he could not
continue his studies in Cambridge because his ideas and JJ Thomson's ideas were conflicting.
Bhor moved to Manchester in 1912 and joined Ernest Rutherford.
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Rutherford's theory of atomic

were well understood
developed

the revnlving electron around e nuclcuand published it in 1913, He assigned coordin

of the: revolds icleus. The important concept of his paper was the ener

Sitsccibed ﬂrb?;g E’:;it;ﬂn- 11}Ere 15 no radiation of energy by the rcvg]ving c!a::trnn%
fansttions frois thes higheinl; ]"'“EFE}' takes place only when the excited clectrons make
that time. By th cls to the lower levels. This concept about the atom was new at

. at time hydrogen spectra was known and Bal :
using grating and spectrometer. almer had determined wavelength

: Bhor made theoretical calculations and his wavelength
E:tc}rsd_ :';“h one obtained by Balmer. This gave him the confidence and he worked out all
= pT s .e lransitions and calculated the wavelengths. After his prediction of possible the

nsitions; Theodore Lyman (1874-1954) US scientist detected transitions in UV region and

the S_E_ries _is now namr:c.i after his name. Friedrich Paschen an Austro-German detected
ransition in the IR region, now named after him. Frederick Sumner Brackette (1922)

detected transitions beyond IR region now named after him. August Herman Pfund (1879-
1949, US) detected transitions from n =5 orbit now named after him.

In hcrncnr of his work on atomic structure, Niels Bhor was awarded 1922 Noble prize in
Physics. Among his other works, liquid drop and description of periodic table are well
accepted by Physicist and Chemists. Bhor was a fellow Royal Society (1926) and he was
recipient of World Peace Award (1957) and worked for universal peace latter in his life.

Bohr married Margrethe Norlund in 1913 and the two had six children. His fourth son Bhors
N Aage became Physicist and he also obtained Noble Prize in Physics in the year 1975 for his
work on * Collective motion and particle motion in atomic nuclei” [4]. From 1920 onwards

Bhor became director of the Niels Bhor Institute of the Copenhagen University till his
retirement,

Bhor also faced few hiccups during World War II. In 1943, being a Jewish he left the country
along with family fearing attacks from the Nazis. He escaped to Norway in a fishing boat. He
and his son Aage then escaped to US and helped US army to develop atom bomb. He donated
his noble prize money to Finish people to aid them against Nazi attack.

Bhor was a scientist who has seen his work being used for the destruction of life on earth. He
was aware of the consequences of atom bomb, before it was dropped. After seeing the
destructions, he felt very bad and rest of his life was to work against the use of atom bomb in
war. He promoted peaceful use of atomic energy and worked for universal peace.
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INSTRUCTION MANNUAL

THE MICHELSON INTERFEROMETER
INTRODUCTION

The Michelson Interlerometer, first deveioped by Albert Michelson in 1881, has proved of vital
importance in the development of modern physics. This varsatile instrument was used to establish
experimental ewidence for the development for the validity of the special theory of retatvity, to detect and
measure hyperline struturg in line spoctra, 1o measure the tida! effect of the moon on the earth and to

provide a substitute standard lor the meter in lerms of wavelengths of light. Michelson himse!{ pioneered
much of this work.

We have made a unique Michelson interferometer which can be used with a helium neon laser as
well as with sodium lamp.

WORKING PRINCIPLE AND CONSTRUCTIONAL DETAILS

A schemalic of tha Michelson interleromater is shown balow in the figure 1. The inlerierometear

— )

—
5
5

I

il -

To 10125Cope Of stroen

Fig. 1 Schematic of Michelsan Inledaromater

consisis of two excellent optically worked plane rmirrors M, and M. highly silvered on their front surfaces
to avoid multiple intarnal reflections and two plana paralle) g".assa p'raiﬁﬁ have beencutfrom a single optically
plana parallel plate 1o ensure (ha equality of thickness and the naturo of the material. Both the plates have
bean mounted verlically, exactly parallel 1o sach other, on & heavy frame and are inclined at 45° to the
interierometer arm. Plate G, has boen coated with silver ar Aluminium such that it acts as a 50/50 beam
splitter The mirror M is fixed while the ather mirrar B, 15 movable and has hasn moumned on a carrags C
as shown in figure 2. The carnage has ¢ precision back and farth movament. During the motion M
ramans exactly paralia! o its preceding positions, The machanism which provides mation to the ﬁ\itrur MI
consists o a large drum as shown in g, 2. One tarn of this drum displacos the mirror by ane .-:n:ihrnetrel

(1)
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e B
T DRUM
bl 1
Fig.2 Dferent pans of the Intnroromater
7 e

L i I
There Is another fine adjustment drum (smaller) visible at the right hand side. Grie twn ;Jé E‘-{l;‘aﬂ::]::
dispiaces the mirror by 0 01 millimatre. Ong part of this slow motion drum gives a reading ot U, L
{10° mm). The quide way also constsls ol a graduated scale 1n cantimetres.

Mirrors M, and M, can be slightly tited about the vertical as well as horizontal axes with the help of
three screws provided at the back of 2ach mirror and thus the mirrors may oe adjusted mulually
perpendicular.

Light from an axtended monoctromatic source S (Sodium hight or He-Ne laser) rendered nearly
poralin! :-l;f the lans iz incident on the instrument and on entering G, it is divided into lwo pars of equal
intensies by parial reflection at its rear sige, Thereflectad beam which proceeds io M, and tiic iransmiiied
beam which preceeds to M, are incident normally on i mirrers when the instrument is in nomal adjustment
and accordingly after reflection, they retrace their paths. On return at the partially sitvered surface, a part
of the amplitude of the beam from M_ s rellecled while a pat of beam from M, is transmitted along AE.
Since the two waves are derived from the samsa wave, arginally incidenmt al Aon G, |, henea the fundamental
condition of inferlerence is satistied  Accordingly, one observes the fringes by looking from the position E
into the mirros 8, through the plate G .

The beam reflected a1 M, crosses the beam splitter G, twice while the eptical path of the other
wave, in the absence of G,, lies whelly in air. Hence due to this an extra optical path 2(1-1)1 (air) is
miroduced in the farmer baam where Lis the iickness of the plate and u is the relractive index of tha
material. Although. for the production of innges with monochromatie light, this does not make any differance
but vath white light this presents a serous ditliculty because of the variation of u with wavelength, Hence
tor white light, itis essenual to compensate for this exira optical path 2{u=1)t for 1
accamphshad by using a compensating plate G: mnihe beam AN, The plate is
same matenal and placed parallci to G

"

all wavelengths, This 15
of the same thickness and

Leoking inthe direction M, from E, one ohserves M, and also avirtual image M. of M. formed in G
Theralora, ene of the intertenng beams comeas by reflactian from M and the other which is reflacied i‘r-:}r;1l
M. tunctions as il it had been reflectad from M, the two reflectad baams onginaling from the same insident
peam. Michelson Interterometer s, harelure, optically equivalont 1o air film between M_and 1 * but without
ihe phenomeanon of muttisie reflactions with o the Ly When the inltederomatar i in ﬁérmnl u'-iaustmmu l‘:-:
ana b are exactly parallel 1o each ather and n s also possible depending upan the ml-._,l..m,"']'rrm Y wrr:
respactto M, nata wadge shaped wir himis fonmad between M_and M_'. The interfarance -;1,1,:.“..., rlﬂ_m , t;‘.,
theralare. ot different shapas-straaht cirsular, parabatic. elipical and h?i:lmtwln::-nepnnrj-;{u upon II'H'-f.HIL =l
path ciierence and the angle between M amd &4 bu anly siranghl and circular 1T|nﬂl‘:5: :;ré r‘nn-;T mmr'r:ﬁ::;:r‘

3



empoyed.

ADJUSTMENT OF MICHELSON INTERFEROMETER

Michelson Interferome:

surface G,. accurately bis

Eris sad 10 be in normal adjustment

whenthe pa risally

silvered beam solitter

ecls the angle beny

een the refiecting mirrors M

surlaces are exactly co-planer Lingor

this condiion the ims

, ang M, and normal 1o their

goM."ef M. in G, would b

€ paraiielto M, ang

the Innges could be cancenitic cirat

Es. This ca

n be done with He-Ne laser or sodiy

mlamp as souice ol

ignt as toliows -

ADJUSTMENT WITH HE-NE LASER

To get the fringes with He-Ne laser ad;

ustthe instruement as follows - (Fig. 3)

Hy
g flb:
h"
Fig. 3 Angnment wien He-No lasar l f_:‘> %
— | e
: A
LASER ik |
o S
| - I SLREEN
{1) First putthe interferometor Cn anaud table and lavel the Nsirument with thren levelling serewsg
prowdad at the bass
T Mow put ine Halumi-Nean laseg,

About 50 10 60 em away |
Passes through tne pin hale fitted in frori of the instrymes
the middie ol the Mirrors M, and M. ater qemng sphn
Make sure that tha dJistances of M, ann i, ar

The beam after the reflectons wall

CE N bl o
Onepair 1 aned 2 1= formed dus 1o pa

1. Make sy

(it

(v}

2 aimast eg

2 fuar spots on
izl ial

uaitrom G,.

CCLOms al the unzilvered

Fag g

fom the instrument such
ed tram beam splitter

Mewallronan s

that s beam
re that the lasar baam falls al
plaie G .

“Teen as shown in the fig. 4.
Suniace of G, and reflections

Four snots 0N e sernan
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i han .
M. respectively. Oul of those one pairis hrighter | . o hewn i 1
Now m?rmrs M, and M, are tilted carelully such that tho two brighter images coincide as 3 e

*- M
Fig. 5 Ovedapirg spols !

(12)(x4)

Now the instrument i1s aligned. Introducs the lens in betwaen the laser and pin hole and
remove Ihe pin hola out of tho path of the beam: See that expanded beam falls on the two mirrors
", and M, You will see the frinaes on the wall or geraen,

By using line tilt of fixad mirrar and motion of tha mirror 1, you can adjust the centre o the circular
ringes and can poarform the expenments

Do not uze the 18lescopa and do not see directly Into the lasar beam,

ADJUSTMENT WITH SODIUM LIGHT

(1)
{ii}

(i)

r:'.,l'.b

Put the interferometer on a ngid table and level it with the help of three levaling scrows.

Adjust the pesition of movable mirror M, by using the coarse adjustment so that M_and M, are
approximately equidistant from the beam splitter.

Place the sodium lamp at left handsida ol the interllarometer at a distance of absu 50 em. Lamp
should be appraximately in lina with the centres of the beam splitter G, and fixed mirror M. (tig. 5).

My

| 43{ "'

P
¥ "
e S
Lanmp
Fig & Amustmant wilh sadom lght N oe

Bring the on hala infront of the sodium iamp, Naw put your eye close 10 the beam spliter, Two
wirtual images ol the pin hole will be sean. Adjust the Wit screws of the hixod murrar so that the nee
!"-_"1'
(4]



AS A consequence,
| achromatic fringe. The
as are visible.

ore same for all wavalengths.

intarseclion wo shall get c2 ntr;l
only the lirst faw colaured fring

Iine of their intersection 15 2ero and theral
with a white light source, along the line of
difiarent colours overlap on each other and

APPLICATIONS OF MICHELSON INTERFEROMETER

wavelength of a given manachromatic light
D, lines of sodium light (C) refraclive
terms of wavelength of light,

This interferometar can be vsed (o datermne {a) 1he
say He-Ne laser (b) the difference of wavelength between D, and
indox of ransparant matenal and (d) the standardisation of moler in

Hare we shall discuss only the lirst theee applications, tha fourth application reader can readin any
standard oplics book.

(a)  Determination of the wavelength of monechromatic light (He-Ne laser) =

The mirrors I, and M, are adjusted so that circular Innges are visible i tha figld of view. It M and M,
are equidistant from the bearmn splitter G, the field of view willba porfactly dark. The murrar M, is kept fixed
and the mirror M, is moved with the help of the fine movament Screw and the number of fringes hat cross
the field of view is counter. Suppose for the monochiromatic hight of wavelongth 4 | the distanca through
which the morror is moved = d and the number of fringes that cross the centre of the field of view = n. Than
d= 2 because for one fringe shift, the mirror maoves through a disiance nqual to half the wavelength. From

=
tne above relation & can be dotermined.

(b) Determination of the difierence in wavelength of D, and D_ lines of sodium light.

. Tnt;re are wo special lines 1D, and D. of sodium kalt, They are very near to each other and tha
gr!fere.-me in their wavelanath 1s 8A. Suppese the wavelangth of B line 15 7., and the wavelength of D, line
is 7... Each spactral ine will give rise o its innges in Michelzon Interte romater By adjusting the ﬁmhigm ui
the murror M_ of the Michelson Interferometer, the pasition is found wizen the tringes are vary h;iéli;: In s
position, the bright fringe due to D, coincxdes with the baaht fringe due ta .. When the mirror M. is r.rmved
the two sets of fringas get out of step because ther wav-a_length are diﬁere-"fl, When the mirror M1 ;l'"' beer:.t
movac through a centaun distance, the prght tinga due 1o ong sel will concide with dark frin a‘duwl th
other sat and no fringes will ba sean in this casa. Again Ly maoving the mirror tA.a pﬂ%i{ion is rE ct f‘l el
a bright fringe of one seat falls on the bnght fringe of tha other ‘aﬂd the iringr;;'. nm‘m—un r‘w_ﬁr:rm 'I':r'u.f't.h:ﬂl
possible when the other order of the longer wavelength coincides with the (n+1) lhl 11-:.~murhn;1 !h; sh:;Ert;:'

wavelength.

Let n, and n, be the changes in the order at the cenire of the fi

_ i hg » ordes 3 12 field whan the mirro is di

through a distance d batween two consecutive positions of maximum distinctness of thnrlt:?rl'l Iﬁlspmceci
e 2{1 = l'il}.,,| = ﬂ__}._.. ” g 1

It > 15 greater than 4,

n=n+1
Thomilore 2d=n i =1{n+1)2
Tt B ' e @
nd,c(n+1)2,
n= &
o
putting the value ol n, in fi]
2= A & .
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or kb, =&,
ey i B
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(w1

{wit)

(vt}

{ix)

winual images coincida. For this, you may have to tilt also the three scrows of the movable mircor M,
Usa the ling till adjustment of the lxed mirrar to make the two vinual images ol the pin hole coincide
exactly,

Now remaove the pin hole and put tha ground glass plate between the sodium lamp and boam
splitter. You will see fringes but may not be circular, Again use the fine tilt adjustment of the fixed
mirror till the circular tringes centred in the field of view are seen.

Adjust the position of the movauie nurror M, to gel about 10 good contrast innges, centred in the
ficid of view.

Place the telescope focussed to infinity for about 30 ems. away from the baam splittar

The telescope points towards the movable mirror. The fringes will be seen through the telescope.
The centre ol the fringas should not shift laterally, if the movable mirror is displaced by means of
drum. Il this condition is not achieved, repeat the steps 6, 7 & 8 1ill this condition is achieved.

TYPES OF FRINGES

(a)

(b}

]

Circular Fringes : Circular fringes are produced with monochromatic light in Michelson
intertererneter. For this, the mirror M, and the vinual mirror M. which is the image of M, must ba

exactly parallel. Whan M, and M,' ceincida, the path difference is zero and the lield of view is
completely dark {FFig. 7 b).

Fig.7  Type of finges

When M, 1s nearer the oye than M the frin

z ges are as shown in g, 7a. WhanM_'is
farther from the eye than M, the fringes are as shown in fig. 7c. .

Localized Fringes : Whan the mirror M and the virual mirror M." image ol M) are inclinad the
air film enclosed is wedge shaped. In this situation straight hine iring:-zs are observed, The shape
ol the fnnges cbsarved tor varnious valuogs of path difference are shown in ftaure 8 The fnn nesare
perfectly straight, when M, actually intersects

: M, the middle [fin. 8 {ii)]. Whan the wadge s not
intersecting the fringas are curved fike the figura 8 (1) and 8 {iin}.
:1; ______ i ,'Hi —

i "'"-NI

)
}

White Light Fringes : Whien the surtaces of M, and i
(5

intersect, 1the nath diftorenes g e



2(uAD + DE - g - BC) = A
Here AD =13 DE =DC sing
Cose" .
DC= FG - FD = 11an0 - L tand
BC = _L- i
oSG @

R in
substituting theso values -‘] ;

- Nl -t 1
it o+t sing (lano - tand') -1 W
= (%0

[

Bul = Sing
sind!’

then from (2)
= nh -1+p

jt 4 sind (tand - tand') -1 =
cosc' coso 2l

1 I' - Sin’g;-] .1 (tsinfp)=nr -1+ }1
pocosq' L cosh 21
But ucosg'= u? - Sin'd

S - Sinfg - cose = 0k =+ M
2t

(21 - nd) (1-cosd) + 0’ a7
i @

B> 21 (1 - cosd) - Nk

Hence u can be datermined from equation (3) . The term n? 27 can be neglecled as it is very small

at

SPECIFICATIONS OF THEINSTRUMENT

Pin hole in a2 black alumimum disc,

Glass diffuser disc.

Beam splitter G, (optical glass) 50/50 size 50 mm X 45 mm, thickness 8 mm, surface /10 {iat,
parallelism better than 10 are seconds coating Aluminium with silicon meno oxide protective

coating.
Mirrors - 2 nos - (optical glass) fully refiecting, 2/10 flat, Aluminium coated with silicon mono-
oxide overcoal.

Compensating plato like boam splitter but without coating.

Drum serew - one rotation produces a movement of 1 mm. Threaded langth 200 mm, Dia 17

rmim.

Fine movement - laast count 104 mm

Taloscope : Itis a short focal length telescope with rack and pinion arrangament 1o be mounted
an a rod hitted iy tha instroment




taking ), as the mean of Loand
o .ﬂ.}. — ;L -J,, = ?.,;'
i 1
_ 2d @
Hence the difference in w

avelength & -3, can be calculated In actual i i '
iC 4 val : " Practice, readings for ten successiv
positions of maximum distincinpss are taken and the mean value of d is calculated, )

Also, wave number
b= 1 and u= 1
ln ?":
from equation (2)
A=k, = A2,

2d
ol-1=1
oA, 2d
or 1;:—- i‘:’ 1

2d

This equation reprasents the difference in the wave numbers of the two spectral lines.

(c) Determination of refractive index of thin transparent material.

When a thin transparent maternal (mic
path difierence 2(u-1)1 15 introduced batw
path diflerence introduces a displa
centre of the fiald

a) Is introduced in the path of the beam

aen the two interdering beams. Wi

cement in the frings system.

of view. Bul experimantally it is not possitie 1o coun! this number N.

The foliowing method is used 1o count the number of fringes that cross the field of view,

(i) The given transparent plate is introduced in the path af the beam going towards M,. The cantre of
the lield of view is ohsarved.

i)

The plate is stowly ratated and the numberof fringes that cross the field of vie
for an angle of rotation ¢, the number of Innges that cross the field of view is n_

Suppose tne 1thickness of the piate is §, the refractive index is u and lhe plate has been rotated
through an angle @ (Fig. 8). The optical path tor ABC 15 1i+BC and for ADE it is 1tAD+DE.
The increase in optical path for n fringas that cross the field of view is given by

going towards M, 2
th monachromatic light, this
Suppose N fringes have crossed tha

wis counted. Suppose

Fig. B Hesfractide gndox maaguramsnt

Ty



Faor telescops

Coarse Motlon —g B

Fire atian Levalling Serew 10 be meennd

Laveliing Sorew 10 be instesed

Fin. 10 * Constructional Details of the imterferometer,



INSTRUCTION MANUAL
FOR
ENERGY BAND GAP BY FOUR PROBE METHOD
MODEL NO.

‘MARS' made Energy Band Gap by Four Probe Method Apparatus has been designed to measure the value of
Energy Band Gap in Germanium Matenal,

The Instrument comprises of the following bulit in parts :

Probes Arrangement . It has four individually spring loaded, coated with Zn at the tips. The probes are
collinear and equally spaced. The Zn coating & individual spring ensure good electrical contacts with the
sample. The probes are mounted in a teflen bush which ensure a good electrical insulation between the
probe. A teflon spacer near the tips is also provided io keep the probes at equal distance. The whole

arrangement is mounted on a suitable stand and leads are provided for current and voltage measurements.

2. Sample : Ge (Germanium}) crystal in the form of a chip slice.

Oven: Itis a small oven for the variation of temperature of the erystal from room temperture to about 200°C.
Operating Temprature is 170°C.

- Four Probes Set-up : (Measuring Unit) - It has three subunits all enclosed in one cabinet.

] Multirange Digltal Voltmetar
In this unit 3.5 digit single chip A/D converter ICL 7107 has been used. It has high accuracy, auto zero o
less than 10uV, zero drift-less than 1uV/*C, input bias current of 10 pA and roll over error of less than one count.

Since the use of internal reference causes the degradation in performance due 1o internal heating, an external
reference has been used.

SPECIFICATION

Range : {0-200.0 mV) &(0-2.000 V)

Resolulion ' 100 uV al 200 mV range

Accuracy + 0.1 % of reading + 1 digit %._

Impedence  : 10 MQ ) g
Display

3.5 digit, 7 segment, LED (12.5 mm height) with auto palarity and decimal indi gtion
F'mF';L:: 't?'lh}i‘ Y
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i) Constant Current Gencrator

Itis a IC regulated current generator to provide a constant current to the cuter probes irrespettive
efthe changing resistance of the sample due lo change in temperatures

The basic scheme is to use the feedback principle to limil the load current of the supply to preset maximum
value Vanations in the current are achieved by a potlentiomeler included lor that purpose The SUpply 15 a highly
regulated and practically ripple free d ¢ source. The current Is measured by the digital panel meter

SPECIFICATION

Qpen cireuit veltage 118 Volts |
Cumentrange 1 0-20 mA
Resolution 10 nA
Accuracy

% 0.25 % of the reading + 1 digit

{1ii) Oven Power Supply

Suitable voltage for the oven is obtained through a step down transformer with a provision far low and high
rates of heating. A glowing LED indicates When the aven power supply is 'ON’

INTRODUCTION

The properties of the bulk malerial used for the fabncation of transistors and other semicondustor devices are
essential in datermining the charactesistics of the completed devices. Rasistivity and lifetime (of minority carriers)
measurements are generally mada on garmanium crystals to to delerming their suitability Tne resistivity, in particular
musl oe measured accurately since its value 15 critical in many devices The valu2 of some transistor oaramelers.
like the equivalent base jesistance, irre ot least incarly related to the resistiaty,

ELECTRONIC CONDUCTION IN SOLIDS

The electrical properties of semiconduclors involve the motion of charged particles within them Therefore we must
have an understanding of the forces which contrel the motion of these particles. It is of course the phiysical

structure of the solid which exerts their conlrol. This lopic is very large, and hence oniy t
coverad

hizh lights wall be

PRAC WD O 7 Dalda ot
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toms, of whizh a solid 1s composed, consis! of positively chargec nuciei with electron croiting around
them The posiive charge s compensated by negatively charged electrons, 50 thata somoiete atom & cecinnally
neutral Electrons are arranged in snells. ang ine clioser (ney are Lo he nucleus the maore strangly iney are cound
If we take the particular case of silicon, a well known semiconductor, we find that it has 14 elsctrons which are
accommadated in the shells as (15)7, (28)7, (2P)¢, (38§, (3P} Since tha thira snell is not even nallf filled. the 4
electrons are availatre for chermical binding giving silicon a valency of four (Germnlum also has a chemical valency

of 4, but from the fourth shell)

Let us now concenirate our attention on solids, if we bring many atoms close (0 ane another, mieratomic
forces become quite strong as electronic orbits beain to overlap. The outer shell eleclons play an important role,
because their orbits are the mest disturbed. These electrons are no longer associated with 3 particular atom, the
outer electron may make an orbit around one atom and continue about another. In this fashion, the outer shell or
valency electrons are continually raded among atoms and wanger all gver the solid. The continuous interchange of
valence elzctrons batween atoms holds the solid together, This is the predominant type of bonding in silicon and
germanium and is called lhe valence bonding.

