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Procedure :

N SRR

ﬂuoﬁmﬁwmm of matter - P S

EXPERIMENT : 1

VERNIER CALIPERS

H_o Bmme.m. the hreadth of glass slab, -using <m~E.m.H calipers.
Appar atus : . )

Vernier nmbﬁmwm m:n a mwmmm mHm,c .. . -
wmmoivnmou : .

-

As &uosa in qu 1. H below, the 4@.58. calipers consists of a main scale M
mam a Vernier scale V> A jaw A attached to the main mompm and another jaw B
.m@mn&m& to the Vernier scale are used to ‘hold an object whose dimension is to be

" measured. The Ver: nier can be moved along gm length om the scale. It can be clamped
. .mﬁ desired position using a screw m

e

__Er:;_:_::;:: :_L::r:_ _w

a. Least count : The HEEvmm om &Smpoum in one cx of main scale 9@ and-

ESM number of divisions in Vernier scale (V) are'noted.. The zero of vernier scale
Nm -made 10 coincide with any- division of main scale. The number of main. scale

- divisions covered by Vernier scale is found out. .m,ou. a ?Eomw Vernier calipers
used in the laboratory, .

10 Vernier mn&m divisions {v. m.& = 9 main scale &aworm {m.s. ﬁC
1 <SE@.. mn&m division = (9/10) BmE scale &Smwob )

ZcBmumw. of main mo&m divisions in one cm =" |10

| (1/10) cm
- . ..4&&.\. .o.m one <.m.m. @@9. ms.d.

- Value om one m.s.d..
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6 Practical Physics and Electronits
. EXPERIMENT : 2

‘SCREW GAUGE
To determine the mmwﬂm.nmw.... of m;.&.ww using screw gauge.
Apparatus : o :

‘Screw gauge and a wire.. ...

Description : g .

Screw gauge, shown in mmm..@m.w. consists of a uniform screw. The screw

advances mg.ocmr a groove, cut inside a hollow cylinder C. The cylinder is rigidly
 fitted into a U-shaped metallic frame F.. : :

A scale calibrated in mm, called pitch scale PS, is engraved on the cylinder
parallel 8 its axis. The head of the screw H is attached to a sleeve. ﬁ.um ﬁ%ommn
edge of the sleeve is divided into N (50 or 100) equal parts. This is aﬂm. head scale

? (HS) of screw gauge. The advancing end of the screw has a shaft with a mm&womw.
plane surface A. A similar plane surface wxmwmm. on {0 the frameyl, u.ﬂmw opposite
to A .o . o .
Procedire : :

a. Least Ooc.bw. - ‘To start with, the zerc of head scale .Q.Hm.v is adjusted to

-coincide with any one of the pitch scale division. The serew is then given 10 full

. yotations. The distance advanced by the beveled edge on pitch scale and total -
pumber of divisions on head scale are noted. The least count of the screw gauge 18 .

calculated as follows.

The distanice advanced for ten rotations = d.mm

_ww..%muamm of matter . . S o 7
Pitch of screw gauge p = /10 mm
Total number of. &&.ﬂoum on head scale = N
Therefore, Least Count (L.C) = pN mm

.'b: Zero Exror and Nm,ﬁo, Correction : - When the E«nbm faces A and wwogr
_each other, the zero of head scale should coincide with the zero of pitch scale
ﬁm.wm. 2.2a). If not, the screw gauge has Zero Error (Z.E). If the zero of H.S. Hes
below the mum. of piteh scale, as shown in Fig.2.2b, the error is positive. .Let x* .
division on H.S. coincides. with pitch scale line. -

no zero error positive zero error  negative zevo. error -
a . ) : b Co . c ‘
© .. Fig. 2.2

Zero Error = +x(L.C) mm

. When the Zero Error is positive, the correction to be applied is negative and A
‘is given by . i

) ~ Zero Correction = —x @.C)mm )
On the other hand, if the zero of H.S. (Fig. 2.2¢) lies above pitch scale line,
then the Zero Brror becomes negative and Zero Correction, positive. Let x®
divisions of IL.S. be coinciding on the pitch scale line. With N being total number
of head scale divisions (h.s.d), :

Zero Error == (N .l,a.v @.C) mm
: - =+ N -0 LC)mm
- Hlustration : In Fig.2.2b, as Z.E. is positive and fifth division falls on the line.

Zero Error =+35 L.C)

- ‘and Zero Correction

| =25(LCY . I
) Similarly, in Fig. 2.2 ¢, for N=100, as 7.E.is negative and 95% division coincides
with pitch scale line, ’ - T s
.  Zero Brror’ =-(100-95) L.C)}= -5 (L.C)
and Zero Correction=+5 (L.C). - .

Zero Correction

E . - . . . . . - . n
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. Practical Physics and Electroniés’

" Properties of matter

%@%N,\ﬁ. & ‘ 13-
The least . Lo
YOUNG’s zowdwam - Non dEmoHE Bending-1": et count of verteal verner of microstope is s forind out and réadings
. are ﬂm,cawﬁmm asin HwEm 4.1, . . . . .-
_ . . - PIN and MICROSCOPE \, . ‘T m
U . | . .. . L . o reduce error, the mg for 4m is nmwn&mdma. first as shown in Table.4.1
: momanww. .

To- mmnmﬂgm the m‘ocnqw modulus, Om elasticity om the anmZE om a bearii, :

subjecting it to non-uniform vmu&mq :mEm pin and microscope. Consider a Hwnﬁmbm&mw bar of me&u b mBm nwnnrummw d, Emomm Woﬁnonnwm%

on two knife edges separated by a distance L When a load of mass m is applied at .
- the mid point of the bar it wnomﬁomm a depression s in the bar. Then the Young’s
modulus (E) of the material of the bar is given by .

»ﬁvmﬁ.ﬁ:m :
A rectangular bar of uniform cross-section. Vernier microscope; ?o rmn,m. ’
: m&o&m ﬂ&» supports, ﬂﬁmyn rmﬁnmm ﬁ.nr Loﬂmm weights, pin ete.

-~

. gl? _
o Lo w.ﬁs u
-4bd -5

For a given rod of length ! the @mﬁamw.mmob s is directly proportional to the .

Hunoomwﬁum :

The given rectangular bar AB is placed sy Bﬁmg.wnmma. on iwo knife edges K,
such that KA = wa Mid point C of the bar is noted and a weight hanger

and K,
H, having a dead weight W is suspended from it. A pin is fixed vertically at C, load applied. Wmosaum the values of 7,'b and d the Young’s modulus E is calculated.
with its tip upwards; as shown in Fig. 4.1a. ’ Table 4.1 , . ) LC.= cm
Load Microscope. Reading Mean | Shift for 4m
Loading | - Unloading S
ke . cm em cm em
W x .
-0
W+ m x
: -1
N rzzzwm ZZ7Z 72 W-+2m . " -
. M ) * k. ﬂ -
Fig. dla . - N Fig. 4.1b W+3m L x,
‘A Vernier microscope is conveniently placed in front of the pin in Rorizontal § - | o [T UTTTTTYTTTTTYTTYTY P .-- )
position. It is focused to see the tip of the pin. With proper adjustmernts along W+dm ) x, - T
vertical scale, the horizontal cross wire is made to coincide with the tip of the pin. % W+3m |- S P .
The image of.the pin is enlarged and inverted. (Refer Fig. 4.1b) Now the reading B ﬁﬂ'm.B. - . AR R
corresponding to this position is noted using the vertical main scale and the & ' A<.4+1 ) ) : ) N R X — %
ooﬁmmwob&wm «mnEmH This is the first reading w sth the initial dead weight W. & . (m ) : ) p.q X, —x,
Then weights. B.m mmmmm to the Wmuume in steps of m, say, 50g. Each time, the
£ P y: 9% i Mean mg ».8. 4m = em

horizontal cross wire is made to coincide with the tip of the pin and readings are § ) . . . .
taken. For ¢onvenience, E&c&uq the reading for the dead weight W, Qmﬁ orten § . . . mw& mon B =5 = cm -
{even EE,&mH of).readings can be taken while loading. The procedure 1 is repeated - The &mﬂmbnm cmgmmu the knife edges ! is measured mocﬁmﬁmww .
by unloading the weights in steps of m.
. % nloa g m. u of m. I L . With <8.Ema calipers ‘and screw gauge, the breadth b E.mgo pwm and
: Lol . - N . -thickness d. ﬁme wau are Emmmﬁmm Hmmwmn?\&%
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29 s
E%mmﬁmz@ 7 o o

MOGZQM EOUdbdm dgmoﬁs wmbm:pm H
A Ez AND zmowogomm . o

i |
“Tg determine Young's modulus of elasticity of the material of ‘the beam,
. subjecting it to uniform bending. . : ’ . ’

Appavatus : .
two knife edges, two weight wmqumm with equal dead

Long rectangilar beam,
49.2.8, mieroscope, ﬁE ete.

weights, two sets om slotted ﬂquwﬂwu

Procedure © o ..
" The wmngﬂm&mb ﬁEH.SE ,ummB AB is placed mwBBmgo&p% on the knife edges

K, and K, The weight hangers ‘H, and H,; with dead weight W are ‘suspended at O

mﬁm U with equal distance from .P and B ummvmonﬁ@, as show in m,uq 7.1 below.

Fig. T1.

d 49&Hnmu< at the midpoint Oof the beam, ® vith its tip pointing

laced nearer to the pin in Wo.ﬁaouﬁmw position and
is adjusted to monﬁm the tip of the pin. The horizontal cross wire of the eyeplece is

) made to coincide with the iip of the pin. The vertical main scale reading. together
with coinciding Vernier scale divisions are noted. This is the first reading with
“only the dead weight W on both the weight handers. Now the loads are added 1o
the hangérs equally in the steps of m {equal to, say, 50g): Readings are teken in
wwnw case, after B&Eﬁ the Woﬁboa& cross wire t0 coincide with the tip of the
© pin. mvwmgmwﬂ is again- performed by removing equal ﬂmwmwﬁm from both %m
ﬁmbmm.,..m and- Hmmmpwmm are recorded. as in Table 7.1.

o wmm.ﬁom mﬁoﬁ the shift for ﬁb is o&n&&ﬁ@ mHme as mgsﬂ in .m.mzm.

o

Apinis wﬁ.mnwm
upward. Verniey Bpﬁomnoum isp

7.1

.

Properties om Emﬁwu I L A . :

The length Lof the beam b
o&émmb rE,mm ds
wwu,umw from the nearest knife mmmm are Emmmmwmmnwm .&Hm &mgom a om mmnw Smuown

. Table7l - - . L L .
. e Cl= em
Load Zwowomnoﬁm Reading | Mean Shift for.
. Loading |Unloading’ - oram
kg l em cm
em ’
om 4. cm
W
W+m
W+2m
W+3m
X,
R 3
W am | . R
W+ 5m . S .. ,
W+ém | - o .
W+Tm | S IR o e
. : X .
. ‘., |~ Rl B H
.- ! 3.
) Mean shift for 4m = cm -
-Shift for m=s = cm

.

Using Vernier calipers 3

. = : pers dnd screw

thicknes gauge, the breadth b [s

ess d [see \wmwwm 4.3] of the beam are respectively found nm«Mm Table 4.2 and
. : 7 ut.

.Hnmu 240} 3 P am "Umﬂacmmuw
T mm

e experiments may Um epeat mwﬂH.HmH %OH &m@umwn Hmum.ﬂwu. OH. UW

ﬂmwm Em mﬁwmmm or mOH. &.memmﬁ.ﬂ symmetric vaanm Om suspension OM gm me.mummHU.

A graph of weight M=, 2r . :

. ght M =m, 2m, 3m t .

