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Properties of matter and sound

Unit-1 Elasticity



LITM& djerent module of elasticdy :
Young modecdows (E):

T4 is dyjined as the natio 64 longitudinat
stness to Longitudinal st withen elastic
Lvnits. Let a wine of length L, and onea of
[n0ss - Gectien A undeago an inoweast in i”&ﬂ-ﬂi}t 1
when a sirnetching Jonce F is appliedt N the
dlinectien 4 iks length.

Then Jongitudinal siress = F/a and
Longitudinal sirain=4/L

o Fh FL
L/ Al

Rigibidy modulous (G):
Tx is deyined as the nato 6f tongentia

stness fo sheaning strain.

Consider 2 soled wube ABCDEEGH . The lower
4oLe  CDGH is Jaed and 2 tongentiod forke F.fE
applked over the upper Joue ABEF. The ne 'S
that cath honizontal loyer of the cube 18
- displaced, the clisplacement becns propontionel
#o 15 distance gnem she pixed plane. point A

]‘.'5 shijted o A.B to B. E 1o F and F 2o £’ through
| an angle ¢, where AA=EE'=L




D =<
Cleanky ¢-1/L where L is the nelative displacement
ot the uppen 4ac of the cube with nespect to
the lowen fixed jace, distant L 4nem 12
Thes angle ¢ thhough which a Line oniginaly
Perpendecedan 2o the Faxed 4ace 18 tuaned. is a
measure ¢ the gheaunyg 3LNaAN .

Tongential 27885 F/p
shearing siran ¢
Here. A-L*: Anen 6§ face ABEF
61=T/% whene T = Tangental siness.
Bulk modulous (K :
Tt is dyined as the aako 6 volume
Sthess (Bulk siness) fo the volume sinon. |
when thaee equal sinesses (F/n) ot on bw:f"g'
in matuodly pe;lpen;ﬁlcuﬂan dinpctions. such Ahok
thnee is & thange of Volume U in LES oniginal
volume V. we have siness = PASSURE P F/a. Volume
stazin -/ - The negative S9N 5 indecates that
i4 pressune incaeases velume decneases.
- W F/A | %f‘v 2020/ TA0ET9 0
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Now, Rigitidy modulous (6=




E-|| Wonk done in @ 8inaewmn:
| When a body is sirained , wonk I8 to be
; done 4o cf,eatnm’n. the ha:ﬂrd. This wonk doene is
stoned up in he body o potentinl enengy. It

can be ghown that the wonk <Lene Pen -U-}TJJ:
volume n any wind ©f siamn ( inean . Shean on

bulk) is equal to [ X (5iness) x (stnin) | .
(@) Linean Straun ;

Let o joace F act on a wine of Length L
and .onea 5 CnpBS - Gecteémn A g 1ch that the

incnease i5 L.
FLQ?LF:%.
young modulous < E = 77 3

Wonk done in producing o Stretching dl - F.d4

)
Total wonx done to procuce a L
Ei.rwtcﬁﬁng of the wine fnem =w=JF.ch.
0 2o L 0

2

| =fi%ﬂ‘ﬂ[‘£jl'LEA£i= | EAL) . LRy

gL L L&dp 2 L 2 L @ a

. ?‘ X sinetcﬁu'ng 4once x Efongaﬁm pm,d,cm:d.

| o
'Now, Volume ©f the wine=A.L
i' Hence wonk done pen unit volume @ the wine
' |
z ?F"E. _| gtness x straan.
)

| F. L.
2A L
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D e—

by sheaning strain :

Let a tangentiol jonce F. acking in the
dinectieon AB o cube ABcp Shean it through on
angle ¢. AD=L and AA'=L.

6iness = F/ * and Sheaung strhan = ¢ -

Gr - F'IL1= F on F= GLL

L/ Ll
Wonk done to cisplace the layer AB by ol
= Fdf = GLL d.
Totol wonkdone daning the 1
whole diaplacement 4nem j | Fol J GLLAE.
0 to A ¢ ?
b GHJ,!:-—Fl

|| | givess weinad
2
|fC) Volume sinqn :
| Let o Siress on paessune P be ﬂpp,ﬂtﬂd
unigonmly oMl oven a body o volume v suth
| that ite volume cecnenses by V.
84ness =P and stamn = V/y.



| P _ Kv

] nce = — O B NER

| o o v/v P V

' Wonk done #o pnoduce o smoll decnzase

im volume &v = Pev

. Total wonk done 4on the v
whole clecneage in volume y = E'[ P.dv
4nom © 1o U
v
o LB e S LT
) jv—d"u 2 v a 2 P
o
= | siness xsimh{;e in volume
5 | Pv_ I pl .
Thenejone » wonk done per unit volume = 3 57" 7'y
_ | giness % SAnOLNT

|
R

4&5 The Team poissen’s aolio v jon nubben:
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m i: Tb;ﬂ mﬂie 8 BN D AR (o
| ngith antl 2 cm in diameten is token.
(Tt is suspended in a verlical position as 5 hown
'im Fig. The ends A and B ane tghtly closed
‘with nubben conks: A gradwated gloss rapillony
| tube (6) epen at both ends 18 insented inside

the aubben tube through the uppen end A.The
nubben tube is completely 4illed with waten tlt
woilen niges in the tube G. A pointer P s 4ixed
to the lower end B 6} the nubber tube. The Lowen

end B carnies a pan  with weights (W)
when cenditiens become sieady,the
bosibions &f the waiten menisusin G ond he
pointen P ane noted with the hetp 6 two
sepenate traveliing miCnoscopes. \When & g uitoble
‘weight (w) is placed in the scwale pon, the Length

‘¢4 nwubben tube NRASES and Jits oo 6f (wpSS-
ll cecrion  clecnreases. The tteanal volume &f +he tube

.also incneases. {nnsequemtﬂ, she waten devel in
6 fjalls. The increase N she length o the tube

6 deteamined by nokng the posiken Of the
pointen P in the micnoscope. The [nARASE T
ed by noing the water

volume 18 deteamen
leved in the Mube 61 v an be ralccdored by

|UL57Y19 the Joamula pnoved belaw.

T - .
F f ¥ : E
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I Relatiem :

| Le¢ L, D,A and v be the nespective
Cintiod  vaolues  of tength , diameter, area of

| hoss- sectien and inteanal volwme 6F  the nubben

sube. Then,
| V= AXL

When the Joad is oapplied , let olv be the incnedse
in volume, ofL the incnease in length and A
the detnense the anea 6 (noss-Secon: Inteanat

voduame o4 the nubben iube.
New volume,
cvidy = (A-dad(L+do
= AlL-LoA+AdL (Neglecking the team daxdL)

| dv= Adr-LdA -..- O
Also we Know that A- ?_ on dA..--IngD
dﬂe[ﬂ_‘q}d]} o e N
D
Substituling this value o dA in Eg ().
(DAL v _2odp
dv - AdL-[D—J dD on e =
I olv do/p
on ——— = I-2
r A dL dr/L
But, oD/p _ Lateral strain
olL/L Langiuwtin.alsmﬂ

i | o
L&Y __av (on) V= ,—I"E‘ E'fi-;l "j_@

A olL 2

A olL Z ol QFal



3. The nelatien between the elasdic moduli

Suppose thnee Siresses P, a and R ane
octing  peapendiculon  to the three 4oree ABCD,
ADHE and ABFE of & unit cube 6 an isotropic
meteriad . Each ome & these Sinesses will paodure
an  extensien in its cwn dinectien and o

cempnession plong the othen 1wo pmpem
‘s the extension pea wntk

dowctiens. T4 A = da U
Siness, the elongation along the Wﬁﬂu ar
will be AP. Tj pis the cowraction P

he (il em

length it siness. then A
g e 0 the othen w0

aleng the clowctiom 6 P dare
ginesses wild benp.ganﬁf LR

e I ~
o f e EEI

P
Lee alt the thnee sinesses .k g.imultaneeusty

|I on the wube.
' Net elongation ndong the diwction of P- e-Ap- pQ-UR

:" et elongaken olong the dingction 6f Q= F=AQ-pP-KR
et  elongatien olong the dinmfaﬁ_qi_l_ﬂ'_ﬂ_’ _‘W' ijfg*

it




we .Lan egxpness the thnee elasicc censtants.
E, G and kK in teams & A and L.

Lase (1)

Suppose cm,h_.; the siress p outs and Q = R=0.
we bave then the rase 84 o simple lnngmldinal
gi7ness.

The Mlinean sinmn =e=2AP

| _ e55 |
~The yourg's madalous +E- 52852 o P
Linean sinain AP
I
(on) A= T s U
Case (D

suppose the stness R=0 and p=-Q _
Then he elongatien aleng the dinection &F P IS

g = AP -U-P)= (AP
The mgrd&g modelons G is g_iveﬂ. b.ld

G < Stness P P 1

| Angle of shean ¢ a(A+pIP (AT
;' (on) Q(Atit) =E'1‘ -—---®

| case (i)

| Let P=@=R. 8ince the bada 5 new
| Swbjected  to unionm siness in ol olnettcons

|[ the incaease in volame 18

| de = 3(A-2)p [ €=Ap-pp= (A-2p3P]

|
| T}l b ; = ?\' -} - M A
¢ budk sdram =3 (A-2R P;- 020/ 11/HI0881S - 05




-
| The bulk modulous = k-5

| Bk sinan
| T &
F(A-2LIP
|

3(A-2)
Con) (A-2p) = fak =

@)

5 EIPHEEEJ:&T? -d-ﬂ.'a"l ib?'l.ﬂ!!,.LE PEﬂ L-f_ﬂ.:'.at Twist .

Considen o cylindricol wine 6t Length L
ond  nadius a 4ixed ot & upper Erlﬁf.-ﬂntf
ruisted thnough an angle 6 by applyng &

at the Jewer ond. Consiclen the

C,H,E,Zno?ea 4o Cemsist 0Of on in&m;{e numb&:uﬁ
Uow co- oxeak cylinders. considen e

e : r ' and  hickness. lx.