FOURFROBE METHOD

Mary conventional methods for measunng resistivity are unsatisfaclary for semiconductors because metal-
semiconductar contacts are usually rectifying in nature Also there 1s generally minanty carner injection by ane of

the current carrying contacts. An excess concentration of minority carriers will affect the potential of other contacts
and modulale the resistance of the material

The method described here overcomes the difficullies mentioned above and also offers several other
advantages, It permils measurements of resistivity in samples having a wide variety of shapes, including the
resistivity of small volumes within bigger pieces of semiconductor. In this manner the resistivity of both sides of PN
Junction can be determined with good accuracy before the matena! 1s cut into bars for making devices. This methed

of measurement is also applicable to silicon and other sermiconductor materials,
In order to use this four probe melhod in semiconductar crystals or slides itis necessay to assume that :

1 The resistivity of the matenial is uniform in the area of measurement.

Ifthere is minority carrier injection into the semiconductor by the current - carrying eleclrodes mast of the
tartiers recombine near the electrodes so that their effect on the conductivity in negligible (This means

thatthe measurements should be made or surfase which have a high recombination rate, such as mechanical
iappec surtaces)

PAE NG AT DOC B4
REV -2



3 The surface on which the probes rest is flat with no surface leakage.

4, The four probes used for resistivity measurements contact the surface at points that lig in 2 straight line

5. The diameter of the contact between the metallic probes and the semiconductor should be small compared
to the distance between probes.

8 The boundary between the current-carrying electrodes and the bulk material is hemispherical and smallin
diameter.

7. The surfaces of the semiconductor crystal may be either conducting or non-conducting.
(a) A conducting boundary is one on which 2 matenal of much lower resistivity than semizenductor (such

as copper) has been plated.

(8) Anon-conductibng boundary is produced when the surface of the erystal is in contact with an insulator,

EXPERIMENTAL PROCEDURES

1. Putthe sample on the base plate of the four probe arrangement. Unscrew the pipe holding the four probes
and let the four probes rest in the middle of the sample. Apply a very genlle pressure on the probes and
tighten the pipe in this position, Check the continuity between the probes for proper eleclrical contacts.

CAUTION : The Ge crystalis very brittle, Therefore, use only the minimum prassure required for proper electrical
conlacts.

2 connect the outer pair of probes (Yellow! Green leads) leads (o the constant current power supply and the
inner pair to the probe (red/ black leads) voltage terminals.

3 Place the four probe arrangement in the oven and fix the thermometer in the oven through the hole provided.

4,

Swiich ON the AC mains of Four Probe Set-up and put the digital panel meler in the current measuring

made through the selector switeh. In this positien LED facing mA would glow, Adjust Iha currenl to a
desired value (Say SmA),

PASEHD &7 Do sy
1+ 1



(s, No.

Temperature
°C)

Voltage
{volts)

Temperature
ITinK)

P
(ehm. cm.)

T'x 10

~
Lngw‘P

A

Now put the digital panel meter in voltage maasuring mode. In this position LED facing mV would glow and

the meter would read the voltage between the probes.

Connect the oven power supply. Rate of heating may be selected with the help of a switch Low or High as
desired. Switch on the power to the Oven. The glowing LED indicates the power to the oven id "ON',

Now riote down the reading of Millh Volimeter al every increase in termprature. Note down reading in the
Table No. (1) Plota graph between T'x 10° & log 10 p by taking T-x 10°along X-axis & alang lag 10p Y-

axis.
TABLEG -7

(" >
Value = = ™ = - o = = - &
ows S |8 |5 |8 |5 |8 |8 |8 |8 |% |8
£ w 5] ¥ - - o = = o =]

f

C ti 3 = & g =" o ]
(Corrective S B o 3 3 - 2 @ o 3 e
Factor) S = = = | 0 ~ - o F= b
WIS - i \ T o b o o =

= S
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TEST RESULTS

FOR

MEASUREMENT OF ENERGY BAND GAP USING FOUR PROBE METHOD

k] .. It Il o L}
Instrument Saorial No. : 'Fh’fmwj‘ﬂ

w
OBSERVATION & TABULATION -
Current {l) = IL.._a.. mA (Constant)
’?:‘:r. No. Temp'e Voltage Temp, p “1x10-3 Logqgp E
{mV) {In Kelvin) fohm.cm)
1. AC, bl ; Th 20 b n
2, A0 HEL- 313 le 119 X7
3, 59 Ly e 123 1503 310
4. &0 S 133 [4; 45 3.00 RS
5 70 S50 343 ke At 262 e
6. &0 353 < 2.82 N4
7. g0 L 353 [ 2.75 Ldh
5. 100 e 373 Lirs§ 268 2 b7
9, 110 B! 383 2 67 £ an
10. 120 ECh 53 2048 2 54 (.34
11 130 ey, 403 248 G
12, 140 Car 413 242 e
13, 150 r it 473 L 2 45 LoLs
14 160 1 433 ey 2.30 s
15 170 ( 443 ke 225 g0
G 180 ' 453 i 220 g
. ;
TABLE (2)
Distance betwaen probes (S} = 0.2cm
Thickness of the crystal (W) = CLA0., em
ge ¥
CALCULATION TS
W
i, = —  2Zn5
II.
\
ﬂ'. . ymic g x1 255
i 33

PAGE M) 6T DN 445
RCy - 02




Orcgﬁ‘:{‘m Ol

tal I1s very small compare 10 the probe distance, a carrection lactar for
In this z

wrezent case the bottom surface ig non-condueling so the carrection factor would be
B,

Since the thickness of the Crys
nas o be appliea.

F- =

TG (W1 Sy

Correclion Factor comespondingto GT=WIS=W02= 7 | r

Corrective Fazter (G7)= V /']

V' 1.258 | vy et RS
o @ = mmsame ) e e .___1"- — -'}{ ._ll,.:‘l—f:.'{-"' = "-..'r.*" 'l.l ||' I/-' =
— GT L TRIBR. 'I_|'-I I,
1 . - -
Putting 1 = B.O0 mA (for whole sel of Reacings, constant)
o R .
P = Vi D eq, —— (i}

Put the value of V (Voltage Read on DBM) in eq (i) and calewlate the diff, value of p and Record in Tatle {2).

CALCULATIONS FOR ENERGY BANDGAP

We know that
2k Loge p
E = —
g 1T

Where K is Bolzamann's constant = 8 8 1072 evideg. & T is temperalure in Kelvin, From the graph, slop of curve
is

Logep 23026 x Legipp Ve G o )
= _— = T LA . : - 1} -;:_
uT uT ST aT
! "- . ] £ ;
Hence Eg =2x86x10%xslope of the curve - DG e k] o e iaf

STANDARD ACCESSORIES

T Crystal (Germanium) - 01 Mo.
4 Cuenwith catle - 01 No
3 Four probe - 01 No
4 Thermemeter 200°C - 01 No
5 Power Cord = 01 Mo
G Instruction Manual (DOC 545) : 01 No.

4 ABSOLUTELDUEY 144 EHERGY BAND (AP N PO FRORE RAETHDE
pAGE QO Sy O0a S
TTATEE 3
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User’s Manual

MEASUREMENT OF SUSCEPTIBILITY
OF A LIQUID OR A SOLUTION BY QUINCKE'S METHOD

Model : QTX-01



MEASUREMENT OF SUSCEPTIBILITY
OF A LIQUID OR A SOLUTION BY QUINCKE'S METHOD

INTRODUCTION

The Quincke's method is used to determine magnetic susceptibfiity of diamagneftic or
paramagnetic substances in the form of a liquid or an aqueous solution. When an E‘Jt‘r_]f.',ct is
placed in a magnetic field, a magnetic moment is induced in it. Magnetic susceptibility y 1s
the ratio of the magnetization / (magnetic moment per unit volume) to the applied
magnelizing field intensity H. The magnetic moment can be measured either by force
methods, which involve the measurement of the force exerted on the sample by an
inhomogeneous magnetic field or induction methods where the voltage induced in an
electrical circuit is measured by varying magnetic moment. The Quincke’s method like the
Gouy’s method belongs to the former class. The force f on the sample is negative of the
gradient of the change in energy density when the sample is placed,

_df1 _ 4 D S 1
f—m_,[z#u(#, ﬂm]ff} St (x=2)7 H )

Here 1 is permeability of the free space and g 7 and g _7%. are respectively relative
permeability and susceptibility of the sample and the air which the sample displaces. The
force acting on an element of area A and length dx of the liquid column is fAdx, so the total
force F on the liquid is

Al
F=Afax=""2z-2.)(H - H'), @

where the integral is taken over the whole liquid. This means that H is equal to the field at
the liquid surface between the poles of the magnet and H, is the field at the other surface

away from the magnet. The liquid (density p) moves under the action of this force until it is
balanced by the pressure exerted over the area A due to a height difference # between the
liquid surfaces in the two arms of the U-tube. It follows that

F=Aah(p~p,)g

2 h
Or ¥=x.+—zg(p-p,)

ﬁu (Hz _Haz } . (3}

In actual practice ¥, , density of air P, and H are negligible and can be ignored and the
above expression simplifies to |
_2pgh
A= wHE (4)




EXPERIMENTAL SET UP

A schematic diagram of Quincke’s set up is shown in Fig.1. One limb of the glass U-tube is
very narrow (about 2 - 3 mm in diameter) and the other one quite wide. The resulit is t}_mt a
change in the level of the liquid in the narrow limb does not affect the level in the wider limb.
The narrow limb is placed between the pole pieces of an electromagnet shown as N-S such
that the meniscus of the liquid lies symmetrically between N-S. The length of the limb
should be sufficient enough to keep the lower extreme end of this limb well outside the field
of the magnet. The rise or fall 4 on applying the field is measured 3!3}! means of a traveling
microscope fitted with a micrometer scale of least count of order 10 =~ cm.

EXPERIMENTAL PROCEDURE

1)

Test and ensure that each unit (Electromagnet and Power Supply) is  functioning
properly.

Measure the density p of the specimen (liquid or solution) by specific gravity bottle.
If the mass of empty bottle is w, filled with specimen w, and filled with water wj, then

p S pw.n.mr wz - WI - (7)

Wy =W

Scrupulous cleaning of the tube is essential. Thoroughly clean the Quincke’s tube, rinse
it well with distilled water and dry it (preferably with dry compressed air), Do not use
the tube for longer than one laboratory period without recleaning it.

Keep the Quincke’s tube between the pole pieces of the magnet as shown in Fig.1. The
length of the horizontal connecting limb should be sufficient to keep the wide limb out
of the magnetic field.

Fill the liquid in the tube and set the meniscus centrally within the pole pieces as
shown. Focus the microscope on the meniscus and take reading,

Apply the magnetic field H and note its value from the calibration, which is done earlier
as an auxiliary experiment. Note whether the meniscus rises up or descends down. It
rises up for paramagnetic liquids and solutions while descends down for diamagnetics.
Reatiljust the microscope on the meniscus and take reading. The difference of these two
readings gives h for the field H. The magnetic field between the poles of the magnet

does not drop to zero even when the current is switched off. There is a residual
magnetic field R which requires a correction.

Mcasurr.?: the displacement / as a function of applied field H by changing the magnet
current in small steps. Plot a graph of /; as a function of H2.



1;1-.-‘-'-'- B b -....-. sy
@.

L : L
o, B
vli‘l.'“"_ﬂ-‘_‘-‘:‘*:- e
*-na. e




Magnetic Field (KG)

Table 1
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Fig. 1 : Schematic of Quinck’s Setup




RESULTS

The mass susceptibility 2 is given b
; ¥ and th Fcis
where M is the molecular wei ohit of the 5;.’:’ P the molar susceptibility 3" by My

be made for the diamagnetic contribution
unit volume is not very different in the sol

ecimen. In the case of solutions, correction must

of water. If the number of water molecules per
ution from that in pure water,

xsd\l'uh‘uu = ZM.’J +pr¢r ‘ (B)
In general if myis the mass of the salt dissolved in m,, of water,
, m m
z ion = i p ’ ) *
P }',']’_ € ﬂ‘lm Z;.rr H!J + .Fnh, zwr:r l }

Mass susceptibility of the salt, ¥, can be obtained from this relation.

In a paramagnetic substance there are non-interacting permanent magnetic dipoles. The
magnetizing field tends to align these parallel to the field. Thermal effects on the other
hand tend to destroy this alignment. The result is that, for kT >>Hoks H, the volume

susceptibility ¥ . at temperature T is given by

I _Np(pm) _C

L NP _C (g units (10)
L= KT o Sla)
N(pHy }: C .
Wl 1. C.G.S. units
At T T ( gy

where k is Boltzmann constant, N (= Ny Pt/ M) is the number of ions per unit volume and
px is Bohr magneton. p is the magneton number which may be calculated from the
measured value of % sar (OF ¥ sat= % s/ Py ) and compared with the theoretical value

depending on L, § and J of the magnetic ion as given in Appendix I. Eq.10 expresses Curie
law and the constant C is called the Curie constant. The above expression assumes that the
magnetic field acting on each ion is just the applied field and contributions due to
neighbouring magnetic 1ons are neglected. For dilute paramagnetic materials this
approximation is valid.

RECORD OF OBSERVATIONS AND CALCULATION

(The following is a record of observations corresponding to an experiment performed
with M,S04H,0 in our laboratory).

1. Preparation of solution:-

(a) Mass of beaker (m;) = 20857¢g
Mass of beaker + water (np.) = 62.585¢
Mass of beaker + water + salt (m1p.5) = B82.565¢
Mass of water (m,, = mp,, - M) = 32728 ¢

Mass of dissolved salt (m; = ng,. - mp,,) = 19980¢g
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Fig.: Rise of solution level (h) as a function of magnetic field (H)



(b). Determination of density p;

Mass of specific gravity bottle (w,) = 19.698 g
Mass of specific gravity bottle + water (ws) = 44.973 g
Mass of specific gravity bottle + solution (w2) = 56.173 g

H’g'“’; ‘_36.4?5
wy-w, 25275

=

= 1.443 g/em’

2. Ambient Temperature 293 K

3. Calibration of magnetic filed as a function magnetizing current:-
Procedure:

. Fix the air gap between the pole pieces of the electromagnet to the minimum
distance required to insert Quinck’s tube without touching the pole pieces.

2. Measure the air gap. Each time the air gap changes, the graph will change.

3. Mount the Hall probe of the Digital Gaussmeter, DGM-102 in the wooden stand
provided and place it at the centre of the air gap such that the surface of the probe is
parallel to the pole pieces. The small black crystal in the probe is its transducer, so
this part should be at the centre of the air gap.

4. Connect the leads of the Electromagnet to the Power Supply, bring the current
potentiometer of the Power Supply to the minimum. Switch on the Power Supply
and the Gaussmeter.

5. Slowly raise the current in the Power Supply and note the magnetic field reading in
the Gaussmeter.

6. Plot the graph between the current and the magnetic field. This graph will be linear

for small values of the current and then the slope will decrease as magnetic
saturation occurs in the material of the pole pieces.

Table 1
S.No. Current (A) Magnetic Field (KG)
1. 0 0.34
4 1.00 2.26
3. 1.50 3.35
4. 2.00 4.40
N: 2.50 5.34
|6 3.00 6.19
7. 3.50 6.91
8. 4.00 7.47




-31.28x 10  m,=32.728g, m, = 19.980 g,

Putting, % .
¢+ =83.7x10°

' -6
o =-072x 10 xmﬂl

wiler

(iv). x"l =’ x molecular weight of M, S04.H,O
5l

salt

= 83.7 x 10% 169
= 14145 x 10°® C.G.S. unit

Internationally accepted value of v” for M,S0..H,0 at 293 °K is 14200 x 10°
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MAGNETIC SUSCEPTIBILITY USING A GOUY BALANCE

AIM:

To determine the magnetic susceptibility of a paramagnetic sample by measuring the
force exerted on the sample by a magnetic field gradient
[ntroduction:

The electron has an intrinsic angular momentum characterized by a quantum number

; 11 ol -
. The quantized angular momentum of a free electron 1s S=h E[; -HJ . The intrinsic

—

angular momentum can be crudely visualized as an intrinsic current loop which produced a
magnetic moment. Thus each electron in the universe is a tiny nmgﬂﬂf. (You will learn more
about this in your quantum mechanics and atomic physics courses. Do not visualize the
electron like a spinning top. Spin angular momentim js a truly intrinsic fundamental;
property of the eleciron). |

You maybe familiar with the filling of atomic shells for a many-electron atom
(Hunds rule, Aufbau principle etc). Configurations in which the shell is fully filled results in

zero net spin quantum number and net orbital angular momentum quantum number. Such
atoms, eg. Argon, Neon etc, do not have a net magnetic moment and referred to as
diagmagents. Atoms which do not have fully filled outer shell possess a net magnetic
moment (eg. Fe, Ni etc.). A collection of such atoms which forms a gas, liquid of solid is
magnetic since in the presence of an applied field the tiny moments can swing in the
direction of the field. This behavior is affected by the temperature of the sample {more on
this in your Statistical physics course). If the tiny moments do nat ‘interact’ with each other
the materials is referred to as a paramagnet. Interaction among moments results in
ferromagnets or antiferromagnets (You will read about the origins of ferromagnetism in
your statistical physics, condensed matter and atomic physics courses.”)

Consider a paramagnet at room temperature subject to a magnetic field H. An

obvious quantity of interest is the magnetization, M (magnetic moment (7;) per \nit

volume). The magnetic susceptibility (X) is defined as ratio of the magnetization to the

. i 1 - &
Just 1o get you interested we mention as astonishing fact: ferromagnetism arises due to a combination of

g‘:ﬁig:‘lﬂmhfﬂp ulsion between electrons and how it is influenced by Pauli’s exclusion principle.
agnetism cannot be modeled by considering dipole-dipole interactions!



W

applicd magnetic field. The magnetization of a magnetic sample (paramagnet or
ferromagnet) can be measured by a variety of methods a few of which you will be exposed

to in the lab courses.
In this experiment we focus on the measurement of the force exerted on the sample
by magnetic field gradient. The magnetic moment can also be measured in terms of an

induced voltage in an electrical circuit (How this can be achieved ?).

Consider a solid in which each electron has an orbital angular momentum characterized by
the quantum number, L, in addition to the spin angular momentum. Assuming spin-orbit

coupling the tofal angular momentum quantum number is characterized by ]. The total

magnetic moment of the atom is given by m, = g,J , where gis the Landé g factor of the

atom and W, is the Bohr magneton (4, = ehif2m).

The difference in magnetic potential energy per unit volume between a substance of
permeability |t and the displaced medium, usually air of permittivity 1, is’

U_(_H-B_} (H-B) _pH u(+x)H _ H
2 i 2)”“ 2 2 #ﬂ 2

X (M

Here 7%, is the magnetic susceptibility. Which for small magnetic fields® is defined as
M q 3 s
¥n. =—, where M is the magnetization,

When a magnetic field, B, is applied the energy changes by an amount
E=-m,-B=-VM-B @

where V is the volume of the sample. Connect cquntiun; (1) and (2).

If there is a gradient in the magnetic field along the g direction, the sample experiences a

force per unit volume given by (assuming %, is uniform throughout the sample)

AU _px, d
et ®

: Cnnsull'. a book on electromagnetic theory 1o understand the origin of this expression.
> You will learn the more general expression in the statistical physics course,



Thus the force is produced by the non-uniform field. A simple way to produce a field
gradient is to use a specimen in the form of a long rod or tube filled with power or liquid
placed between the pole pieces of an electromagnet which produced a uniform magnetic

ficld as shown in the fipure.
Hy

MAGHNETIC MAGNETIC
POLE POLE
Hl

Since the length over which the uniform magnetic field is produced is much smaller than

the sample length, the sample experiences a field gradient. In this case the total force is given

by

h
F=£fAdz=A&*§i(Hf—H§)mA&;—“Hﬁ @

where /-/, is the length of the sample tube and A its area of cross-section and H, and H, are
the magnetic ficld strengths along the g axis as indicated in the above figure. Now think of a
physical balance in which the sample tube is hung from one side and is subject to 2 magnetic
ficld. The other side has the standard weight pan as shown in figure 1. When the magnetic
field is zero the weight of the sample is determined by the physical balance and is entirely
due to gravity. When the field is switched on the magnetic force manifests as an apparent
weight change of the sample (will the weight increase or decrease? How is this related to
magnetic nature of the sample?). The force can casily be measured in terms of a weight by

determining the new weight of the sample. This is known as a Guoy balance after the French

physicist Louis Georges Gouy. A modern version of the Guoy balance available in_the
aboratory uses a digital | instead of a physi la

,

Ate you justified in neglecting H,? If you keep decreasing the amount of power you

take at what height does the method fail ? Verify this,
APPARATUS:

The Guoy balance, the powder specimen (FeCl, or Fe,SO))

in a glass tube, dc power supply
for the magnet,

PROCEDURE:



The electromagnet is cnergized by a DC power supply. The varisble magnetic field is

provided by the wedge-shaped pole-pieces. The entire electromagnet is housed inside a

wooden casing. The distance between the pole-pieces can be varied by means of a handle on
top of the wooden casing. A digital balance is placed which carries 2 hook at the bottom for
suspending the glass tube containing the material (FeCl,, or Fe,SO,). The magnetic field
between the pole picces can be varied by changing the current through the coils using 2 DC

power supply. The magnetic field corresponding to the current through the coils can be

determined using a Gaussmerer (How does this work?),

1. Zero-adjust the digijtal balance.

2. Determine the area of cross-section of the tube. Suspend the empty glass tube as
shown in Fig,1 and find its weight in zero magnetic field. |

3. Using the D.C. power supply, vary the current from 0 to 3.5 A in steps of 0.2 A and
in each case find the weight of the empty glass tube (Why do this?)

4. Fill the tube with the given sample (say FeCly) to about 3/4ths of the tube. Find the
weight of the filled glass tube to an accuracy of 10 mg,, in zero magnetic field.

5. As before, find the weight of the filled glass tube in different applied magnetic fields
(both for the increasing and decreasing fields). (Why do this? When can you expect a
difference in readings taken for increasing and decreasing fields)

6. Repeat the experiment with one or two more substances.

When the magnetic force is measured in terms of weight equation (3) becomes
mg = Ai;’i’-(fff —H,f) ~ A Eﬁfin (? can you make this appoxmation) (5)

Plot 2 graph between 7 and H to determine the susceptibility. This gives the susceptibility
of a given volume. Compute the molar susceptibility of the sample, What is smallest
susceptibility change that can be measured in the insttument? Is this sufficient to detect
diamagnetism? Can you use this method for ferromagnets?

Are there geadients in the other two perpendicular directions? When can we neglect their

effect’



IMPORTANT INSTRUCTIONS.

1. Reduce the current thy i
rough the coils to zerg slowly and then switch off the power
supply.
2. DO NOT change the distance between the pole-pieces.
3. Switch off the digital balance, The glass tube is taken out of the balance and kept on
the table. The power supply to the electro magnet is also turned off
Tables
Table 1
SNo. | Wtof the empty plass | Current through the coils Magnetic field (Gauss)
tube (gm)
Table 11
S.No. Wt. of the substance Current through the | Magnetic field
(gm) coils (A) (Gauss)
. .z- f I'-11| [] A
1l AN
: ] M S : :
il .
l

28 BC

Porver supply
e —

&)




Fig. 1. The conventional Guoy balance. NS is an electromagnet with power supply and AB is

the exptrimental glass tube. In your e riment the physical balance will be replaced
by an accurate digital balance.