(afte e , 3m, .....etc. along x - axis and -

r subtracting dead weight reading) along y — axis is dra Bmww &wwﬂouy
wn [Refer Fig. 4.2} .

‘The straight lin
e graph {elevation is directly proportional to load mﬁwrm& is cmmm

to find m/s = AM /aX

m.onEEw :

E mm.m S ﬁ w a- 3
(4313 _.‘ﬁ: e eS se NHWHOHW .mu &mgﬁ_hw N Nm wC.T mﬂﬁmm. to ﬂ.HwH.mQHB Umu&bm. Uc a

I W. o
S D ﬁDw ._h.. WH .MJ &bﬂ
€on; ﬂm t wumwu.&u cou H@ at mm. H_.HM of the W@N.B Wwﬂ.m« m n—HGHOHB U@HH HTQ
at101 - ﬁ PP
m._.mc 1 <] O“m HHHm BH&. ot Om Wrm .—UmmB nmc.m ﬁo womm. Ohh. mass m a Hu.mm on Umeu. ﬂuum
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Hunmoﬂo&.‘ Physics - and’ ‘Electronics |

modzm,m MODULUS 4.@@&54% |

Am@wﬂo METHOD- II)
SCALE AND HMH.mmOOHum UMH.HMOH,HOZ

Aim:

To determine %oﬁuwu s modulus of
free end with scale wmm ﬁmwmmnovm arrangement.

cantilever g measur Em mmmmoﬂob om wommmm

-‘Apparatus :

A long umonmum:?ﬁ beam, weight W»ummu with mHoﬁﬂmm weights, scale and

telescope, small Emﬁm mirror etc.

Procedure :
.After setting 9@ Hmnﬂwnmﬁmw beam a&p one end A ﬁmp&v. fized and omgu
end B carrying a weight hanger H with dead weight W, a small plane 1 859.. Mis

attached to.the cantilever at doub& B, as mwoﬁb in Fig.13.1.

S

) ‘

Huuo. 13. w .

e T are Wmvw in front om ﬁpm BEBH. emwmmoomm

A vertical scale S with telescop
ain scale division reflected by .the B.E..on and

is adjusted to focus the image of cert:
scale reading is noted for the dead wel
in the steps of m (say 50 g) and corre
uoﬁm@ The 29%8«& are mﬁ&% femove

muon&bm@ the Hmm@moaim momwm readings are
d one 5 one (in the same mﬁmwm ow m) and the

ight Wi E the hanger. The weights are added .

RGN

wnoﬁmmﬁmw of Smﬁmu .

_ scale readings are no$a ﬁum T
eadings thu
are Sw ulated, as given in Teble 13.1 s ovﬁmﬁmm i&m Hom&mm mum chmmEm

Zog : .

wmm.OHm H,—OﬂHHHW ﬁww H.mm,&.“:u m‘ nm,wm.hnw 1_ ev . . NAWNHU,:B : ﬁ
m
mH wm HOW&.@&. to- ﬂHHm B BH
a znw EUQ MO&Q must mum E:1 g 8
m,w.h_.m WQ HO et ﬂuu.m lmage c¢ Hﬂ.p_HHU. Eu.m, mHmHm Om CHmrc Aum nWMWMOO@mn

Thelength ! om cantileve:
r from m./mm d
D between the scale and BES. - uo%mow to free end i is Emmmﬁm@. .HWm distance

- :
“U Nﬂwm. WM.PHGWHHQ S m O.m ﬁWﬂ@ GWHH_L.Hm er @.H.m Emmmzwmﬁw dw ern.
mem T_mmnmﬁr n v VEY “_.mN.

.n&%mnm and screw-
mmﬁmm respectively
and Table 4.3. P fwr and readings are- nm,uﬁwnmm as in Table 4.2

m,@mEmew 1S € .
. peated for different
clamping it at various points. mcﬁmzm Hmbm?m om Spm cantilever, by

H»Em 13.1
it Load Telescope Reading . | Mean - Shift for 4
fele t o or
. Loading -{Unloading . o
kg cm  em cm
, C cm
W
W+ 2m .
W+3m ) iy |
e
D T 3 )
W + w || T
W+5m 5 f _ Hm
W + 6m . .
W+ 7Tm iy e
X
q X —x
7. 3
w.ﬁmmb shift for 4m = cm .
| B . Shift for m==x = cm ‘
.m.o&b..&» T \ . -

HLQH X .mum HWQ MMHEWH in H.mm.nwwuw mOH mass OMH ﬂwu.m MON.HQ mﬁ MGNHMGQ mw ::u:
W
Hmw W@Uﬁ a m.._.
ﬁww@ EHOHv HWH@ @mmWOWFOHw Om. ﬂuu.m ﬁgﬂHHQCWH M.HOHD. C.HHHOM.&.@Q. WOHHNOHH
Sw QhHQOnwOHw 18
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mumoﬁo& Physics mbm mwmoﬁoEnm :
mo .a .

EXPERIMENT : 18 ;,:x:;. o j
o COMPOUND PENDULUM

HO QymﬂmH EHHHW NOO@H@HNEOHH Awpm ﬂO Onm.ru,ﬁv WU&. H@pﬁﬁm OW aﬂmﬂHOﬂ. OW a nOEHuOGme.
UWH ﬁmp@.n&.g Q.TO_.MH Hﬂw O@HwﬁmH Om Bm.mw A H&.'Hﬁuv

Apparatus :

A bar pendulum; stop clock, metre scale, etc. -

iption :
e . @.,amw. endulum ABis a metallic, thick rectangular gﬂ., odmm BMMH

P noE@ocb di : am Fig.18.1a. A number of small circular holes of a v
B mgéw Eo @MWM@ along-the length ‘'of the bar at equal distance AMWoMMH“m
MMM” MHWMMWW. The bar @g&sz 89 be suspended vertically from ea

S Vi N.E
u. w ﬁHH m.ww a w.u. HHN E3l ML. H_PM 124 1X g w to a mcHu.muOH on &..T,
n0Les yejes O ) t V e mL m * mL b Qu& -t . m &

U
AY

9000005000

bmoaoco 300D

g @

g
5
g

Fig. 181 : - .

m,oﬁﬁEP .
nd pendulum) of center om mass Amams.ﬂv

ce I, grom C. For any centre- of mcww.wumSu
at @ &wﬁmwno 1 mHoB. C

Consider a 5@.5 ,co% Aooupwos
{ a. distan

mﬁnomsmmn from a pont0, &
.0, Zwﬁ.m is & woga Oanmﬁmm cenire &. oscillation,
ﬁﬁm Hm H E m,coﬁ ﬂ?or the wmﬁow om oms.mmﬁon is the same.

wnovmnﬁmm of matter . o e

Qmwmwmbu nmbﬂm of wcwﬁmbﬂoﬁ and-centre of oseillation, wuaum on B«rﬁ. side
of centre of gravity are at unequal distances from it. Then 0,0,=Lis mpm Hmumnw of
equivalent simple pendulum of wmﬁom T, given by,

. b y ”_.L
Therefore, &= An,w ﬁﬂu .

.. %Wm Hm&t.mommﬁmﬁwowmwom.ﬂg&m&.domwmvosﬁ m.pm.nmuﬁumommw.mﬁﬂ%wm%mbmm
by : .

K?= L1

] Thus finding the period T-of a compound pendulum for centre of suspension
- and centre of oscillation and the length L of equivalent simple ﬁmmeﬁB. wﬁm
acceleration due to gravity mum radius of gyration can cm determined:

Procedure :

The bar pendulum is wzmwmmmwg by the knife mmmm .passing through the mumﬁ
: hole from one end A {(say). With the help of a pointer, the position of rest of ﬁwm
. pendulum is noted. The bar is set fo small oscillations abont the equilibrium point.
Leaving first three or four oscillations, the time taken for twenty oscillations with
two trials is noted. The distance of the knife edge from the top end A is mon.um. out.
The experiment is repeated by suspending the bar in eath hole.and ﬁrm\&mwmﬁ._om
from A to knife edge is measured. After crossing centre of mﬁﬁ?\nﬁm bar is
: suspended upside down, but the distance of knife edge is measur
: Aof EHm bar. Ocmmd,maobm are nm,c&w&mm as in A_m.Em 18.1 \

m same end

A mew is drawn taking distance I of wEmm edge along x-axis and period of .
oscillation T along y-axis. The graph is'symmetrical about the line passing through
the centre of gravity C parallel to y-axis. ‘It consists of two similar curves on either ’
side of C. (Fig.18.2).. A" liné PQRS is drawn, parallel to x-axis, cutting the curve at:
four points P, QR and S. The points P and R, lying on either side of C, correspond
to the centre of suspension and centre of oscillation respectively. Similarly, other
pair of points is Q and'S. Hence, the length L of equivalent simple pendulum is -
. . L=(®R+QS)2 o -
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Cornng s

66 - - -
H»Em 19.1 mmtoa ‘of omaEwﬁou — - —
N ‘Mes erio . Bs X
[RCIRS _ Time mou ten gmwn AR . - - e
e - em . L " gscillations . e T. . N\.H. MVHE. o
. 1 1.1 s Y . ;
1 s ' ) kgm?® | kgm®
m -
L-B I
. .
B-D 5
LD 11
Observations: . - . Wq
Mass of the block A g
) : j -
‘Length of each String l . .
Distance of separation ) 22 = m
Length of the block L = ..B )
- Breadth of the block B = m
Thickness.-of the block D = | :.y .
) . ..Poomwmwwaoﬁ due to gravity - g = 8.6lms
Result: :
1) ;HoBmﬁn om Emwsm 3 mﬁudemE
I, = kem® 1, = rm m? Hw. = kgm®
(i) Moments of inertia by .nmun&wﬁou ’ ]
= kgm'® Iz kg I,= kgm? .
‘ Hu.l. kg m . NA i i ‘ .
Note : . - . |
The ratio of moments of inertia is .
h HI.H,. -n9~+wwv“au+bmv“9m+d&..

ﬁrmm@ﬁq land a same for all the three ».mnmmu

A L Practical. Physics and wﬁwo.ﬁouwnm g

Properties of matter - -

 EXPERIMENT:20 -0 . = o "

"SURFACE TENSION
AT _DROP ﬁmﬂmﬂuwaemou ,. -
) ,wo determine nrm surface tension of 8 water AE liquid (Kerosene 05 -and
interfacial surface nmuwwou between Wmﬁm and water.

Apparatus :

A mummw mmun& with vertical stand, a short glass nﬁwm of suitable diameter,
_rubber tubing, beaker, pinch ng. Hare’s .»wgmpmgm. ete..

Description :

_‘As shown in Fig.20.1; a short glass
tube is connected to the lower end of
funnel through a rubber fube. The funnel
is held-vertical with a rigid support. The
flow of liquid through the glass tube éan .
be adjusted by means of pinch clip,

provided with the rubber tubing.

L...?ﬁ
o

Procedure :

To start the experiment, pure clean water is woﬁmm into the funnel. HWm
pinch clip is adjusted so that drops are formed mwoé@ and Mnmm%@ at the open end:
of the glass tube.. A dry, clean weighed beaker [weighing is ddue by electronic
balance] is taken and, say, fifty drops of water mwm.oommnnwm The mass of beaker
with 50 drops is measured. The experiment i is repeated by nozmcﬁdm &.owu in
steps of 50 and in each case, after mmmc.oﬂbq m“m mass of empty beaker, one can
determine the mass of mEmMm drop.- mmbom mean mass of single drop om Wwater is
calculated. The uwm&umm are recorded mm in Table 20.1.

.