_.tumcg (e

/ - t:l. | '|

. & o I | _ﬂﬁ
g= ™ |

I-"-._ I%!i# 5 U I|II L | ¢“|I

| o .:E-__ ; |



A line such as AB initially ponalld 1o the
axis 00’ o the cylinden is isplocd to the
position AB' thaough an angle ¢ due 0 the
twiskéng tonque . The nesule of iwiskng the
cylincen 15 a shean stnatin. The angle 64
ghean = LBAR'= ¢
New, BB =2x.08 =Lgn) ¢= 2.6/

we Bavi, sigisidy wadai oo SEOE] B

Angle of shean($)

. Sheaning siness = Gi. ¢ = G26/L
sheoning 4once
Anea en which the JonLe OLES

But, Sﬂlm?tinﬁ giness =

The anea over which the sheaning jonce

. acks - aTrx dx.
' Hernce. the sheaning jonce = F- =

620  gwadx

The moment & tAis - -

3
jonce abewt the axisl < T2 amady.x = 3 xoolx.
00" ¢ he Egiindﬂﬂ -

5.4 i
Tw E.ﬁng tongue en . =J 260 43y,
the whole c:d,ﬂinﬂ‘wt L

0
T Ga'te

(5

(on) C =



The tonque pen unet
twist (i.e, the lonquel\ _ . _ T Ga*
when g = | nadian) aL

; Nole |
when an external tonque is applied on the
CJ:rﬂrLdE?t to Hdawist AL, ot ence an ‘nteanal toaque,

due 4o elastic 4jonces cemes into pley- In the
equilibrium position , these o tongues will be

equat and opposite.

Note 2 ! .
T4 the meteried is in the goam 6 @ hollew
o and extennal

CyLlinden o4 ‘nteanal noddus
nadius b, then,

. b
The Zongue mng}_C_J aT6 0 34y 16O (b4 o)
a = aL

en #he Cylinder
Tonque pen unuk wisk = =TT GCb-0")/(aL)

6. Rigﬂfdﬁ modulous by tonsien metho.d ( pendadum)
and +he mement of ineatia of the disc

ThE tonsien pEndu.fum consists of @ w7l
with ene end 4ixed in a SPLL chuck and #he

other end 1o the centwe o & cinculon disc 08

in Fig.



Two eguﬁf é.;tjmmetnimf masses (each equal

1o m) one p_f,o,cz;cf olong Q. diameien o the plisc
ot equal oeatonce o, an eithen side o the
contrne O the clksc. The disc 18 nprated thaough
an angle and is then noleased - The sy 81em
orecotes fonsienal o0scillodeens abeut the oxiS

rems T, 15

The period of osulkak

ot the wine.
et ermined.
Then T - &M%
(on) Tl== ﬂn |
c

Hew T, - mement 6 Inenko 6f the whole
the oxis 6f the wine and

system oabout
ik Awist.

C = 'tuj'bqu__ﬂ PEH
Lee Tp = M.T 6f the «isc alone obout the axis
¢4 khe ke

__-'I. 'ﬂ.!'-;-'- ?: o |:'; o AL e Lol




Li=MTI 6 eath mass about pana&d azis
passing thaough its centnt ol gravity.
Then by the panallel axes theonems
T, = To+ 24+ 2md)
T « _‘iﬂi[]‘n +27+2m.ﬁfr“:f, ...... 0,

The two masses 0ne now Kept ot equalk

distarce dy prem the centne & she disc and
the roanesponding penioed Ta 8 ererminech -

Then.
a : . "
Ta:'a g [To +oiramdi] ...~ @
1+ o 2 g =
Tl = f;-&m. [da-—ﬂilj ____._-®

B.U_,t C ‘-'-]Tﬁ'lﬂ.n/lL
it am (da-didaL

Hence Ta-T =
| Tea
(on) G = & Lm {d;-dﬂ]
ot (Ta-Ti)

- vsing this nelatien , G rg letermined.
M.T of the disc by tonsienat oscillodiems © The

two equad maasts e umoved ond the
P'E?'Hﬂd Ta I8 d-g_g_r_n_d when +he olisc alone 15

| Vibnating. Then,



To = ﬂnL (on) I, - eTo
C 4rr*
(3), C = 4729 m (ol - G{-i]
T =T
Hence T,. 4Tam(da-oi) T’
Tn‘-l'. _ TI'J "aTl"n'
am (da- AT,

4 @

Ta - Ti

Farem
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Unit -1 Bending of Beams

Beam — bending of beams — Expression for bending moment — Cantilever — Young’s modulus by
Cantilever depresson — Oscillations of a cantilever — Uniform bending — Expression for
elevation — Experiment to find Young’s modulus using scale and telescope — Non uniform
bending — Expression for depression — Experiment to find Young’s modulus using pin and
micrroscope — Koenig'’s method to find the Young’s modulus of a beam by non-uniform bending
— | section of Griders.

BENDING OF BEAMS
Beam: A beam is defined as a rod or bar of uniform cross-section (circular or rectangular)
whose length is very much greater than its thickness.

Bending couple:

If abeam is fixed at one end and loaded at the other end, it bends. The load acting vertically
downwards at its free end and the reaction at the support acting vertically upwards constitute the
bending couple. This couple tends to bend the beam clockwise.

7, ' ]
7 Uy
: :/, ’f \u'\/

7/

Since there is no rotation of the beam, the external bending couple must be balanced by
another equal and opposite couple. It comes into play inside the body due to the elastic nature of
the body. The moment of this elastic couple is called the internal bending moment. When the

beam is in equilibrium, The external bending moment = the internal bending moment.

Plane of Bending: The plane of bending is the plane in which thebending takes place and the

bending couple actsin this plane. In Fig. the plane of paper is the plane of bending.

Neutral Axis: When abeam is bent as in Fig, filaments like ab in the upper part of the beam are

elongated and filaments like cd in the lower part are compressed. Therefore, there must be a
Mrs. D. S. Vasanthi, Dept. of Physics




filament like ef in between, which is neither elongated nor compressed. Such a filament is known
as the neutral filament and the axis of the beam lying on the neutral filament is the neutral axis.
The change in length of any filament is proportional to the distance of the filament from the
neutral axis.

EXPRESSION FOR BENDING MOMENT:

Consider a portion of the beam to be bent into a circular are as shown in fig. € is the

neutral axis and 0 the angle subtended by it at its centre of curvature C.

Filaments above ef are elongated while filaments below ef are compressed. The filament ef
remains unchanged in length.

Let a’b’ be a filament at a distance z from the neutral axis. The length of this filament a’b’ before

bending is equal to that of the corresponding filament on the neutral axis ab.
We have, original length =ab=R06
Its extended length = a’b’= (R+z)0
Increase in its length =a’b’— ab= (R+z) 6 - RO =2z.0

. . _ increase inlength _ z0 _ Z
Therefore, Linear strain = rigngh. - R - R

If E isthe Young’s modulus of the material,
E = stresd/ linear strain

i.e., Stress=E x Linear strain = E (zZ/R)
Mrs. D. S. Vasanthi, Dept. of Physics



if OAisthe areaof cross section of the filament,the tensile force on the area,
E.z
OA = stress x area = ?5A

Moment of this force about the neutral axis = %5Az = E&Azz

. : E E
The sum of the moments of force acting on all the filaments = ZEEAZZ iy Y oAZ°

> 9AZ%is called the geometrical moment of inertia of the cross section of the beam about an

axis through its centre perpendicular to the plane of bending. It is written as equal to Ak2.

ie, > OAZ" = AK? (A = Area of cross-section and k= radius of
gyration).

But the sum of moments of forces acting on all the filaments is the internal bending moment

which comes into play due to elasticity.
Thus, bending moment of a beam = EAK?/R
Notes:

(i) For arectangular beam of breadth b, and depth (thickness) d, A = bd and k? = d?/12

b
12

- AK?
(i)  For abeam of circular cross-section of radius r, A =  r? and k?=r%/4
N\ mrt
4
(iii)  EAk?iscalled the flexural rigidity of the beam.
Depression of the cantilever
Cantilever: A cantilever is a beam fixed horizontally at one end and loaded at the other end.
Let OA be a cantilever of length | fixed at 0 and loaded with aweight W at the other end.

OA’ is the unstrained position of the beam. Let the depression AA’ of the free end be y as shown

inthe figure.

Mrs. D. S. Vasanthi, Dept. of Physics



Let us consider an element PQ of the beam of length dx at distance (QA=x) from the
loaded end. C is the centre of curvature of the element PQ and R its radius of the curvature. The

load W at A and the force of reaction W at Q constitute the external couple, so that, the external
moment = W. X

2
The internal bending moment = YAk
For equilibrium
2
W — YAk
R or
2
R - YAk
WK

.................. (1)

Draw the tangents at P and Q meeting the vertical line at T and S respectively. Let TS=
dy and d6 = Angle between the tangents. Then,

/ZPCQ = dé
PQ = dx = Rd¢
Now,
do = % = dx. WK
R YAk

Mrs. D. S. Vasanthi, Dept. of Physics



(fromequ 1)

2
dy:ngzx\/\lxdx:\/\lx dx

We have, YAK? YAK?

Therefore, the total depression of the end of the cantilever,

| 2
VK
y =] 5 dx
5 YAK
W 3
y = >
3YAK
Special cases:
1. Rectangular cross-section
Ak2 — ﬁ
12
4w’
YAk 2
2. Circular cross section
Piis
9T 4
4w
3y [1r*
Y oung’s modulus
3
y o W7
3y Il r4

OSCILLATIONSOF A CANTILEVER
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Let OA be a cantilever of length | of negligible mass fixed at O. Let a mass M
be attached at the other end A. If the mass is slightly depressed and then released , the cantilever
will execute simple harmonic motion about its original depressed position.