FURTHER READING:
1. Think of a way in which the susceptibility could be measured by holding the sample

fixed and working with moving magnets (Known as Evan’s design).
2. Think of other areas when mapnetic forces play a role.



FORBIDDEN ENERGY BAND GAP

PROCEDURE

1, Switch ON the main supply.

2, connect the diode under investigation to jack marked “DIODE”™
Circuit is connected for diode in reverse bias

3. Adjust the current through the diode for a convenient value, say 70 a by varying the
potentiometer

4, Place the oil filled beaker in oven. Switch ON the Oven (with energy regulator knob at
70 mark) and heat the oil up to 100 C.

Measure the temperature using the thermometer.

NOTE: Graduation on Energy regulator knob does not indicate the temperature.
They simply indicates the ON / OFF time of the heater.

5 Now place the diede in the oil and take the voltage across the diode as a function of
temperature. Allow oil to cool and take at least 10 measurements in the range 25 — 100C.,
At each temperature adjust the diode current to the chosen value by adjusting the
potentiometer.

6 Remove the diode from the oil bath and place it in ice and take a reading.
7, Tabulate the readings

8 Draw a graph between the junction voltage and absolute temperature and calculate the

slope a of the graph. Extrapolate the graph to O degree K and measure the intercept ‘b’
Now using the relation calculate the energy band gap.

E = - (blae
9, Repeat the experiment with other diode

USE OIL ( ANY TRANSFORMER OIL OR COCON
UT OIL).
DO NOT USE WATER - PLACE BEAKER INSIDE HEATER AND POUR.
DO NOT POUR DIRECTLY INTO BEAKER



Knoh for Cross Movement -

Verner-Scale o read Creoss

Graduated Rowting Drun
to read the Horizontal

Experimental Glass Beam

Weight Set

Experiment Setup:-

OPERATING MANUAL

Microscope tube

Reflecting Glass Plate at 45degree to
illuminates Hyperbolic Fringes.

il -1 Mapgnifying Lens to throw Parallel
1 ot Beam of Light on Reflecting Plate

o, Weight Set

e ||-_-...._.'Ir

Knife Edges

Knife edges

1. Measuring Microscope with Horizontal & Transverse movement to measure the diameters of
Hyperbolic Fringes in both the directions.
2. Wooden Stand fitted with adjustable Reflecting plate & Magnifying Lens to throw parallel
beam of light on the Hyperbolic Fringes.
3. Cover or Photographic Glass plate Rectangular; one,
4, Experimental Glass & Acrylic Beam: cne each (lotal: - Two Nos.) Both the beams are provided
wilh arrangementl to suspend the weights near their ends.
Procedure
(1) Clamp the Microscope Slide and rotate the drum {ill its zero coincides with reference
mark (zero mark). Re-clamp the slide after adjusted using the vernire (zero mark) at the
zero mark of the scale.

{II) Mount the wooden stand at the stage of the Microscope (see fig. above) as shown.
Adjust and clamp the Microscope tube in vertical position,

(ITI) Clean the Experimental Acrylic Beam with a soft cloth & mount it on the two knife edges
of the wooden stand symmetrically ie. the distance between the knife edges and the
hangers at both the ends of the beam should be made equal.

(IV) Clean the rectangular glass plate and mount it in the middle of the beam. Clamp the
raﬂecpnlg glass plate at its place & adjust it at an angle of 45 degrees. Clamp the
Magnifying lens at the rear side of the wooden stand.

(V) Keep the Sodium Lamp Box al a dislance of about 10 ¢ ms from the lens, Fitted on the

wooden stand. & Switch It On. Adjust the slit of the box so that light beam from the sodium
lamp may felon the reflecting plate projected through the lens.

GES COMPLETELY.




(VI) Mark a cross on a white paper and keep it on the cover glass plate in the middle of the
experimental beam. Re- adjusted the reflecting glass plate & the magntrwng lens
to flluminate the central part of the beam. Observe through the Microscope & focus the

cross mark of the paper. Remove the paper & again adjust the Microscope tube, the
reflecting glass plate & the lens to see well defined image of the hyperbolic fringes on the

beam.

Some times the hyperbolic fringes may be seen at one side of the cover plate. In this case the Microscope should be adjusted
in Horizontal Transverse directions such that the Fringes may be seen in all the four sides. This is the actual

contact poinl between the cover plate and the beam.

The Interference Hyperbolic Fringes are formed between the lower face of the cover plate and the upper
curved surface of the experimental beam, The Hyperbolic Fringes are shown in the Fig._1 below.

Now distance between the pair of Fringes may be measured with the help of Graduated Drum or the
vernier-Scale of the Microscope in the herizontal direction towards the left hand & right hand side.
Similarly the diameter of the Fringes may be measured in the transverse direction with the help of

vernier — scale only on both side.

Place some weigh (say 100gm) on both the hangers. Adjust cross wire of the Microscope
tangentially say on 13th fringes on left hand side along X' (horizontal direction) and note the reading.
Move the cross fringe by fringe from Left Hand side to Right Hand Side and record the observations
for suitable number of fringes.

This gives elther the separation or the diameters of the Fringes.
Make a table of your cbservations. Take different sels of readings by loading the Beam with different
sets of weights say 150 gm. 200 gm, 250 gm and 300 gm. at both the sides.

With the help of these readings and the other constants, concerning the apparatus, the young's

modulus & position ratio of glass can be calculated.



MOST IMPORTANT

We have provided two Nose Beams, Use both the beams for
One is of ACRYLIC & the otheris your Experiment

Of glass. It will be much better if L ORI il I
The Acrylic Beam is used first,
As the Formation of Hyperbalic

Fringes amore prominent as

Compared to the glass beam.

e tigy Sl a3m N>
MOST IMPORTANT (HYPERBOLIC FR:NGES&

1. The wooden frame should nat touch with the stage or the rods of Microscope,

2. If the Hyperbolic fringes are not seen on the Un-loaded beam, it should be loaded with at least 100 gm weight at
both sides.

3. For betler illumination of the fringes, the slit of the sodium box should be wider than the normal circumslances.

4. The glass beam should be loaded with at least 200 gm weight &l both the ends to get hyperbalic fringes easily. You
may keep 200gm weight at bolh the ends on the upper side of the glass beam to get best resulfs.

SOME MORE HINTS FOR MAKING THE EXPERIMENT ALL THE MORE EASY
= - TIo PR AT, 'RE CAPERINMENT ALL THE MORE EASY

In addition to the PROCEDURE in the operating manual, the following adjusiments may be made to get
the best result.

l. SETTING OF THE MICROSCOPE

Lock the Horizantal Slide of the Microscope by lightening the screw, Rotate the Graduated Drum in one
direction; say in the Anfictockwise, til it slops moving further. Now rotaie it in the antic1Ockwise direction
till it covers 15 divisions on the scale. In this way the Microscope can be adjusted in the Cenlre of the

Hyperbalic Fringes to read both ways 'for the same number of Fringes in the Horizontal Direction (Left or
right}
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70 LOCATE CENTRE OF HYPERBOLIC FRINGES

UN Clamp the harizontal Carriage (Slide) of the Microscope and Slide it to and fro and go on observing
through the Eyeplece. When some curved fringes, are seen, adjus! the Microscope in cross direction. In

this way hyperbolic Fringes can be seen on all the four sides of the cross wire, Thus the centre of the
Fringes is located.

|F THE FRINGES ARE NOT SEEN CORRECTLY

|, Change the face of the cover plate.
I Pat the cover plate with the wooden slick or
Il Shift the cover plate a little along the beam

With these adjustments you can see prefect fringes on all the four sides.

Books Recommended for this Experiment
1. Advance Practical Physics by S.P. Singh.
2. Practical Physics by Gupla — Kumar.
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FLO-85 - 8085 TRAINER

INSTRUCTION FOR LOADING & EXECUTING PROGRAMMES

TO LOAD PROGRAM :

STEP:
. PRESS RESET Key
II. PRESS SUB/MEM Key
lll. ENTER ADDRESS
in Address Field
IV. .PRESS INC Key
V. ENTER DATA in Dara Field
V1. PRESS INC Key
Vil. REPEAT  Steps V & V1 till
all Instructions are entered
VIII. PRESS RESET Key
to Terminate loading
operation.

TO EXECUTE PRO 1:

STEP: PRESS  RESET Key
. PRESS GO Key
.  ENTER  Starting ADDRESS of
Program’

1. PRESS EXECUTE Key.

TO VERIFY RESULT 4T REGISTLR
PRESS RESET KEY, followed by

(D/REG/3) KEY, then the required Register

Key. Repeal the same for other Registers,

I1.

IMl.

[v.
V.
VI.

VIL

VIIL

TO LOAD DATA:

STEP:

PRESS RESET Key
' PRESS SUB/MEM- Key
ENTER ADDRESS OF Dana
in Address Field
PRESS INC Key
ENMTER DATA in Data Field
PRESS INC Key
REPEAT Steps V & V1 till all
Data are entered
'PRESS RESET Key
to lerminate loading
operalion

e e L T L T T ———

TO VERIFY RESULT
"AT MEMORY

‘LOCATION
STEP: PRESS RESET Key
L. PRESS SUB/MEM Key
1L EN:FER ADDRESS of
: Resulf location
I1. PRESS INC Key
Iv.

REPEAT  Pressing INC Key

e e e o e e

three consecutjy
H1
I"memory locar
e ———

.. TODISPLAY DATA
InDATA Field - Move DATA into ACC &
Call DISDAT [1380 H]
Move DATA into DE Rey
- Pair & Call DISADR [13C0 I
In ALL SIX DIGITS — Move DATA into any

€ memory locations. Point HL 10
ion & Call DISPLAY [13FO ).

In ADDRESS Field-




__‘_____[ 8085 INSTRUCTION SET
—D.ﬁnTﬁ TRANSFER GROUP ARITHMETIC/LOGIC GROUP BRANCH GROUP
MOVE ADD JUump
W }- ADD A B7 JWP adr <
MOV AB_ MOV AB |__ ADD B 80 JNZ adr T G2
MOV A, AC | 19 ADD C 81 JZ adr CA
MOV A.D 7A ADDD 82 JNC adr D2
MOV A.E 78 ADD E 83 JC_adr DA
MOV AH 76 ADD H 84 JPO adr E2
MOV AL 70 ADD L 85 JPE adr EA
MOV AM 7E ADD M B6 JP adr F2
_____ ADC A BF JM adr FA
MOV B.A 47 |'ADC B 88 PCHL E9
MOV B.B 40 ADC C 89 CALL
MOV B,C 41 ADC D BA CALL adr cD
MoV B,D 42 ADC E 8E CNZ adr C4
MoV B.E 43 ADC H 8c CZ adr cC
MOV B.H 44 ADCL 8D CNC adr D4
MOV B,L 45 ADC M 8E CC adr DC
MOV B,M 46 SUBTRACT CPO adr Ed
SUB A 97 CPE adr EC
MOV C,A 4F SUB B 90 CP adr F4
MOV C,B 48 SUB C a1 CM adr FC
MOV C,C 491 SUB D 92 RETURN
MOV C,D 4A SUBE 93 RET \ C9
MOV C.E 4B SUBH 94 RNZ co
MOV C,H | 4C | SUBL g5 RZ c8
MOV C,L | 4D | SUB M 96 RNC Do
MOV C.M 4E SBB A aF RC 08
SBB B 98 RPO ED
MOV D.A 57 SBBC g RPE ES
MOV D,B 50 SBB D 9A RP FO
MOV D,C 51 SBBE g8 RM F8
MOV D,D 52 SBB H 9C STACK
MOV D.E 53 SBB L oD PUSH B C5
MOV D H 54 SBB M SE PUSH D D5
MOV D,L 55 DOUBLE ADD PUSH H ES
MOV DM 56 DAD B 09 PUSH PS F5
DADD 19 POP B c1
MOV EA | 5F DAD H 29 POP D D1
MOV E,B | 58 DAD SP | ag POP H E1
MOV E,C | 59 i INCREMENT POP PSW F1
MOV E,D 5A INR A 3C XTHL Ea
MOV E.E 5E INRB 04 SPHL Fg
MOV E H 5C INRC oc INPUT-OUTPUT
MOV E,L 5D INRD 14 OUT byle D3
MOVEM I 5E INRE | 1C IN byte DB
MOV HA | 67 LINRH | 24 CONTROL |
\CVHB | 60 INRL | 2C DI F3|
MOVHEC | 61 INRM | 34 E! FB|
MOVH.D | 62 | NOF co
VOVHE €3 NAB | F) ALT . ;e
MOV HH | 64 INXD | 13 m -
MOV H.L | 65 INXH | 23 RM _ - 20
MOV HM| 66 INXSP | 33 SIM E 30




@_ﬁ BF —|_DECREMENT Arith.& Logical Immediate
MOV LB 68 DCRA D ADI, byte _Cb]
MOV L.C 69 ~ |DCRB 05 ACI, byte CE}
MOV LD 6A DCRC oD SUl, byte D6
MOV LE 6B DCR D 15 SBI, byle DE
MOV LH 6C DCRE 1D ANI, byle E6
MOV L.L 6D DCR H 25 XRI, byle EE
MOV LM 6E DCRL 2D ORI, byte F6
DCRM 35 CPI, byle FE
MOV M.A 7
MOV M,B 70 DCX B OB COMPARE
MOV M,C 71 DCXD iB CMP A BF
MOV M.D 72 DCX H 2B CMP B BE
MOV M.E 73] DCX SP 3B CMP C B9
MOV M.H 74 CMP D __BA
MOV M,L 75 SPECIALS - CMP E 8B
DAA 27 CMP H BC
MOVE IMMEDIATE CMA 2F CMP L BD
MV A,byt aE STC 37 CMP M _BE
MVI B,byt 06 CMC 3F —
MVI C,byt QE :
MVI D,byt 16 ROTATE
MVI E.byt | 1E RLC o7
MVI H, byt 26 RRC OF
MVI L,byt 2E RAL 17 ]
MVI M,byt 36 RAR 1F
LOAD IMMEDIATE LOGICAL
X1 B,dbie]/ o1 ANA A AT
X1 D,dble ik ANA B AD
LXI H,dbie 21 ANA C Al
LXI SP,dbl a1 ANA D A2
ANAE Al
LOAD / STORE ANAH Ad
LDAX B OA ANA L A5
LDAX D 1A ANA M A
LHLD adr 2A .
LDA adr 3A XRA A —AF
STAXB 02 XRA B AB
STAX D 12 |XRAC AQ —]
SHLD adr 22 XRAD AA
STA adr 32| - XRAE AB ]
: XRA H AC =
XCHG EB YRA L AD —
XRAM AE "
RESTART ——
RST O C7 | ORA A B7 — |
RST 1 CF ORAB BO _ o i
RST 2 D7 ORA C B1 —t— |
RST 3 DF ORAD s I
st L ORAH B4 —t ]
RSTS F7 ORA L o
RST 7 FF ORA M £ DY ==




PROGRAM 1 ADDITION

1.1 8 BIT ADDITION - (Register with Register)

AIM : To add the contents of registers B and D and to store the sum in register C.

PROGRAM DESCRIPTION

Algorithm

> Registers B and D are loaded with the data o be added.

> Register C is cleared to store the sum.,

> For any arithmetic or logic operation one of the data has to be in accumulator.
Hence the contents of the registers either B or D Is moved to the
accumulator. Then the content of the other register Is added to the
accumulator.

> The resulting sum will be in the accumulator. So the sum has to be moved
from A to C register.

Procedure

» Enter the instructions in the Program area starting from 8000H
onwards.

s> Execule the program from the starting address 8000H.

S Use RST1 instruction to terminate the program & save the content of

registers.
> Verify the result in the C register. For this press RESET key followed by

D/REG/3 key and REGC key.

Program
[ ABEL | ADDRESS | ADDRESS OPCODE | MNEMONICS
HIGH LOW

80 on 06,09 MVI B,09H
80 02 16,05 MVI D,05H
80 04 ~ DE,00 MVI C,00H
80 06 78 MOV A,B
80 07 2 ADD D
80 08 AF MOV C,A

J 80 09 CF RST 1




1.2

AlM

ADDITION OF 8 BIT NUMBERS
- (in memory locations)

Te add the contents of memory location 8010 H with 8011 H and store the
result in 8012 H, using register Indirect-addressing mode.

PROGRAM DESCRIPTION

Algorithm

»

w.l’

The Memory Location in which the DATA is present is pointed by the HL
register pair.

The first data is moved to the accumulator for addition.

The memory pu:intar (HL register pair) is incremented to point the next
data. '

The data in the memory pointed by HL is added with the accumulator.
The resulting sum will be in the accumulator. The sum is moved to the
next memory location after incrementing the memory pointer HL.

Procedure

Enter the instructions in the Program area starting from 8000 H onwards.
Enter the data 05 H and 09 H in the memory location 8010 H-and 8011 H.
Clear location 8012 H by entering 00 H data at 8012 H.

'Execute the program from the starting address 8000 H.

Verify the result at the memory location 8012 H.

Program

LABEL | ADDRESS | ADDRESS | OPCODE MNEMONICS
HIGH LOW
gg 00 - 21,10,80 LXIH, 8010H
gg 04 23 INX H
e 05 86 ADD M
o 08 23 LINXH
= 07 iy MOVMA !
08 76 HLT |




1.3

AIM

ADDITION of two 16 BIT BINARY NUMBERS

- (in memory locations)

To add two sels of 16 bit Binary data stored in memory locations starling from
8050 H and 8060 H. Store the sum in memory locations starting from 8070 H.

PROGRAM DESCRIPTION

Algorithm
> Bring the data from memory locations 8050H & 8051H to the HL reg.pair.
» Move this data to the DE register pair by exchanging the contents of the
. HL and DE register pairs.
» Bring next data from memory locations 8060H & 8061H to the HL reg. pair.
> Add the register pairs DE and HL. The sum will be in the HL register pair.
» Store back the content of the HL register pair in the memory locations
starting from 8070H.
» ~ HALT.
Procedure
> Enter the instructions in the Program area starting from 8000 H onwards.
» Enter the 16 bit data in the memory locations 8050H,8051H and
8060H.8061H.(With LSB data loaded in 8050H and 8080H)
$»  Execute the program from the starting address 8000 H.
»  Verify the result at the memory location 8070 H.
Program
[ABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
HIGH LOW )
80 00 2A,50,80 LHLD, 8050H
80 03 EB XCHG
80 04 2A,60,80 LHLD,8060H
80 07 - 19 DADD
80 08 22,70,80 SHLD,B070H
80 0B- .. 76 HLT




1.4 ADDITION OF TWO MULTI-BIT BINARY NUMBERS

AIM

-(in memory locations)

To add two 16 bit / 24 bit / 32 bit Binary numbers stored in memory.

PROGRAM DESCRIPTION
Algorithm
> Initialize Accumulator and carry flag to zero.
» Store the number of bytes to be added inreg. C. _
> Initialize HL reg. pair with memory address where first data is stored.
» Initialize DE reg. pair with memory address where second data is stored.
> Load the byte from memory pointed by reg. pair DE to Accumulator.
> Add with carry the Accumulator content with @ byte from memory pointed
by reg. pair HL
» Store the result in memory.
> increment address in HL to point to next byte of first data.
» Increment address in DE to point to next byte of second data.
> Decrement the count in C reg. by one.
» If the count in C reg. is not zero continue addition.
> HALT.
Program
ADDRESS | ADDRESS
LABEL HIGH LOW OPCODE |MNEMONICS
o 00 AF XRAA _|
89 01 OEXX | *MVICXX |
gg gg 11,50,80 | LXID, 8050H |
21,60,80 . | LXIH, 8060H
o AT "8F ADCM
& OB 77 MOV MA _
&5 0C 13 INXD__
80~ 22 23 INXH_
80 OE 0D DCRC
== OF C2,09,80 | JNZ, LOOF.
12 76 THLT

*At memory location 8002H, LOAD X 02H, 03H or 04H

for 15, 24 & 32 bit additions respectively



1.5

ADDITION OF TWO MULTI DIGIT

AIM

BCD NUMBERS

To add two sets of multi digit BCD numbers stored in memory starting from

address 8050 H onwards and 8060 H onwards and store the sum in memory
starting from 8080H onwards.

PROGRAM DESCRIPTION

Each memory location can hold only 8 bits (2 nibbles). Two BCD digits can be
stored in one location. Hence for N digit number N/2 locations are needed. So
the ADD instruction should be performed A/2 times for a N digit BCD number.

Algorithm

>
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Number of times the addition to be performed is stored in the C register.
Two Numbers to be added are pointed by the DE and HL register pairs.
Accumulator is cleared for addition.

Data pointed by the DE register is brought to the accumulator.

- The next data pointed by HL register pair is added with the accumulator

and the accumulator is_adjusted for Decimal Addition.
The sum in the accumulator is stored in @ temporary memary location.

The DE pointer is incremented by 30 H and the sum is stored.

The DE pointer is decremented by 30H to point the data.
The data pointers are incremented to point the next digits to be added.
The counter is decremented and the procedure is carried out until the
counter (C register) becomes Zero.

HALT.

Procedure

>
.
~
"~
-

»

Enter the instructions in the Program area starting from 8000 H onwards.
Enter the data in the memory locations starting from 8050 H and 80E0 H.
Exscute the program from tne siating address €000 H.

Verify the rasﬁlt at the memory location starting from 80807H.



Program : 1.5
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ADDITION OF MULTI DIGIT BCD NUMBERS

LABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
' HIGH LOW -
80 00 0E,04 MVIC,04H
80 02 11,50,80 LXID, 8050H
80 05 21,60,80 LXI;{-IF,JU:DH
80 08 AF
RPT: 80 09 1A LDAX D

80 0A 86 ADD M
80 0B 27 DAA
80 oC 32,70,80 STA, 8070H
80 OF 7B MOV AE
80 10 C8,30 ADI, 30H
80 12 5F MOV E,A
80 13 3A.,70,80 LDA, 8070H
80 16 12 STAX D
80 17 7B MOV AE
80 18 D6,30 SUI,30H
80 1A 5F MOV E,A
80 1B 23 INX H
80 _1C 13 INX D
80 1D 0D DCRC
80 - 1E C2,09,80 JNZ, RPT
80 21 76 HLT




PROGRAM 2 SUBTRACTION

2.1 8 BIT BINARY NUMBERS - (in registers)

AlM

To subtract the content of register D from register B and store the remainder
in the register C.

PROGRAM DESCRIPTION

Algorithm

> Registers B and D are loaded with the data to be subtracted.

» Register C is cleared to store the remainder.

» For Subtraction the content of register B has to be in the accumulator.
Hence it is moved to the accumulater. Then the content of the other
register is subtracted from the accumulator.

> The remainder will be in the accumulator. So the difference has to be
moved from A to C register.

Procedure
» Enter the instructions in the Program area starting from 8000H onwards.

Execute the program from the starting address 8000H.

>
» USE RST1 instruction to terminate the program.
» Verify the result in the C register. For this press RESET key followed by

DIREG/3 key and REG C key.

Program

SUBTRACTION OF 8BIT ElH&R!ﬂUMBFRS

[ABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
HIGH LOW .

80 00 | 06,09 MV1 B,09H
80 02 16,05 MVI D,05H
80 04 OE.00 MVI C,00H

e 80 06 78 MOV A,B
80 07 92 SUBD
BO__ 08 aF MOV C,A
80 09 CE | ___RST1




2.2 SUBTRACTION of TWO MULTI BIT BINARY NUMBERS

AlM

[in memory]

To subtract two 16 bit / 24 bit / 32 bit numbers stored in memory.
PROGRAM DESCRIPTION

Algorithm

»

»
>
>

Y

Initialize accumulator and cary flag to zero.

Store the number of bytes to be subtracted in register C.
Initialize HL register with memory address where the first data is stored,
Initialize DE register with memory address where the second data js
stored.