Formula : - . . . ,

From Rayleigh m.S.BEm. the surface tehsion of water is given by
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' mmowwn.mmm of matter - - T I L B 1
EXPERIMENT : 21

.ngm 20.3 ~ mﬁmm Apparatus : P! P

Tiqud mg&wmw Height |p./ Py |
" em- | of tiquid | =h//h,
Beaker’ E,Bw nor_.Bb
‘Level |level | By em

‘8. No ﬁwmwmv..%wmmﬁmm mmHmE..
R cm of water

* Beaker Limb | column
Level | level | bjem.

SURFACE TENSION -~
o 'CAPILLARY RISE
Alm: _ e =

To find the surface tension of liquid (water) by capillary rise .Bmmpom..

Apparatus :

" Capillary tube of znm.Q,E bore, a beaker S;& mpsmn Jquid, a ﬁoﬂmvu a vernier
mieroscope,. efe.

3 Procedure : ) . ) s e
ean P/ 1= . A well &omﬁmm mzmmnwmba% long uniform nmﬁEmdn tube is taken and is passed -

As the water and kerosene wet the glass, the o&nmp. radius @ of .nw”m EMMWWMMMM .. n_pw.o.cmw a cork. The cork is ﬁ.mmw.ﬁum.a. to a rigid mﬁgouﬁ. so0 as to keep the ﬂ.ﬁcm.,
: easured by using screw mmﬁmm at different diam - : vertical. One end of .ﬁrm tube is attached to a rubber tubing. The free end of the
" must be :nm@ It is m S ) © % tube is-dipped in a beaker containing the liquid. .
oite peimis Beler Bpt2] 1 mbelcdimedion beser g e
- . . ’ . f A pointer is fixed through the sanie . .
1. . memaémﬁoﬁm : o kg .. . "k cork, close to the capillary tube. The . 1 ,
i D " Mass of one &.oc of water o T . v £ pointer is adjusted so that the tip of it just A ﬂu
. L Z.mmm of one drop ombﬂﬁm m, = kg . touches the surface of liquid in the A ¢
3 R . , drop of water in liquid  m; = kg beaker. as shown in ﬂm.mw.ﬁ ‘The Jiquid .
i . Mass of one drop o - : = 981 mst :  rises in the tube due to capillarity and by, .
H Acceleration due to gravily g ) 3§ repeatedly pressing and releasing the ] : Bzz
‘Ratio of density of liquid p, y . \.w . . rubber tube, a continuous liquid column o u S “
. Lo : dpy = byfh, _is formed. Care should be taken to - i -
o ﬁwmw of water p, . s n.@ v ' o . o remave any air bubbles or breaks along .
. - . Mean radius of glass tube ‘ T - a “E . the length of the column. The ‘pointer is B
L surface tension of water T = Nox . checked to make the tip just ﬂoﬁnwpwm the , Fig.21.1
Surface tension of lquid (kerosene) T, =~ Nt surface of the liquid: o . - ~ .
Hﬂ._‘.mnmwﬁmw mﬁ.wwom tension om water ﬂ:. . = ‘ZBL A microscope’'in WoENoEumH wonc&on is focused to see the meniscus of the liquid.
,Epm horizontal cross wire is made tangent to the concave part of the meniscus as
. Wmmﬂ# t ) N .| Nt L . shown in &moﬂmB {Fig. 21.2a]. The vertical main scale reading and corresponding
Surface tension of émﬁmu.. . .| . . ) SESmEm vernier scale divisions are noted. Now the beaker i$ removed carefully
m.bﬁmw.omu%umwon of prcwm s - =, 75 - . . and the microscope is adjusted to focus the tip of the pointer. The horiznatal cross
 Interfacial surfacé tension” = Nm wire should just touch Em tip and readings of microscope’in verticsl scale are

i ‘ . SWmF.. [Table.21.1]. The difference in readings gives the height h of the liquid
o T - S S H . " ‘column in the capillary-tube. Experiments are repeated by changing the level of
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and M_mnﬂo%ow

Huw.mnmnmw. Physics . . o | ..
: o " Properties of matter ~ - T o . IR -
EXPERIMENT : 21

Height {p,/ Py |

H_E.Enw Readings:

w Water Readings w,,mww " | of tiud | =Bk, SURFACE TENSION =~ - =
..wm%mws Timb An&@u..a column ) o , 'CAPILLARY RISE -

, Level | level |"Byem | Level Flwmu\ Alm: . 5 : .

“ — . To find the surface tension of E.EE (water) by capillary rise .n.wmmpom..

Apparatus :

* Capillary tube of uniform bore, a beaker with given lquid, a pointer, a vernier
microscope; ete. .. . K . :

L\\\. : : Procedure : ) : ]

; =h/h, . . . .

A Mean p, \M M.u o the glish .E,um % A well owmmuwm sufficiently. wonm uniform QEENE. tube is taken and is passed -
As the water and kerosene wet the glass, the oﬁma radius ametrically © F auao.amr a cork. The cork is ..&mu.“%m.m. to a rigid mﬁ@@cﬂﬁ. so as to keep the ﬁmvm‘

2 ’ ;s measured by using screw mmc.mm at different dia 3 49.«%&. One end of .ﬁpm tube is attached to a rubber tubing. The free end of the

" must be :m.m@.“ .Hmwwmwvm,ﬂu £2] - ) : ) i tube is-dipped in a beaker containing the liguid.

points. XpL.2. ] . A 3 2

opp osite

. . ) ) ’ - A pointer is fixed through the sanie
. . memu.cmﬂoﬂm : : ) R

i - . = ke . . f ooan,&omm to the capillary tube. The
L Mass of one mHoc of water T ‘ - pointer is adjusted so that the tip of it just _
B .ﬁmmm of one drop of Wﬁﬁm m, = Mw . v 4 touches the surface of liguid in the
. , . NI, m = g beaker, as shown in Fig.21.1. The liquid
4 Mass of one drop of Nﬁww.. - rb.Emw ) = 981 msT ‘ ;  rises in the tube due to capillarity and by,
n Acceleration due to gravity & ’ : repeatedly pressing and releasing the )
; Ratio of density of liquid p, e . : . . rubber tube, a continuous liquid column
T . : g = hth, is formed.  Care should be taken to - -
to ﬁwmﬁ nm.s.wumw. P . v._v - m m . . remove any air bubbles or breaks along’ -
* Mean radius of glass tube rT - en " the length of the column. The pointer is L
mﬁ,mwnm tension of water T, = o No ] checked to make the tip ucmw touching the ’ m,umnmw-w
Surface tension"of liquid (kerosene) T, = - Na¥ . surface of the liquid. . - ~ .
= Nm™ ‘

Hbdmnmmﬁm& mﬁumwnm tension om water Typ = A microscope in guﬁonm& coﬁﬁob is focused to see the meniscus of the liquid.

. . _ - The horizontal cross wire is made tangent to the concave part of the meniscus as

. Wmmﬁ# ; . . " .| - Nt L shown in &wﬂwB {Fig. 21.22]. The vertical main scale reading and corresponding
mﬁ_mmom tension of water - o " coinciding vernier scale divisions are noted. Now the beaker is removed carefully
mE..mmnm wmbmuou of ﬁpﬁm ' = .VB o i and the microscope is adjusted to focus the tip of the pointer. The horizontal cross

; = Nm? ’

wire should just touch mu.m tip and readings of microscope in vertical. scale are
. . SWmP,. .[Table.21.1]. The difference in readings gives the height h of the liguid
o T o . S L " ‘column in the capillary-tube. Experiments. are repeated by changing the level of

: Hunmwmmﬁmw ncammnm nwwwpob

—r e
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Practical .E%mﬁm and Electronics .

4. A
. , = 9.81ms®
' >oom~9wﬁob due to gravity g sl
= N
mﬁwmmom tension om the HE.F&.. 4 H . .
Wamﬂ.:., : o
—-— Fon=1
m:Hmmom tension of mzmh Wnﬁm o= Nm |
Note :
B ® OoEcwﬂmon om surface tensions of two Hquids :
A ) 4 ‘rhpg -
*  For narrow capillary ﬁcdm HAAW mwm wmwnm ,H_ P
Let T, mﬁm T, vm the wﬁmmnm ﬁmumpoum of two liquids om mmwmwsmm P, mm@ P, -
_ respectively.
3 : . H._u.n_uvm. .
rh)pg _ hop
T, = |¢1 and o T, 2
T _hp
Therefore, T, hap, . o
“Performing the experiment by taking same capillary tube with two &mww.mm
/p,=H,/ H, is found. 1,
- ermined. Using Hare's apparatus, p,/ p, \ o,
O s of espectively. Herce

and H, are Wmumrﬁm of two liquid columns in Hare’s apparatus r
the Hmﬂo ow surface tensions can be- mmﬁmwémm

@ai) - Oouuwmﬁmoﬁ of radii of two tubes.
ated by taking nﬁo SﬁEwﬁ

liquid, the experiment is wmvm
With same given liqux by meqgm i

tubes of radii r, and I, pmmvmoﬁdm? Ifh and b, are the pmmﬁmoﬂ

A liguid now.c.B? then

A

Tohopg _ .o

.\

“tube i5 collected in weighed beaker.

time taken is noted and Emmm.om the beaker
with liquid is determined.

“and W.Hmmvmnn?&% from the horizontal .

mwommzumm of matter. - - R .. . -

mmwmﬂamzﬁ 22 -
Swo@mﬁ% OF E@GHU

wuwmﬂ.ﬂm EH&OU
Aim .
Te determine coefficiént of viscosity of a liquid (water).
mwunmww&cm : |

CEmowB“ long nmﬁmmmd. ﬂmwm ﬁsmwmmsmﬁmg burette, beaker, Hchmw. QrEm with
ﬁEnr oEu stop clock, ete.

wnocwmzwo :

An Ewﬂmmcmwmm burette is WmE vertically by a retort stand. The Bmwrm A, m
G D. ... ete. are labelled along the length of the burette. A uniform capillary tube

. om sufficient length is.fixed to the lower end of the bur ette through a rubber tubing

with pinch clip mwnmuquwﬂ The burette is filled with given liquid, say; water.

.The capillary tube is H&mnmm horizontally on a support so that liquid is allowed 8
flow freely through it [Fig.22.1]

. %h&mms empty beaker is taken and
its weight is found using electronic
balance. When the liquid comes to the .- .mﬁ
level A, the stop clock is started and -

mmEsmumuumomm.wuu.. the lquid through the

When the liquid level reaches the mark.
B, the flow is stopped- using pinch clip,

The heights h and h, of the maiks A

level of capillary Evm are measured. The
. effective pressure head h for the steady
mos m.»mb is h- =(b, +h ] i w

Fig.2
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.memngH 45" e T

w?»Zm ewgmzmmmmoz waﬂzm
zowzﬁ. EonZom zmemou

Aim:

" To detérmine the number of lines Qprbmmv per Emﬂm -of A&m mnmﬂbm and to

®

mbm the wave lengths of prominent spectral HEmm of Emuocd‘ mﬁmng 5 HEHB& ;

‘incidence method, using mumnﬁnoanmH..

Apparatus : .

Spectrometer, Emmm ﬁmwmﬁwmmwou mﬁ.wgbm, sodium <m%oE. lamp, mereury )

vapour FBP etc. -
Wncnmmﬂmm 3

(i) Normal Incidence :

.&.ﬂmn making the’ initial m&ﬁmﬁBmunm &. aum mwoSHoBonmﬁ the slit. om the |

collimator is EcBEmn&. by sodium light {(monochromatic light).- The telescope is

adjusted to focus the slit mnm&w and by finer adjustment, the vertical cross wire
is made to coincide with the fixed edge of the image of the slit. “The telescope is
clamaped at this position. The verniers are adjusted to read 0° and 180° and are
fized rigidly. , : . A - .