O A

The depression of the loaded end of the cantilever is

_owB
Y= 3vakre

3YAk?
l3

or W =

This must be equal to the elastic relation of the cantilever balancing it and hence
directed oppositeto it.

If M is the mass of the weight W and d2y/dt2 the acceleration (upwards) we
have,

. . d?y
Elastic reaction= M —
dt

d?y _ 3YAk?
datz2 3

d?y _ —3YAk?
ez = M 7Y
3YAk?

VIE = A constant

The acceleration of mass M or the free end of the cantilever is thus proportional to its
displacement and is directed opposite to it.

It therefore executes a simple harmonic motion of time period T given by
_ ,Displacement _ ’ y _ ’ M3
T=2m Acceleration 2 (3YA’;2y) =2m 3YAk?2
Ml

If the mass of the cantilever is not negligible it can be shown that

Mrs. D. S. Vasanthi, Dept. of Physics



(M+ %m)l3

T=2m "3y akz
where m = mass of the cantilever.

The mass of the cantilever can be eliminated by finding the periods T1 and T> for
two different masses M1 and M attached to the cantilever at the same length. Then,

1 1
Mi+-m)13 Ma+5m )13
T = 4n2—( SYZkz) and T = 4m? (z+m)i 3ij2)
or TZ _ TZ _ 4”2(M2_M1)l3
2 1 =

3YAk?

_Am? (M, — M3
"~ 34k2(T} —TH)

Uniform bending of the beam (Theory)

Consider a beam of negligible mass supported symmetrically on two knife —
edges A and B in a horizontal level. Let AB=¢. let equal weights W, W be added to the beam at

itsends C and D. Let AC = BD = a. then the beam is bent into an arc of acircle. The reactions on
the knife edges will then be W and W, acting vertically upwards. Consider the cross-section of
the beam at any point P. The only forces acting on the part PC of the beam are the forces W at C
and the reaction W at A.

The external bending moment with respect to P
= W.CP - W.AP = W(CP - AP) = W.AC = Wa
This must be balanced by the internal bending moment Y Ak?/R

Mrs. D. S. Vasanthi, Dept. of Physics



Wa =YAK?2/R
Hence, ---- (1)

Since for agiven load W, E, aand Ak? are constant. R is a constant. The bending is then said to
be uniform. If y isthe elevation of the mid-poiunt of AB above its normal position.

EF (2R — EF) = AF?

A/T\ . y2R =12 /4

‘ (Herey? isnegligible)

|
|
: l ; y =12 /8R
% 4 T = 2
S | o
\‘—L—"
Fromequ (1)
1_ Ve
R g
y 1
s ==
Fromequ (2) | R 4

Sub equ (4) in Equ (3) we have,

8y Wa

For abeam Ak?=bd®12 amd W= Mg

3
Therefore equ (5), becomes 2Yhd

Uniform bending (Experiment)

Mrs. D. S. Vasanthi, De C&[




The given beam is supported symmetrically on two knife-edges A and B (fig.).
Two equal weight-hangers are suspended, so that their distances from the knife-edges are equal.
The elevations of the centre of the beam may be measured accurately by using a single optic
level (L). The front leg of the single optic lever rests on the centre of the loaded beam and the
hind legs are supported on a separate stand. A vertical scale (S) and telescope (T) are arranged in
front of the mirror. The telescope is focused on the mirror and adjusted so that the reflected
image of the scale in the mirror is seen through the telescope. The load on each hanger is
increased in equal steps of m kg and the corresponding readings on the scale are noted. Similarly,
readings are noted while unloading. The results are tabulated as follows:

Readings of the scale as seen in the telescopex10? m Shift in reading

Load in k
J Load increasing Load decreasing Mean for M kg

The shift in scale reading for M kg is found from the table. Let it be S. If
D =the distance between the scale and the mirror,

x = the distance between the front leg and the plane containing the two hind legs of
the optic lever,

&

Then, _ X
en Y=50

The length of the beam | between the knife-edges and a, the distance between the
point of suspension of the load and the nearer knife-edge (AC = BD =a) are measured. The
breadth b and the thickness d of the beam are also measured.

2
Then, y = [V\bl J

8YAk 2
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S Mgal 2

or = = = [SinceW=Mg and Ak?=bd*/12]
2D [bdsJ
8Y| ——
12
2
V- 3Mgal “D
Sxbd®

Non-uniform bending:

The given beam is symmetrically supported on two knife-edges(fig.). A weight-
hanger is suspended by means of a loop of thread from the point C exactly midway between the
knife-edge. A pin isfixed vertically at C by some wax. A travelling microscope is focused on the
tip of the pin such that the horizontal cross-wire coincides with the tip of the pin. The reading in
the vertical traverse scale of microscope is noted. Weights are added in equal steps of m kg and
the corresponding readings are noted. Similarly, readings are noted while unloading. The results
aretabulated asfollows:

. Readings of the microscopex 102 m
Load inkg Load increasing Load decreasing Mean Y for M kg
w
W+50
W+100
W+150

The mean depression vy is found for a load of M kg. The length of the beam (1)
between the knife edges is measured. The breadth b and the thickness d of the beam are
measured with avernier calipers and screw gauge, respectively.

WE WE
Then y = > | or Y = >
48YAK 48 yAk

Mrs. D. S. Vasanthi, Dept. of Physics




Mgl 3

or Y = 3 " (W= Mg and Ak? = bd®/12)
48 " [] " y
_ Mg
V= 4bd3

Pin and microscope method

The given beam is supported symmetrically on two knife —edges A and B. Two
equal weight hangers are suspended so that their distances from the knife-edges are equal. A pin
is placed vertically at the centre of the beam. The tip of the pin is viewed by a microscope. The
load on each hanger is increased in equal steps of m kg and the corresponding microscope
readings are noted. Similarly, readings are noted while unloading. The results are tabulated a

follows.

Readings of the microscope
Load increasing | Load decreasing Mean

Load inkg y for M kg

The mean elevation (y) of the centre for M kg is found. The length of the beam | between the
knife edges and a, the distance between the point of the suspension of the load and the nearer
knife-edge (AC=BD=a) are measured. The breadth b and the thickness d of the beam are also
measured.

_ wal?
T 8YAk2

(W=Mg)

y = Hoar. (AK? = bd¥/12)
8Y (/)

__ 12Mgal?
" 8ybd3

_ 3Mgal?
" 2ybd3

Using the above formula, we can calculate the Young’s modulus of the material of the beam.
Mrs. D. S. Vasanthi, Dept. of Physics




Distinguish between uniform and non- uniform bending

In uniform bending every element of the beam is bent with the same radius of
curvature (R). In non- uniform bending, R is not the same for all the elements in the beam.

KONIG’S METHOD

Scale

The beam is supported on two knife-edges K1 and K2 separated by a distance I. Two
plane mirrors m1 and m2 are fixed near the two ends of the beam at equal distances beyound the
knife-edges. The two plane mirrors face each other and they are inclined slightly outwards from

the vertical.

An illuminated translucent scale and a telescope (T) are arranged as shown. The reading
of apoint C on the scale as reflected first by m2 and then a point C on the scale as reflected first
by m, and then by ml is viewed in the telescope. Let the load suspended at the mid-point of the
beam be M. The beam is then bent and the bending is non-uniform. The mirrors at the ends are
turned towards each other. Let the shift in the scale reading be s. The Young’s modulus of the
material of the beam is then calculated from the relation

3 Mgl?(2D+L)
2bd3s

E =

where, | = Distance between the knife-edges

D = Distance between the scale and the remote mirror, m

L = Distance between the two mirrors

s = Shift in scale reading for aload of M kg

b = Breadth of the beam

d = Thickness of the beam
The formula can be deduced as explained below.

Let 6 be the angle through which each end of the beam has been turned due to loading. Then

Mrs. D. S. Vasanthi, Dept. of Physics



wi?
16 EAk?2

0 =

The mirrors m1 and m2 also turn through thee same angle 6 due to loading. In Fig. M1
and m2 represent the initial and m1’ and m2’ the displaced positions of the mirrors. Originally,
the image of the scale division at C coincides with the cross-wire and finally when the load is
applied, H is seen to be in coincidence with the cross-wire. For convenience in evaluating 6 ,
consider the rays of light to be reversed in their path.

TQEC will be the original path. When m1 is turned through an angle 6 to the position
ml’, QE is turned through 26 and strikes m2 at G. Then EG=L26. The ray GH is turned
through an angle 46, since in addition to QE having moved through 26, m2 itself has turned
through 6. Draw GK parallel to EC. Then, L KGH =46 and CK = EG, KH = D44.

.. Thetotal shift in scale reading = s= CK + KH
=EG + KH ( CK=EQG)
=L 20 +D46

= (L +2D) 260

wi?
But 0=——
16EAk

wi?
16EAKk?

Hence, s=(L+20)x2x

Wi? (L+2D)

E =
8 Ak?Zs

Now Ak?= bd®12 for abeam of rectangular cross-section and

W = Mg
_ Mgl*(L+2D) 3Mgl*(2D + L)
- g (b B 2bd3s
12 )%

| section girders:

A girder supported at its two ends as on the opposite walls of a room, bends under its

own weight and, or, under the load placed above it. The middle portion gets depressed.

. . - - W3/ vbd?,
The depression (y) at the mid- point of arectangular beam is proportional to
For the depression (y) to be small for a given load (w), the length of the girder (I) should be

small and its breadth (b), depth (d) and Young’s modulus for its material (Y) must be large.

Mrs. D. S. Vasanthi, Dept. of Physics



Due to the depression, the upper parts of the beam above the neutral surface contract,
while thosebelow the neutral surface extend. Hence, the stresses havea maximum value at the top
and bottom and progressively decrease to zero as we approach the neutral surface from either
face. Therefore, the upper and lower surfaces of the beam must be stronger than the intervening

part. That iswhy the two surfaces of agirder or iron rails (for railway tracks etc.) are made much
broader than the rest of it, thus giving its cross-section the shape of the letter |. Inthis manner,

material will be saved without appreciably impairing its strength.