Load a byte from memory whose address is in DE t0 accumulator.

> Sublract with borrow a byte in memory whose address is pointed by HL

from the accumulator.

» Store the result in memory.
> Increment address in HL to point to the next byte of first data.
» Increment address in DE to point to the next byte of second data.
» Decrement the count in C register by one.
> If the count in C register is not zero continue the subtraction.
» HALT.
Program
SUBT OF MULTI BIT NUMBERS
LABEL ADDRESS | ADDRESS | OPCODE | MNEMONICS .
HIGH LOW _
80 00 AF XRA A
80 01 0EXX | *MVIC,XX
80 03 11,50,80 LXID, 8050H
80 06 21,6080 | LXIH, 8060H
LOOP: 80 09 1A LDAX D.
80- .. [ DA gk SBEB M
80 - 0B 77 MOV M,A
80 __0C. 13 CINXD .~
- 0D o[ 23 "1 "INXH |
L . E_ .| oD DCRC
80 | OF "1 C20980 | JNZ LOOP
bt R O R W HLT
Note:: '

‘At Memory location 8002 H, load. Y0( = 02, 03 and 04.

—_— e

for; 16, 24and 32.bit subtraction respectively.



2.3 SUBTRACTION of TWO BCD NUMBERS
[in memory]

AIM

To subtract a BCD number from another BCD number.

PROGRAM DESCRIPTION
Algorithm

Load the first number in the accumulator from memory.

Transfer the first number to B register.

Load the second number to accumulator from memory.

Transfer the second number to the C register.

Use accumulator to find 99's complement of the second number

Add the first number with 100's complement of the semnd number(lgnore
carry).

Adijust the result for BCD.

Stare the result in memory

» HALT.
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Program
SUBTRACTION OF BCD NUMBERS

[ABEL | ADDRESS | ADDRESS OPCODE | MNEMONICS
- HIGH LOW
80 00 3A,50,80 LDA, 8050H
80 - 03 47 . MOV B,A
80 04 | 3A51,80 | LDA, 8051H
80 07 4F MOV C,A
80 . 08 3E,99 MVIA, 99H
80 0A 91 SUBC |
80 0B aC INR A
80 0C 80 ADD B
80 - oD 27 DAA
- 80 OE 325280 | STA, 8052H |
[ 80~ T 42 76 HLT



PROGRAM 3 MULTIPLICATION

3.1 MULTIPLICATION of TWO 8 BIT
BINARY NUMBERS
AlM

To multiply two 8 bit Binary numbers stored in the memory locations 8050 H

and 8051 H and store the product in 8052 H.

PROGRAM DESCRIPTION
Algorithm |
> Get the multiplicand and the multiplier to the B and C registers.
» Accumulator and the flags are cleared to store the pmduf':.t.
> Multiplication is done using the repeated addition method.
> Result is moved to the next memory location.

Procedure
> Enter the instructions in the Program area starting from 8000 H onwards.

» Enter the multiplier and the multiplicand in the appfopﬁate memory
jocations.

» Execute the program from the starting address 8000 H.

» Verify the product in the memory location 8052 H.

Program

MULTIPLICATION OF 8 BIT BINARY NUMBERS

LABEL | ADDRESS | ADDRESS | OP
uRE = 'OPCODE | MNEMONICS
80 00 21,50,80 | LXIH,8050H
80 03 46 MOV B,M
80 04 23 INX H
gg gg 4E MOVCM |
AF
RPT: 80 07 88 ﬁg g
&4 08 0D DCR C
80 - 09 C2,07,80 | JNZ RI‘T
50 o PN T4
L -2 A O3 77 | MOVMA
. OE 76 HLT




3.2 MULTIPLICATION of Multi Bit BINARY NUMBERS
AIM [16 bit x 16 bit]

To multiply two 16 bit numbers and store the 32 bit result in four successive
memory locations.

PROGRAM DESCRIPTION

Algorithm

Initialize HL register with 0000H.

Initialize memory locations where the result is to be stored with 00H.

Load the 16 bit multiplicand and multiplier in BC and DE register pairs.
Add BC content with HL content.

If there is no carry go to END,

Save the HL contents in stack.

Increment the HL content and store it in 8052 and B053H.

.Retrieve HL from stack.
Decrement the register pair BC.

If the content of BC is not zero go to RPT.

Store the content of HL in 8050 and 8051

>
>
}.
>
»
}.
» Load HL with 16 bit data from 8052 and 8053H.
>
%
3
»
>
>

HALT.
Program MULTIPLICATION OF MULTI BIT BINARY NUMBERS
ABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
"HIGH LOW _
80 00 27.00,00 | LXIH, 0000H
80 03 52 52.80 | SHLD, 8052H
80 06 01,yy.xx | LXIB, xx,yy H
80 09 11,9q.pp | LXID, pp.qq H
RPT 80 0C ~ 09 DAD B
80 oD D2.19.80 | JNC, END
80 10 E5 PUSH H
80 11 5A.52.80 | LHLD, 8052H
80 14 53 INX H
80 15 57.52.80 | SHLD, 8052H
80 18 E1 POP H
END: 80 19 1B DCX D
~80 1A 7A MOV A,D
80 18 B3 ORAE
80 iC C2.00.80 | JNZ, RPT
80 1F 25 50,80 | SHLD, 8050H
[ 80 27 76 HLT




3.3 MULTIPLICATION of Two BCD NUMBERS

AIM

To multiply two BCD numbers in memory and store the resultin memory,

PROGRAM DESCRIPTION

Algorithm _
Load the first number to accumulator from memory.
Transfer the first number to B register
Load the second number to accumulator from memory.
Transfer the second number to the C register.
Clear the accumulator and carry flag.
Add the register B with accumulator.
Adjust the result for BCD.

Decrement C register by one.

If C register is not equal to zero go to LOOP.
Store the result in memory

HALT.
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Program

MULTIPLICATION OF m- NUMBERS

LABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
HIGH LOW
80 00 3A,50,80 | LDA, 8050H
80 03 47 MOV B,A
80 04 3A.51,80 | LDA, 8051H
gg gg 4F MOV C,A
AF XRA A
LOOP: |. 80 09 80 ADD B
gg 0A 27 DAA
% 0B 0D DCRC
0 oc C2,09,80 | JNZ, LOOP
2 OF 32,52,80 | STA, 80520
12 76 HLT




DIVISION of [ 8 Bit/8 Bit] NUMBERS

To divide two 8 bit numbers. The divisor and the dividend are stored in the
memory locations 8150H and 8151H respectively and store the remainder
and the quotient in 8152H and 8153H respetively.

PROGRAM DESCRIPTION

Algorithm

» Bring the divisor and dividend to register B and accumulator.

» C register is cleared to store the quotient.

» The divisor is subtracted from the dividend until the dividend is less than
the divisor. The number of times the subtraction is carried out gives the
quotient and the final dividend becomes the remainder.

» The Quotient and the remainder are ‘mcwed to the memory.

Procedure

$ Enter the instructions in the Program area starting from 8000H onwards.

 Enter the divisor and the dividend in the appropriate memory locations.

» Execute the program from the starting address 8000H.

» Verify the result in the memory location 8152H and B1 53H.

Program
DIVISION OF TWO 8 BIT NUMBERS

LABEL | ADDRESS ADDRESS | OPCODE | MNEMONICS
HIGH LOW
80 00 3A,50,81 LDA, 8150H
80 - 03 47 MOV B,A
80 04 3A,51,81 LDA, 8151H
80 07 0E,00 MVIC, 00H
80 09 B8 -~ CMPB
80 DA DA,13,80 JC, END
RPT: 80 0D 90 SUB B
80. 0E oC INR C
80 . OF B8 CMP B
' ' 80 10 D2,0D,80 JNC, RPT
END: 80 13 32,52 81 STA, 8152H
80 16 79 MOV A,C
80 17 | 325381 STA, 8153H
80 1A 76 HLT




PROGRAM 4 SEARCH & BLOCK MOVE
4.1 Search for an clement in an Array
AIM: To search for a given byte of data in an Array.

Place FFH, if present ; 00H, _if not. At location 850GH.

LABEL ADDRESS OPCODE MNEMONICS COMMENTS:
80 10 16, BYTE MVID, BYTE E'Afﬂffh BYTE inD
80 12 0OE, XX MVIC, XXH | XX= No. _‘I’UNT
80 14 21, 50. 80 LXTH, 8050H | 4 ©8ivn Amy |
LOOP: 8017 E MOV A,M Place 1" byte in Acc,
8018 BA L If found go to E‘ﬂ;}
80 19 CA, 25, 80 JZ, END '
80 1C 23 INX H Else point to next byte
80 1D 0D DCRC Decremet Covt
80 1E C2,17, 80 JNZ, LOOP |. ::qﬂlm lfngln;#ﬂ
80 21 AF XRAA Search not
found clear Ace. &
8022 C3,27,80 | JMP,LAST | = gotolAST
: i If Scarch BY1E
END: 80 25 3E, FF MVIA, FFH o, place Asb= FE
LAST: 80 27 21, 00, 85 LXTH, 8500H Plgiifnfmﬂ
80 2A 77 MOV M,A G et i
80 2B 76 HLT
4.2 'BLOCK MOVE' - an Array of bytes
AIM:  To Block Move a given set of data FROM SOURCE AREA (8501H onwards)

TO DESTINATION AREA ( 8601H onwards)
No. of bytes to be moved:- stored at location NUM (8500H),

LABEL ADDRESS OPCODE MNEMONICS | COMMENTS
80 10 21, 00, 85 LXIH, 8500H | Point to no. count
. 80 13 4E MOV C,M |No.countinCreg
80 14 11,01, 86 LXID, 8601H |Point=>DestinationAres
8017 23 INX H Point=>Source Area
LOOP: 80 18 7E MOV A,M |Source data to Acc. &
8019 12 STAX D mave mﬁgumnm
80 1A 13 INX D Next source location.
80 1B 23 INX H Next Destn. location |
80 1C 0D DCRC Decrement counter
80 1D C2, 18,80 | JNZ, LOOP | “rercau Lo wdl
80 20 76 HLT




PROGRAM 4.3

SELECTION OF LARGEST & SMALLEST ELEMENT
FROM AN ARRAY

AIM

To pick up the largest and the smallest element from an array of unsigned
rxumb?rs starting from ARRAY (8051H), The number of element in the array
is available at NUMB (8050H). Store the result in the location BIG/SMALL.

PROGRAM DESCRIPTION

» Number of elements in the array is loaded to the B register.
» The starting element of the array is pointed by the HL register pair.
>

By comparing with the elements in the memory, the Largest number is
brought to the accumulator.

The result is stored in the location BIG/SMALL.

A4

Method 2:
The starting element of the array is pointed by the HL register pair.
The count of the element is loaded in the C register.

Move the next element from the memory to the B register.

Compare the data in A register with the data in the B register. ,

If the data in the accumulator is smaller than the data in B register go to
LOOP

If the data in accumulator is greater than the data in B register “swap" first

3
>
> (RPT)Move an element from the memory to the accumulator.
»
»
>

v

data with the second data stored in memory.
»> (LOOP)Increment the memory pointer.

L%
w

Decrement the counl in the C register.
» If the counter is not equal to zero go to RPT.



Program

SELECTION OF LARGEST & SMALLEST ELEMENT
FROM AN ARRAY

Method 1:
LABEL | ADDRESS | ADDRESS | OPCODE MNEMONICS
HIGH LOW
80 00 21,50,80 | LXIH, 8050HNuMB)
80 03 4E Mov C,M
80 04 35 DCRM
80 05 216180 | LXIH,8051H(ARRAY)
80 08 7E MOV AM
80 09 23 INX H
NEXT: 80 DA BE CMP M
80 0B D2,0F,80 *JNC, SKIP
80 0E 7E MOV AM
SKIP: 80 OF 23 INX H
80 10 oD DCRC
80 11 - C2,0A.80 JNZ, NEXT
80 14 32,70,80 STA,8070H(BIG)
80 1 76 HLT
*Use JNC for largest & JC for smallest.
Method 2:
LABEL ADDRESS | ADDRESS | OPCODE MNEMONICS
HIGH LOW
80 00 21,5080 | LXIH, 8050HMNuMB)
80 03 4E MOV C,M
80 04 35 DCR M
80 05 21,51,80 | LXIH,8051H{aRRAY)
RPT: 80 08 7E MOV A,M
80 09 23 INX H
80 0A 46 MOV B,M
80 0B B8 CMP B
80 oC DA,13,80 JC, LOOP .
80 OF . 77 MOV M,A
80 10 2B DCX H
80 11 70 MOV M,B
: 80 12 23 INX H
LOOP: 80 13 0D DCRC
80 14 C2,08,80 JNZ, RPT -
80 17 76 HLT




PROGRAMS5  SORTING AN ARRAY

5.1 (Ascending /D i

- g/ Descending - Bubble sort method)
Arrange the numbers in the array in descending, ascending order. The
number of elements in the array is in the location 8050H. The array starts
from B8051H.

PROGRAM DESCRIPTION-
Algorithm

» Number of elements in the array is loaded to the B register.

» The starting elerpent of the array is pointed by the HL register pair.
»> Bubble sort method is used to arrange the array.
Procedure

Enter the instructions in the Program area starting from 8000H onwards.
Enter the no of elements in the array at the location 8050H.

Feed in the array of elements starting from the address 8051H.

Execute the program from the starting address 8000H.

» Verify the result.
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Program
SORTING AN ARRAY - DESCENDING ORDER :
LABEL ADDRESS ADDRESS OPCODE MNEMONICS
. HIGH LOW
80 00 21,50,80 LXIH,.8050H
80 03 46 MOV B,M
', 80 04 05 DCR B
RPT: ] 80 05 21,51,80 LXIH,8051
80 08 48 MOV CE
NEXT: 80 09 7E MOV A M
80 0A 23 INXH
80 0B BE CMP M
80 oc D2,15,80 +JNC,NOINT
- 80 OF . ol MOV D,A
END: &0 10 7E MOV AM
80 11 72 MOV M,D
80 12 2B DCX H
80 13 77 MOV M,A
80 14 23 INX H
NOINT: 80 15 oD DCR C
) 16 C2,09.80 JNZ, NEXT
80 19 05 DCR B
80 1A C2,05,80 JNZ, RPT
l:_ 80 1D 76 HLT

*Use JC for Ascending & JNC for Descending.




5.2

REVERSING the order of data in an Array

AIM: To reverse the order of a given set of data. Original Array starting from 8501H
New Array formed at 8601H onwards. No. of bytes in the Array stored at 8500H

COMMENTS

LABEL ADDRESS OPCODE | MNEMONICS
80 10 21, 00, 85 LXTH, 8500H | Pointto no. count
80 13 4E MOV C,M | Storeno. countinC
80 14 11, XX, 86 LXID, 86XXH Point to end address of
: WNew Array.
80 17 23 INXH Point to start addr. of]
Original Array
LOOP: 80 18 7E MOV AM | Orignal Amy data
move 1o i e
80 19 12 STAX D N Aty
80 1A 1B DCXD ;
30 1B 73 INX H Update Pointers
801C oD DCRC Decrement Count
L 801D C2, 18, 80 JNZ, LOOP | Ifcount ot O repeat
80 20 76 HLT Else HALT J

NOTE: XXH= LSB byte of End address of New Array.



PROGRAM 6 CODE CONVERSION

=YUE CONVERSION
AIM

BCD (Decimal) to BINARY (HEX) Conversion.
BINARY (HEX) to BCD (Decimal) Conversion.
BINARY to ASCII Conversion.

ASCII to BINARY Conversion.
ASCII to BCD Conversion.
BCD to A_SCII Conversion.

o o B O N

6.1. BCD to HEX Conversion

PROGRAM DESCRIPTION

A TWO DIGIT PACKED BCD number between 00 and 99 is stored in
memory location BCD (8050H). Store the BINARY equivalent (HEX) at
location BCDBIN (8060H).

Algorithm

» BCD number in the memory is loaded to the accumulator.
» The lower and the upper nibble are separated using the masking

technigues.
% The upper nibble is multiplied OAH and the binary sum is added with the

lower nibble to get the BINARY equivalent to the BCD number.
» The resultis stored to the location 8060H.

Procedure

Ehlér the instructions in the Program area starting from 8000H onwards.
Enter the BCD number in the memory location BCD (8050H),

Execute the program from the starting address 8000H.

Verify the resuitin BINBCD location (BOBOH).

v V Y V



Program

6.1 BCD to HEX Conversion
LABEL | ADDRESS | ADDRESS | OPCODE MNEMONICS
H:;?JH LES"' 21,5080 | LXIH, 8050H (8CD)
80 03 7E MOV A,M
80 04 47 MOV B,A
80 05 EB,0OF ANI, OFH
80 07 T AF MOV C,A
80 08 78 MOV A,B
80 09 E6,FO ANI, FOH
80 0B OF RRC
80 0C OF RRC
B8O 0D OF RRC
80 0E OF RRC
80 OF 57 MOV D,A
80 10 AF XRA A
80 11 1E,0A MVI E,OAH
SUM: 80 13 83 ADD E
80 14 15 DCRD
80 15 C2,13,80 JNZ, SUM
80 18 81 ADDC
80 19 32,60,80 STA,
8060H(eINBCD)
i 80 16 76 HLT

6.2. HEX to BCD Conversion

PROGRAM DESCRIPTION

An 8 bit Hex number between 00 and FF is stored in memory location HEX

(BOSOH). Store the BINARY equivalent (BCD) at memory location starting
from BCDBIN (8070H) in its unpacked form.
Algorithm

» HEX number in the memory is loaded to the accumulator.

» Four memory locations starting from BCDBIN1(8070H) are cleared for the
results,

64H (hex equivalent of 100) is subtracted from the accumulator until the

carry flag gets set The number of times the subtraction done gives the
number of hundreds,

» Similarly, the numier of tens and cnes are cbtained by subtracting their
hex equivalent.

The results are stored starting from the location BCDBIN1 (8070H).



' Procedure

3 Enter the instructions in the Program area sltarting from B000H onwards.
v Enter the HEX number in the memory location HEX (BOS0H),

v Execute the program from the starting address 8000H.

» Verify the results from the location BCDBIN1 (8070H).

Program
_ABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
| HIGH LOW
e gg 00 ~21,50,80 | LXIH, BOS0H (MEX) |
e 03 76 MOV AM
— 80 04 21,00,00 LXIH, 0000H
e 0 07 22.70.80 | SHLD,8070H(acoeit1) |
i 80 0A 227280 | SHLD,8072H(Bcosi?) |
[ 80 0D 5170.80 | LXIH, 8070H{@BCOBINY |
__RPT: 80 10 D6,64 SUI, 64H
W 80 12 DA.19.80 JC,BUF2 |
[ 80 15 34 INR M
80 16 C3,10,80 JMP, RPT
_BUF2 80 19 C6.64 ADI, 64H
= 80 1B 23 INX H
LOGOP 80 1€ D6,0A Sul, 0AH
| 80 1E DA,25,80 JC,BUF3
80 21 34 INR M |
e 80 22 C3,1C,80 JMP, LOOP
BUF3 80 25 C6,0A ADI, 0AH
80 27 23 INX H
B 80 28 77 MOV M,A
80 29 76 HLT 1
6.3. BINARY to ASCII Conversion
Algorithm
% Load the binary number in accumulator.
» If the numberis 010 9, add 30H to accumulator.
% |f the number is OA to OF, add 7 in addition to 30H.
s Store the ACSII result in memory and HALT.
Program
[ABEL | ADDRESS | ADDRESS OPCODE MNEMONICS
HIGH LOW
80 00 3E,0B MVIA, 0BH{INPUT)
80 02 FE,DA CPI, OAH
80 04 DA,09.80 _ JC, LOOP
80 o7 C6,07 ADI, O7H
LOOP: 80 =" 09 C6,30 ADI, 30H
80 0B 32,50,80 STA, 8050H
80 OE 76 HLT ]




6.4.

Algorithm

Load the ASCII number in accumulator.

Subtract 30H from the accumulator.

ASCIl to BINARY Conversion

If result is greater than 9 subtract 7 from accumulator.

b
>
> If the resultis 0 to O transfer the result to memory.
>
>

Store the binary result in memory and HALT.

Program
LABEL | ADDRESS | ADDRESS | OPCODE MNEMONICS
HIGH LOW
80 00 3E 42 MVIA, 42H(nPuT)
80 02 D6,30 Sul, 30H
80 04 FE,DA CPI, OAH
80 06 DA,0B,80 JC, LOOP
80 09 D6,07 Sul, 07H
LOOP: 80 0B 32,5080 STA, 8050H
80 OE 76 HLT
6.5. ASCIl to BCD Conversion
Algorithm
> Load the ASCIl number in accumulatoer.
» Subtract 30H from the accumulator.
> The BCD result is stored in memory and HALT.
Program
LABEL ADDRESS | ADDRESS | OPCODE MNEMONICS
HIGH LOW
80 00 3E.42 MVIA, 39HunpuT)
80 02 D6,30 SUI, 30H
80 04 32,50,80 STA, B050H
80 o7 76 HLT
6.6 BCD to ASCII Conversion
Algorithm : - o
» Load the decimal number in accumulator.
» Add 30H with the accumulator.
» Store tht_a_r_ ASCII result in memory and HALT.
Program
LABEL | ADDRESS | ADDRESS | OPCODE MNEMONICS
HIGH LOW
80 00 JE 42 MVIA, 09H¢neuT)
80 02 C86,30 AD1, 30H .
80 04 32,50,80 STA, 8050H
80 07 76 HLT




SQUARE & SQUARE ROOT of

HEX & BCD NUMBERS

71 Square of a single byte Hex number

To evaluate the square and square root of hexadecimal and BCD numbers.

AIM

PROGRAM DESCRIPTION

Algorithm

» Load the number to the DE pair and make a ¢opy of it in register C
(Counter).

» Clear accumulator and HL pair,

» Add the number in the DE pair to HL pair.

» Decrement counter and check for zero. If C is not zero then repeat
addition.

» |If C =0, then display the result from the HL pair

» To display the result [16 bit ] at the ADDRESS FIELD transfer the data
from HLto DE and Call subroutine DISADD at

» HALT. |

Program

Square of a single byte Hex number:

LABEL ADDRESS | ADDRESS | OPCODE MNEMONICS

HIGH LOW

80 00 AF XRA A

80 01 21,00,00 LXIH, 0000H

80 04 3A,50,80 LDA, 8050H
- 80 07 16,00 ~ MVID, 00H
. 80 09 4F MOV C,A
iR 80 - 0A 5F MOV E,A
__RPT 80 0B 19 DAD D
— 80 o I oD DCRC
HE—— ) ; 80 oD C2,0B.80 JNZ, RPT
e 80 10 EB XCHG
f 80 11 CD.CO.13 | CALL,DISADR
80 14 76 HLT




7.2 Square of two digit BCD number:

Algorithm

» Load the BCD number in the accumulator. Copy of the number in counter.
» Add the number to the cleared accumulator (initially) and adjust the value.

Store the partial sum in a temporary register.

> After addition check for cany. If there is carry add it to the sum of the

carry from previous additions if any and store it to a register.

> If no carry decrement the counter by 100's complement BCD subtraction

method. Check for zero in the counter.

» If C register is not equal to zero then repeat addition. If C register is.zero

then display the result and HALT.