Now, the telescope is turned
through 90° as in Fig. 45.1. The
plane ‘transmission grating, G is
mounted vertically on the prism

_.table using a grating holder. The
ruled surface should face the
‘collimator. - By slowly rotating the .
prism table, the fixed edge of the
reflected image of the slit is. made

Reflected xay

to coincide with the vertical cross L
wire of the telescope. At this A VE
" position, the angle of incidence of a T ER
“parallel ray of light on the m.w»ﬁmm PR m -
Fig.45.1

‘surface becomes equal to 45°.

direct image. On either side of
- - direct image, one can observe

‘readings of the verniers V, and

‘mmooumr oamu.mno. Therefore, N =" x

T

s Sk LT e AL et arpAd e hade S ST

Hmuun
Therefore, to make mpm mbmgm of En&.mwom is equial to-zero, w_umn is, to make the

T DS ue

ray of light normal to the surface, the vernier with prism table is Howmamm through

@n towards the nompﬁmﬁou so that Eo&mnn rmwﬁ is. uoH.B&. to the mwmem The
‘vernier 1s &muﬁmm mep&w at this momﬁou. :

(i v Umﬁmnnnnmﬁob of nnnmuou of rbmm: per metre N.:

A Zoﬁ. the ' telescope is
released and brought to view the

image of first order diffraction and
second order. The telescope is -
turned to observe first order a
Rmﬂwnwwnw image to the left of

direct image. The vertical cross

wire is made to coincide with the
image, the corresponding

v, are noted.

........6,_

direclray

Now the telescope is rotated® 4
to the right of the direct ray and o T
the first order image is observed. .
The vertical cross wire is made to
coincide with the image, the
corresponding readings of the
verniers V, and V, are noted. .
Refer Fig. pm

< Fig. 45.2

( ﬂpm wvuwFBmuﬁ can be Hm@mmwmm. for mmoobm o&mp. diffraction also).

The readings are &m,cEmam_w as in Table 45. 1. The difference between left and

right. readings of the first order &mﬂmoﬁo? gives twice the angle of diffraction 9.

Knowing the wave length A of monochromatic light wmon sodium light,
A= umm wan. the number om lines per metre N "of the grating is mmnmanmumn by

mEo ZB».

.a_umum m is ﬁpm order om &m.wwoﬂow. m@c.mw to one mou first oﬂmmu. two mou
sin 8 ¢ )
- um.nmwn&mnm@. .
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O..,..mmgwﬁoum :

sz.&mumaw om mo&ﬁB rmE. . . A=5, mmw X 107m o )
gnuomoog H,mm&bm for CToss, wire ooES@Eq é&p &Wm mmmm ,
. . . of comtact = XF= m
wﬁouomooum mmm@Em for cross 45“8 noESmEm Q&p the. ébm " XEFE m
Upmﬁwnom.om ‘a..m wire from the edge of contact : I = .\l.. M ~-X = m
. : Mean fringe width . L B= m
. Diameter of the wire | o N d = Nwm m
Table 51.1 © Mictoscope readings . - - LC. loooHnB
. No.of  Microscope wmm&bmm Widthof 12 - Fringe
-darkfringes | M SR VsSD OR= fringes W idth B
. ] om MSRHVSD)LC..] . em - . cm
- n ” . : X,
b+ 6 E . x, .
a9 . | : Loy ’ . .
TSt wl!almlllllmum ||||||||
. b+ 15 k “.. toxg X%,
n+18 . %, - %,
m+21 . - R : X, EAE
. Mean~ B8 cm
Result :
ﬂwm diameter of the wire = o

: g gt ST
- RO E-4 :

E Note :
.Hgowumwm Qu. ubmﬁwﬂon First, ﬂ&w the Em&»ﬂnﬂ of. mﬁmBmw oomﬂbm. the
diameter d, of the wire is mmﬁmaubbmm as described abiove. Next, the coating is

T removed g&ouﬂ@ and the experiment is repeated to find the diameter d, of the

wire without insulation. HWmF ?m ﬁgnw_wmmm of the Em&mﬂow is given by
_a /2. .

‘Light
EXPERIMENT : 52

NEWTON'S RINGS

Refractive index of ¢onvex lens

. To mmwmwnﬁbw radii of oEdmnEm om a double convex lens by monHEum Zmﬂﬁoam k
rings and to calculate refractive index of the Emnmﬂﬁ of the lens. |
,Pmﬁmm.mncm : .

Convex lens, glass Emﬁmm sodium’ vapour HmB? p

. slot, Vernier microscope,
ete.. ’

mnoommzum :

A large focal wmumnw {1 metre or Bva convex lens ﬁ is Emnmm ona %mmm plate
P, kept on ﬁmm bed plate of microscope, as shown in Fig. 52.1. Rays of light from
sodium vapour lamp §, incident horizontally- on a glass Ewnm G inclined at 45° are
reflected vertically moiuéwwm and are Eemmbﬁ normally on the air film mbnwomm@ ’
between the lens and glass plate. Due to interference between the light reflected
from top and bottom swrface of air film, the alternate dark and bright concentric
rings can be observed through the microscope. At the point of contact of sens with
the plate, ﬁvm thickness of air film is zero. Therefore, the center of concentric
w.m.nm.,m appears dark. As one moves away from the point of nobn.mnﬂ nWm. thickness of
air film increases symmetrically and hence, alternate bright and dark rings are
obtained. These rings are called Newton’s rings , Fig:52.2 .

.v__u
———— e
Fig. 52.1

: .@ﬁmﬂw& view) -

- Fig. 522
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T .

- Radius omnﬁdmgm w T I =
Focal Hmumﬂu of. Mmum £ =

e R.R, - -
) =14+ =
Wmmu.mnﬂ@ index k= w ¥ ﬁw TR V ‘ N
) wwmwﬁ . .
. - Refractive wbmmw of material of double 85«@%.?5 =
2 s s A . o
, Note ; : _

. womumnn{m index of numﬁm@mnmnw. mn.ﬁm (water)

) " The refractive index of the given b@Em can be determined by moH.BEm thin
bn&m film between convex lens and glass plate and moHBEm Newton’s rings. ;

A large drop of liquid is placed on the platé and the lens is kept on it, so that
same’ face ﬁomowzam the plate. Newton'’s rings are formed [fewer i in, HEmeH.m and
less in intensity J. The Eoom&cﬁm is the same as with the air film. ’

For air film we have the ooumﬁmuﬂ ’
2 2
Ob." @uiu - m.: .
and hence the wave. length of monochromatic m,mwﬁ. in ‘zir is given by

C,
Ay =24
A 4mR

For liquid EB let the oounmmwou&bm Sbmnmbn wm CL.
The wave Hmumﬁw of Bonoo_ﬁ.oBmﬂo _HqE in bpﬁm is given ww

Co
4mR

A=

Now the refractive index of liquid is given by

m=

&
- Qe

To mmﬁmwBEm uﬁm mﬁownmmm om air film by mB.EEm Ewmﬁﬂoambnm using Febry
perot Etalon and wmunm to calculate fine structure spread of spectral line.

Wmﬁmnmﬁﬁm : m o o T : o

Spectrometer, wm_ﬂ% Humwon wm&on Sodium vapour wmu%, ma&m and telescope’
wnmwmwupmu&m. ete..,

?.oommmna.

A m,mg.% Perot wawwob consists om two semi silvered optically plane glass udem
held parallel to each other,.enclesing a thin air film. Silvered faces of plates are

facing each other. “The noBEmdm arrangement is enclosed.in a cell having circular -

%mEnmmomggg@ovmownm@omm..H,Wmuwmﬁmmmumnﬂmmm mxuom< wwnmb& mum
vertical by. means of three leveling screws. .

The Febry wmpoﬁ Etalon is Boﬁamm <masnw=w on leveled prism table om
spectrometer. The collimating lens from collimator is removed and the slit is made
a5 wide as possible. The slit is then iluminated uniformly using sodium vapour -
lamp. The light incident on front face of Etalon, undergoes multiple reflection
through the air film and by interference, m:mgmﬂm bright and dark concentric
tircular fringes with central spot are formed. By focusing the telescope and
adjusting it, the interference pattern can be observed. .

¢ ..mmmﬁnn : T oo

..Em.. 53.1




n




lHIIHH’l’H!i!HI'lllisl\

|

[
|

mm

: [
MIRROR \ "3




SPRTNG  CONSTANT

s

* ATM s~

Lo dotemmine Y Apuing MQM_A_@LZ%L_

by Atadfe. mothed .

% PPPARATUS REMUIRED: ~

e ———

:& THPDQ\/ $ o
cST ATTC, METHODS

o

onsidoen o szzz?_@agzzg_ﬁwm_a_

& i V4 I £ P J - ) el
A Yirvliniea A tory .2’ 42008 A 17 ) Lf) J




TABRLE :

lood m and pesttion & Tho peiiten ~
sno|  the Aanges L (v ALoage ()
" lmd, | undeadirg

1. W 13.6 136 134"
Je W50 18.6 12:6 18:b
Be W+iop | QYo ly oMo kY | QY >4 |
A W+ 150 - 29.3 | Q9.7 | 2.3
| |
B W +200 l 2544 |




.,wi’fh .d;m/m Npta ﬁ)ai- Efnt a/d FDA’t Q2s1¢
E Jo Heeki Jaus 5
Ent A& Aﬁmdﬂu ,naﬁm‘rﬁ?@naé A8 X -

Dzw? guﬂg 5
Feoat =K%




_

CRLLDLATION: —

K = (ma-m/}(jj/»r
1)_"1_1 / |

= (R0D—15D) x1073
(29, T -4 1) x 1072

- b0
5. bx107!

= 8-9295F NF0 X107
=0:992356 N/m

"




t '.)EKE_EQ[’QE:_
’ ) STHTIL. METHOD :—
1. Rz

/m’nd e mnm.
3. Tneneake Ihe bad o6 the Loubfng 4n




22 : Practical Physics and Electronics

EXPERIMENT : 7

YOUNG’S MODULUS - Uniform Bending - I
PIN AND MICROSCOPE

Aim:

‘To determine Young's modulus of elasticity of the material of the beam, |

subjecting it to uniform bending.

Apparatus :

Long rectangular beam, two knife edges, two weight hangers with equal dead
weights, two sets of slotted weights, Vernier microscope, pin etc.

Procedure :

The rectangular, uniform beam AB is placed symmetrically on the knife edges
K, and K,. The weight hangers H, and H, with dead weight W are suspended at C
and D with equal distance from A and B respectively as show in Fig. 7.1 below.

Fig. 7.1.

A pin is attached vertically at the midpoint O of the beam, with its tip pointing
upward. Vernier microscope is placed nearer to the pin in horizontal position and
is adjusted to focus the tip of the pin. The horizontal cross wire of the eyepiece is
made to coincide with the tip of the pin. The vertical main scale reading, together
with coinciding Vernier scale divisions are noted. This is the first reading with
only the dead weight W on both the weight hangers. Now the loads are added to
the hangers equally in the steps of m (equal to, say, 50g). Readings are taken in
each case, after making the horizontal cross wire to coincide with the tip of the
pin. Experiment is again performed by removing equal weights from both the
hangers and readings are recorded as in Table 7.1. |

To reduce error, the shift for 4m is caleulated first as shown in Table.7.1
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The length [ of the beam between knife edges, the distance a of each weight
hanger from the nearest knife edge are measured.