Question Bank
2 marks

What is beam?

What is meant by plane of bending?

Define neutral axis.

What is cantilever?

What is moment of inertia?

Distinguish between uniform and non-uniform bending.

O ks~ wbdpE

5and 10 marks

Derive an expression for the bending moment.

Write notes on oscillations of a cantilever.

3. Describe the Koenig’s method to fine the young’s modulus of a beam by non-uniform
bending.

4. Obtain an expression for the depression produced at the free end of a cantilever when the
weight of the beam is negligible.

5. Derive an expression for elevation at the middle of a beam subjected to uniform bending.

Explain the non-uniform bending experiment with theory.

7. Describe the non-uniform bending method of finding the Young’s modulus of a beam.

A .

o

Mrs. D. S. Vasanthi, Dept. of Physics
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r_.. = e ————ei =Sk =

| VIGCO5ITY
Vli6cosity :

| When two panallel Layers of a Liguid are
moving with diferent velocities, they
expenience tangential donces which tend to
netand the fasten layen .and .accelerate the
glowen lamujer . These fonces one calted $onceS

&f Vviscosiky.
4 S v+ olv
Iai:":::
e gk "

Consuden two loyens of g uid gepernted by &
clistance dz. Let v and vidu be %ﬂ:e valocities
of two layeas. So the velsciky gnodient i3 dv/dz.
Let A be the sunjoce onea o the lagen. The

Viscous gonce is Oineeily propotienal to the
sunjace anea A ond velociky graclient olv/oz.
| ol v

1.8 F‘x"ﬂ'&—z on [ = HHE{-E

wWhene n is a censtant Jra.ﬂ the Liguid andl
:Laﬂ.z.cf coeppicient 6 viscosilty. T4 A= and
| riufdzﬂ . wWe have F=N.
Onit efn is Ngmr® Tt 15 called the pascal secemdt .
[F—] 5 MLT= =ML"T'r
Ca7[AYds] 2T /)

Dimensiens 04 [N]=




Sineamline .d-.f.ou.:.'

Tn a Steady glew, each panticle 4ollows
exactly the same path and has exoctly he
game Vvelocity as LkS pardecesson- In such £
case, the Jfiguid is caid o have an ondernly

on Stuam 4lew.
 Tunblent 4low;

When the external pressune fausing the
tlow ot the .L:iii/u;d {a oxcessive, the molien
ot the liguid rove places with a velocity
gneatenr than the rcauses eddies ik icol
veloctty and the molien becemes wnsieady on
tunb lent.

Depinkion of cautuoal velocity:

Cnitical velocty of o Mlguid is the
velotity below which the moliem 6t the Liguid
6 D?ufﬂve{j and above which the moicen &4 the
Mguid becomes tunblent.

Expnession jon the cnidical velocity:

The cautical velocity ef .0 liquid may
ldﬂperp_d upon (i) the coefpicient o} UTEEnSng of the
Liguid (n) Gy the density of the Liguid (p) and
i the nadius v of the rube through which
the Mguid is flewing. we may wnite

Ue =K ”Iﬂ_.obr":




where k is censiant colled Reynolds ;mmbm
Waing she dimensions o these guantities,
] = [HL"T"]RfML'ﬂjbELjE
[T = [P e8at a7
0+b=0, -a-8btc-1 and -a=-1
From these equatiems we have ,a=1,b=-1s

c=-1.
A

K. N
| P

Poisewille’s 4onmula. goa the 4low o o Liguid
thhough o capillary tube:

L.

[o = oy smima f y
/1- £ e 4T
% N 7 ol
lrlll 'L;-'—.' e P llll | "'|I 4 .rl H_-‘::‘:'\-\:\.
II : i; I1 —— _';r _1 R Il'. |lI I. .._'_ll'. '::iil | N
| | (l-‘.l"r.ll-r-_..___-r'f o, LT _|| ] | | I::: L Ty
f ".,' el — fir . ] R ] - .--:b
m-.\"i','_ ——— r - IIII_l .. _.:"_-::\_._-. _.-.:.‘_I.'J::I-ll__.
o T N : ;_; "“.,,._‘_‘
.:r:l:l |I E:.Lll

| Suppose @ C(onstont prgbbUNE dippenences
p is maintained between the two €nds OF the
'mpdlmg tube ot length L ond nadous @ a8
shown in Fig. Censiden the steady glow ot ﬁd’l
Ilﬂ!ﬁmd of Coepicient of viscosity 1 iJl!?LD,U,.g}l g
tube.The velocity & the .&zgumi is q maxmamn
L along the nxis and ie zeto. at the wﬁ»{-ﬁﬁ &f
 the wube. Assume that there 18 N0 nadliol glew.




!

Considen . cylindnical shell of the Liguicl e
axial uith the tube 64 nnea nadius v ond
outer nadius v+dr. Let zthe velocity of the Lguid
on the innear surjace ot the shall be v and
that em the euter suajpace be v-do. (dv/dr) 76
the velocity ﬂmﬁiem.

The suyoace onva & the shbll =A= 2mirk

_ paly __ do
Fi P’]A&_T =-namrlt ==
Fa = pmr®
where p = pnesswune oiffenendes 0cn0ss the WO
ends of the tube and Tri= Aea &5 1065 - SECHEN
| of the innex stylinder.

| backw.ard ohagging ponce (Fi) = The clatving Jonce

(Fa)
| -namrd %E = PTY” (02 plw = —— vdr.
| T 1‘1_.'_
Tntegrating v = P *ie.
and 2 ..
' Wheze C is a constand of integration. -
2
h = -p. E,ﬂ.-."P O ¢ co)C=
i.‘-f\i en Y=q@a, v=0, HeENt T T
| i P {.{,‘.H_n-T;}
| 4Nk

| Hence the volume of liquitl that flows out P2
| .
gecond  through this shell.

' - gecHan .
B Anea e CNOSS JE velocty of

ot the shell of
nadius v andl thick Flow.

L -ness dr




= OTTY :::Er____AP (a=v") ‘
4nd

« TP (olr-THdr
ant
| T he volume & the Mmﬁf thaot .?iew.ﬁ out per
| gecend is obtainud by ??Legnﬂ&ng the exparsblon
fon dv bewween the Limiks 1=0 to T=0. o
(« 5 r
P 7 o sl =iT_P REL—-—-:‘
v=a[m{ar"r}d‘r S % |,
‘ _ P ot
ant 4
(or) v = vpa‘yﬂnl
Conneciien's to poisewildle’s Aonmuda .
(i) Connection jon PARASUNE he,ad o
The epjective pressue iS leas and g
h "’ﬂP
Y P P
%} i en
The «.£ given o the liguid of densify PP
[
' gecond a . ,
E’zf—’i-(zvrdwmv =T P ﬂj‘f"i? dr
O

Bk e R

421

i EJ:«TPIT(
0

p

3
_._P_] (a~ 2 ) oy
4nk

2
x 'n-,u( )E o’ { TFPEI‘*JS pai - WF
4nL/ & gnL Jmat  ral




VP

"4- P'U = P] V4
ln-iflq
(on) Pi= p- VP
m2at

| i

| Pi = gp (h- Viratg)

i) Coanectem 40N the .!.en{fi,?’t o+ iube :

| The connected nelotien fon N becames
| e TRE T X P

| 3v(1+|i54a3[ W’ﬂ‘“ﬂjg

| Poisewille’s method 4on cletenmenzng coepticient
| OF vi‘scqgiuﬁ o4 o Mw.d

| Liguid

=

| ] eE e P

il The Eq,uu:f IS taken .in ;t;:i, constant level
tank upto & height h. A capilery iube AB 15

- tixed to the bottem of the Aank. A wecghied
'bacaker (s Pplaced below the 4aee end B o the
| Lapillany tube. The mass m o+ the Liquid collecte
lin 3t n time + i6 found out.

| volume o the liguid 4lowing per secanal
L= v=m/cp.£) whee P I8 the «lensity & the Liguic

| The hnﬁiﬂli@jx}le .m.pJ_LLanﬂ tube, 16 measunes
by a metwe and, The naclkus 6F the caplorny




{ tube 18 MEﬂmm&f very ﬂccg_tnaf-piﬁ, u.sihag the
!I inavelling microscope . Then 4zem the nelatiem
| &

n=_"TP% (whewep-=hkpa)

av.L
the value 6t 1 jon the ligud ron be easily

calcudated,
Componisen 6 Viscosiles:
The ,ELqu,u:f whose vigcosdky 18118 pinsk
ol tank and #he volume

used n the cemsiant lev
on second = Vi=Mu/Ppt The

o4 Liquid tlowing P
expercment is nepeated 07 the other M‘MP
and #he volume & Leguid

whose viscosity is Ms
pea gecendl =Va= ma/pa k. T4 L8
and Pa

| 4 Lowing
| Jength of *he qube ,a s nodeus and P
 the densities & ahe o0 Liquicls:
| n - TRP9%Y o q“vhpnaa“
awi L QVa L
E_r'_ P Va
12~ PaVe
Pi,Pa can be determined with o Hares

| appanotus. Thus she viecosities @f o Ligquids
. Lan be f:m'rtpmwf.




rﬂiﬂuﬂfd’ﬁ Vi 8co meten :_

This instaument is used 1o cempare the
viscosities &f two liguids. Tt is .also usecl te
5714415 the vanialien of viscosity 6f & ibﬁ[,-‘-uﬁ'f
|with temparatune.

| The apparnfus Censists ©f A0 glass
bulbs A and B joined by o fLapillany tube DE
bent indo @ u-4oam. The budb A 18 cemnected
to a funnel F. The bulb B8 connecied to O
IEIPlauﬁi pLmp .t}m.ﬂu.gj& @ Eiﬂp— ek,5S. K;;_,::Lno'.
M oae fized maks, as shewn in 4igu~es. The
whole appaoratus is placed inside o cematant.
temparaiune both

TI'?.ED:LH:
Let N, and n. be coepticient o4 viscosity
and Pi and P2 the densities &t the two

- Jguids nespectively. Let the volame o liquic

; between k Jand L be v. Then,
the nate of 4low of the finst liguid =vi="/r




and nate of How she secend liguid= va = ea —6

' Now. n, = T P’ ( p,n TP ot
&vi. L 8va. L

|

(on) LI X i —wiE

N2 Wi Pa

| But he pnessune pis propontienal to the

density ef the liguid usedd (P=hpgd

Hence, .ﬂ = _Fi. = :a:;;'r:ﬁ
Pa Pa R

Algo dividing (2) b V2 _ A& (6
toend) (2) by (1) =%

i

Henee, Mt _4.P &
Ma  ta. Pa :
Farem equaliem (6) Ni/n, <an be celendated.