Program Sauare of two digit BCD number:
LABEL ADDRESS | ADDRESS | OPCODE MNEMONICS
‘HIGH LOW
80 00 AF XRA A
80 01 57 MOV D,A
80 02 3A,50,80 LDA,
8050H(pATA)
80 05 47 MOV B,A
80 06 4F MOV C,A
80 07 IE,00 MVIE, 00H
80 09 AF XRA A
REP: 80 0A 7B MOV AE
80 0B 80 ADD B
80 0C 27 DAA
RES: 80 0D 5F MOV E,A
80 0E D2,16,80 JNC, REDUC
80 11 TA MOV AD
80 12 C8,01 ADI, 01H
80 14 27 DAA
80 15 57 MOV D,A
-REDUC: 80 16 'CD,00.81 CALL, DECR
80 19 C2,0A,80 JNZ, REP
80 1C CD,CO,13 CALL:;,
DISADR
80" 1F 76 HLT
DECR subroutine:
LABEL | ADDRESS | ADDRESS | OPCODE MNEMONICS
HIGH LOW '
DECR: 80 00 3E.99 MVIA, 99H
80 02 D6,01 SuUl, 01H
80 04 3C INR A
__ &0 05 81 DD C
80 06 27 —" DAA
B0 07 . | MOV C,A
B0 08 C9 RET




7.3 Square root of a Single Byte HEX number
Algorithm

» * Clear the accumulator and counter. Load the number to the accumulator.

» Initialize a register to hold the successive 6dd numbers.

» Subtract the odd number from the given number successively.

» After each subtraction, increment the counter. Test for carry from
subtraction.

» If there is no carry, increment counter to the next odd value and repeat
subtraction.

» If there occurs a carry, then decrement C once, ass the last odd number
subtracted to get the reminder. The counter gives the nearest square
root.

» HALT,

Program °

Square root of a 8 bit HEX number
LABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
¢ HIGH LOW :
80 00 AF XRA A
80 01 AF MOV C,A
80 02 3A,50,80 LDA,
8050HpaTA)
o & ey | o
CORTN: 80 3 gg = Y
e 09 | DA,11,80 | JC, CROSD
80 B
0C 04 - INR
- 80 B INR B
80 oD 04
0E (3,07,80 JMP, CORTN
80 : oD DCRT
| CROSD 80 i 80 ADD B
" 80 ‘ 1% 50 MOV E,C
. 80 14 57 MOVDA .
. 80 15 CcD.C0,13 | CALL, DISADR
=l B . 80 76 HLT
. 80 18




7.4 Square root of a2 digit BCD number
Algorithm

» Clear the accumulator and counter. Load the number to the accumulator.
» Set the B register to hold the odd numbers.

» Subtract the odd number from the BCD number and increment the
counter. Check for zero from subtraction.

» If zero flag is set jJump to display the square root. If not update B register
to the next odd number and decimal adjust the value and perform 100's
complement subtraction once again.

» Repeat subtraction until the camry is reset & Halt.

Program Square root of a_Two digit BCD number
LABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
HIGH | LOW-
80 00 AF ~ XRAA
80 01 4F MOV C,A
g0 02 3A,50,80 LDA, 8050H
80 05 06.01 MVIE, 01H
80 07 90 SUB B
80 08 oc INR C
80 09 CA.20,80 JZ, DISP,
REP: 80 0C 57 MOV D,A
80 0D 04 - - INR B
80 OE 04 INR B
80 ~ OF CD,00,81 CALL, ADJ
80 12 " 3E.89 " MVIA, 95H_
80 14 90 — SUBB
80 15 3C INR A
80 16 82 ADDD
80 17 27 DAA
80 18 0c INRC
80 19 CA.20.80 JZ, DISP
80 1C DA,0C.80 JC, REP
: 80 1F 0D DCRC
DISP; - - 80 20 59 MOV E,C
- 80 2 CD,C0,13 | CALL, DISADR
. .| . 80 24 76 HLT
ADJ subroutine: - _
LABEL | ADDRESS | ADDRESS | OPCODE | MNEMONICS
HIGH LOW
ADJ: 81 00 F5 PUSH PSW
81 01 78 MOV A,B
81 02 C5,00 ~ ADI, COH
81 i 04 S7F DAA
81 0S 47 MOV B,A
81 06 Fq POP PSW
81 07 C9 RET




7.5 TRAFFIC REGULATION SIMULATOR

AIM : To wrile a suitable software pProgram (o interface a Traffic

regulation simulator to contro] g 4-Road junction.

Traflic Regulation Interface Hard ware

A ‘4-Road junction’ traffic regulation interface consists of 28 traffic signal

indicators. Each road has seven traffic signal LED s, They are

SG - Straight Green Y - Yellow

RG - Right Green PG - Pedestrian Green
LG - Left Green PR - Pedestrian Red
R - Red

The symbols refer to different signal indicator LEDs as follows:
1SG - Straight Green from Road 1;2SG — Straight Green from Road 2; and so on,

BIT assipnment of Ports A, B & C:

PORT D, Dy D; D, D, D, D, Dy
A 1RG 2RG 3RG 4RG 1PR .2PR - | 3PR 4PR
B 358G 3LG 3Y 3R 4R 4Y . 4LG 4SG
C 1SG 1LG 1Y 1R 2R 2y 2LG 28G

Logic ‘0’ data in the appropriate bit position lights the corresponding LEDs. The 3-byte
Hex code to Ports A, B & C control the 28 traffic LEDs.

The

TRAFFIC REGULATION SCHEMES

Scheme 1 - Straight and Left with Rig_ht_ wm -
Scheme 2 - Vertical and Horizontal straight with Right turn_

Scheme 3 - Straight and Right with: simultaneous Pedestrian Crossing

‘Pedestrian Green'
signals are the inverted signals derived from ‘Pedestrian Red' signals.

SIGNAL . | DURATION (sec) TIME n_ELAS'DsELEcr CODE
Red & Green (st., rt. &1t.) _ 15 -
Yellow ' 3 .

SL.-Straight; r.-Right; IL*Left :

Each SCHEME will have different no. of states depending on
the requirement.



4- Byte CODE FORMAT for each state:

|__Time Delay Selectcode | Byte 1,
L CodeforPortA | Byte2,
[ Code for Port B | Byte3,
| Code for Port C____ | ‘Byted

SCHEME 1 (Fig.1)

SEQUENCE of STATES in SCHEME 1:

SIGNAL INDICATOR |,

ROAD No.

LEDs in ‘ON’ state

STATE 1.

ROAD 1 - ‘GO’ in all three directions (st., rt. & It.)

GREEN LED [GO]

1!

1SG, IRG, ILG

REDLED [STOP]

2,3,4

2R,3R,4R,1PR,2PR,3PR 4PR

TRANSITION STATE 1: ROAD 1 - ‘¢aution’ state

STATE 2:

YELLOW LED [SLOW] 1 1Y
RED LED [STOP] 2,3, 4 2R,3R,4R,1PR,2PR,3PR 4PR
"ROAD 2 - ‘GO’ in all three directions (st., rt. & It.)

GREEN LED [GO]

2

258G, 2RG, 2LG

RED LED" [STOP]

1,34

TR3R.4R 1PR PR 3PRAPE

TRANSITION STATE 2: ROAD 2 - ‘caution’ state

YELLOW LED [SLOW] 2 2Y
RED LED [STOP) 1,3, 4 _ 1R,3R4R, IPR .2PR 3PR,4PR
STATE 3: ROAD 3- ‘GD’ in all three directions (st., rt. & It.)
GREEN LED [G(O] 3 38G, 3RG, 3LG
REDLED [STOP] 1.2 4 " 1R,2R 4R,1PR,2PR,3PR 4PR
TRANSITION STATE 3: ROAD 3 - ‘caution’ state |
YELLOW LED [SLOW] 3 . _. Y .
REDLED [STOP] _ 1,2,4 . IR,2R 4R, 1PR,2PR 3PR APR
STATE 4: ROAD 4 - ‘GO’ in all three directions (st., rt. & It. )
GREEN LED [GO) 4 .., ' 4SG, 4RG, 4LG
REDLED [STOP] 1,2,3 1R,2R;3R,1PR,2PR,3PR, 4PR

TRANSIT TON STATE 4: ROAD 4 - mm‘ian state

REDLED [STOP]

1,2,3,4

“YELLOW LED [SLOW] 4 Ay :
RED LED. [STOP] 1,253 . ot IR,ZR,?:R-.IPR,ZPR,SPRAPL

STATE 5: PEDESTRIAN CROSSING ‘GO’ on all four roads —
GREEN LED [GO] - 1PG, 2PG, 3PG, 4PG
REDLED [STOP] 1,2,3, 4 IR,2R,3R 4R,

STATE 6: ALL ROADS & PEDESTRIAN CROSSINGS- ‘STOP’ o

Note: st-Straight; rt.-Right; It.-Left

1R,2R,3R 4R, 1PR,2PR,3PR 4_P_R_J




r"

ATE:1 - 4 byte instruction code: 00H, 701, E7H, 37H.
. SIas== For ‘GO’ STATE ‘Time Delay Select code * m .Byte 1
?ﬁi Dﬁ Ds Dq D;g. D; D] D'n-
,..-i-*" IRG 2RG | 3RG | 4RG | IPR | 2PR | 3PR | 4PR
1o [ L 11 1[0 [0 [0 [ 0 [70H] Byne2
—5 | 35G | 3LG | 3Y | 3R | 4R | 4Y | 4LG | 45G
— 1 1 | L | 1 oo 1 "1 |1 [E7H]|-Bye3
118G | ILG | 1Y | IR | 2R | 2Y | 2LG | 25G
L~ | 0 I 1 | 0 | 1 1 | |a37H | -Byed
--ﬁ'ﬂl";':' ﬁ::;h" Logic* ‘0’ DATA for traffic LED to glow
The codes for the remaining states are generated as above and these look up codes follow

the Time Delay select codes and they are stored, starting from location 8200H onwards:

§200-00

§205-F0

820A-E7

820F-EB

8§214-01

8219-E0

821E-EB

§223-E7

8201-70

8206-E7

820B-EC

8210-00

8215-F0

821A-EC

821F-E7

8224-01

8202-E7

§207-D7

820C-01

8211-D0

8216-D7

821B-E7

8220-00

8225-F0

 8203-37

8208-00

820D-F0

8212-37

8217-E7

§21C-01

8221-FF

8226-E7

[8204-01

8209-B0

820E-E7

8213-E7

8218-00

821D-F0

8§222-E7

8227-E7

Similarly, the State codes for Schemes 2 & 3, shown in Figs.2 & 3 are generated and are
stored starting from location 8300 H & 8400 H onwards respectively.

SCHEME-2 (Fig-2)

8300-00

8305-F0

830A-F7

830F-D7

§314-01

8319-A0

831E-EB

8323-E7

8301-F0

8306-D7

830B-F7

8310-00

8315-F0

831A-EF

831F-EB

§324-01

8302-37

8307-D7

830C-01

8311-F0

8316-EB

831B-EF

8320-00

8325-F0

8303-37

8308-00

830D-F0

8312-EC

8317-EB

831C-01

8321-FF

8326-E7

| 8304-01

8309-50

830E-D7

8313-EC

8318-00

8322-E7

8327-E7

SCHEME-3 (Fig-3)

831D-F0

8400-00

8404-01

'8408-00

840C-01

8410-00

8414-01

8418-00

841C-01

8405-F0

8409-BS

840D-F0

8411-D4

8415-F0

8419-E2

"841D-F0

8406-E7

840A-B7

840E-D7

8412-7D

8416-DB

841 A-EE

841E-EB

8407-DB

840B-EE

840F-EB

8413-E7

8417-E7

841B-B7

841F-D7




SOFTWARE FOR TRAFFIC REGULATION:

i i
LABEL ADDRESS OPCODE | MNEMONICS | COMMENTS
81 00 3E,80 MVIA, 80 H | Initialize 8255(1)
81 02 D3,DF OUT,[CR]DFH
START: 81 04 0E,0A MVIC, OA H | Store count for no.
of states
81 06 21,00,82 LXTH, 8200H | Points '&ﬁmw
AGAIN: 8109 46 MOV B, M Store T.D. select
1. U.'IIE iﬂ Brfg.
81 0A 23 INXH Points to next byte
81 0B, 7E MOVAM |
215 l.'H.'II[]uI
g10C D3,DC DUT];{(;%RTA) through Port A
81 0E 23 INX H Points to next byte
81 OF 7E MOVAM | !
€15
8110 D3,DD : OUT];;:JP(I)IRTB) hiceigh Prt B
8112 23 INXH Points to next byte
8113 7E MOVAM | A g
- e is output
81 14 D3,DE OUTI,)E»:I::IRTC} through Port C
81 16 78 MOV A, B Is T.D. select
8117 OF _ RRC liﬁiﬂ 1’;'1’
g
8118 D2,21,81 ING,LTD | 1
81 1B CD,50,81 CALL TD1 | Elsecall short TDI
81 1IE C3,24,81 JMP, SKIP
LTD: 8121 CD,70,81 CALL TD2
- SKIP: 8124 23 - INXH Points to next state
8125 0D  DCRC Update count of state
81 26 C2,09,81 JNZ, AGAIN |Repeat the sequence
8120 C3,04,81  JMP, START | Repeat Traffic Regulation
| ‘No.ofstates  **To observe Traffic Scheme 1 POINT to 8200H
*For SCHEMES-1&2, ~ LOAD 0AH To observe Traffic Scheme 2 POINT to 8300H
For SCHEME-3, |

LOAD 08 H

To observe -?IEL{!IE.SchuncJ POINT to 8400H



TD1 (SHORT TIME DELAY for 3 secs):

LABEL ADDRESS OPCODE - MNEMONICS
81 50 Cs PUSH B
81 51 D5 PUSH D
81 52 06,0A MVIB, 0AH
LOOP3: 81 54 OE,FF MVIC, FFH
LOOP2: 81 56 16,FT MVID, FFH
LOOPI: 81 58 15 DCRD
81 59 C2,58,81 JNZ, LOOPI
g1 5C 0D DCR C
81 5D C2,56,81 JNZ, LOOP2
81 60 05 DCR B
81 61 C2,54,81 JNZ, LOOP3
81 64 D1 POP D
81 65 C1 POPB
81 66 C9 RET
TD2 (LONG TIME DELAY forl5 secs):
LABEL ADDRESS OPCODE MNEMONICS
81 70 C5 PUSHB
8171 D5 PUSHD
8172 06,32 MVIB, 32H
LOOP3; 8174 OE,FF MVIC, FFH
LOOP2: 8176 16,FF MVID, FFH
LOOPI: 81 78 15 = DCR D
81 79 C2,78,81 JNZ, LOOPI
817C 0D DCRC
81 7D C2,76,81 JNZ, LOOP2
81 80 05 DCR B
81 81 C2,74,81 JNZ, LOOP3
81 84 D1 POP D
81 85 C1 - POPB |
L 81 86 C9 RET
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three consecutive user-memory locations.

CLOCK PROGRAM
This Program displays the actual time by making use of the data stored at any

LABEL | ADDRESS OPCODE MNEMONICS COMMENTS
REP: 8010 .21, 00, 86 LXIH, 8600H Points to User CLOCK
g : . pellng arca
80 13 CD, F0, 13 CALL DISPLAY .  [Call DISPLAY prograg
ok from Monitor
80 16 23 INX H .
80 17 23 INX H ; Point o Sec.s Location
80 18 CD, 00, 81 CALL TIME DELAY - | Time delay (1sec)
80 1B 7E MOV AM .
80 1C 3C INR A Increment Sec.s
80 1D 27 DAA Decimal adjust
80 1E 77 MOV M,A _oad in sec.s mem locn
80 IF FE, 60 CPI, 60H If S# 60 Repeat
80 21 C2, 10, 80 JNZ, REP Seconds Loop
80 24 AF XRAA " Else clear
80 26 2B ‘DCXH" Point to minutelocation
8027 - 7E MOV AM
80 28 3C INR A Increment Min.s
80 29 27 DAA Decimal adjust
80 2A 77 MOV M.A |.oad in min.s memlocn
_ 80 2B FE, 60 CPI, 60H If M# 60 Repeat
80 2D C2, 10, 80 JNZ, REP Minutes Loop
80 30 AF XRAA Else clear Minutes
80 31 77 MOV M.A Location
80 32 2B ~ DCXH Point to Hour Jocation
80 33 7E MOV AM =
80 34 3C INR A Increment Hour
80 35 27 DAA Decimal adjust
8036 77 MOV M,A Load in hrs mem locn
80 37 = FE, 24 CPI, 24H If H+# 60 Repeat
80 39 .C2, 10, 80 JNZ, REP - Hours Loop
80 3C AF - XRAA Else clear Hours
803D 77 MOV M,A ; Location
80 3E C3, 10, 80 JMP, REP Repeat Clock Program

to Record Time




SUDROUTINE TIME DELAY (1 sec)
— 8100 ES PUSH H
" 8101 : T e
5 PUSH PSW
e 8102
06, 02 MVI B, 02H
| »
LOOP2: 8104 21, FF, F5 LXIH, FSFFH
—LOOPL: 8107 2B DCX H
P 81 08 7C MOV AH
—"" 8109 B5 ORA L
e 81 0A C2, 07, 81 JNZ, LOOPI
= 810D 05 DCR B
e 81 OE C2, 04, 81 JNZ, LOOP2
8111 Fl POP PSW
_:‘— 8112 El POP H
I 8113 C9 RET
SET DATA for Clock

AT 8600 ENTER HOUR

00 to 24 for 24 Hr Clock Program.

AT 8601 ENTER MINUTES 00Htw0S9H
AT 8602 ENTER SECONDS (0MHw0S9H
[NOTE: The Clock Program to display the Hour, Minute & Second at memory locations
9600H, 9601H & 9602H respectively is available in ROM area with starting address

1CCCH]

SAMPLE PROGRAM

AIM To complement the contents of a memory lnf:atium
> Enter the software program at the memory location 8000H

> Enler the data ( say OFH) at 8050H.

» Check the result ( FOH for this case) at 8050H after execution.
Program :
|__LABEL | ADDRESS |~ OPCODE MNEMONICS COMEETS

|_REP: [ ' LDA, 80501 Bring data from
___REP; 80 00 3A SR i
[ S} : o Accumulator
e gg gg g}ﬂ: CMA Complement thedatd
| Store back the
[ 20 04 ;ﬁ STA, 8050H data at 8050H
— 80 05

L 80 06 80 —

— 80 07 76 _HLT




Al0
BA
CI2

DIREG/3

El4
HI5

L/LOADI6

KEYS AND COMMANDS

= [EEEE
][] [:l““ - ]

| E FLAGH
EXEC I I I s l

[=][E][E

55 o e e

This key Is used to enler hex address/dala value 0. As well as it Is used to select register A when
used in REG command key.

This key is used to enter hex address/data value 1. Also it is used lo select register B when used in

‘conjunclion with REG command key.

This key is used o enlter hex address/dala value 2. Alsoitis used to select  register 2 when
used in conjunction with REG command key.
This key is used as a hex key as well as a functional key it is used to enter hex address/data value

3. In command mode it is used to select/view registers contents. When used in conjunction with
this REG Command, it selects Reg. D,

This key is used lo enter hex address/data value 4 as well as to select register E when used in
conjunclion with REG command,

This key Is used 1o ener hex address/data value 5 as well as to select register H when used in

conjunction with REG command.

This key is used lo enler hex address/data value 6 as well as to select register L when used'in

conjunction with REG command. In command mode it is used 1o load a hex file to system from PC.

FLAGISAVE/T This key is used to enter hex address/dala value 7 as well as to select FLAG register when used in

PCHI8

PCL/9

conjunclion with REG command. In command mode it is used to save a hex file from the system la
PC.

- This key is used o enler hex address/data-valie 8 as well as to select Program Counter High

when used in conjunclion with REG command,

This key is used to enler hex address/data value as well as to select Program counter Low when

used in conjunction with REG command.



SPH/B

SPL/B

KBD/C

PCID

E

F
RESET
BAUD

SUB/MEM

INC
DEC
GO
EXEC
BLM

This key is used to enler hex address/dala value A as well as to select stack poinler high when
& 1

used in conjunction with REG command.

This key Is used to enfer hex addressidata value B as wel| 25 to select stack pointer oy when

used in conjunction with REG command.

This key is used lo enler hex address/data value C. This is also used 1o return. back to local
keyboard mode from PC operaling mode.

~ This key is used fo enler hex address/dala value D. This is also used to go to PC operaling mode.

This key is used lo enler hex address/dala value E.
This key is used to enter hex address/data value F,
This key is used fo resel the system. This makes the system lo execule from address 0000H.

This key is used to select baud rate for serial communication when used with INC/DEC and EXE. It
is used to select and set different baud rates.

This key is used to select/display all the 64KB program memory area. In conjunction vith INC/DEC
hex keys 0 1o F, itis used lo modify address and data.

This key is used o increment memory addressfoaud ratefregister in respective commands.
This key is used to decremen! memary address/baud ratefregister in respective commands.
This key is used to execute lhe programs al specified addresses in conjunction with EXE key.
This key is used as a terminating key for all functions/commands. |

This key is used o move a block of the dala from one memory area to another when used in
conjunction with EXEC key and hex O to F.

Block move operation :

Press BLM key, press EXEC key, Enter STARTING ADDRESS of
the block, press INC key, Enter ENDING ADDRESS of the block, press
INC key, Enter DESTINATION ADDRESS ( starling address of the new

block), Press EXEC key.

BLM — EXEC = 820001 = INC = 820FH = INC = 830011 = EXEC.