Table 7.1 LC.=  cm
Load Microscope Reading Mean Shift for 4m
3 Loading |Unloading
kg : cm cm cm cm
W Xy
W+ m x
W+ 2m xl
: 2
W + 3m X
3
W+ 4m & X
W+ 5m % X%
W + 6m X, T
W+ Tm X, o A
Mean shift for 4m = cm
Shift for m=s = cm

. Using Vernier calipers and screw gauge, the breadth b [see Table 4.2] and
thickness d [see Table 4.3] of the beam are respectively found out.

T?1e experiments may be repeated either for different length of beam between
the knife edges or for different symmetric points of suspension of the hangers.

A graph o‘f weight M = m, Zm, 3m, .....etc. along x — axis and mean elevation X
(after subtracting dead weight reading) along y — axis is drawn [Refer Fig. 4.2].

‘The straight line graph (elevation is directly proportional to load applied) is used

to find m/s = AM /AX

Formula :

A uniform rectangular beam of width b and thickness d, placed symmetrically
on two knife edges separated by a distance I, is subjected to uniform bending by a
constant bending couple at all points of the beam. Thus, in uniform bending the
elevation s of the midpoint of the beam due to lead of mass m applied on both the



- Practical Physics and Electronics

er_ldf:}at a distance a from the nearest knife edge is given by

_3 gal_z_(_m;]
e R e

And hence the Young’s Modulus of the material of the beam

3 gal?
2 - i ls)
bd® \ s

By measuring mean elevation s for load m, the Young’s modulus is determined.

Further, from load versus elevation graph (straight line) one can calculate m/s .

Observations :
Distance between knife edges - I = m
Distance between weight hanger
and adjacent knife edge a = m
Breadth of the beam b = m
Thickness of the beam d = m
Acceleration due to gravity g =9.81 ms?
Mean (m/s) = kgm!
By graph, AM /AX = m/s= kgm!
Young’s Modulus E = 28 al; (*IP"J =oicaNm
2 bd s
Result :
(1). Young’s Modulus by calculation . Nm™
(i1). Young’s Modulus by graph = Nm™=

19:19::0:10: 038
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EXPERIMENT : 8
YOUNG’S MODULUS - Uniform Bending - I1
SINGLE OPTIC LEVER

S

Aim:

To determine Young’s modulus of elasticity of the material of the beam,
subjecting it to uniform bending.
Apparatus :

Uniform rectangular bar, two knife edges, two weight hangers with slotted
weights, optic lever, scale and telescope etc. :

Procedure :

The rectangular bar is placed symmetrically on two knife edges K, and K,.
The front leg of single optic lever is resting on the mid point O of the beam [Fig.8.1].
The other two hind legs are resting on a suitable support kept at same level behind
the beam. The weight hangers H and H, with dead weight W, as in previous case
(Expt.7), are suspended from the points C and D of the beam as shown in Fig.8.1.

n

Fig. 8.1

The scale with telescope is held vertically in front of the plane mirror of
optic lever. The telescope is focused to see the image of scale divisions reflected
by the mirror of the optic lever. The horizontal cross wire of the telescope is
adjusted. to coincide with a definite division on the scale and the reading is noted.
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EXPERIMENT : 11

YOUNG’S MODULUS - CANTILEVER
(STATIC METHOD-I)

PIN AND MICROSCOPE -DEPRESSION
Aim:

To determine Young’s modulus of the material of cantilever, by meésuring

the depression produced at the free end, using pin and microscope arrangement.

Apparatus :

A long rectangular beam (a metre scale), weight hanger, slotted weights, pin, |

microscope etc.

Procedure :

The given uniform rectangular beam (a metre scale) AB is clamped rigidly at

A along the edge of a table using a G-clamp. A suitable length AB of the beam is
projecting outside (Fig. 11.1). At free end B of the cantilever, a weight hanger H
with dead weight W is suspended. A pin is attached upward at the point of loading,

B. A microscope in horizontal position is adjusted to focus the tip of the pin in the |

field of view of the eye piece.

Fig. 11.1

By working on the vertical screw, the horizontal cross wire is made to coincide

with the tip of the pin. The reading in vertical main scale and coinciding vernier

divisions are noted. Weights are added to the hanger in the steps of m,

Table 11.1
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equal to 50g and readings are taken, each time making the horizontal cross wire to
coincide with the tip of the pin. Similarly, readings are noted while unloading in
same steps of m. As in the earlier bending experiments, eight (or ten) readings
are taken so that the depression can be calculated first for 4m and then for m
Observations are tabulated as in Table 11.1. .

Using vernier calipers and screw gauge, the breadth b and thickness d of
the cantilever are measured respectively (see Table 4.2 and Table 4.3).

Formula:

A cantilever is a rectangular beam of breadth b and thickness d, rigidly
clamped at one end. A load due to mass m is applied at the free end of cantilever
of length . Let s be the depression produced at the point of loading. The Young’s
modulus of the material of the cantilever is given by

_ 4el [mj
bd® \ s

LC.= c¢m
Load Microscope Reading ‘Mean Shift for 4m
Loading Unloading '
kg cm cm cm cm
A W %y
W+m X
W + 2m x;
W + 3m %
W + 4m X, Xy
W+ 5m x5 Ry =
W + 6m Xg Xg — %,
W+ 7Tm x, *q =Xy
Mean shift for 4m = cm
= cm

Shift for m= s
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A graph is drawn taking the load M = m, 2m . . . etc. along x axis and mean
microscope reading X (after subtracting dead weight reading) along y- axis
(See Fig. 4.2). From the slope of straight line graph, AM / AX is calculated.

Observations :

Length of canﬁlever l = m
Breadth of cantilever b = m
Thickness of cantilever d = m
Acceleration due to gravity g = 9.8l ms?
Mean (m/s) = kg m !
X . By graph, AM/AX =m/s= kg m™!
3
Young’s modulus E = %(%) = Nm2

Resuit :

(1) Young’s modulus, by calculation = Nm-~?
(i1) Young’s modulus, by graph = Nm-?

-
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EXPERIMENT : 12

YOUNG’S MODULUS - CANTILEVER
(STATIC METHOD- II)

OPTIC LEVER - DEPRESSION
Aim:

To determine Young’s modulus of the material of cantilever, by measuring
the depression produced at the free end, using single optic lever arrangement.

Apparatus :

A long rectangular beam (a metre scale), weight hanger, slotted weights, optic
lever, scale and telescope ete.

Procedure :

The given uniform rectangular beam (a metre scale) AB is clamped rigidly at
A along the edge of a table using a G-clamp. A suitable length AB of the beam is
projecting outside. At free end B of the cantilever, a weight hanger H with dead
weight W is suspended. The depression of loaded free end of cantilever can be
measured more accurately by single optic lever method, using scale and telescope
arrangement. The front leg of lever resting on the point of loading and two hind
legs on separate rigid support, as shown in Fig.12.1. The loading is done in steps of

- m and the telescope readings are noted. Readings are taken while unloading also.
_As in all the bending experiments eight or ten readings are taken to reduce error.
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EXPERIMENT : 13 ; ‘
YOUNG’S MODULUS - CANTILEVER

(STATIC METHOD- III)
SCALE AND TELESCOPE - DEFLECTION

Aim:

To determine Young’s modulus of cantilever by measuring deflection of loaded
free end with scale and telescope arrangement.

Apparatus :

A long rectangular beam, weight hanger with slotted weights, scale and
telescope, small plane mirror ete.

Procedure :

After setting the rectangular beam with one end A rigidly fixed and other
end B carrying a weight hanger H with dead weight W, a small plane mirror M is
attached to the cantilever at point B, as shown in Fig.13.1.

Fig.13.1

A vertical scale S with telescope T are kept in front of the mirror. Telescope
is adjusted to focus the image of certain scale division reflected by the mirror and
scale reading is noted for the dead weight W in the hahger. The weights are added
in the steps of m (say 50 g) and correspondingly the respective scale readings are

noted. The weights are gently removed one by one (in the same steps of m) and the
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scale readings are noted. The readings thus obtained while loading and unloading
are tabulated, as given in Table 13.1. 3%

Note :

Before noting the readings, the cantilever is loaded to the maximum limit
and the scale must be adjusted to get the image within the field of view of telescope.

The length [ of cantilever from fixed end to free end is measured. The distance
D between the scale and mirror is noted.

The breadth b and thickness d of the cantilever are measured by vernier
calipers and screw-gauge respectively and readings are tabulated as in Table 4,2
and Table 4.3.

Experiment is repeated for different suitable lengths of the cantilever, by
clamping it at various points.

Table 13.1
Load Telescope Reading . | Mean Shift for 4m
Loading |[Unloading
kg cm cm cm cm
W X,
W+ m %
W + 2m x5
W + 3m X,
W + 4m x, i 4- 0
W+ 5m %5 Aot X
W+ 6m X, Xe— X,
W+ 7m X Xy =%,
Mean shift for 4m = cm
Shift for m=x = cm
Formula : -

Let x be the shift in reading for mass m on the scale kept at a distance D from -
the mirror. The deflection of the cantilever from unloaded hqrizontal direction is

0=x/2D
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But the deflection of cantilever of length [, breadth b and thickness d is given

pd® \E

Therefore, on substitution, the Young’s modulus of the material of cantilever

by

18

E= 12 gl:D (L‘l)
bd x

A graph (see Fig. 4.2) is drawn with load M (equal to m, 2m, ... etc.) versus
mean telescope reading X (subtracting dead weight reading). The value of
AM / AX is calculated. :

Observations:
Length of beam from clamped end to free end l 4= m
Distance between scale and mirror D = m
Breadth of the beam b = m v
Thickness of the beam d = m
Aéclteleration due to gravity g =981mg?
Mean (m/x) = kg m!
By graph, AM/AX = m/x = kg m™!
Result : '
(i) Young's modulus, by calculatibn = _Nm*2
(i) Young’s modulus, by graph = Nm-2
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" EXPERIMENT : 14

- YOUNG’S MODULUS - CANTILEVER
(DYNAMIC METHOD)

- Aim:

To determine Young’s modulus of the material of cantilever by finding the
period of vertical oscillations.

Apparatus :

Cantilever (metre scale), weight hanger with slotted weights, stop clock,
microscope.

Procedure :

As in previous experiment [Expt. 12], a long rectangular beam is clamped at
one end A and a weight hanger H is suspended at the free end B. A small needle is

fixed to the frame of the hanger [refer Fig. 12.1]. A mass M, (equal to, say, 50g) is

added to the weight hanger so that it does not produce appreciable depression at
the free end of the cantilever. A microscope, placed in front of the pin, is focused

“such that the horizontal cross wire just coincides with the tip of the pin.

The free end of the cantilever is slightly depressed and is then released suv as
to execute vertical oscillations. Taking the horizontal cross wire as the reference
line, the time for, say, ten oscillations is noted using stop clock. The expex:iment is
repeated twice and mean period of oscillation T, is found out. Next, with adding a
mass M, (equal to 100g) and adjusting the cross wire, the experiment is performed
to find the corresponding period of oscillation T,. The experiment is repeated for
different lengths of cantilever and readings are tabulated as in Table 14.1.

Formula ;

Consider a uniform cantilever of length [/, breadth b and thickness d, clamped
at'one end and carrying a mass M at free end. Let the cantilever be set oscillating
in vertical plane. The period of oscillation is given by

167213 m
e M+— |,
* Ebd?® [ 3]

Where m is the mass of cantilever and E, the Young’s modulus of the material of
the cantilever. '
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EXPERIMENT : 18
COMPOUND PENDULUM

Aim:
To determine acceleration due to gravity and radius of gyration of a compound
bar pendulum about its center of mass (gravity). :

Apparatus :

A bar pendulum, stop‘clock, metre scale, etc. .