Poisewille’s method 4on cleteamining coefficient
of Viscosity of a J,:'.Qujgf,fvmixlble paessLne

head 7.




bunette . The Lcapillany iube is 4ixed as
shown in 4/gune . The clip is opened Jully.
The Jliguid is ollew 16 plow slowly thaough
the Lapillory sube . when the ﬁquf.cfﬂieve.i in
the busupe Ccnosses the zZeao manking, a S0P
clock one sionted . The aeadings of the stOp |
| clock one noed when the Liquid Jeyeh ERDESER
' #he 1o €c, Qo cc, 80 CC.BEC., mankings. The
Cvendical helght h beuween the mplUJWj tube
and  midpoints © the aange o0-10¢e,10-305

Iﬂ.ﬂ—‘EDEE eic., One measuned |
| The Jlength of the capillony tube (D is

i5 measuned. wsing
micnpscope. The clensity
| deteamined using Hone’s oppoALiis:
The coegticient 6f viscosity 19

II using zhe jonmuda
| q - Tpaa“[h_:;_gl

8L



S ey . T
| Rankine’s methad 4on deteamenatiem & 1 o4 a
| gases

Hig appanatus Lonsists of a Llosed vessel ABCD

‘Between A and B the 8 & capillony tube 6} length
1 and noolfus a.Tn the opposite baanch , thexe is &
47xeel marks

 menwuny pellet of mass m- Thea .one A0
¢ and p such that the velume v @ the upper poniem

Bc is equal to the volume 8f lowex pordegn AD: Let
the volume 6} 9as in dhe whole tube ABCE ke v. T
and Ta ane i0ps 4on 4illing the vessit with the
expenimental gas. Let e be the oa & crogs-Sechiant
' ot the iube ¢D. Then the pazsSUA% iy enence
| between the ends o the capllony tube cansed by
- mencuay  pellet and the excess 64 pARSAUNE = MY/ .
Then 1 is calculoted using zhe foamula
| T o TLIBIZ,
Eg-:_,E [‘I..-'-EU}

| ,{5/ TH‘D ‘I"I'lEOnH o4 the Expeument: wWhen the |

| ﬁﬁ Qp ponotus 1S placed honizentally,
- | i.  the paegssuA P & the same ﬂﬂﬂ#ﬂhﬂlﬂ-
2 | and the clensity o the gas is pP.

' | | whene pis the densi!:ﬁ pea wruk

| \A\Ej! Pressune . The mass o the §as in the
| &"3 whole tube = ppy and nemains
Ta

Cénsiant .
| At the beginncng 6t the Expeaement :

pressunt ok |  Pressung abeve pi y
ithe eutlet B meatuwny pellet at C £k L2

paessune Lok :U'IE} _ Pressune balow
inler A the meacuny pofles mgjspﬁ

mg _ r:
—=P




" At the end @ the experiment
pAessune otk the swtlet B = pagssunt obove D
= pnessune belew MeUAy
pellet o+ D
= Pat Ej’; - Pa
Since the iotof mass e the gas nemains w"&iﬂ‘_‘ﬁ-i—”'ﬂ*
fan waike twe equoatiens ngpnesenting the beq i
and the end of the eapeaiment:
pev = P+ Pir )P (V-1 -

PPV = Pap(v-v)+ (P2t T2 )PV (2).0t £he end

Pnessune ot the Tnlet A

(1.0t the beglnneng

| Faem (0 py = p,y+ PVv-pp+ My %ﬁu
' oL

L) py . py.Mgy, MY,
| o oL

oL
- p. Mgy
Pa p 9 <
: m4g mg v | mg
Pﬂ*Pﬂ.-}.—.- ﬂE?J-E.
" mg v
- P+ 221~ 7

| AR the bEﬁanEng ¢ the expeniment, the mass of the
905 enclosed bewween the 4inst positien of the
- Mmercuny pellet and the inles of the capillany = p; P(v-v)



At the end & the expeniment , the ma.ﬁfi- ot the .9'15..... |
enclesed bhetween the inlet and the Second posilism

o the meacuay pellet= ps PD.
Hernce ihe mass & the 9as that qoes thaowgh

the rapillony iube in dime £ = P'PCv-2) - P2P V.
[+ ™2 )pv-vr- [or H2(1- F)]PY

< v
=PPLv-2v)
T_hE' avenage nate s Hlow 7 o (v-2v)
n kiogram pen second | PP —%

At the beginning e+ the experiment , pagsstne ot the
inlet 4 = p; . Paessune .at the gutler B= Pr.
Piv) = Tat (g p?)

16v]. L
Eiﬂu’.&]}b&j Pavy = IEﬂ'_il(P.':-F‘;J
6nN.
The &um&ge nate of &.Imn _ pF!,I’w+ F'F; Va
in I-d.-‘:aﬂ‘m.ﬂm pea secemol | - 2
P oo 4 ia
PTR™ 5 p?) + P T4 (P2 - P3)
= |6nt AL
. 2
= P rrar gty th-Fa)]
32nL

? . mg, amy v ymg
P'I"- F’.n= (P:+ Pr}(P:- P = (:P'?.L—+*‘;“ "TJ'T::T

o= P = (P{+Pa) (Pi-Pa) = (2p+ 09 - 219 E)".;?.

v

L Avenge nate of dlew - PRt o MY oo TRt ™Y
3211 o anlL &%

| Equaling e expnessians fon
' the note of 4o we have, PP(v-20) _ppTa*mg T4 mga
+ anl o Eq‘tfy‘llu




Ginkes method 4on the En%j;&éﬂi o4 msgasﬁg of

| ViG cous Jéguid
Giokes method 18 Suitahle 4on highly
ViGLolWS J-&}uidﬂ live rasien oil and

ﬁileEﬂiﬂE-ThE' e xpeaimentol Liguid 18 taxen
Five manks.

in o tall ond wide jon . Feur O
-.ﬂ.E,[.'D DAL m_)n {91'1,1:}12 &Aiﬂiiﬁ' &4 J‘}m
Bt Jmmimmmiﬁﬁdscm.ﬂaiaﬂ hﬁjﬂ"ﬁ

|~ sse- | gently dropped centrally inie the jan The

$imes taken hy he ball 1o meve drough the ciskans:
Lo

AB.BC,cD ..One nnted . When the {imes #07
censeutive thansists oL equal ; +he baolf has neoL
ntly dropped

tenmenal  velaoity. Now anpiher boll is 98
j boll just neaches £ mank belaw

taxen by xhe b.alf to

m B hm P,
| i o s

nepeated 4on varying clistances
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JAEGAR’S METHOD
Principle:

The experiment is based on the principle that the pressure inside an air bubble in a liquid
is grater than the pressure outside it by 2o/r. Here o is the surface tension of the liquid and r the
radius of the air bubble. This excess pressure can be directly found and hence o can be

calculated.
D L -
(@)

-

M (i

|

v

A

An aspirator A is closed with a two holed rubber stopper through which pass two glass
tubes. One of these is connected to a water reservoir through a stopcock B and the other is
joined through atap C to a manometer M and a vertical tube DE. The tube DE ends in a narrow
orifice at E and dips into the experimental liquid contained in a beaker.

Apparatus:

Experimental details:

If the stopcock B opeded, water flows into the aspirator and the air in the aspirator is
displaced. The displaced air forces its way through the tube DE and forms air bubbles at E. The
size of each air bubble gradually grows. When its radius becomes equal to the radius of the tube
a E, it becomes unstable and breaks away. During the growth of the bubble, the pressure inside
increases and reaches a maximum value at the instant of detachment. The difference in
manometer levels hiis noted just when the bubble detaches itself. At the moment of detachment,

The pressure inside the bubble = p1 = H + hips1g
The pressure outside the bubble at the same time = p2 = H + hzp2g
where H = atmospheric pressure

hy = the difference in manometer levels

hy = Length of the tube dipping in the experimental liquid

p1 = density of the manometric liquid

Ms. D. S. Vasanthi, Dept. of Physics



and p2 = density of the experimental liquid
Excess pressure inside the bubble = p = (H + hip1g) — (H + hzp2Q)

= (hp1- hzp2)g
But the excess pressure inside the bubble = 26/r

Hence 20/t = (h1p1 - hep2)g
1
6= Erg (h1p1 - thz)

Advantages of the method:

1) Theangle of contact need not be known.

2) The continual renewal of the liquid air interface helps in avoiding contamination.

3) The experiment does not require a large quantity of liquid.

4) The liquid in the beaker may be heated to various temperatures. Hence the surface
tension of a liquid can be determined at various temperatures.

Drawbacks:

1) The exact value of the radius of the bubble when it breaks away cannot be ascertained.

2) The drop may not be hemispherical and of quite the same radius as the aperture at E.

3) The calculations are based on the assumption of static conditions but the phenomenon is
not entirely statical.
For these reasons, this method does not give very accurate results for the surface tension.