KEY

KEY STARTING KEY  ENDING KEY n:srmaggﬂ KEY
ADDRESS ADDRESS ADDR



EMORY MAPPIN

FLO - 85
FFEF
USER EXPANSION
MEMORY
SPACE
A000
9FFF
RAM SPACE
USED FOR MONITOR
PROGRAM
9FC1
9FCO
8KB
USER RAM
MEMORY
SPACE
8000
7FFF
DECODED MEMORY
" SPACE AVAILABLE
TO USER
THROUGH 50 pin FRC
CONNECTOR
4000
3FFF
8KB
EPROM
EXPANSION SOCKET
PROVIDED
. 2000
1FFF
8KB
EPROM
MONITOR MEMORY
SPACE
0000

PERIPHERAL 1/0
ADDRESS MAPPING

FLO - 85

1. 8255(I) — PortA — DCH
PortB — DD H

PortC— DE H

CONTROL PORT — DF H

2. 8255(I1) — PortA-—7C H
PortB— 7D H

PortC— 7E H

CONTROL PORT — 7F H

3. 8279 DataPort -— BEH
CONTROL PORT — BF H

4. 8253 Timer/Counter 0 F4 H

-do- 1 FS H
-do- 2 F6 H
CONTROL PORT— F7 H
5. 8259 DataPort -— EF H
CONTROL PORT - EE H
6. 8251 Data Port —— F8 H
_CONTROLPORT- F9 H
MEMORY ADDRESS
EPROM (8K)
Monitor ..o 0000 H to 1FFF H
RAM (8K)

User Program.. 8000 H to 9FC0 H

DISPLAY SUB-ROUTINE

ADDRESS
DISDAT ——— 13 80 H |pATA FIELD] ___
DISADR -——- 13C0 H|ADRES FIELD|

DISPLAY ——— 13_FOH|ALL 6 DIGITS] __



70 LOAD PROGRAM :

MICRO CONTROLLER 8051 - TRAINER

INSTRUCTION for LOADING & EXECUTING PROGRAMS
=A=L U 1ING PROGRAMS

gEp STEP:

1 FRESE RESET KE}’ 1, PRESS
9. ENTER  Starting ADDRESS IN Address Field 2. ENTER
5, PRESS INC Key 3. PRESS
4 ENTER OPCODE/DATA IN Data Field 4, ENTER
5 PRESS INC Key 5, PRESS
6. REPEAT STEPS 4& 5 till all INSTRUCTIONS are entered 6

TO EXECUTE PROGRAM :

STEP:

1. PRESS
2 PRESS
3. ENTER
4, PRESS

RESET Key
EXEC Key

TO LOAD DATA:

RESET Key

Stgﬂng ADDRESS IN Address Field
INC Key

DATA !N Data Field

INC Key

. REPEAT STEPS 4& 5 1ill all DATA are entered

TO VERIFY RESULT AT MEMORY

STEP:
1. PRESS

[ Terminate program: JMP Monitor = 02,00,00 ]
RESET Key

2. ENTER Starting ADDRESS of RESULT location

Starting ADDRESS Of Program fo be Executed 3. PRESS

INC Key for Running the program

INC Key

4. OBSERVE the RESULT at DATA Field

5. REPEAT Pressing INC Key till all the RESULT are read

TO VERIFY RESULT AT REGISTER

STEP:

1. PRESS RESET Key

2. PRESS REG Key

3. PRESS & Key

4. ENTER  SFR Address for the REGISTER
5. PRESS INC Key and Read the RESULT

etk ek ok ik

FLORANIX, Chennai -

[ Terminate program: JMP, Register :- 02,0F,00 ]
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8051 INSTRUCTION - HEXADECIMAL - OPCODES

or MNEMONIC | OPERAND | BYT | OPCODE | MNEMONIC | OPERAND | BYTES | OP | MNCMONIC | OPERAND | ByTey
CODE 33 (ODE —
00 NOP = 1 30 INB b,radd 1 60 iz radd 2

01 AlMP sadd 2 31 ACALL sadd 1 61 AIMP sad 2|
02 UMP ladd 3 32 RET1 1 62 XRL add A 2|
03 RR A 1| 33 RLC A 1 | e XRL addin | 3
04 INC A 1| 34 ADDC Afin 2 | 64 XRL Abn | 2 |
05 INC add 2 35 ADDC A,add 2 65 XRL Aadd 2 |
06 INC @R0 | 1 | 36 | ADDC | A.@RO | 1 | 66 XRL A@RO | 1 |
07 INC @1 | 1 | 37 ADDC | A@GR1 | 1 | 67 XAL A@RL | 1
08 INC RO 1 38 ADDC ARO 1 68 XAL ARD 1
09 INC R1 1 19 ADDC ARL 1 69 XAL ARL 1
DA INC R2 1| 3A ADDC ARZ 1 | 6A XRL AR2 1
08 INC R3 1 3B ADDC AR3 1 68 XRL AR3 1
oc INC R4 1 3c ADDC AR4 1 6C XRL AR4 A
[ INC RS 1 7o) ADDC ARS 1 6D XRL ARS 1
0F INC R6 1 3E ADDC ARG 1 6E XAL ARG 1
OF INC R7 1 T3 ADDC AR7 1 6F XRL AR7 1
10 JBC Bradd | 3 40 ic radd 2 70 INZ radd 2
11 ACALL cadd 2 41 AlMP sadd 2 71 ACALL sadd 2
12 LCALL LADD | 3 a2 ORL add,A ] 72 DRL Ch 2
13 RRC A 1 43 ORL add, KN E] 73 IMP @A+DPTR | 1
14 DEC A 1 a4 ORL Adin 2 74 MoV Adn 2
15 DEC add 1 45 ORL A,add 2 75 MOV Add,#n 3
16 DEC @ | 1| a8 ORL A@RO | 1 76 MoV @RoHn | 2
17 DEC @R1 1 47 ORL A@RL | 1 77 MOV @R1Hn | 2
18 DEC RO 1 48 ORL AR0 1 78 MOV RO#n 2
19 DEC R1 1 49 ORL AR1 1 79 MOV R1.#n 2
1A DEC R2 1 aA ORL AR2 1 7A MOV R2,En 2
1B DEC R3 1 48 ORL AR3 1 7B MOV R3,#n 2
1C DEC R4 1 ac ORL ARL 1 7C MOV R4 #n 2
1D DEC RS 1| ap ORL ARS 1 70 MOV RS, En 2
1E DEC R6 1 4E ORL ARG 1 7E MOV R6.#n 2
1F DEC 7 1 aF ORL AR7 1 7F MOV R7,#n 2
20 JB bradd | 3 | 50 INC radd 2 | 8o SIMP radd 2 |
21 AIMP sadd 2 51 ACALL sadd 2 81 AIMP sadd 2
22 RET 1 52 ANL addA | 2 82 ANL Ch 2
FE] AL A 1 53 ANL add#n | 3 83 MOVC | A@A+PC | 1
24 ADD A.Hn 2 54 ANL ABn 2 B4 DIV AR 1
25 ADD Aadd 2 55 ANL Aadd 2 85 MoV add,add 3

26 ADD A @RO | 1 56 ANL A®RD | 1 86 MOV | add@RD | 2

77 ADD A @Rl | 1 57 ANL A®Rl | 1 87 MOV | add,@RL | 2

28 ADD ARD | 1 58 ANL ARD 1 88 MoV add,RO 2
25 ADD AR1 1 59 ANL AR 1 89 MoV add,R1 2
2A ADD AR2 1 54 ANL AR2 1 BA MoV add,R2 2
28 ADD AR3 1 58 ANL AR3 1 88 MoV add,R3 2
2C ADD AR4 1 5C ANL AR4 1 ac MoV add,R4 2
2D ADD ARS 1 5D ANL ARS 1 8D MoV add,RS 2
2E ADD ARE 1 SE ANL ARG 1 8E MOV add,R6 2
oF ADD ART 1 5F ANL AR7 1 BF MOV add,R7 2

FLORANIX, Chennai — 600020; : 91-9840354443 |46



8051 INSTRUCTION - HEXADECIMAL - OPCODES

e oMl CPERAND BYT | OPCO r——
n:;; M“::“ es | o WHEMONK. | cevRanG 'E"s"' ::;E MNEMONIC | OPERAND | BYTE
90 MOV DPTR #nn 3 co PUSH add — 5
—51 | ACALL <add 2 | ¢ 1= ame i FO_| MOVX | @opiia | 1
—2 | MoV b ? | @ i -2l B | AOML G sdg |72
= 0
—23 | MOVC | A@ADPTR | 1 | c3 °IR = i : :oﬁ g:ﬂlﬁ. 1
SUBB Adin 2 | ca SWAP Iy ; = o 5 2 t
= A,add
296 SUBB A @ROD 1 Ch XCH A, @RO 1 FE MOV @RO.A 1
97 5UBB A@R1 1] ¢ XCH A.@R1 y = MDY oriA |3
98 suBB ARO 1 =] XCH ARD
1 F8 MOV ROA 1
%9 | SuoS ARL 1 | cs XCH ARL | 1 | s MOV RLA | 1
Ak ) StEe 17 1| CA XCH ARZ | 1 | FA MOV R2A | 1
% | SLEE Adid 1 | CB XCH ARI | 1 | fB MOV R3A | 1
| _9c | suBB AR4 1 | cc XCH ARE | 1 | Fc MOV R&A | 1
| D | Suss AR5 1 | co XCH ARS 1| MOV RS,A 1
. ARS 1 | CE XCH ARE | 1 | Fr MOV REA | 1
_9F 5;’:3 "'E'L? 1 | CF XCH AR7 1| fF MOV R7A | 1
|_AD - 2 | Do POP add 2 8255 -1/0
Al AIMP sadd 2 m ACALL sadd 2
— PORT Address
A2 MOV Ch 2 | b2 SETB b ]
3 | INC DPTR 2 | 03 | sew C ;| R ->FFR23H
A4 MUL AB 1 | D4 DA A 1 PORTA -» FF20H
A5 | Unused e 1 D5 DINZ add,radd | 3 PORTB = FF21H
AB Mov @R0,add 2 | D6 '|. XCHD A &R0 1 PORTC - FF22 H
A7 MOV @R1,add 2 | D7 XCHD ABRL | 1| wasa i
AB MoV RO,add 2 D8 DINZ RO,radd 1
A3 | MOV R1,add 2 D9 DINZ R1,radd 2 SPit = ADDRESS
AR | MOV R2,20d | 2 | DA | DINZ | Rasresd | 2 |-~ = EOH
AB | MOV R3,add 2 | DB DINZ R3radd | 2 | B > FOH
AC MOV R4,add 2 | bc DINZ Raradd | 2 | PSW-=>DOH
AD | mov R5,add 2 | oD DINZ Rradd | 2 | DPH = B3H
AE Mov Rb,add 2 DE DINZ RB,radd 2 DPL -5 82H
AF MOV "R7,2dd 2 | DF DINZ R7.7add | 2
BO ANL C.b 2 MOVX | A@DPIR | 1 :: RIERM'N&; ING T
Bl | ACALL sadd 2 | | AIMP sadd | 2 Elﬁ g’;;‘; "“;r savinga
T — b 3 MOVX A.@R0 1 r?g sters SFRs & return to power-on
B3 CPL c 1 | E3 MOVX A@R1 | 1 | Lump to Monitor at ROM
B4 CINE Afn,radd 3 7] ClR A 1 | Address => 0000 H
| BS CINE A add,radd 3 | E5 MoV Aadd 2 | Base Address of:
Bb CINE {@A0 Mn radd 3 EB MoV A @RO 1 8251A - FF10H
_ 87 CINE | @Ri#inradd | 3 | E7 MoV A,@R1 1 18353 - FF30H
B8 CINE RO4noradd | 3 | EB MoV ARO 1 1 ga78 S FFO8 H
1 1
B9 CINE Rifnradd | 3 | E9 MoV AR ARk S EoR
BA CINE R2,Mnradd | 3 Mov ARZ s
L BB | ONE R3#inradd | 3 | EB MoV AR3 1
BC | ONE | Ragnradd | 3 | EC MOV ARA 1
B0 | ONE | Rs#nradd | 3 | ED MOV ARS 1
_BE_| OINE R6.Hnradd | 3 EE MoV A.RB 1
_BF | ONE | RiAngadd | 3 | EF MoV AR | 1
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1.a). ADDITION: [ Two 8-Bit Numbers in MEMORY ]

LABEL ADDRESS OPCODE MNEMONICS COMMENTS j
8100 90,90,00 MOV DPTR,2000 Point DPTR to NUM1
8103 EO MOVX A, @DFTR Move NUM 1to A ]
8104 Fa MOV ROA Save NUM1in RO
8105 A3 INC DPTR Point DPTR to NUM2
8106 ED MOVX A, @DPTR Move NUMZ to A
B107 28 ADD ARD Add NUM2 with NUM1in RO
8108 A3 INC DPTR Point DPTR to Result Location
8109 FO MO pp Move SUM to Result Location
B1DA 02,00,00 IMPMONITOR Terminate Processing

9000 H - 1 NUMBER; 5001 H- 2" NUMBER
9002 H = SUM = (Num1+Num2)

STORE DATA AT:
OBSERVE RESULT AT:

1.b). SUBTRACTION: [ Two 8-Bit Numbers in MEMORY ]

LABEL ADDRESS | OPCODE MNEMON COMMENTS

8200 90,91,00 MOV DPTR,9100 Point DPTR to NUM1
8203 EO MOVX A, @DFTR Mave NUM 1 to A

' 8204 F8 MOV RO,A Save NUML in RO
B205 A3 INC DPTR Point DPTR to NUM2
8206 EO MOVX A, @DPTR Move NUM2 to A
B207 c3 CLRC Clear CARRY Flag
B208 98 SUBB A,RO Subtract NUM1fromNUM2in RO
8209 A3 INC DPTR Point DPTR to Result Location
8204 FO MOVK@DPTR.A Move DIFF to Result Location
8208 02,00,00 IMP,MONITOR Terminate Processing i

STORE DATA AT: 9100 H - 1" NUMBER; 9101H~2"" NUMBER (bigger than 1" NUMBER)

OBSERVE RESULT AT:

9102 H - DIFFERENCE = (Num2 — Numi1) (Positive Result}
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TION:

[ Two 8-Bit Numbers jn MEMORY ]

—TABEL ADDRESS OPCODE MHEMDNJES___ COMMENTS

8300 50,92,00 MOV DPTR,3200 Point DPTR to NUM1
— | 8303 E0 MOVX &,@DPTR Move NUM 1to A
| —— BINd F5,FO MOV B A Save NUM1in B reg
— 8306 A3 INC DPTR Polnt DPTR to NUM2
— 8307 Eo MOVX A,@DPTR Move NUM2 to A
o 8308 A4 MUL AB Multiply NUM1 and NUMZ2in B
= 8308 A3 INC DPTR Polnt DPTR to Result Location
e B30A FO MOVX@DPTR,A Move PROD to Result Lotation
P 8308 02,00,00 JMP,MONITOR Terminate Processing
STORE DATA AT: 9200 H- 1" NUMBER 9201 H - 2"° NUMBER

9202 H~ PRODUCT - (Num1 X Num 2]

BSERVE RESULT AT:

1.d). DIVISION: BbitDividend/8bitDivisor [ Two 8-Bit Numbers in MEMORY |
LABEL ADDRESS OPCODE M NEMD&IE_S COMMENTS
8400 90,93,00 MOV DPTR,5300 Point DPTR to NUM1 {DIVSR)
8403 ED MOVX A,@DPTR Move NUM 1(DIVISR) to A
8404 F5,FO MOV B,A Save NUMI[DIVISR) in B reg
B406 A3 INC DPTR Paint DETR ta NUM2 (DVND)
8407 ED MOVX A,BDPTR Maove NUMZ[DVND) to A
8408 B4 DIV AB DIVIDE : DVND/DIVSR
B409 A3 INC DPTR Paint to Result
840A FO MOVX@DPTR.A Move Result to QUOTE
8408 ES5,FO MOV AE Move REMAINTER ta A
N 840D A3 INC DPTR Point to REM Location
840E FO MOVX@DPTRA Move Remainder to REM locatn
I BAOF 02,00,00 IMF,MONITOR Terminate Processing
STORE DATA AT: 9300 H— 1" NUMBER (8bit Divisor)

g301 H—2"° NUMBER (8bit Dividend Bigger than Divisor)

9302 H - QUOTIENT

9303 H- REMAINDER

- [Num2/Numi)

FLORANIX, Chennai — 600020; J: 91-0840354443 [49



2.(a) CHODSING THE MAXIMA / MINIMA:

STORE AT : 9400 H— Number of bytes inarray: STORE the MAXIMA or the MINIMA at LAST LOCATION

89401 H - onwards = Armay Starts . PROGRAM FOR CHOOSING THE MAXIMA
LABEL ADDRESS OPCODE MNEMDN‘_E COMMENTS -

8600 90,54,00 MOV DPTR,9400 Paint DPTR to move No. of
B6O3 ED MOVX A,@DPTR BYTES in the ARRAY to Areg
BG04 FB MOV RO,A Save itin RO reg
B&OS A3 INC DFTR Pointto 1° DATA in memory
8606 EO MOVX A,@DPTR Bring 1" DATA to Areg

AGAIN: 8607 F5,FO MOV B.A STORE 1" DATA INB reg
aoirs A3 INC DPTR Paint to Next Data In Memory
B60A EO MOVX A,@DPTR Bring the 2™ DATA to Areg
B60B BS,F0,00 CINE A,B REPEAT Compare TWO BYTES.

REPEAT: B&OE *50,02 *INCNXT IF A>B, GO TO NXT, otherwise
8610 C5,F0 XCHA,B IF B>A , EXCHANGE ARB

NXT: 8612 D8,F3 DINZ RO,AGAIN Repeat for the No. of Bytes in
. The ARRAY
8614 A3 WL INC DFTR Point DPTR to Result Location
8615 FO MOVX@DPTR.A Move the MAXIMA to RESULT
Location ; next to the LAST data
Stored in memory
8616 02,00,00 IMPMONITOR Terminate Pracessing
FOR CHOOSING THE MINIMA

STORE AT BGDE & E50F :the OPCODES 40,02 for * JC NXC

RESULT: MAXIMA/MINIMA DATA will be STORED at Memory Location NEXT to the

Last DATA of the Array stored in memory.
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2(b). ARRAY SORTING — LINEAR SORT METHOD: [8-Bit Data bytes in MEMORY]

STORE AT : 8BOOH -

Far Ascending Order

Number of bytes in array : Array starts 8801 H onwards

s RO

[ LABEL | ADDRESS | OPCODE | MNEMON] COMMENTS
BA00 90,88,00 | MOV DPTR,8B00 | Point DPTR to no of data
8A03 EO MOVX A,@DPTR ., | Move no of data to A
8A04 F8 MOV RO,A Copy the same in RO
8A05 18 DECROD Deduce n-1
8A06 78,01 MOV R3,01 H | Prepare pointer for 1" data
NEXT: 8A08 88,04 MOV @4,R3 MoV ohHs K%
8A0A 0C INC R4 Prepare pointer for 2" data
S8A0B 88,01 MOV B1,RO Copy n-1 value to R1 MoOY otk
LOOP: 8A0D 88,82 MOV DPL,R3 Point DPTR to 1st data
SAOF EO MOVX A, @DPTR | Load 1* datain A
8A10 F5,FO MOV B,A Store 1™ data in B
BA12 8C,82 MOV DPLLR4 | Point DPTR to 2™ data
8A14 EO MOVX A, @DPTR | Load 2" data
8A15 B5,F0,00 | CINEA,B, CONT |.Compare data bytes
CONT: | 8A18 | *50,08 | *INCNOEX | IfA>=B, skip exchange _
EXCH: 8A1A 8B,82 MOV DPL,R3 If A< B, point to 1st location
8A1C FO MOVX @DPTR,A | Store 2" data in 1st location
8A1D 8C,82 MOV DPL,R4 | Point to 2™ location
8A1F ES5,FO MOV A,B Move 1% data back to A
B 8A21 FO__ | MOVX @DPTR,A | Stare 1st data In 2™ ocation
NOEX: 8A22 oc INC R4 Advance 2™ data pointer once
= 8A23 | D9,E8 | DINZRLLOOP | Sort1" data with all (n-1) data
N 8A25 0B INCR3 Advance 1" data pointer once
8A26 | D8O | DINZRONEXT | Sortall data with all (n-1) data
8A28 02,00,00 | UMP MONITOR | Terminate Processing

FOR SORTING IN DESCENDING ORDER

STOREAT: 8A18 H & 8A19H the opcodes 40,08 for JGNOEX

B
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3. MULTIBYTE ADDITION {/ SUBTRACTION :

Store 1" number : from 9500 H Onwards & Store 2" number : from 9510 H Onwards

Sum will be stored at: 9520 H Onwards For MULTI BYTE ADDITION
LABEL | ADDRESS | OPCODE MNEMONICS "~ | COMMENTS
8700 78,40 MOV R0,40 H Point to Internal RAM address 40 H with RO as
TEMPORARY LOCATION
8702 [ 90,9500 | MoV nwf;snu Point DPTR to 1" byte of 1" number
8705 79,0X MOV R1,0XH Load no of bytes in R1
8707 AA,01 MOVR281H | Copythe samein R2
8709 C3 i CLRC Clear Carry flag to detect carry-over
CONT: | 870A EO0 MOVXA,@DPTR | Load 1 byte of 1" number in A
8708 F5,FO MOV B,A Store the same In B
870D 74,10 MOV AIDH
870F 93 MOVC A,@A+DPTR | Point DPTR to 1* byte of 2™ number
8710 *35,F0 *ADDCAB Add the numbersin A&B
8712 F6 MOV @R0D,A Store sum in the internal RAM
8713 08 INC RO Advance internal RAM pointer once
8714 A3 INC DPTR Advance DPTR to next byte of 1" number
8715 D9,F3 DINZ R1,CPNT Repeat addition for total no of bytes
8717 | 90,9520 | MOVDPTRYS20H | Point DPTR to Sum location
871A 78,40 MOV RO,40 H Point to Internal RAM address 40 H with RO
RPT: 871C E6 MOV A, @R0D Load 1" byte of Sum in A
871D FO MOVX @DPTR,A Store 1" byte of Sum in 1™ Sum location
871E 08 INC RO Advance internal RAM pointer once
B71F A3 INC DPTR Advance DPTR to next byte of Sum
8720 DAFA DINZ R2,RPT Repeat storing for total no of bytes
B722 50,03 JNC,END If no Carry, go to terminate processing
8724 74,01 MOV A01H If Carry occurs, load 01H in A and store the same in
B726 FO MOVX @DPTR,A next byte of Sum location
END: 8727 02,00,00 UMP MONITOR Terminate processing

FOR X > AT 8706 H, LOAD the No. OF BYTES in the MULTIBYTE Number, (any value between 02 H to OF H )

FOR MULT! BYTE SUBTRACTION : STORE AT : *8710H & B711H - the opcodes —- 95,F0 for SUBB A,B
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. PLOCKTRANSFER: STORE the SOURCE Address at 9700 (high byte) and at 9701 H (low byte)
sTORE DESTINATION Address at 9702 H (high byte} and at 9703 H (low byte). Ne.of BYTES at 8704 H

f—— =
i 30.97,00 MOV DPTR.5700 Point DPTR to Memory location
== 8303 E0 MOVX A.@DPTR having the High Byte of SOURCE
=== BSD4 F8 MOV ROA Address Bring it 1o A & Save it
j In RO reg
ki A3 INC DPTR Point DPTA 1o Memory location
i 8306 EO MOVX A,@DPTR having the LOW Byte of 5OURCE
In Al reg
8908 A3 INC DPTR Paint DPTR to Memory location
{il 8903 EQ MOVX A, @DPTR naving the High Byte of DESTINA
== TIO: Address .Bring itto A &
8904 FA
5= MaY Rl Saveitin R2reg
8908 A3 INC DPTR Point DPTR ta Memory location
£50C EO MOV A,@DPTR having the LOW Byte of DESTINA
TION Address .Bring it to A &
830D FB
MOVR3A Saveitin R3 reg
890E A3 INC DFTR Point DPTR to Memery location
ARRAY .Bring It to A & Save it
8910 C
F MOV R4,A i Rl v
8911 BB,B2 MOV DPLRO LOAD DPTR with SOURCE
8913 89,83 MOV DPH,R1 ADDRESS from RO & R1 regs.
LOOP: 8915 EO MOVX A,@DFTR BRING the BYTE to A reg.
8916 C0,B3 PUSH DPH SAVE Source Address in STACK
8918 C0.B2 PUSH DPL by pushing higher order addres
first & then lower order adrs
Ba1A 2A82 MOV DPLRZ LOAD DPTR with DESTINATION
891C 88,83 MOV DPH,R3 ADDRESS from R2 & R3 TEES
891E FO MOVX@OPTRA MOVE the DATA BYTE inA to
The HEW DESTINATION area
891F A3 INC DPTR POINT to NEXT destination adrs
g920 Al EZ MOV R2,0PL SAVE Next destination address
8922 AB,83 MOV R3,DPH InREERS
_ 2924 00,82 POP DPL RETRIEVE SOURCE ADDRESS
[ 2976 00,83 POP DPH From STACK to DPTR
8928 A3 INC DPTR POINT to NEXT SOURCE address
8929 DC.EA DINZ R4,LOOP Decrement No.of Bytes & Repea
' Till ALL BYTES are Moved
P 2928 02,00,00 JMP MONITOR Terminate Processing
. ¥ (]
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DATA TRANSFER INSTRUCTIONS