Description :

A compound bar pendulum AB is a metallic, thick rectangular bar, one metre
long, as shown in diagram Fig.18.1a. A number of small circular holes of about
5mm diameter are drilled along the length of the bar at equal distance (about 5cm)
from each other. The bar pendulum can be suspended vertically from each of these
holes through a horizontal knife edge K , fixed rigidly to a support on the wall.

L~
~

~
oocace&:iaoi_fD

(b)

w ®
» ®looocscoocooo

Fig. 18.1

Formula:

Consider a rigid body (compound pendulum) of center of mass (gravity) C,

suspended from a point O,

[Fig. 18.1 b] about which the period of oscillation is the same.

at a distance [, from G. For any centre of suspension §
O, there is a point O,,called centre of oscillation, at a distance [, from C

Properties of matter
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Generally, centre of suspension and centre of oscillation, lying onreitlier side
of centre of gravity are at unequal distances from it. Then 0,0, = L is the length of
equivalent simple pendulum of period T, given by, '

3 Tzzﬁ\/g
g

Therefore, &= 4n® (%)
_ 1k

The radius of gyration K of the rigid body about the centre of gravity is defined
by

K2= L1,

Thus finding the period T of a compound pendulum for centre of suspension

and centre of oscillation and the length L of equivalent simple pendulum, the

acceleration due to gravity and radius of gyration can be determined.

Procedure :

The bar pendulum is suspended by the knife edge passing through the first /
hole from one end A (say). With the help of a pointer, the position of rest of the /

-pend'ulum' is noted. The bar is set to small oscillations about the equilibrium point.
Leaving first three or four oscillations, the time taken for twenty oscillations with

3

/

two trials is noted. The distance of the knife edge from the top end A is found out. -~

'fThe experimeflt is repeated by suspending the bar in each hole and the’distance
from A to kmfe edge is measured. After crossing centre of gravity; the bar is
suspended upside down, but the distance of knife edge is measWrbm same end

" A of the bar. Observations are tabulated as in Table 18.1.

E A graph is drawn taking distance [ of knife edge along x-axis and period of
Eﬁm lation T along y-axis. The graph is symmetrical about the line passing through
e centre of gravity C parallel to y-axis. It consists of two similar curves on either

4 side of C. (Fig.18.2). A line PQRS is drawn, parallel to x-axis, cutting the curve at

f . ? .

ti(?)l:;rh points P, Q,R and S The points P and R, lying on either side of C, correspond
.a. efcen.tre o'f suspensmn and centre of oscillation respectively. Similarly, other
pair of points is Q and S. Hence, the length L of equivalent simple pendulum is

L=PR+QS)2
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The other such lines are drawn and corresponding periods T are noted and

tabulated in Table 18.2. The acceleration due to gravity

_4n’L
g= Tz
is determined and mean value is taken. Ny

From the graph (Fig 18.2), we note
that

PM=SM =1/ and RM=QM =/, and
hence the radius of gyration about the axis

Properties of matter
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Table 18.3 Determination of K

S.No [ =PS/2 I, = QR/2 K=y I
' cm cm cm
1' »
2.
39
Mean K = cm
Result :
(1)  Acceleration due to gravity = ms™
(i) Radius of gyration = m
Note :

For compound bar pendulum, the period is minimum (T ) when L = 2K. Hence

from the graph, Fig. 18.2, L. = NLN2 = 2K, giving

Ta N1N2

passing through C is given by \P Q R &
(Table 18.3) A LR
TO TN1 G fNo -~
K = Ik 0 > X
The mean value of K is calculated. Fig. 18.2
Table 18.1 Period of Oscillation
No.of hole Distance Time for 20 Oscillations Mean
fromend A | fromend A | 1] Mean Period: T
cm s s s s
1.
2
o
Table 18.2 : Determination of g
Period PR QS Length of equivalent
i pendulum:L=(PR+QS)/2| L/T?
s cm cm cm
Il P = cms—2

“and

{8} 8} {92 19} 8} i9
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EXPERIMENT : 46 : - -

PLANE TRANSMISSION GRATING.
MINIMUM DEVIATION METHOD

Aim:

To determine the number of lines (rulings) per metre of the grating and t.0"

find the wave lengths of prominent spectral lines of mercury spectrum by minimum
deviation method, using spectrometer. :

Apparatus :

Spectrometer, plane transmission grating, sodium vapour lamp, mercury

vapour lamp, etc.
Procedure :

As in previous experiment, after
the initial adjustments of spectrometer,’
the slit is illuminated by mercury vapour
lamp. The grating is mounted vertically '
at the center of prism table. The grating
is placed almost normal to the incident
ray from collimator. The telescope is
adjusted to view the direct image of the
slit and the vertical cross wire is made
to coincide with the image. After
clamping the telescope, two verniers are
adjusted to the direct readings of 0°and
180°. Verniers are clamped firmly at this
position. The telescope is now turned left
of direct ray and mercury spectrum is
observed due to first order diffraction
[Fig. 46.1].

Fig. 46.1

The telescope is now adjusted to focus the bright green line of the spectrums
Rotating prism table alone, such that the green line moves towards the direct image
side till it reaches the minimum deviation position. Further slight rotation of the

table, makes the line to move in opposite direction, away from direct image side.

At this position, fixing the prism table, the grating is set into minimum deviation
position. Now making the vertical cross wire to coincide with each and every

Light 181
prominent lines of spectrum, starting from violet, the vernier readings are noted.
The telescope is now taken to other side of direct ray. By rotating the prism table
alone, grating is set in minimum deviation position for green line. Experiment is
repeated and the vernier readings for all colors are tabulated, as shown in Table
46.1. The difference between diffracted ray reading corresponding to minimum
deviation position and the direct ray readings gives the angle of minimum deviation
D for a spectral line of wavelength A. Using the formula for minimum deviation

' position,

2 sin [B

3 = 2 ) where m (=1) is the order of diffraction and N

mN
is the number of rulings per metre, the wave length of prominent lines of mercury
spectrum can be determined. The number of lines per metre N is found out using
sodium light either by normal incidence or by minimum deviation method.

Observations :
Wave length of sodium light A =589.83 nm =5.893x10"m

Number of lines per metre of grating N =

- Table 46.1 Minimum Deviation D L.C. =1
' Direct Readings : V, = -Vz =
Readings | Minimum | Readings Minimum D
Spectral Left Deviation Right Deviation | Mean “28in [_)
lines : D D D/2 g B
Ny N, vV, Y. ¥, L v, nm
Violet 1 :
Red
_ Result :

R .The wavelengths of prominent mercury spectral lines are determined by
" minimum deviation method.
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\EXPERIMENT : 52

Observations :

- Wavelength of sodium light A=5.893 x 10"m
b}
Microscope reading for cross wire coinciding with the edge NEWTON’S RINGS
of contact X= m i g
; T ' ik : : | Refractive index of convex lens
Microscope reading for cross wire coinciding with the wire X,= m
Aim:
Distance of the wire from the edge of contact : [ = X Qo) ‘a -
Mean fringe Width = b 2 To determine radii of cu'rva’.cure of a double convex lens by forming Newton's
rings and to calculate refractive index of the material of the lens.
: I A g ]
' Diameter of the wire ool 3= ™ Apparatus :
| i Table 51.1 :° Microscope readings L. S000kcm)y ~ Convex lens, glass plates, sodium vapour lamp, 45° slot, Vernier microscope,
: etc..
No.of Microscope Readings Width of 12 Fringe 3
dark fringes | MSR VSsSD OR= fringes W idth B Procedure :
- cm MSR+(VSD) L.C.. cm cm [ A large focal length (1 metre or more) convex lens L is placed on a glass plate
. ‘ % P, kept on tl}e bed plate of microscope, as shown in Fig. 52.1. Rays of light from
| n+3 x sodium vapour lamp S, incident horizontally on a glass plate G inclined at 45° are
| - 2 _wﬂected vertically downward and are incident normally on the air film enclosed :
8 n Xg ‘etween the lens and glass plate. Due to interference between the light reflected
n+9 o from top and bottom surface of air film, the alternate dark and bright concentric
o lars ety —— —g R e —xa-_— x—l ———————— gs can be observed through the microscope. At the point of contact of lens with
S ¢ b the plate, the thickness of air film is zero. Therefore, the center of concentric
& 6 St rings appears dark. As one moves away from the point of contact, the thickness of
n+18 X ! air film increases symmetrically and hence, alternate bright and dark rings are
b n+21 . x, X% =X obtained. These rings are called Newton’s rings , Fig.52.2
R j Mean B = cm - 1
' Result : ] 3| : M
E ‘ The diameter of the wire = m 1 =|F G
: ! ' : i
. : MR 3 A4z
‘ : Note : : . : p > S
::“; Thickness of insulation : First, with the insulation of enamel coating, thé
j’?’é; diameter d, of the wire is determined as described above. Next, the coating i§ k 1ir
il removed uniformly and the experiment is repeated to find the diameter d, of theS"
i wire without insulation. Then, the thickness'of the insulation is given by : e L : (Enlarged view)
| (d=idyi 2. ' 1P .
rj : Fig, 52.1 ~ Fig. 52.2
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. Let the first clear dark ring be nth ring. The microscope is moved slowly to =

the left side by working its screw to cover, say, twenty seven dark rings. The rings

are counted as n, n+3, n+6 etc upto n+27. The vertical cross wire is made tangent °

to (n+27)th dark ring and the reading in horizontal scale is noted. By working on
horizontal screw of the vernier, the vertical cross wire is made tangent to (n+24)
(nt+2 l)th, e ring on the left side and respective readings on the scale are noted.
Now moving the microscope 1n same direction,[ i.e., moving to the right of the

; . th
centre to avoid error due to back-lash], the cross wire 1s made tangential to n~

rd

& g (n+6)th s (1r1+2'7)th dark ring on other side (right side) of the center. The
corresponding readings are taken and are tabulated as in Table.52.1. The difference
in readings between two sides of a particular ring gives the diameter of that ring.
For exam ple dp is the diameter of nth Newton’s dark ring. ;

Table 52.1 L.C. =0.001cm .
Order of | Microscope Readings dn dn? (d%nem — dn?)
ring Left : cm| Right : ecm|x 10?m x10#m2 | (m=15)

n ' x,

n+3 I l ' %y

n+6 : o

i B x,

n+12 __{_____l___ ________ B ol T bl

= ;4— 15 T XX
n+ 18 X, X=X,
n+ 21 - - it o)
n+ 24 X, X,
noEZi ] l Xip L

Light 5 : 201

As shown in Table.52.1 ten sets of reé’dings are taken and d. and d.? are
calculated: Dividing the table in the middle (d%wm — d»?) is obtained in the last column
keeping m = 15. ‘ ‘

Let us take the mean value of the last column as C;R.

That is {CA a4 ]

(We will be using this constant in the next part of the experiment).

The convex lens is reversed and the experiment is repeated and the radius
of curvature, R, of the second face is determined.

Formula :

Let d_ and d_,, be the diameter of n™ and (n + m)™ dark Newton’s rings
réspectively. If A is the wavelength of monochromatic light and R is the radius of
curvature of the lens, then, '

2

d = 4RnA

2

d’ = 4R(n+m)i

n+

i (d1?|+m 'drzl) - CA
4mA 4mi

'fherefore, R

By taking A = 589.3 x 10" °m, radii of curvature R and .R, can be determined.