VARIATION OF SURFACE TENSION WITH TEMPERATURE

Liquid are of two typesviz., (i) unassociated liquid and (ii) associated liquid. An
unassociated liquid contains the individual molecules of that liquid. Example: Benzene and
carbon tetrachloride. An associated liquid contains groups of molecules of quite another type.
These groups, however, tend to break up into single molecules with arise in temperature. At the
ordinary temperatures, water is known to consist of grouups, consisting of two H>.O molecules,
in addition to ordinary single H.O molecules. Thus water is an associateed liquid at these
temperatures.

The surface tension of an unassoicated liquid is found decrease with rise of temperature,
according to the simple formula ot = 6o (1- at) where ot is the surface tension at t°C, coat 0°C
and a, the temperature coefficient of surface tension for the liquid. Vander Waals and Ferguson
suggested other relations from which it could be easily deduced that the surface tension is zero at
the critical temperature. The best relation connecting surface tension and temperature, for both
associated and unassociated liquids, is due to Eotvos. This formula was later modified by
Ramsay and Shields.

Ms. D. S. Vasanthi, Dept. of Physics



This is represented by 6 (Mvx)¥? =k (6. — 0 — d)
where o = Surface tension at 6 K
0c = Critical temperature
d = aconstant, varying from 6 to 8 for most of the liquids

k = another constant having the value 2.12 for associated liquids and 2.22 for
unassociated liquids.

x = Coefficient of association

effective molecular weight of associated liquid

" molecular weight of the unassociated liquid with the same molecules

M = molecular weight of the unassociated liquid and v its specific volume.

This shows that the surface tension is zero, when 0 = (6. —d) i.e., a a temperature a little below
the critical temperature.

Note 1:

At higher temperature, the molecules themselves possess greater average kinetic energy
and are moving about more rapidly. This reduces the effect of molecular attractions. So less
work is needed to bring a molecule from the interior of the liquid to the surface. Hence the
surface tension of all liquids decreases as the temperature rises.

Note 2:

Impurities, contaminations and dissolved substances all lower the surface of aliquid.

QUINCKE’S METHOD

The shape of a drop depends on the combined action of surface tension and gravity. When a
large drop of mercury is placed on a clean horizontal glass plate. The drop flattens out until its
top becomes perfectly horizontal as shown in figure.

< >

T i o

I magine that the drop is cut halves by a vertical plane ABCD. Let the drop be further cut by
two vertical planes BCG and ADH at a distance | from each other and perpendicular to ABCD.

Ms. D. S. Vasanthi, Dept. of Physics



GH isthe most protruding portion of the drop. Let h; be the height of the flat top AB above the
horizontal plane EFGH and h; the total height BC of the drop.

A

> 6

E
L Hydrostatic
Pressure

The portion of the drop lying above the horizontal plane EFGH is in equilibrium under
the action of the following forces:

1. Force dueto surface tension acting at right angles to AB from left to right horizontally =
o.l

2. Hydrostatic thrust acting horizontally from right to left on the plane ABEF of the drop
due to part of the liquid on the right. The hydrostatic pressure is zero a AB and increases
to hyp g at EF.

. Average pressure = (0 + hip g)/2 = % hip g
.. Total hydrostatic thrust on the area ABEF :% hipg X hql
1
=~ hipgl
3. Thesurface tension at G, which acts vertically upwards, has no component along the

horizontal.
Since the drop is in equilibrium, these horizontal forces must balance.

Hence cs.l=§hfpgl, orGZ%hfpg

Determination of the angle of contact: Consider the equilibrium of the whole drop. The forces
acting on the face ABCD are:

Pull due to surface tension acting horizontally from
left to right and perpendicular to AB = c.1.

Hydrogtatic thrust acting horizontally from right to left on the face ABCD
1

1
=-hapg X bl = ~h; p gl

The surface tension pull due to mercury on glass a K acting

Ms. D. S. Vasanthi, Dept. of Physics



tangentially to the slice in the direction KS = c.1.
The glass plate exerts an equal and opposite reaction along KQ.

The horizontal component of this reactional force due to
glass along KC, acting left to right = 6.1 cos a

where, a=(180—-10)
In equilibrium, cl+o.lcosa= %h% p gl
1,2
or, o(l +cosa)= Ethg
or, %hfpg(1+cosa)=%h§pg
12 h3
or, (1+cosa)== or cosa= 3-1
h1 hl

h—h3
cosa = ( Zh% D)

The value of o can be determined from this relation.

Questions
1. Tlustrate the Jagar’s experiments for determination of surface tension of aliquid.
2. Explain the variation of surface tension with temperature..

3. Give the theory and experimental procedure for determining the angle of contact and surface tension
for mercury by Quinke’s method.

Ms. D. S. Vasanthi, Dept. of Physics
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Unit V Sound

Laws of tranverse vibrations in strings — Experimental verification of laws of transverse
vibration by sonometer — Melde’s experiment to find the frequency — Music and noise — Intensity
of sound — Decibel — Phon — Bel — Production of Ultrasonic waves — Magnetostriction and piezo
electric method — Detection of Ultrasonic waves — Application of ultrasonic waves. Acoustics of
Building — Reverberation — Reverberation time — Absorption Coefficient (no derrivation — Basic
ideas only) — Factors affecting Acoustics of Buildings.

LAWS OF TRANSVERSE VIBRATIONSIN STRINGS
There are three laws of transverse vibrations in strings:

Law 1: The fundamental frequency is inversely proportional to the length of the string.

noo —

l

Law 2: The fundamental frequency is directly proportional to the square root of the stretching
force or tension.

noo\T

Law 3: The fundamental frequency is inversely proportional to the square root of the mass per
unit length.

1
noo —
Vm
Combining the above three laws,
1T
no — [—
l.lm
Or n= E\/z
L\m
The value of the constant k = 4
Therefore, n=21 \/z
2l\m

Sonometer

The frequency of the alternating current mains in the laboratory can be determined using
a sonometer.

Mrs. D. S. Vasanthi, Dept. of Physics




Description:

A sonometer consists of athin uniform wire stretched over two bridges on a wooden box.
One end of the wire is fixed to a peg. The other end of the wire passes over a pulley and carries
aweight hanger. The length of the vibrating segment of the wire can be altered with the help of
the movable bridges. The length of the vibrating segment can be measured by a scale fixed
below the wire.

Knife edge Steel wire

> Wood box

/

B.) Weight

Experiment:

A steel wire is mounted on a sonometer under suitable tension. An electromagnet is
excited by the low votage aternating current whoose frequency is to be determined. The
electtromagent is placed just above the sonometer wire. The wire is attracted twice in each
cycle.

A small paper rider is placed on the wire. The length of the wire is adjusted until the
paper rider placed at the centre of the vibrating segment is thrown off. The length of the
vibrating segment (l) is measured. The experiment is repeated for different tensions. The
readings are tabulated as shown below:

No. Tension (T) Length of the JT

vibrating segment (1) I

The mean value of VT/I is found.

The mass per unit length of the wire is determined by finding the mass of a given length
of the wire.

Calculation :

The frequency of sonometer wireis

Mrs. D. S. Vasanthi, Dept. of Physics




_ 13T
- Zl\/m

During both the positive peak and the negative pesk of the A.C. , the wire is pulled by the
electromagent. So the wire vibrateds twice, for each cycle of the A.C.

The frequency of the A.C. supply is given by

n

f=3-
Hence, the frequency of A.C. mainsis calculated.
MELDE’S STRING

In this experiment, one end of the string is connected to the prong of an electrically
maintained tuning fork.The other end is connected to the scale pan.The string passes over a
smooth friction-less pulley. T he distance between the tuning fork and the pulley can be adjusted.

There are two modes of vibrations

() transversemode and (i) longitudinal mode

%

Iy (]

\A,/;ELJ

i}

Transverse mode of vibration

Thetuning fork vibrates at right anglesto the length of the string. In this case, the
frequency of vibration of the string is equal to the frequency of the tuning fork.

Suppose N is the frequency of the tuning fork and the string of length | vibrates in p1

segments. Therefore
N=2 \/g (1)

The tuning fork vibrates along the direction of the length of the string. In this case, for
one complete vibration of the tuning fork, the string completes half vibration.

Longitudinal mode of vibration
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Suppose the frequency of the tuning fork is N. Therefore, the frequency of vibration of
the string is N/2.

If the string of length | vibrates in p2 segments, the frequency of vibration of the string,
N_p [T
== @

() Suppose the string vibrates in p1 segments in the transverse mode, then for the same
tuning fork and the same tension, the string will vibrate in half the number of
segmentsin longitudinal mode of vibration.

Special case:

From equations (1) and (2),
_Pn
b2 = 2

(i) From equation (1), for the transverse mode of vibration

pr |T
N=— |—
2.1 .|m
N?2 =ﬁ1
412m

Tp? = 4N?1?>m = constant

Similarly from equation (2), for the longitudinal mode of vibration

N p, |T
2 2.1l]m
N piT
4 412m

Tp5 = N?1?>m = constant
or ingenera
Tp? = constant

CHARACTERISTICS OF MUSICAL SOUND
There are three characteristics of musical sound.

1. Loudness(or) Intensity 2. Pitch and 3. Quadlity (or) timbre
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1. Loudness (or) Intensity:

The amount of sound energy crossing per unit area around a point in one second is known as
intensity of sound.

L oudness depends upon intensity and also upon the sensitiveness of the ear.
Loudness and intensity are related to each other by the relation
Lalogl
where, L represents the sensation of loudness and I, the intensity of sound.
Loudness (or) intensity depends upon the following factors:

(i) Amplitude

(i) Surface area

(i)  Distance between the source and the listener
(iv)  Density of the medium

(v) Motion of air

1. Pitch:

It is asensation that depends upon the frequency.Pitch does not depend upon loudness (or)
quality.