MNEMONIC DESCRIPTION | OPERATION
MOV ARn A&Rn Move register to the accumulator
MOV A direct A<-{addr) Move direct byte accumulator
MOV A, @Ri A<(Ri) Maove indirect RAM to accumulator
MOV A HData Atdata Maove immediate data to accumulator
MOV Rn A Rn€A Move accumulator ta register
MOV Rn direct | Rné-{addr) Move direct byte to reglster
MOV Rn Hdata Rnédata Move immediate data to register
MOV direct,A {addr] «A Move accumulator ta direct byte
Mov direct,Rn {addr) <Rn Move register to direct byte
MOV direct, direct | (addrl) € {addr2) | Move direct byte by direct byte
MOV direct, @Ri {addr) «(Ri} Move indirect RAM to direct byte
MOV direct, #data | (addr) <data Move immediate data to direct byte
MOV, @Ri,A {Ri) <A Move accumnulator to indirect RAM
MOV @Rl direct [Ri} ¢(addr) Move direct byte into indirect RAM
MOV DPTR, #data 16 | DPTR< data 16 Load data peinter with 16bit constant
MOV C A, @A+DPTR | A¢-(A+DPTR] Move code byte relative to DPTR to accumulator
MOVC A, @A+PC A&-(A+PC) Move code byte relative to PC accumulator
MOV X A @Ri A&-(Ri)A Move external RAM(B bit address) to accumulator
MOV XA @DPTR | A&(DPTR)A Move external RAM(16 bit address) to accumulater
MOV X @Ri,A {Ri}* <A Move accumulator to external RAM(B bit address)
MOV X @DPTR, A {DPTR)* €A Move accumulator to external RAM{16 bit address)
PUSH direct |SP) «=ADDR Push direct byte onto stack
POP direct {addr)& [SP) Pop direct byte from stack
¥CH ARn A &>Rn Exchange register with accurmnulator
XCH Adirect A& (addr) Exchange direct byte with accumulator
XCH A, direct A<=>(addr) Exchange direct byte with accumulator
XCH a, @RI Ae3(Ri) Exchange indirect RAM with accumulator
XCHD A, @RI AL [RIIL Exchange low arder digit Indirect RAM with accumulatar
ARITHMETIC INSTRUCTIONS
MNEMONICS | DESCRIPTION OPERATION
ADD, A,Rn A&A+Rn Add register to accumulatar
ADD A, direct | A¢A+{addr) Add direct byte to accumulator
ADD A,@RI A& A+(RI) Add indirect RAM to accumulator
ADD A H#data | A¢Adtdata Add immediate data to accumulator
ADDCA, Rn AEA+RN+C Add register to accumulator with carry
ADDC A, direct | A<A+{addr)+C Add direct byte to accumulator with carry
ADDC A,@Ri AeR{RI}+C Add indirect RAM to accumulator with carry
ADDCA, #idata | A«Asdata Add immediate data to accumulator with carry
SUBB A, Rn A€A-Rn-C Subtract register from accumulator with borrow
SUBB A, direct | A<A-(addr)-C Subtact direct byte from accumulator with borrow
SUBB A, @Ri | A&A-(Ri)-C Subtract indirect RAM from acc with borrow
SUBB A, #data | A«A-data-C Subtract immediate data from acc with borrow
INC A Aepasl Increment accumulator
INC Rn Rn¢-Rn+1 Increment register
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deﬂ{-{g@rlﬂ Increment direct byte

[NC @Ri (Ri) &(Ri)+1 Increment indirect R

W DPTREDPTR+1 | Increment data pointer ——
EI-EE?T-F-_ AEA-1 Decrement accumulator

pEC RN Rn<Rn-1 Decrement IEEJSE_L_

pEC direct (addr)¢-(addr)-1 | Decrement direct byte

DEC@RI (Ri)&(RI) -1 Decrement Indirect RAM —
MUL AB AB&AxB Multiply Aand 8

DIV AB AB&-A/B Divide A and B

_E Decimal adjust accumulator

LOGICAL INSTRUCTIONS

"MNEMONICS DESCRIPTION OPERATION

TANL ARn (AJAND(Rn) AND register to accumulator

TANL Adirect (AJAND(addr) AND direct byte to accumulator

"ANL A,@Ri (A)AND((Ri)) AND indirect RAM to accumulator
ANL A Hdata (A)JAND data AND immediate data to accumulator

[ ANL direct, A {addr)AND(A) AND accumulator to direct byte
ANL direct,#data | {addr)AND data AND immediate data to direct byte
ORL A, Rn (A)OR(Rn}) OR register to accumulator
ORL A, direct (A)OR(addr) OR direct byte to accumulator
ORL A, @Ri {A)OR[{Ri}) OR indirect RAM to accumulator

| ORL A, #data (A)OR data OR immediate data to accumulator
ORL direct, A {addr)OR(A) OR accumulator to direct byte
ORL direct,#data | (addr)OR data OR immediate data to direct byte
XRL A, Rn (AJXOR(Rn) Ex — OR register to accumulator
¥RL A, direct (A)XOR(addr) Ex —OR direct byte to accumulator
XRL A, @Ri [A)XOR((Ri)) Ex —OR indirect RAM to accumulator
XRL A, #data (A)XOR data Ex =OR immediate data to accumulator
XRL direct, A {addr)XOR{A) Ex —OR accumulator to direct byte
XRL direct,#fdata | {addr)XOR data Ex —OR immediate data to direct byte

RLA

Rotate accumulator left

RLC A CEA€As..... Ay €C | Rotate accumulator left through carry
[RRA Ag=>A;>As..... A Ay | Rotate accumulator right
RRCA C3A>As.. 2 Ag=>C Rotate accumulator right through carry
IR A A€00 Clear aceumulator
(CPL A AEA Complement accumulator
L SWAP A AL € Ay Swap nibbles within the accumulator

BOOLEAN VARIABLES MANIPULATION INSTRUCTIONS

| MNEMONICS | DESCRIPTION OPERATION
--':_LEE__ C&0 Clear carry
-—Eﬂ_b"t bit&0 Clear direct bit
rE-E-T_B_E__ C&1 Set carry

LSETB bit _ bit &1 Set direct bit
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CPLC Cé&C Complementarycarry
CPL bit bité bit Complementary direct bit |
ANL C bit (C)AND bit AND direct bit to carry
ANLC, Bit | (C)AND bit AND complementary direct bit to carry
ORL Cbit (C)OR bit OR direct bit to carry
ORLC, hit | [CIOR bit OR complementary of direct bit 10 carry_
MOV C,bit C&bit Move direct bit to carry
MOV bit,C bit&C Move carry to direct bit R
IC radd [C=1);PC&PC+2+radd | Jump if carry is set
JNC radd [C=0):PC&PC+2+radd | Jumnp if carry is not set —
JB bit,radd [bit=1];PC&PC+3+ra | Jump if direct bit s set

dd
INB bit,radd | [bit=0];PC&PC+3+ra | Jump if direct bit is not set

dd
JBC bit,radd | [bit=1];PC&PC+3+ra | Jump if direct bit is set and clear bit

dd

PROGRAM BRANCHING INSTRUCTIONS

MNEMONICS DESCRIPTION OPERATION
ACALL sadd (SP)& PC+2 Absolute subroutine call
PC& sadd
LCALL ladd {SP)¢& PC+3 Long subroutine call
PC& ladd
RET PC&(SP) Return from sub-routine
RETI PC&(5P);El Return from interrupt
AJUMP sadd PCésadd Absolute jump
UUMP ladd PC<ladd Long Jump
SJUMP radd PC&PC+24radd Short jumplrelative address)
IMP @A +dptr PC<DPTR+A Jump indirect relative to the DPTR
JZ radd [A=00); PC&PC4+2+radd Jump if accumulator is zero
JNZ radd [A>00); PC4<PC+2+radd Jump if accumulator is not zero
CINEA, [A<>({addr)); Compare direct byte to accand jump if not
direct,radd PC&PC+3+radd equal
CINE Atidata,radd | [A<>(data)]; Compare immediate data to acc and jump if
PCE&PC+3+radd not equal.
CINE Rn, [(Rs)<>(data]; | Compare immediate data to register and |
tidata,radd PC&PC+3+4radd if not equal. Eh
DJNZ Rn,radd [R,-1<>00]; Decrement regidter and j ;
d ump if
PC4-PCH3+radd FRpinataem
DINZ direct,radd | [(add)-1<>00]; Decrement dire -
! ct
NOP PC&PC+1 Mo DPErﬂtinn
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Place two 16-bit data to be added at 85004

g0tk - Rasic

—_—

P¥oaxarn

ADDITION - 16 BIT

8501H and 85021, 85031

LABEL | ADDRESS OPCODE MNEMONICS COMMENTS |
84 00 BE, 00, 85 MOV S1,8500 H Paint1o 7" 16 bit data
84 03 SB, 04 MOV AX,[SI]
8405 46 INC SI
84 06 46 INCST Point to 2% (6 bit data
84 07 03, 04 ADD AX,[SI]
84 09 89, 44, 02 MOV [SIH2),AX Store result ot 8504H
84 0C 13, 06 JNC, SKIP If addn. results in camy
84 0E C6, 44, 04, 01 MOV [SI+4],01H oad D1H ar 8506H
84 12 -]-:."'_B, 04 JMP END Else store 00H at

SKIP: 84 14 C6, 44, 04, 00 MOV [ST+4],0011 8506H
- END: 8415 F4 HLT

Place two 16-bit data 1o

=~

SUBTRACTION - 16 BIT

_Eie; subtracted at 8500H, 85011 and 8502, 85034

LABEL | ADDRESS| OPCODE MNEMONICS COMMENTS |
8400 | BE, 00,85 MOV 51,8500 H Point to 157 16 bil data
8403 8B, 04 MOV AX,[ST]
8405 46 INC 51
24 086 46 INC 51 Point to 2nd 16 bit dara
84 07 3B, 04 CMP AX,[SI]
84 00 73, 02 JNC SKIP
84 0B 87,04 XCHG AX,[51] 1

SKIP: 840D 2B, 04 SUB AX,[ST]

84 OF 89, 44, 02 MOV [ST+2],AX Store result at 85045
8412 ] HLT

LABEL

MULTIPLICATION - 16 BIT

Place two 16-bit data to be multiplied ar 8500H, 85011 and 8502H, 85 #_E-I'H

ADDRESS

OPCODE

OP MNEMONICS COMMENTS

B4 DD BE, 00, 85 MOV S1,850011 Point to 1716 Bit datz
8403 8B, 04 MOV AX[ST]
8405 46 INC SI
84 06 46 INC SI Point to 2nd 16 bit dara
8407 BA, 00, 00 MOV DX, 00001

B 84 OA F7, 24 MUL [S1]
§40C 89, 44, 07 MOV [ST+2[,AX Product
84 OF 89,54, 04 MOV BIHLDX —Jotsrtaans oo
B4 12 ¥4 LT




t 8502H, 8503H
Place 16-bit DIVIDEND at 8500H, 8§501H and DIVISOR a ~OMMENTS

DIVISION - 16 BIT

LABEL [ADDRESS| OPCODE MNEMONICS e bR

8400 BE, 00, 85 MOV S1,8500 H !

84 03 §B, 04 MOV M;,{ISII 1

30 7 JTS Si Point 1o 2nd 16 bit dat

e 8407 BA, 00,00 MOV DX,0000H | I’
84 0A F7, 34 DIV [SI] __

84 0C 89,4302 | MOV [SI42),AX ——‘“;;'M‘}’.”;;}“;ﬁ |

MO | ®.W0T | MOVEE4IDX | | Remandee |

- | 8412 F4 HLT [ |

ASCENDING/DESCENDING ORDER

Y starting from Memory Location 8500H onwards

FLAEEL  ADDRESST ™~ OPCODE | MNEMONICS [ COMMENTS |
84 00 BE, 00, 85 MOV S1,3500 B Point o START
I address of Array
84 03 BB, XX, 90 MOV BX,85XXH “Foint 1o END t
address of Array
AA: 84706 8B, FE MOV DI,SI : ]
84 08 47 INC DI B
| EBB: 84 09 SA. 04 MOV AL, [31]
[ 84 0B 3A, 05 CMP AL,[DI]
| _B40F 8A, 15 MOV DL,[DI]
[ . 84 11 88, 14 MOV [SI],DL —
’7 84 13 88, 05 MOV [DI],AT, —
SKIP: 8415 | 47 INC DI —
8416 | 3B, DF CMF BX,DI -
84 18 73, EF JNC, IB S—
— 84 1A 46 INC ST —
84 1B 3B, F3 CMP SI.BX
i 84 1D 72, E7 JC A4
84 1F M wr—F—



BLOCK MOVEMENT oF DATA

Place a BLOCK of data Starting from 8500H to 853
LABEL T ADDRES S | OPCODE MNEMONICS COMMENTS
8400 BE, 00, 85 MOV 51,8500 0 Paint 1o stany
—— ddress of BLOCK
84 03 BB, XX, 85 MOV BX,85XXH Peint to end addrezs
_ of BLOCK
8406 BF, 00, 90 MOV DL9000H Point to destination
84 (9 8B, CB MOV CX,BX it TR
= culale [+]
84 OB 2B, CE SUB C_}S,SI DATA in BLOCK
84 0D 41 INCCX
84 0E FC CLD Clear Dim. Flag to
_ uteincrement S1.01
84 OF F3, A4 REP MOVSB ’
8411 F4 HLT

Place a BLOCK of data startin

REVERSAL OF STRING OF DATA

g from 8500H to 85XXH

LABEL [ ADDRESS| OPCODE MNEMONICS COMMENTS |
84 00 BE, XX, 85 MOV SI,85XX 1 nﬂdf::;smoti?sm »
84 03 BF, 00, 0 MOV DL5000H Point Eﬁ?“im
NXT: 8406 8A, 04 MOV AL,[S1]
8408 88, 05 MOV [DI], AL
84 0A 4E DEC SI
84 08B 47 INC DI
84 0C 81, FE, 00, 85 CMP SI,8500H
84 10 73, F4 JNC, NXT
8412 | F4 HLT




f’/\

8255 I/O DISPLAY/ COUNTER INTERFACE with 8085

PROGRAMMABLE PERIPHERAL INTERFACE (PPI) CHIP B255
There are TWO nos. of 8255 PPI chips available on FLO-85 Board.

The PORT ADDRESSES of the two chips are as given below:
8255[1]-upper- -[Px-Socket] 8255[2]-lower- -|Ps-Socket]

[8255 1/9 - 8085]

Port A-DCH Port A-7CH
PortB-DDH PortB-7D H
Port C- DEH Port C-7EH
Control Control

Port C-DF H PortC-7F H

INITIALISATION of 8255 chip:

Choose the appropriate 8-bitcode for the CONTROL WORD from the Table provided for MODE O
operation or generate it using the CONTROL WORD format,
Using the instructions MVI A, CODE
OUT, CONTROL REGISTER [DF]
the chip can be programmed to serve as per the requirement.
Control Word Format

Dy Ds Dy D s D E] 0O —i— Mg
Y
I=1/0 Mode G
O=B5R Made ; —
Pﬂl’t EUFF."
1=Input w=Autput
Port A k4
0=0utput Port B
Made selection
I 1=lnput
D0=Mode O p
Oi=Mode 1 0=0utput
1X=Mode 0
............ Port B
Port A - » Mode Selection
‘_
i=lnput 0= Mode O
O=0utput 1=Mode 1
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FLORANIX —1/O CARD DIAGRAM
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CONTROL WORDS _for 8255A in MODE 0 OPERATION [ 8255 /o — 3/9 - 8085

CONTROL WORD BITS CONTROL | PORTA PORTC PORTB | PORTC |
76543210 WORD UPPER LOWER
10000000 80 0/P o/P o/p /P
10000001 81 0/pP /P 0/P I/P
10000010 82 o/P o/P I/P 0/P
10000011 83 o/P o/P I/P /P
10001000 83 o/P \/P o/pP o/P
10001001 89 o/p /P o/p I/P
10001010 0/pP I/P I/P o/p
10001011 88 o/p I/P |/P I/P
10010000 90 \/P o/p o/p o/P
10010001 91 \/P O/P ofp I/P
10010010 92 I/P o/P I/P o/P
10 0010 @1 1 93 I/P /P I/P I/P
10011000 98 I/P I/P o/P o/pP
10011001 a9 I/P I/P O/F I/P
10011010 9A I/P IfP /P 0/P
10011011 9B I/P I/P I/P I/P
8255 1/0 F CARD makes use of Three pairs of 7415244 Bi-directional Buffers to enable PORTS

A BEC to act as INPUT ar OUTPUT Ports.

SELECTION of PORT as INPUT or OUTPUT port:

There are 4 nos. of JUMPERS one each for Port A, Port B, Port Cusrer & Port Cuowen L0 enable each port
to act as either INPUT or OUTPUT port.

To make a PORT as INPUT PORT place the jumper on the left side connecting the mid<ia pin and the left
side pin. Green LED glows.

To make 2 PORT as OUTPUT PORT place the jumper on the right side connecting the middle pin and the
right side pin. Red LED glows.

SELECTION of INPUT DATA:

For Parts selected as INPUT PORT use the 8 nos. of jumpers to set the desired data either in the PA; to
PA; or PBgto PB; ar PGy to PG

Logic 0 is selected when the jumper link is placed on the left side.
Logic 1is selected when the jumper link is ploced on the right side.
The GREEM LEDs indicate the INPUT DATA selected on the input side.

This DATA serves as the INPUT DATA for the IN, Part command.
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DISPLAY of OUTPUT DATA:

[ 8255 i/o —4/9 — BO8S)

The RED LEDs indicate the OUTPUT DATA on the output side of the PORTS slected as OUTPUT

PORT during the OUT, Port command.

CONTROL WORD FORMAT

Dy De Ds

1 0 o

I/O PORT Ainmoded PORTA PORTC, PORTB

FUNCT

(]

0

ofp

Dy Do
1 1

PORTE PORTC,

in MODEC  I/P Ie

The appropriate code for the CONTROLWORD : 83H

PORT ADDRESS of CONTROL REGISTER : DFH

PORTA : DCH; PORTB : DDH; PORTC : DEH

PROGRAM :

LABEL ADDRESS OPCODE MNEMONICS COMMENTS

8010 3, B3 MVIA, 83H Contro! Word
8012 D3, DF OUT, DF H(CR) Control Register
80 14 DB, DD IN DDH{PORT E} Ina2t through PORT
80 16 D3, DC OUT, DCH (PORT B) Output at PORT A
g0 18 DB, DE IN DEH{PORT C) Input PC. thro’ porte
20 1A E6, OF ANI, OFH Mask of uppernibbl
80 1C 07 RLC Rotate left 4 times to
801D o7 RLC bring PCy to PCy
80 1€ 07 RLC position
80 1F 07 RLC
&80 20 D3,DE OUT, DEH (PORT C) Output PCyat PORT
8022 76 HLT
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[ 8255i/0 BSR- 5/9 - 808S5)

BSR MODE APPLICATIONS: - 8085

RING COUNTER, SHIFT COUNTER & MODULUS COUNTER

It affects only the 8 bits of PORT C, one bit at a time.
The /O operations of PORT A & PORT B are not affected by BSR Contrel Word

D,
0

BSR MODE

CONTROL WORD FORMAT
D Ds Dy Dy D Dy,
X X X  PcBIT SELECT
NOT USED 0 0 0
0 0 1
0 1 0
0o 1 1
10 0
1 0 1
1 10
1 1 1

To SET or RESET BITS in PORT C
The CONTROL WORD is written in CONTROL REGISTER

Dy
SR
BITO SET=1; RESET=0
BIT 1 e
BIT 2 L g
BIT3 ¥
BIT 4 *
BIT 5 "
BIT 6 »
BIT7 =

RING COUNTER, SHIFT COUNTER & MODULUS COUNTER can be programmed in BSR mode
settings using LOOK-UP TABLE for SET & REST CODES
to be sent to the Control Reoister.

RING NTER IN BSR MODE:

LABEL | ADDRESS | OPCODE MNEMONICS COMMENTS
80 10 3E, 80 MVIA, 80 H Initialize 8255
30 12 D3, DF OUT, DF H(CR)

LOOP: 80 14 OE, 08 MVIC.0811
80 16 21, 00, 85 LXIH, 85001 Points to SET codes

REP: 8019 7E MOV AM Output the BIT SET code

B0 1A D3, DF OUT, DFIL(CR) 1o CR
80 1C CD, (0, 81 CALL TIME DELAY
80 IF 3D DCR A RESET the previously
80 20 D3, DF OUT, DFH (CR) SET bit & output it.
80 22 23 INX 11
80 23 0D DCRC Continue the process for §
80 24 C2, 19, 80 JNZ, REP such bits
80 27 C3, 14, 80 JMP, LOOP

LOAD the SET CODES as shown below in Memory:

| 8500-01 | 8501-03 | 8502-05 [8503-07 | 8504-09 |8505-0B [8506-0D | 8507-0F |

kkktkkkkhkhkkkkhkik
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SHIFT COUNTER 1IN

BSR MODE: - R0RS [ 8255 i/o RSR-6/9 - B08S)

LABEL | ADDRESS | OPCODE MNEMONICS COMMENTS

80 10 3E, 90 MVIA, R0 H Initialize 8255 in /O

60 12 D3, DF OUT, DF H(CR) mode
REP: 30 14 OE, 08 MVIC, 08H

80 16 21, 00, 85 LXIH, 8500H Point to SET codes &
LOOP 1: | B0 19 7E MOV A M output them for B bits

80 1A D3, DF OUT, DFH (CR)

80 1C CD, 00, 81 CALL TIME DELAY

80 |F 23 INX 11

80 20 0D DCRC

80 21 C2, 19,80 JNZ, LOOP]

80 24 CD, 00,81 | CALL TIME DELAY

80 27 OF, 08 MVIC, O8H

80 29 21, 00, 86 LXIH, 8510H Point to RESET codes
LOOP 2: | 80 2C 7E MOV AM QOutput the codes for the

80 2D D3. DF OUT, DFH (CR) same 8 bits

80 2F CD, 00,81 | CALL TIME DELAY

80 32 23 INX H

8033 oD DCR C

80 34 C2,2C, 80 | INZ, LOOP2

80 37 C3, 14, 80 JMP, REP

LOAD SET CODES as shown below in Memory:

[8500-01 | 8501-03 | 8502-05 | 8503-07 [ 8504-09 [ 850508 | 85000 | 8507-0F
LOAD RESET CODES as shown below in Memory:
[8600-00 [ 8601-02 [ 8602-04 | 8603-06 | 8604-08 | 8605-0A | 8606-0C | 8607-0K
MOD COUNTERS (UP SEQUENCE)- BCD _ in BSR MODE:
Place the desired MOD COUNT to be displayed at Memory Location 8700 H
LABEL | ADDRESS | OPCODE MNEMONICS COMMENTS
80 10 3E, 80 MVIA, 80H Initialize 8255 in I/O mode
8012 D3, DF OUT, DF H(CR)
REP: 80 14 AF XRAA Send 1® RESET cod to Port
80 15 D3, DF OUT, DF II{CR) C in BSR mod
8017 21, 00, 86 LXIEH, 8600 Store the desired count in
80 1A 7E MOV AM reg.s DH & DL
80 1B 32, 00, 88 STA, 88001 Point to the corresponding
80 1E 11, 00, 89 LXID, 8904 MOD count memory location
80 21 07 RL.C
80 22 07 RLC
80 23 07 RLC
80 24 07 RLC
80 25 5F MOV EA
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PAGE 7 [ 8255 ifo BSR- 7/9 — 8085]

8026 1A LDAX D Paint to SET codes

80 27 21,00, 85 LXIH, 85001 Set counter for cach bit in MOD
80 2A 0F. 08 MVIC, 08H count state.