The focal length of the convex lens ( focal length more than 100 cm) is
determined using telescope method. Refer Expt.39. :

The refractive index p of the lens of focal length f is given by

R, R,
£(R, + R,)

p=1+

Observations :

Wavelength of sodium light A 589.3x 10" m

Radius of curvature R, = m
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Radius of curvature R2 = m
Focal length of lens f = m
Refractive index p=1+ #R—z—)- &

~ Result :
Refractive index of material of double convex lens =

~ Note :

Refractive index of transparent liquid (water)'

The refractive index of the given liquid can be determined by forming thin
liquid film between convex lens and glass plate and forming Newton’s rings.

A large drop of liquid is placed on the plate and the lens is kept on it, so that
same face touching the plate. Newton’s rings are formed [fewer in numbers.and
less in intensity ]. The procedure is the same as with the air film. -

For air film we have the constant
2 2
C,=d_  -d,
and hence the wave length of monochromatic light in air is given by

C
P
A 4mR

For liquid film let the éorresponding constant be C,.
The wave length of monochromatic light in liquid is given by

C
Xy = —k
L 4mR

Now the refractive index of liquid is given by

2]

5 5

L

11:

:>«|:>-4
f i 3

A3 By g ae g
107 18::10:18: 10 '.,9:.‘

ight \ 208

EXPERIMENT : 5
FEBRY PEROT ETALON
Aim :

To determine the thickness of air film by forming interference using Febry
perot Etalon and hence to calculate fine structure spread of spectral line.

' Apparatus :

Spectrometer, Febry Perot Etalon, Sodium vapour lamp, scale and telescope
arrangements, etc...

Procedure:

A Febry Perot Etalon consists of two semi silvered optically plane glass plates
held parallel to each other, enclosing a thin air film. Silvered faces of plates are
facing each other. The complete arrangement is enclosed.in a cell having circular
openings on both the opposite faces. The plates are made. exactly parallel, and

‘vertical by means of three leveling screws.

The Febry Perot Etalon is mounted vertically on leveled prism table of

| :spectrometer. The collimating lens from collimator is removed and the slit is made

as wide as possible. The slit is then illuminated uniformly using sodium vapour

‘lamp. The light incident on front face of Etalon, undergoes multiple reflection

| through the air film and by interference, alternate bright and dark concentric

| dircular fringes with central spot are formed. By focusing the telescope and
| adjusting it, the interference pattern can be observed.

FB Etalan T

C ;
Slit opened I’—-'-'-?— Ul ———

5

Fig. 53.1
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EXPERIMENT : 41 :

SPECTROMETER - PRISM.

Aim:

‘To determine refractive Index of the material of ‘solid prism (glass) using
spectrometer by measuring the (i) Angle of the prism (ii) Angle of minimum
deviation. . ‘ i

Apparatus :
Spectrometer, glass prism, sodium vapour lamp, etc.

Description :

A spectrometer essentially consists of three components as shown in ‘

Fig. 41.1. (i). Collimator. (ii). Telescope and (iii). Prism Table.

Fig. 41.1

Collimator is an arrangement of two coaxial tubes. There is a vertical =

adjustable SIit, S at one end and a convex lens L, at the other end. The narrow slit ]

of the collimator is illuminated by a smirce'of light . The distance between the slit |
and the lens is adjusted using a rack and pinion arrangement to focus the slit. The |

rays of light through the slit, after refraction by the lens are rendered parallel. |

This procedure is usually referred as adjusting the collimator to produce parallel
rays. The collimator is fixed to a rigid stand.

An astronomical telescope with its axis in same horizontal plane as that of
collimator, consists of on objective O and an eye piece E. The distance between the

- objective and eye piece can be adjusted using a rack and pinion arrangement. In

" Light , 157

is attached to a circular scale CS and can be rotated about a vertical axis, passing
through the center of circular scale. The telescope can be fixed at any position by
means of radial screw and fine adjustments are done using a tangential screw. ;
The scale is graduated in degrees from 0° to 360°. Each division of the scale
corresponds to half a degree.

A prism table P with adjustable height is provided with fh_ree leveling screws.

It can be rotated about same vertical axis as that of telescope. The prism table can
| De raised or lowered and fixed at any position using a long screw.

The position of prism table can be read w ith the help of two verniers V, and
V,. Each vernier scale is divided into thirty divisions.

Procedure :

(a). Least Count of Verniers:

The value of each division in circular scale is found. The number of divisions =

in vernier scale V, or V, is noted. The zero of vernier scale is made to coincide
with any one of main scale divisions and total number of main scale divisions

- required to cover complete vernier scale is determined. The Least Count (L.C.) of

the vernier can be calculated as follows :
The value of 1 MSD - = 1£° = 30
Numb'er of divisions in vernier scale = 30 VSD

Number of MSD to cover V.S. = 29 MSD

30 VSD = 29 MSD
Hence, A1 VSD = 29/30 MSD
Therefore, Least Count‘(L.C.) of the vernier
L.Ci:i= LM;S.D- 1LV.S.D
= 1/30 MSD =1'.

(b). Preliminary Adjustments :

(i). = The eye ‘piece of the telescope is adjusted to see the vertical and

front of the eye piece, a horizontal and vertical cross wires are fixed. The telescope. | = horizontal cross wires clearly and distinetly.
4 g
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. .(i1). The telescope is then turned towards a distant object. The distan—c;
between the eye piece and the objective is adjusted using the rack and pinion
arrangement to get a clear and well defined image of the distant object. The image

will be a ¢&im inished ang; inverted im age. Once the telescope is adjusted |
(focussed for the distant object), the rack and pinion adjustment screw |

should not be disturbed.

(iii). The spectrometer.' is placed in front of a source of monochromatic light §

(Sodium vapour lamp). The slit of collimator is opened narrowly. Telescope is
brought on line with collimator. The lens of collimator is then adjusted so that the

clear, well defined image of narrow slit obtained and coincides with the vertical

cross wire without parallax. The collimator also need not be disturbed hereafter.

(iv). Levelling of prism table —
Optical Method - The initial
levelling of the table is done by
. using spirit level and three
levelling screws. Prism is placed
~ on the table with its edge nearer
" to the collimator and base at right
angles to it. One of the refracting
faces of the prism, say, ac must
be perpendicular to the line
joining -any two of the leveling
screws (A and B), as shown in
Fig.41.2.

Fig. 41.2

The rays from collimator are get reflected from both the faces ab and ac.
The image of the slit due to reflection is formed on each face. Now, after locating
the image from face ac, the telescope is turned to view this image. By working on
the leveling screws A and B, the image is bought to the centre of the field of view
of eye piece. Next, the image from the face ab is centralized in the field of view by
adjusting the third screw C. By these adjustments, the prism table is leveled.

c). Measure'ment of the Angle 'oi" Prism ,A ;

The prism is placed on the prism table and mounted vertically with a prism
holder. The edge of the prism is facing the collimator, so that parallel rays of light
fall almost equally on two refracting faces ab and ac, as shown in Fig. 41.3.

Light | - 89

L]
o Source

10)eWI||0D

Fig. 41.3

The telescope is turned towards one of the faces (ab) and the reflected image
from the face is observed through the telescope. Using tangential screw, the vertical
cross wire is made to coincide with the image. The positions of prism table, vernier
and telescope are fixed. The main scale (circular scale) readings and coinciding
vernier scale divisions are noted for both the verniers V, and V,. Now, releasing

_the telescope, it is tuned towards other face ac, experiment is performed and

corresponding readings are noted. Observations are tabulated as in Table 41.1.
The difference in readings between I and II face gives twice the angle of prism A.

| Table 41.1: Angle of the prism A LC.= Y
Vernier vV, Vernier V,
Image MSR VS - -OR MSR| VSD| OR.
Reflected image
from I Face
Reflected image
from II Face
Difference
Mean 2A =
Mean A =




* 41.4]. The telescope is adjusted to obtain

[Direct image
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- (d). Angle of Minimum Deviation D :

The prism is placed on the table
so that its base (grounded face) is almost
in line with the collimator. The parallel
rays falling on one of the refracting face
ab are refracted through other face [Fig.

this refracted image of the slit. The prism
table and hence the prism is slightly
rotated in either direction, so that the
image tends to move towards the direct
image side. The'image should be followed

by the telescope. In a particular position e
for further rotation in same direction, the T
image just turns back in~ oppoéite & Ay
direction. This corresponds to minimum Fig. 41.4
deviation of the prism.

The prism is fixed in this position and with finer adjustment using tangential
screw, the vertical cross wire at the center of field of view is made to coincide with
the image. Telescope is fixed and readings of verniers V, and V, are noted. The
prism then is removed, telescope is released and is brought in line with the

 collimator, the direct readings of verniers are taken. The difference between these

two readings for each vernier gives the angle of minimum deviation D and hence
the mean D is calculated.

" Table 41.2 Angle of Minimum Deviation D L.C. v= Y
Vernier -V, Vernier V2
Imiee MSR vsD | oOR MSR | VSD | OR.

Refracted image

Difference D = N

" Light 161

The readings are recorded as in Table.41.2. Now using the formula,

Sin[A+D)
2

SUE e
- sm(é)
2

\. J

b

the refractive index p of the material of the prism is determined.

Observations :

Angle of the prism A =

Angle of Minimum deviation D , =,

Refractive index | g
Result :

(i). Refractive index of the material of solid prism =
AR
Note :
HOLLOW PRISM

Refractive index of liquid

The refractive index of a transparent liquid (water, glycerine) can be
determined with same experimental procedure as in the case of solid glass prism.
A hollow prism is filled with the given liquid, say, water. Two faces (refracting
faces) of hollow prism are made up of optically plane, thin parallel sided glass
plates. The angle of prism A and the angle of minimum deviation D are determined
[see Table 41.1 and Table 41.2]. The refractive index p of the liquid is calculated

from the formula
Sm(A+DJ
i 9

p —
Sin[é)
2
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" EXPERIMENT : 20

Table 19.1 Period of Oscillation

: ori By By
F I Time for ten | Mean | Period A
sesl 1], Timeforte e SURFACE TENSION
L2 it s s : ; DROP WEIGHT METHOD
s o kgm?® | kgm?
1 Aim:
L-B 1 To determine the surface tension of (1) water (ii) liquid (Kerosene oil) and
B-D i interfacial surface tension between liquid and water.
L.D i Apparatus : :
; A glass funnel with vertical stand, a short glass tube of suitable diameter,
Observations: & . rubber tubing, beaker, pinch clip, Hare’s Apparatus, etc..
Mass of the block Bl e kg ' e T
Length of each string = i fcription:
Distance of separation 2a = m As shown in Fig.20.1, a short glass
Length of the block L = m tube is connected to the lower end of
Breadth of the block B = m funnel through a rubber tube. The funnel
Thickness of the block P = m 15 held vertical with a rigid support. The
hddalerh non dlesto it g = 981 ms? ;ﬂqw of liquid through the glass tube can
: ' be adjusted by means of pinch clip,
Result : provided with the rubber tubing.
(1) Moments of inertia by experiment
I, = kg m? L= kgm? le=i kgm’ | Procedure : :
(i) Moments of inertia by calculation ' To start the experiment, pure clean water is poured into the funnel. The
: oy o pinch clip is adjusted so that drops are formed slowly and steadily at the open end.
I= kg m? = kgm o B of the glass tube. A dry, clean weighed beaker [weighing is done by electronic
Notes : balance] is taken and, say, fifty drops of water are collected. The mass of beaker
_ fiie ama ! with 50 drops is measured. The experiment is repeated by collecting drops in
The ratio of moments of inerti steps of 50 and in each case, after deducting the mass of empty beaker, one can
Lod s = Bl 20 e g S B (BF + DA s nilig determine the mass of single drop. Hence mean mass of single drop of water is
1 t
(Keepi : yoag Fotimll the this Taces] calculated. The readings are recorded as in Table 20.1.
eeping [ and a same . :
: Formula : |
‘ From Rayleigh Formula, the surface tension of water is given by
I : L " ; g : T= mg
‘ S 3.8r
*
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where, m is the mass of one drop of water, r is the radius of glass tube and g is the
acceleration due to gravity.