A shrill sound is produced by a source of high frequency whereas the pitch is lower if the
frequency is lower.The voice produced by ladies and children has high pitch because the
frequency is high.The voice of an old man has low pitch and is hoarse because the frequency of
sound is low. The frequency of the sound produced by a mosquito is of high pitch due to high
frequency.

The pitch sound changes due to Doppler’s principle when either the source (or) the observer
(or) both are in motion.

2. Quality (or) Timbre:

It depends on the presence of overtones. The quality of sound enables us to distinguish
between two sounds having the same loudness and pitch.

A sounding body produces waves of frequency 2n, 3n, 4n etc., where n is the fundamental
frequency.Nature has provided different overtones in the voice of different persons.Due to the
quality of sound, one can recognize his friend from his voice without seeing him.

INTENSITY OF SOUND

Theintensity of sound is defined as the average rate of transfer of energy per unit area,
the area being perpendicular to the direction of propagation of sound.
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Determination of intensity of sound isimportant in practical acoustics.

Amount of energy transfer per unit area per second

I = 2m%pn?a?v (1)
Velocity of sound,
E p
v —\/; and E = _W

dV isthe change in volume, V isthe original volume and p is the excess of pressure.

-p
= 2
Taking —d; = —zz and simplifying
p=—vp 3)

A simple harmonic wave is represented by the equation

21
y = asinT(vt —x)

dy _ _2ma 27 of —
o =~ Cos (vt —x) (4)
Substituting (4) in (3)
p= @ 00527” (vt — x) (5)
The maximum excess of pressure
2mav?p
Pmax = 1 (6)
and p = pmaxcoszf (vt — x)
S Pmax = 2TA PV G) =2mapvn (7)

Equation (1) ------ >] = 2n?pnla®v

By Multiplying and dividing by 2pv we get, I = Z%2" av)?

2pv

] = prznax ( 8)

2pv
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Equation (8) showsthat the intensity of sound varies directly as the square of the excess of
pressure.

DECIBEL

A unit used to measure the intensity of a sound or the power level of an electrical signal
by comparing it with a given level on a logarithmic scale.

Decibel (dB), unit for expressing the ration between two physical quantities, usually
amounts of acoustic or electric power, or for measuring the relative loudness of sounds. One
decibel (0.1bel) equals 10 times the common logarithm of the power ratio.

PHON

Loudness unlike intensity, depends on the observer. The sensitivity of the ear and the
threshold of audibility vary over wide range of frequency and intensity. Even for the same value
of 1/lo, the intensity level will be different at different frequencies. For measuring the intensity
level, a different unit called the phon is used. Scientist adopted a standard source of frequency
1000 Hz, and intensity 102 wm? with which the loudness is required is replaced near the
standard source which is then altered until the loudness is the same as the source. Now the
intensity level of the standard source is measured. If it is n decibel greater than the threshold,
then the loudness of the source is n phons.

BEL

In electronics and communications, the Bel expresses the logarithmic ratio between two
levels of signal power, voltage, or current. The Bel was named for Alexander Graham Bell, the
inventor of the telephone. One bel is equal to 10 decibels.

ULTRASONICS

The human ear can hear the sound waves between 20 Hz to 20 KHz. Thisrange is known
as audible range.

The sound waves having frequencies above the audible range are known as ultrasonic
Or supersonic waves.

The sound waves whose frequency is less than audible limit are called infrasonics.
The wavelengths of ultrasonic waves are very small as compared to audible range
PROPERTIES

1. The frequency of the ultrasonic waves are greater than 20,000 Hz.

2. The speed of propagation of ultrasonic waves depends upon their frequency. The speed
increases with increase in frequency.

3. They are highly energetic

4. Dueto their smaller wavelengths, they undergo negligible diffraction.
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5. They can be transmitted over long distance without any appreciable loss of energy.

6. Intense ultrasonic waves have a distruptive effect on liquids by causing bubbles to be
formed.

7. Ultrasonic waves are also reflected, refracted and absorbed just like ordinary sound wave.

PRODUCTION METHODS

In general, ultrasonic waves are produced by the following methods

1. Piezoelectric method and
2. Magnetiostriction method

PIEZO-ELECTRIC METHOD

According to piezoelectric effect, when certain crystals like Quartz, Lithium, Niobate,
Barium Titanate, Rochelle Salt, Tourmaline etc., are dretched or compressed along a
perpendicular axis, the other pair of opposite faces develop electric charges. The sign of the

charges changes, when the faces are subjected to tension. This effect is called Piezoelectric
effect.
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The converse of this effect is also true, i.e, the inverse piezoelectric effect. When an alternating
potential difference is applied along the electric axis, the crystal is set into elastic vibration along
the corresponding mechanical axis. If the frequency of electric oscillations coincides with the

natural frequency of the crystal, the vibrations will be of large amplitude. This phenomenon is
used for the production of ultrasonic waves.

PRODUCTION OF ULTRASONIC WAVES-PIEZOELECTRIC CRYSTAL METHOD
Principle

This is based on the inverse piexoelectric effect. When a quartz crystal is subjected to an
alternating potential difference along the electric axis, the crystal is set into elastic vibrations
along its mechanical axis. If the frequency of the electric oscillations coincides with the natural
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frequency of the crystal, the vibrations will be of large amplitude. If the frequency of the electric
field isin the ultrasonic frequency range, the crystal produces ultrasonic waves.

Construction:

Quartz
Crystal slice

w2

— Battery

é—\/\/\/ |

Ultrasonic
waves

Transistor

Transformer e
It is a base tuned oscillator circuit. A dlice of quartz crystal is placed between the metal
plates A and B so asto form a parallel plate capacitor with the crystal as the dielectric. Thisis
coupled to the electronic oscillator through primary coil L3 of the transformer.
Coils L2 and L1 of oscillator circuit are taken from the secondary of the transformer. The
collector coil L is inductively coupled to base coil Li1. The coil L1 and variable capacitor Cy
form the tank circuit of the oscillator.

Working

When the battery is switched on, the oscillator produces high frequency oscillations. An
oscillatory e.m.f. is induced in the coil L3 due to transformer action. So the crystal is now under
high frequency alternating voltage.

The capacitance of C: is varied so that the frequency of oscillations produced is in
resonance with the natural frequency of the crystal. Now the crystal vibrates with large
amplitude due to resonance. Thus high power ultrasonic waves are produced.

Advantages
1. Ultrasonic waves of very high frequencies as high 500 MHz can be obtained using this
method.
2. It is more efficient than magnetiostriction method.
It is not affected by temperature and humidity.
4. Using materials like Lithium Niobate (LiINbO3z) and Barium Titnate (BaTiOs) a wide
range of ultrasonic waves can be produced at alower cod.

w

Disadvantages

1. The cost of the piezoelectric quartz plate is very high.
2. The cutting, grinding and polishing of piezoelectric crystals are very difficult.
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MAGNETIOSTRICTION METHOD

The change in the dimensions of ferromagnetic material by the application of a magnetic
field is known as magnetostriction effect.

A nickel rod placed in arapidly varying magnetic field alternately expands and contracts
with twice the ffrequency of the applied magnetic field. By adjusting the frequency of the
alternating magnetic field to be equal to the natural frequency of longitudinal vibration of the
rod, resonance is produced. Due to resonance, vibrations of large amplitude are produced in the
rod. Ultrasonic waves are emitted from the ends of the rod if the frequency of the alternating
magnetic field is more than 20 kHz.

The frequency of vibrations of therod is

1 E
f=z ’
Here, | = length of the rod

E = Young’s modulus of the material of the rod.
p = density of the material of the rod.

Construction
Nickel rod

el eS8y X (X508

Ultrasonic Ultrasonic
waves L, Clamp L, waves
)
11

C

/ mA
ransistor

—— Batttery
T

L

A short permanently magnetised nickel rod is clamped in the middle between two knife
edges. A coil L2 iswound on the right hand portion of the rod. C is a variable capacitor. L, and
C form the resonant circuit of the collector turned oscillator. Coil L1 wound on the left hand
portion of the rod is connected in the base circuit. The coil L1 is used as a feedback loop.

Working:
When the battery is switched on, the resonant circuit L2C sets up an alteernating current
of frequency

1
= e

This current flowing round the coil L> produces an alternating magnetic field of
frequency f along the length of the nickel rod. The rod starts vibrating due to magnetogtriction
effect. The vibrations of the rod create ultrasonic waves.

The longitudinal expansion and construction of the rod produces an e.m.f. in the coil L.
This em.f. is applied to the base of the transistor. Hence the amplitude of high frequency
oscillations in coil L2 is increased due to positive feedback.
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The developed alternating current frequency can be tuned with the natural frequency of
the rod by adjusting the capacitor. The resonance condition is indicated by the rise in the
collector current shown in the milliammeter.

Advantages

1. Frequencies ranging from afew hundred Hz to about 3000 KHz can be produced with
this arrangement.

2. The production cost is low.

3. Thedesign of the oscillator is simple

Disadvantages

1. Due to the presence of magnetic field, there will be loss of energy because of hysteresis
and eddy current

2. Temperature also affects the frequency of oscillations

3. It cannot generate ultrasonic frequency of above 3000 KHz

ULTRASONICS - APPLICATIONS

(i) Detection of flawsin metals

Ultrasonic waves can be used to detect flaws in metals. We know that flaw in a metal
produces a change in the medium due to which reflection of ultrasonic waves takes place.
Hence, when ultrasonic waves pass through a metal having some hole or crack inside it, an
appreciate reflection occurs. The reflection also takes place at the back surface of the metal.
The reflected pulses are picked up a receiver and are suitably amplified. These pulses are
now applied to one set of plates of cathode ray oscilloscope (CRO). The transmitted and the
reflected signal from the flaw and back surface of the metal produce a peak each. The

position of the second peak on the time base of oscillograph will give distance of flaw.