80 2C OF RRC Is any bit in the MOD count state
802D 47 MOV BA 1711 so output corresponding SET
%0 2E D2, 37, 80 JINC, GO code

B0 31 TE MOV AM Else point to next SET code
80 32 D3, DF OUT DFH :
80 34 CD, 00, 81 CALL TIME DELAY Continue The process for all 8 bits
8037 23 INX I of the ponted MOD count state.
IEE 78 MOV AL

8039 an DCRC Foint to the next MOD count state.
50 3A C2. 2C. 80 INZ, LOOP 1

803D 13 INX D

80 3E CD. 00, 81 CALL TIME DELAY

8041 AF NHA A Update the no. of MOD counts.
R0 42 D3.DE OUT DEH

50 34 71, 00, 88 LXII1, 830011

80 47 i5 DCR M

80 48 T2, 26, 80 JNZ, LOOP2

80 4B CD, 00. 81 TALL T.TIME DELAY

S0 4E C3, 14,80 JMP, REP

LOAD MOD COUNTS in MEMORY as follows :

MEMORY  DATA

MOD2 R0 H 00,01
MO 3 2930 1 0o,81,02
MOD 4 Kas0001 00,01,02,03
MOD S gI50H 00.00.02.03,64
MOD 6 ARGl H 0.0 02030408
MOD 7 E9T0H 00,000 ,03,03,04,05,06
MOD S 3980 11 00.01,02,03,04,05,06.07
MOD O oo 1 00,01 42,03.04,05,06 07,08
MOD 10 BIAD T {.II.'IJ:II.I}Z.ﬂl.u-l.ﬂ,*.ﬂ'ﬁ.ﬂ'.l'.l:lﬁ.ﬂ‘}
SUBROUTINE TIME DELAY
LABEL | ADDRESS | OPCODE MNEMONICS COMMENTS
81 00 s PUSH PSW
81 01 ES PUSH H
8102 21,FFE.FF LXIH, FFFFH
LGOPI: K105 2B DCX Il
Bl Of c MOV AH
8107 0s ORA L
8108 C2.05. 81 INZ, LODP|
8108 El FOP H
81 0C Fl POP PSW
810D C RET
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I/O MODE_APPLICATION - 8085

SHIFT COUNTER in I/O MODE: - BO85

.

[ 8255 1/D Mode— 5/9 - 8085]

LABEL ADRESS OPCODE MNEMONICS COMMENTS
&0 10 3E, 80 MVIA, BOH Initialize 8255in 1/O
8012 D3, DF OUT, DF HICR) maode
8014 AF XRA A Clear Acc. & flags
START: 8015 D3, DC OUT, DCH (PORT A)
28017 CD, 00, 81 CALL TIME DELAY
801A 3F cmC Prepare next consecutive
ED 1B 17 RAL state
g01c C3, 15,80 JMP, START o shift counter again
RING COUNTER in |/O MODE: - 8085
LABEL ADDRESS OPCODE MMNEMONICS COMMENTS
2010 3E, 8D MVIA, B0 H Initialize 8255 in I/O mode
8012 D3, DF OUT, DF H(CR)
80 14 AF XRAA Clear Acc. & flags
B0 15 37 5TC set Cy=1 for rotation
START: 8016 17 RAL
8017 87 ORA A If Acc.#0 the current (ring
80 18 C2,1D, 80 INZ, SKIP counlz:s) state is o/p
80 1B 37 STC Else Acc.{00) is adjusted for a ring
80 1C 17 RAL counter state (01) & then o/p
SKIP: 80 10 D3,DC OUT, DCH (PORT A)
B0 1F CD, 00, 81 CALL TIME DELAY
B0 22 €3, 16, 80 JMP, START Do ring counter again
BINARY 2 DIGIT UP/DOWN COUNTER: - 80ES
LABEL ADDRESS OPCODE MNEMONICS COMMENTS
8010 3E, 80 MVIA, 80 H Initialize 8255 in I/0
8012 D3, OF OUT, DF H(CR) mode
BO 14 3E, 00 MVIA, 00OH® Clear Acc.
S5TART: B0 16 D3, bC OUT, DCH[PORT A) Output to PORT A
B0 18 ch, 00, 81 CALL TIME DELAY
B0 18 aC INR A Increment ACC,
80 1C €3, 16, B0 JMP, START Repeat START

@ For DOWN counter action load FFH at 8015H & 3D (opcode for DCR A} at 801BH.
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BCD(2 DIGIT) UP COUNTER: - 8085

[ 8255 1/O Mode— 9/9 - BOSS)

LABEL ADDRESS OPCODE MNEMOMICS COMMENTS
8010 3E, 80 MVIA, 80H Initialize 8255 in /O mode
80 12 D3, DF OUT, DF H(CR)
8014 AF XRAA Clear Acc. & flags
START: 8015 D3, DC OUT, DCH{PORT A) Output to PORT A
8017 CD, 00, B1 CALL TIME DELAY
80 1A Ic INR A Increment Acc.
2018 27 DAL
B0 1C C3, 15, 80 IMP, START Repeat START
BCDI2 DIGIT) DOWN COUNTER: - BD8S
LABEL ADDRESS OPCODE MNEMONICS COMMENTS
80 10 3E, B8O MVIA, BOH Initialize 8255 in IO mode
8012 D3, OF OUT, DF H{CR)
80 14 3E, 599 MVIA, 99 H Load 99-biggest 2 digit BCD
no.
B0 16 aF MOV CA Store in C for 100s
complement subtraction
START: an 17 03, OC OUT, DC HIPORT A) Outnut 1o PORT A
B0 19 €D, 00, 81 CALL TIME DELAY
80 1C B1 ADDC Subtract 1 decimally
801D 27 DAA
_ 80 1E 3,17, 80 JMP, START Repeat START
SUBROUTINE TIME DELAY - 8085
LABEL ADDRESS OPCODE MNEMONICS COMMENTS
8000 F5 PUSH PSW
BOO1 21, FF, FF LXIH, FFFFH
LOOP 1: 8004 28 DCX H o
80 05 7C MOV AH
B106 BS ORA L
8107 C2,04, 81 INZ, LOOP1
B10A Fl POP PSW
8108 ca RET

LRt R R L R
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ELECTRONICS LABORATORY MANUAL

CONTENT:

1. Log and antilog amplifiers.
2. Voltage comparator and zero crossing detectors.
3. Second order filters using operational amplifier for-
a. Low pass filter of cutoff frequency 1 KHz.
b. High pass filter of frequency 12 KHz.
c. Band pass filter with unit gain of pass band from 1 KHz to 12 KHz.
4. Wien bridge oscillator using operational amplifier.

0. Determine capture range; lock in range and free running frequency of PLL.

6. Voltage regulator using operational amplifier to produce output of 12V with
maximum load current of 50 mA.

7.A/Dand D/A convertor.
8. Voltage to current and current to voltage convertors.

9. Function generator using operational amplifier (sine, triangular & square wave]

10. Astable and monostable multivibrator using IC 555.



Experiment Number-1

Design of Active Filters

Aim: To design and obtain the frequency response of second order Low Pass Filter (LPF)

APPARATUS:
S.NO. | NMame of the Equipment Values Quantity
1 Fesistor 33K0,27 k0,10 kO 211
2 Potentiometer 20k 1
3 Capacitor 0.0047 uF 2
4 1C. 741 OF-AMP 1
Function Generator 1MHz 1
5 CRO 20 MHz 1
6 Bread Board - 1
7 'C'c:nneéﬁngr Wires and
| Probes
THEORY:

A LPF allows frequencies from 0 to higher cut of frequency, fus. At i the gain is 0.707 Ames, and
after fu gain decreases at 3 constant rate with an increase in frequency. The gain decreases 204B
each time the frequency is increased by 10. Hence the rate at which the gain rolls off after fy is
20dB/decade or & dB/ octave, where octave signifies a two fold increase in frequency. The
frequency f= fg is called the cut off frequency because the gain of the filter at this frequency is
down by 3 dB from 0 Hz. Other equivalent terms for cut-off frequency are - 3dB frequency, braak

frequency, or corner frequency. The cutoff frequency is given as

i

fu=

21, JR,R3€5C5

For the sake of simplicity letustake R: = R: =R, C; = C3 =C then

1
2rRC




Circuit Diagram:

RF
20 KD
’1
ZTHDY
n "3

Design:
1. Let the cutoff frequency fu = 1 kHz.
2. Letustake a capacitor of value 0.0047 uF.

So the value of R can be calculated as

i 1
BE= = =33.86 kN
2aCfy  2m#47+107 9 «1=10%

Now Re=0.586 R,

Let Ry =27 kfl so Rp=15.82 kL.

PROCEDURE:

1. Connectthe circuit as shown in the figure.
2. Apply sinusoidal wave of constant amplitude at the input such that op-amp does not go

into saturation.
3. Vary the input frequency and note down the output amplitude at each step as shown in

Table.



Observation Table:

Input frequency, | Gain magnitude, |vufw | Magnitude (dB) = 20log [ Vo Vi l
f (Hz)

RESULT: The frequency response is drawn and is found similar to that of theoretical one.




Experiment Number -2

Design of Active Filters

Aim: To design and obtain the frequency response of second order High Pass Filter (HPF)

APPARATUS:
SNO. | Name of the Equipment Values Cantity
3 Resistor 10KED 4
2 Potentiometer 20k,50k 1
3 Function Generator 1MH= 1
4 LC. 741 OP-AMP 1
5 |Cro 20 MHz 1
5] Bread Board i
7 Connecting Wires and Probes
THEORY:

The high pass filter can be obtained from the low pass hv simply interchanging the frequency
determining resistors and capacitors. The frequency at which the magnitude of the gain is 0.707
times the maximum value of gain is called lower cut off frequency. Obviously, all frequencies
higher than fi are pass band frequencies with the highest frequency determined by the closed
loop band width of the op-amp.

Circuit Diagram:
1L
o L — VWV
&1 Rr1
——J -
-V
T = h;'#\' it
=
” el

- "3
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Design:

3. Let the cutoff frequency f. = 1 kHz
4. Letustake a capacitor of value 0.0047 uF.

So the value of R can be calculated as

e 1
T ZRCf; 2mwe47s107 20414103

=33.86 k01

Mow Br=0.586 R4

Let R1= 27 kil so Rr= 15.82 ki

PROCEDURE:

1. Connections are made as per the circuit diagrams shown in figure.
Apply sinuscidal wave of constant amplitude at the input such that op-amp does not go
into saturation.

3. Vary the input frequency and note down the output amplitude at each step as shown in
Table.

Observation Table:

Input frequency, | Gain magnitude, | Vo,V | Magnitude (dB)} = 20log f Vo Vi l
f (Hz)

RESULT: The frequency response is drawn and is found similar to that of theoretical one.



Experiment Number- 3

Design of Log and Antilog Amplifier

AIM: To construct and study the behavior of logarithmic and antilogarithmic amplifier.

APPARATUS:

SNO. Name of the Equipment Values Quantity

Op-Amp 741 1C
Resistor 100 KO, 10 KO
NPN transistor BC 548
Function Generator 1MHz
CRO 20 MHz
Bread Board, Dc power
supply
Connecting Wires and
Probes

O | L b | L | B | s
[ [y ey o e

=]

THEORY:

The log and antilog amplifiers are the non linear application mode circuits. The grounded base
NPN transistor behaves like a diode. Because the inverting terminal is on virtual ground the
collector-base potential is zero and thereby it is hehaving like a diode: Sa

avE
Iy =l(e*t — 1)

Since Ic = [z for a grounded base transistor,

g
Ic=Is{e’r -1)

Where
Is = emitter saturation current = 10-13 4
k =Boltzmann's Constant
T = absolute temperature (in °K)
g i
Therefore, g kT e +1
5
e IE
Ig

Taking natural log on both sides, we get

VE=k—;-1n[%], alsoVe=-V;



Vo=-In ()

IR,

Similarly for antilog amplifier

Vo=-Rrls E'.I"[:I: ¥r :|

Circuit Diagram: (Log Amplifier)

%
A

Procedure:

1. Connect the circuit as shown in figure.

2. Set the input voltage to 1V.

3. See the voltage across the output terminal. Note the negative sign.
4. Increase the input veoltage in the step of 1V up to 20V.

5. Plot the characteristics of input voltage and output voltage.

Antilog:




Procedure:

1. Set the input voltage to 100mV.

2. See the voltage across the Resistor. Note the negative sign.

3. Increase the input voltage in the step of 50mV up to 500mV.

4. Plot the characteristics of input voltage and output voltage.

5. Reverse the polarity of the diode and see the effect for positive input

voltage.

Observation Table:

Input Voltage Output Voltage

Result & Discussion: Graph is drawn and verified.




Experiment Number-4

Design of Voltage Comparator and Zero Crossing Detector

Alm: To design a Voltage comparator and Zero Crossing Detector.

Apparatus:
S.NO. | Name of the Equipment Values Quantity
I Resistor 10K i
2 Resistor 1K 2
3 Function Generator 1MHz 1
| 4 LC. 741 OP-AMP 1
15 CRO 20 MHz 1
&) Bread Board 1
7 Connecting Wires and Probes
THEORY:
Comparator:

A comparator circuit is one which compares a voltage signal at one input with a known reference

signal at the other input. It works in open loop mode. There are basically twe tyvpes of
comparator namely inverting and non-inverting comparators, The output will be either +V.or -

Ve=:depending upon the amplitude of the signal at the input terminal. If the amplitude of the non-

inverting terminal signal is greater than the inverting terminal signal then the output will be

+Verand vice-versa.

Zero Crossing Detector:

The zero crossing detector is a special case basic comparator circuit. If we set reference voltage

zero then a comparator behaves like a zero crossing detector.

Design: Notreguired

PROCEDURE:

Comparator:

L e

through a resistor to non inverting terminal.

Connect the IC on the base and connect power supply on respective terminais,

Connect input signal through a resistor in series to inverting terminal and reference signal

3. Connect the load resistor to the output terminal and also the probe of CRO to the output terminal.




Observation Table: Notrequired

Zero Crossing Detector:

In comparator circuit set the reference voltage to ground and keep everything same.
Observation Table: Not Required

Result: The waveforms are verified and it satisfied the stated conditions.



Experiment Number-5
Design of Wien Bridge Oscillator using Operational Amplifier.

Alm: To design a Wien-bridge oscillator using operational amplifier having resonant frequency
965 Hz.

Apparatus:
SNO. Name of the Equipment Values Quantity
1 Resistor 10KD 1
2 Resistor 33K0 1
3 Function Generator 1MHz 1
4 LC. 741 OP-AMP 1
5 CRO 20 MHz 1
=] Bread Board 1
7 Connecting Wires and Probes
8 Potentiometer 50 k0 1
Theory/Design:

Suppose we have to design oscillator of resonant frequency 965 Hz.

We know that the resonant frequency fo is given by

1 0159
2mRC  RC

fo=

Let €= 0.05 uF therefore R will can be calculated as

_ 0,135
(963)10.05.10-%

=3.3kD
Let B:=10 kD
Rf = 2ZR:

Therefore Re=20 kO



Circuit Diagram:

L

——a vw|
R,

Procedure:

Connect the circuit as shown in figure and cbserve the output at pin number 6. Trace it on CRO
screen.

Observation:
Trace the waveform and measure the frequency.

Result: Sinusoidal waveform was traced on pin 6 and verified with stated condition.



Experiment Number-6

Design of Monostable Multivibrator Circuit using 555
Timer:

AIM: To construct and study the operation of a monostable multivibrator using 555 IC timer.

APPARATUS:
S.NO, MName of the Equipment Values Quantity
1 555 IC Timer 1
2 Resistor 10 KN 1
3 Capacitors 10nF, 0.1uF, 0.01pF 1
4 Function Generator 1MHz i
5 CRO 20 MHz 1
6 Bread Board 3
7 Connecting Wires and
Probes
THEORY:

It has one stable and one gquasi stable state: The circuit is useful for generating single output
pulse of time duration in response to a triggering signal. The width of the output pulse depends
only on external components connected to the op-amp. The diode gives a negative triggering
pulse. When the cutput is +Vsat, a diode clamps the capacitor voltage to 0.7V then, a negative
going triggering impulse magnitude Vi passing through RC and the negative triggering pulse is
applied to the positive terminal. Let us assume that the circuit is instable state. The output V0i is
at +Vsat. The diode D1 conducts and Ve the voltage across the capacitor 'C’ gets clamped to
0.7V the voltage at the positive input terminal through R1R2 potentiometer divider is +3Vsat.
Now, if a negative trigger of magnitude Vi is applied to the positive terminal so that the effective
signal is less than 0.7V.the output of the Op-Amp will switch from +Vsat to —Vsat. The diode will
now get reverse biased and the capacitor starts charging exponentially to —Vsat. When the
capacitor charge Vo becomes slightly more negative than —#8Vsat, the output of the op-amp
switches back to +Vsat. The capacitor ‘'C’ now starts charging to +Vsat through R until Ve is 0.7V.

Va=Vi+ (Vi-V§) e¥EC R =R2/(R1+R2)
[fVsat>>Vpand R1=R2 and 5= 0.5,

Then, T =0.69RC



Circuit Diagram:

Vﬂu
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T
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nager GND CTAL
1 =
# 10mE
S Do
Procedure:
1

Connect the circuit as shown in the circuit diagram.

2. Apply Negative triggering pulses at pin 2 of frequency 1 KHz as shown in Fig,
3. Observe the output waveform and capacitor voltage as shown in Figure and measure the
pulse duration.
. Theoretically calculate the pulse duration as Thign =1.1 RC
5

Compare it with experimental values.
Observation: Trace the time period of the output wave form and compare it with the given one.

Result & Discussion: The waveform is observed and verified with stated condition.



Experiment Number-7

Design of Astable Multivibrator Circuit using 555 Timer:

AIM: To construct and study the operation of a monostable multivibrator using 555 IC timer.

APPARATUS:
5.NO. Name of the Equipment Values Quantity
1 555 IC Timer 1
2 FResistor 10 KD : |
3 Capacitors 10nF, 0.1pF, 0.01pF 1
4 | Function Generator 1MHz 1
5 CRO 20 MHz 1 |
6 Bread Board 1
7 Connecting Wires and
Probes
THEORY:

In the 555 Oscillator above, pin 2 and pin 6 are connected together allowing the circuit to re-
trigger itself on each and every cycle allowing it to operate as a free running oscillator. During
each cycle capacitor, C charges up through both timing resistors, B1 and R2Z but discharges itself
only through resistor, R2 as the other side of R: is connected to the discharge terminal, pin 7. Then
the capacitor charges up to 2/3Vce (the upper comparator limit]) which is determined by the
0.693(R:+R:]JC combination and discharges itself down to 1/3Vce (the lower comparator limit)
determined by the 0.693(R2.C} combination. This results in an output waveform whose voltage
level is approximately equal to Vec - 1.5V and whose output "ON" and "OFF" time periods are
determined by the capacitor and resistors combinations. The individual times required
completing one charge and discharge cycle of the output is therefore given as:

t1 = 0.693 (R1+R2)C, t2= 0.693 RaC, T=ti+t

Circuit Diagram:

Woo {(+5 o +TE5W)
E 3

[} T |
1
e hargse
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T hii s biailild




Procedure:

1. Connectthe circuit as shown in the figure.
2. Use potentiometer in case putput is not proper.

Observation: Trace the output waveform and calculate the frequency from the fundamental

period of the wave.

Result & Discussion: The waveform was traced and compared with the designed theoretical

O1ie.



Experiment Number -8

Aim: To construct and study the voltage to current convertor.

Apparatus:
S.NO. Mame of the Equipment Values Quantity
i | Resistor 1K, 100 )L
2 F ntenﬁﬁﬁeter 10 k0 g
3 Function Generator 1MHz 1
4 IC 741 OP-AMP 3
5 CRO 20 MHz 1
6 Bread Board 1
7 Connecting Wires and
Probes

Theory: In the circuit shown in figure in which load Ry is floating. Since voltage at node '3’ is

v;, therefore,

<0
R1

That is the input voltage v; is converted into an output current of % . It may be seen that
i

i

the same current flows through the signal source and load, therefore signal source should
be capable of providing this load current.

Circuit Diagram:




Procedure:

1. Connect the circuit as shown in figure.
2. Connect a 10k(] load resistor at the output pin number 6.
3. Connect an ammeter in series with Ri to measure the load current.

Observation Table:

Input Output
Voltage Current (mA)
(Volts)

Result & Discussion: The graph between input voltage and output current is drawn and

verified in linear range,



Experiment Number-9

FUNCTION GENERATOR USING OP AMPS

AIM: To generate triangular and square wave forms and to determine the time period of the
waveforms.

APPARATUS:
sSNO. Mame of the Equipment Values 1 Quantity
L | OpAmplC74t 2
2 Resistor 10 1
K0, 150k, 1.5k0, 1M0O,8.2k0N
3 Capacitors 10nF, 0.1uF, 0.01uF 1
4 Zener diodes 6.2V 2
5 CRO 20 MHz i
b Eread Board 1
7 Connecting Wires and
Probes
THEORY:

The function generator consists of a comparator Ul and an integrator A2.The comparator U2
compares the voltage at point P continuously with the inverting input Le., at zero volts. When
voltage at P goes slightly below or above zero volts, the output of Ul is at the negative or positive
saturation level, respectively. To illustrate the circuit operation let us set the output of Ul at
positive saturation +Vsat (approximately +Vec). This +Vsat is an input to the integrator U2. The
output of U2, therefore will be a negative going ramp. Thus, one end of the veoltage divider R2-R3
is the positive saturation voltage +Vast of Ul and the other is the negative going ramp of U2,
When the negative going ramp attains a certain value —Vramp, point p is slightly below zero
valts; hence the output of Ul will switch from positive saturation to negative saturation —Vsat
(approximately —Vecc). This means that the output of U2 will now stop going negatively and will
begin to go positively. The output of U2 will continue to increase until it reaches +Vramp. At this
time the point P is slightly above zero volts. The sequence then repeats. The frequencies of the
sguare are a function of the d.c supply voltage. Desired amplitude can be obtained by using
approximate zeners at the output of Ul.

THEORETICAL VALUES: Time period, T= 4RsC (Rs+R4)/ (R1+Rz) = 0.492 msec.

Positive peak ramp = VzRs/ (R1+R2) = 0.05 volts,



PRACTICAL VALUES:

Time periods of triangular wave=
Time periods of square wave=
Positive peak ramp=

Voltage of square wave=

CIRCUIT DIAGRAM:

MET gzw

7 .16 W

= F 2]

PROCEDURE:

1. The circuit is connected as shown in the figure.

2. The output of the comparator Ul is connected to the CRO through chennall, to generate a sguare wave.

3. The output of the comparator U2 is connected to the CRO through chennal2, to generate a triangular
wave.

4, The time periods of the sguare wave and triangular waves are noted and they are found to be equal.

PRECAUTIONS:

1. Make null adjustment before applying the input signal.

2. Maintain proper Vec levels.

RESULT: The theoretical and practical values of time periods are found to be equal.






Experiment Number-10
4 BIT DAC USING OP AMP

AIM: To construct and study digital to analog converter circuit.

APPARATUS:
Name of the Equipment Values Quantity
SNO.
1 Op-Amp IC 741 2
2 Resistors 1 K0 2k0 4k0,8k0,10k0 Seach
3 Multimeter
- CRO 20 MHz 1
o 1C Bread Board Trainer 1
& Connecting Wires and
Probes

Theory: A digital to analog converter is used when a binary output from a digital system
must be converted to eguivalent analog voltage or current. A DAC converter uses an op-amp and
binary weighted resistors or R-2r ladder resistors.

In binary weighted resistors method are used. This can be avoided by using R-2R ladder type
DAC where only 2 values of resistors are required .The binary inputs are simulated by switches
BO-B3 and output is proportional to the hinary inputs. Binary inputs can be high (4+5V) or low

ov).

PROCEDURE:
1. Conmections are made as per circuit diagram.

2. Pin2 is connected to resistor 1M{land ground.

3. +Vec are available at Pin7 and -Vec is applied at Pind.

4. Dutput is taken between piné and ground

5. Voltage at each bit {vr] is found at bits b0, b1, b2, b3.

6. Pin3 of op amp is connected to resistor 1k{ and is given to b3 (MSE].

7. Aresistor of 2kf} is connected between pin2 and pin 6 of op amp.



CIRCUIT DIAGRAM:
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Observation:
D D: Dy By Analog Qutput
Theoretical Practical

RESULT: Thus digital to analog converter is constructed and studied.