Note :

The dropping end of the glass tube should be flat. The glass tube should be
kept vertical. The pinch cock is adjusted so that the liquid drops are formed slowly,
say at the rate of about eight drops per minute. In the case of a liquid which wets
glass (like water), the value of r used is the external radius of the tube. For waxed

tubes, the value of r is the internal radius which has to be found out by measuring

the internal diameter of the tube using a vernier microscope. (Refer. Expt.3).

Table 20.1 : Drop weight - water : m,

Object Mass Mass of 50 drops Mass of
g g single drop m,
g

Empty

Beaker W,
Beaker +
50 drops w, (w, —w))
Beaker +
100 drops W, (w, —w,)

Mean mass of one drop m, = g.

Surface Tension of liquid (Kerosene):

To find the surface tension of the liquid (kerosene), the funnel and glass tube
are dried thoroughly and is filled with the kerosene oil. A dried and weighed
beaker is taken to collect liquid drops in steps of fifty and after each collection, the
mass of beaker with liquid drops is noted. The mean mass of single liquid drop m,
is calculated. Use the same table as Table 20.1.

Interfacial Surface Tension:

To find interfacial surface tension of water in a lighter liquid (kerosene oil),
sufficient quantity of kerosene is taken in the beaker. Mass of beaker with liquid i
is noted. By dipping the end of the glass tube in the liquid, water drops are formed
within the liquid. The water drops are formed slowly within the liquid, say about

_ cross section, with the bent part connected
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I

six drops per minute. As in previous case, mass of water drops in steps of fifty is

noted . From these readings the m ean m ass of single water drop in kerosene m S

calculated [Table 20.2].
‘Table 20.2 : Interfacial Drop weight : mgl

Object Mass Mass of 50 drops Mass of
. g g single drop m,

g

Beaker + Liquid W, B ——

Beaker + Liquid +

50 drops of water W, (w, —w,) ——

Beaker + Liquid +

100 drops of water W, (W, —w,) —

Mean mass of one drop m, = g.

The interfacial surface tension of water of density p, in a liquid of density

p,is given by
' _ Mg, p
T 7 b : }.‘_?"'
il S.Sr{ pj

m, being the mass of a drop of water in
liquad.

The density of the liquid is
determined using Hare’s apparatus. It is
an inverted U-tube of uniform area of

i D T Ted e eiie

to a rubber tube, as shown in Fig.20.2. wE= =
Both the limbs of U-tube are dipped in
water and liquid respectively. By means
of rubber tube, water and liquid raise in
respective limbs.

Fig. 20.2

The readings corresponding to beaker level and limb level both for water
and liquid are noted on a metre scale provided with the apparatus. The heights of
water (h)) and liquid'(hﬂ) columns are calculated and hence the density of liquid
[Table 20.3] is determined.
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‘Table 20.3 — Hare's Apparatus : p,/ p,

S.No | Water Readings | Height Liquid Readings Height |p,/ p,
cm of water cm of liquid | =h /h,

Beaker | Limb column Beaker | Limb column

Level level h cm Level level h, cm

- Mean p,/p,=h,/h, =

As the water and kerosene wet the glass, the outer radius (r) of the glass tube

' must be used. It is measured by using screw gauge at different diametrically

opposite points. [Refer Expt.2.]

. Observations :

Mass of one drop of water m, = kg
Mass of one drop of liquid o L= kg
Mass of one drop of water in liquid m, = kg
Acceleration due to gravity oG 981 ms?
Ratio of density of liquid p,
to that of water p, (Bl s, = bl hy
Mean radius of glass tube p m
surface tension of water e Nm-!
Surface tension of liquid (kerosene) T, = Nm!
Interfacial surface tension of water Ty, = Nm™
Result :
Surface tension of water = Nm™!
Surface tension of liquid = : Nm™!
Interfacial surface tension - Nm!
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EXPERIMENT : 21

SURFACE TENSION
CAPILLARY RISE
Aim:
To find the surface tension of liquid (water) by capillary rise method.
Apparatus : |

Capillary tube of uniform bore, a beaker with given liquid, a pointer, a vernier
microscope, etc. :

Procedure :

A well cleaned, sufficiently long uniform capillary tube is taken and is passed
through a cork. The cork is clamped to a rigid support so as to keep the tube
vertical. One end of the tube is attached to a rubber tubing. The free end of the
tube is dipped in a beaker containing the liquid.

A pointer is fixed through the same
cork, close to the capillary tube. The i S
pointer is adjusted so that the tip of it just
touches the surface of liquid in the a
beaker, as shown in Fig.21.1. The liquid
rises in the tube due to capillarity and by
repeatedly pressing and releasing the
rubber tube, a continuous liquid column
is formed. Care should be taken to
remove any air bubbles or breaks along

. the length of the column. The pointer is

checked to make the tip just touching the Fig.21.1

surface of the liquid.

A microscope in horizontal position is focused to see the meniscus of the liquid.
The horizontal cross wire is made tangent to the concave part of the meniscus as
shown in diagram [Fig. 21.2a). The vertical main scale reading and corresponding
coinciding vernier scale divisions are noted. Now the beaker is removed carefully
and the microscope is adjusted to focus the tip of the pointer. The horizontal cross
wire should just touch the tip and readings of microscope in vertical scale are

~ taken. [Table.21.1]. The difference in readings gives the height h of the liquid
~ column in the capillary tube. Experiments are repeated by changing the level of
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Hence, i i (%) W m2 K.

m r¥(Ty ~Ty) SPECIFIC CHARGE OF ELECTRON

THOMSON METHOD

Observations :

Mass of silver dise m = kg 5 P
Radius of silver disc r = i , To determine e/m of electron by J.J.Thomson method, using a cathode ray
Specific heat capacity of silver s = 235J Kg-! K-!, fjube and a pair of bar magnets.
Room temperature T, = °C Jipparatus :
Steady temperature of steam chamber T. = T.°C + 273 = K : Cathode ray tube, power supply, wooden frames with scales, bar magnets
3 g 3 5
> : _ Jiwo), deflection magnetometer, etc.
Temperature difference at knee point T, = o & ]
ADescription :
Temperature of silver disc To =T, + T, + 273 = K :
: A cathode ray tube (CRT) is a highly evacuated, funnel shaped glass tube G.
Slope of 6 versus T plot, 0 = do/dT =AB/BC = it consists of a cathode K, ring type anode A, a mica disc D with central small

kale and two closely spaced horizontal parallel plates Y , Y’ and a graduated

Slope of the tangent at knee point p=d0/dt =PR/QR = .
Tuorescent screen S as shown in Fig. 87.1. When the power is switched on, a

Rate of temperature raise at To K = (dT/ dt) =B/a) = K st Jiarrow beam of electron passing through A and D strikes the screen S at zero
fivision of the scale, graduated in centimetre, if there is no deflecting voltage and
Stefan’s Constant Hcs e nis - (P_] = W m-2 K- Jf the tube is kept along the magnetic meridian.
nri(ls -Ty;) \a) 3 '
‘Result:
Stefan’s Constant c = Wame2 Kod,

19:19::0::0::0: 000

Fig. 87.1

The deflection magnetometer consists of a magnetic needle pivoted at the
- : _ tenter of circular scale. The scale is divided into four quadrants, each quadrant is
graduated in degrees (0° — 90°). A light long aluminum pointer is attached at right
angles to the needle. '

f
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Procedure :

Keeping all magnets and magnetic materials away, using compass needle,
mark a line along magnetic meridian (North — South) and another at right angles
(East — West) to it. The CRT is placed with its length along the magnetic meridian.
Now CRT is switched on and after few minutes, a spot is observed at the central
zero scale division on the screen. The intensity and sharpness of the spot are
adjusted by working on the controlling switches. Now a voltage about 10 V to 20 V
is applied to deflect the electron beam between the plates Y and Y. The light
spot on the screen is now deflected either up or down by a few scale divisions. The
deflection Y of the spot is measured. The deflecting voltage V is noted.

Next, a pair of bar magnets with their opposite poles facing each other is

placed symmetrically on the opposite sides of CRT along East — West line, at

right angles to the magnetic meridian. By suitably adjusting the positions of both
the magnets, without disturbing the symmetric conditions, the light spot is brought
back to the original position. That is, the deflection produced by electric field is
nullified by that due to magnetic field. The positions of the disc D and the screen
S are marked on wooden base. Then, without disturbing the magnets, the CRT is
removed. A straight line DS is drawn. :

The compass box of the magnetometer, with initial adjustments of aluminium -

pointer readings 0° — 0° when placed along magnetic meridian, is used to find the
magnetic field at various points along the line DS . Taking x as the distance of a
point from D and L' = DS, the deflection of magnetic needle is determined at
various points on line DS by noting aluminium pointer readings 8, and 0, and
hence mean 6 = (6,+6,) / 2. Hence, from Tangent Law, the magnetic field B at a
point x (taking values from 0 to L’) from D is calculated by

B =B, Tan 6

where B, is the horizontal component of earth’s magnetic field. The readings
are noted and tabulated as given in Table 87.1. Noting the values of the distance L
between the mid point P of the plates and screen, the length p of deflecting plate
and the distance of separation d of plates from the manual of the apparatus, using
the formula, the specific charge e/m of electron can be calculated.

Theory :

Let an electron of charge e and mass m moving along magnetic meridian
with velocity v enters a region of perpendicular electric field E between the
parallel plates, each of length p and separation d. Let V be the voltage applied,

| Blectricity

315

e

_eVplL

Y -
' omdv?

When only a magnetic field B,
‘at right angles to both E and the
‘direction of electron motion, is
acting on the electron, then, the

| deflection Y, on the screen is, with

:xl = DP, [as shown in Fig. 87.2],

L e

ElA
m v

where

such that E = V/d. IF Y1 is the deflection of electron on the screen S, then,

W

8 S+N

P :
< = >
S
uN Fig. 87.2

A= I:dx [Ede} = E(L'—x)de

When the electric field and the magnetic field oppose and produce zero

A deflection, then,

Y, =Y,

and hence ,
T VpL
Ad

Now substituting v in the expression for deflection in electric field alone,

, taking Y, = Y, we have,

'- : £ “NpLyY

dA*

I ‘ The value of A is determined
L graphically by taking x along

| r-axis and (L' — x)B along y-axis, as
{ shown in Fig.87.3 Let the curve
| attains maximum at x = x,.

Then

the value of A is the area under the
curve from x = x, to x = L, the
| shaded region in Fig. 87.3.

1'—x)B
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Table 87.1 B,=4.066x10°T, L'= DS = m
x Deflection 0 Mag. Field
m 8, 0, 6=(0,+6,)/2 B=B,Tand | (L'-x| (L'-x)8B
T m mT

The experiment is repeated for two or three different values

voltage and mean e/m is calculated.

observations :

The distance between mid-point of plates and screen

The length of each deflecting plate
The distance of separation of plates

The deflecting voltage

The deflection due to electric field alone

Horizontal component of Earth’s magnetic field B, = 4.066 x 10-°

The distance between disc and screen

Area under the curve
The specific charge of electron

Result :.

The specific charge of electron by Thomson method =

L = m
p = m:
d = m
\Y% = \%
. = m
T
L' = m
A = Tm:
em = Ckg-!
Crkg =L

of deflecting

ELECTRONICS
EXPERIMENTS

. “Electronics is an art and a science, you will have to learn to use
approximations instead of exact answers”

Malvino
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