¢ A= Tucldaut Pulsc
: A - Pulse Frmrn Blaw
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SONAR — SOUND NAVIGATION AND RANGING

It is possible to determine the presence of submerged submarines or an enemy aircraft by
a system known as SONAR. In this system, a sharp ultrasonic beam is directed in various
directions into the sea. These are picked up on their return after reflection. The reflection of
waves from any directions shows the presence of some reflecting body in the sea. The time
interval between the generation of ultrasonic waves and their return after reflection gives the idea
of the distance of the body. The change in frequency of the echo signal due to Doppler effect
helps to determine the velocity of the moving body and its direction.

DETERMINATION OF DEPTH OF SEA

We know that ultrasonic waves are highly energetic and show a little diffraction effect.
Thus they can be used for finding the depth of the sea. The time interval between the transmitted
and reflected wave from the sea is recorded by receiving transducer. Asthe velocity of the wave
is known, the depth of the sea can be estimated.

Y

Depthof thesea = —
® 2

Applications of ultrasonicsin medicine

e Destruction of lower life: Animals like rats, frogs, fishes, etc., can be killed or injured by
high intensity ultrasonic waves.

e Treatment of neuralgic: The body parts affected due to neuralgic or rheumatic pains on
being exposed to ultrasonic gel get relief from pain.

e Detection of abnormal growth: Abnormal growth in the brain, certain tumours which cannot
be detected by X- ray can be detected by ultrasonic waves.

INDUSTRIAL APPLICATIONS
Ultrasonic soldering

Ultrasonic solders are used for soldering aluminium coil capacitors, aluminium wires and
plates without using any fluxes.

An ultrasonic soldering device consists of an ultrasonic generator having atip fixed at its
end. The tip is heated by an electrical heating element. The tip of the device melts solder on the
aluminium. The ultrasonic vibrator removes the aluminium oxide layer. The solder thus gets
fastened to the clear metal without any difficulty.

Ultrasonic welding

The properties of some metals change on heating. Therefore, they cannot be welded by
electric or gas welding. In such cases, the metal sheets are welded together at room temperature

using ultrasonic waves.
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Ultrasonic drilling and cutting

Ultrasonics are used for making holes in very hard materials such as glass, diamond,
gems and ceramics.

Chemical applications

These are used to form stable emulsions of even immiscible liquids like water and oil or
water and mercury.

They are used to liquefy gels like aluminium hydroxide in the same way as they are
liquefied by shaking.

They are used to coagulate fine solid or liquid particlesin agas.

Ultrasonics act like catalytic agent and accelerate chemical reactions. They are also
accelerate crystallization.

ACOUSTICS OF BUILDINGS

The branch of physics which deals with the design and construction of buildings with
good acoustics is known as Acoustics of buildings.

The following are the essential features about the good acoustic.

1. Each syllable of speech or song should be heard sufficiently loudly in every part of the
hall.

2. The quality of sound must remain unaltered.

3. The successive sounds of speech must remain distinct and must be free from one another
and from extraneous noise.

4. Echoes, except those required to maintain the necessary continuity, must be eliminated.

5. Undesirable concentration of sound at one place and regions of poor audibility must be
avoided.

6. All the extraneous noises must be shut out as far as possible.

7. Thereverberation should be quite proper i.e. neither too large nor too small.

REVERBERATION
When a sound is produced in a building it lasts too long after its production.

It reaches the listener a number of times.The listener received the direct sound from the
source and also the reflected sound. Hence the intensity of sound decreases continuously. After
sometime, the intensity of sound decreases below the audible limit and then the sound
disappears. Thisis called reverberation.

The reverberation time is defined as the time taken for the sound to fall below the minimum
audibility measured from the instant when the source stopped sounding.
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SABINE’S FORMULA
The derivation of Sabine’s formula is based on the following assumptions:

1. There is a uniform distribution of sound energy inside the room. Let o be the average

energy per unit volume.
“ Ecosp ;

2. There is no loss of energy in the auditorium. There is loss of energy only due to
absorption of the material of the walls and ceilings and also due to escape through the
windows. These two are included in absorption of energy.

L et the source be produce sound continuously and it is propagated in all directions. Let o be the
energy in unit volume.

d¢

41

The energy contained in asolid angle d¢ is= ¢

This energy incident at the angle 6 on a unit surface area. Let v be the velocity of sound.
Therefore, the total energy incident on a unit surface area of the wall

_odo
= (cosO).v

Thetota energy falling per second within a hemisphere
= %f cos 6.d¢

But ¢ = 2n(1— cosh)

s d¢ = 2m sinf do

Total energy = U—vfn/z 21 siné cosf do

41 Y0

= %vfon/z 2 sinf cosB db
= %vfon/z sin26 do
= = ( since fon/z sin26 df = 1)
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If a isthe absorption coefficient, then the amount of energy absorbed per second per unit
aea=q. %

If A isthe area of the walls and other absorbing materials, then the energy absorbed per
second = A. a.%

If V isthe volume of the auditorium, the total energy = V.o

The rate of increase of energy

=S W.0)=v.2Z (1)

If Q isthe energy supplied by the source per second, then the rate of increase of energy,
Q-4 a.%’ (2)

Equating egn. (1) and (2)

da_ _ ov
V—-=Q-Aa=; (3)
Let Aa.-=k
do
From egn. (3) V'EZ Q—-ko
do _ Q k
w=t-()e (4)

The solution of the egn. (4) will be

0= e 1o (= (5)) ®

Equation (5) givestherise of average sound energy per second from the time the sound is
produced.

Maximum value of average energy per unit volume,

4Q
Aav

Umax -

The decay of the average energy per unit volume,

= e (= (5) )] )

(©) 0 =0max [exp (~ (57) 1)) ®)
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Theterm % gives the reverberation time in the auditorium

If o, isthe minimum audible intensity after atime t;, then from equation (8),

% = 0 [exp (= (7)) ©
From equation (9), Omax = 0o/ [exp (_ (%) tl)]
(o1 mmes = exp () &1
Taking logarithms
. (52) < () o

Here the values of a and o, varies with the frequency of sound.

To calculate reverberation time, a standard steady intensity is required.

Sabine took the value of Z22x as 10,

0o

From equation (10) log,(10°) = (Aﬂ) .ty

4V

2.303x 6 = (Aav) t
303x6 =) ta

The velocity of sound = 350 nvVs

Aax350>
1

2303 x 6 = (
x 4V

o 2.303x24V
1™ 350 x Aa

0.158V
b= Aa

0.158V
In general t, =
YAa

(11)
Equation (11) gives the Sabine’s reverberation formula.
The reverberation time is

e Directly proportional to the volume of the auditorium
e Inversely proportional to the area of the walls etc.,
e Inversely proportional to the total absorption.

Mrs. D. S. Vasanthi, Dept. of Physics



DETERMINATION OF ABSORPTION COEFFICIENT
A source of frequency 512 Hz is taken.
The time of reverberation in a hall is determined using a chronograph,

() Without the absorbing materialsin the hall  and
(i)  With the absorbing materials in the hall.

Let these two times be t1 and t2 respectively.

According to Sabine’s formula,

, 0158V

17 say A,

and t2 — 0.158 V
Za1A1+a2A2

Here a, isthe absorption coefficient of the material of area A,.

1 ZayA,
" t; 0158V
1 (Qady) + az4,
t, 0.158V
1 1 a4,

t, t; 0.158V

_ 0158V [t1 - tz]
“2 = A, t1t;

From this equation, knowing the values of t,, t,, A, and V the value of a, can be calculated.

ECHOESAND ECHO EFFECT

Echoes result from sound getting reflected at walls. Echoes are particularly trouble some
in large halls. They can be removed almost entirely by making the surface of the walls rough and
by inclining the walls outward.The stair cases are covered with carpets to avoid reflection of
sound. However, afaint echoes are necessary for the enhancement of musical effects.

FACTORSAFFECTING ACOUSTICS OF BUILDINGS

The most important factor that affects the acoustics of building is the reverberation time.
Moreover the other factorsthat affects are loudness, focusing, extraneous noise, resonance €etc.,

In an auditorium, electrically amplified loud speakers are used. Due to this, the intensity
of sound is focused at a particular direction. Hence there will be no uniform distribution of
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intensity of sound throughout the auditorium. Moreover the cylindrical or spherical surfaces on
the wall give rise to undesirable focusing.

The sound waves are reflected in the steps of the stair. Each step reflect the sound wave
in different time. Due to this undesired echoes are produced.

The extraneous noises like the sound received from outside the room and the sound produced by
fans etc., are unnecessary noises. The acoustics of building are also affected by resonance.

An auditorium is said to be good acoustics if the above unnecessary factors are reduced.

Question Bank
2 marks
State three laws of transverse vibrations.

Distinguish between music and noise.
What is mean by intensity of sound?
Define decibel.
What is phon?
What is bel?
Wheat are ultrasonic waves?
What are infrasonic waves?
Name any two methods to produce ultrasonic waves.
. What is magnetogtriction effect?
. List the advantages of magnetostriction method of ultrasonic production.
. Define piezoelectric effect.
. Write the advantages of piezo electric method of ultrasonic production.
. List the properties of ultrasonics waves.
. What is acoustics of buildings?
. What is meant by reverberation?
. Define Reverberation time.
. Define absorption coefficient.
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5 and 10 marks

How do you verify the laws of transverse vibrations by sonometer? Explain.

Describe Melde’s experiment for transverse and longitudinal vibrations.

How will you detect flow in metals using ultrasonics? Explain it.

Explain Sound Navigation and Ranging.

Write a note on the following related to ultrasonic (i) Depth of sea (if) Medical
application.

Give the properties and application of ultrasonics.

What are the requisites for good a acoustics.

Explain the factors affecting the acoustics of buildings.

With aneat diagram, explain magnetostriction method of producing ultrasonics.

10 What is piezoelectric effect? Describe piezoelectric method of production of ultrasonics.
11. What are ultrasonic waves? How arethey detected? Give some of their applications.
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