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Chapter 4 [Work and F‘""'"'G_\‘]

Acceleranon due to graviny (g) =98 mo s (sime
W=mg m=W,g=9SN /98m " = 104y)
To find: Foctional force (N
Concept:
This problem involves the work-energy
theorem in a resistive medium. The imtial
potential energy 1s converted into kinetic
energy and work done agamst fnichon
Laoss in Motential Energy = Gan i Aimetic
Energy + Work done against fnchon
Formulas
P = mgh
KEoews ™ "1miViuust®
Work done aganst tnction = f « h (sne fnction
acts over the height ot tall)
Calculations:
Calculate the mass (m)
m=W, g=98N 98m/s*=10kg
Set up the emergy halance equation
PE~e. =KE_hinal = (f* W)
mgh = Lamy _tmal” fh
Substitute the values
(0 Ag)@Sm/ )10 m) = 310 Kg)(12 m/s) =
(10 m)
X0 ] =S hg * 1H m/ s+ 1M
e30]=720) = 10f
10f=980]- 7201
101 = 260 ]
f=200]/10m=2oN
Theretore, the fnchional force acting on the

obpect1s 20 N.
i5 A 75 watt fan is used for 8 hours daily for 30
days Find:
U] energy consumed in electncal units
(m electniaty bl o'f anf one umit cost
1s Re 2257

Given
Powerol fan=p=73W =0075 kW
Timetousemadav=8h
o of dave =130
- Totaltime =t=8~"0=240h
To Find
Energy consumed =7
Blectnical il =?
Costforoneunit = Rs 225

Solution:
i Energy consumed = p x t = 0075 x 240 = 18
kWh
1 Electrical ull = energy consumed = cost for one
urut = 18 » 225 = Rs 403
4.6 If an object of mass 2 kg is thrown up from

ground reaches a height of 5m and falls
back to the Earth (neglecting air resistance),
calculate:

1) Work done by gravity when objeqt
reaches at 3m height.

(1) Work done by gravity when h,
object comes back Lo the Earth,

[iii! Total work done b'_i‘ (:T-‘l\it) in
upward and downward motign,
Also mention physical significance
of the result.

Given
Mass of obsect =m = 2 kg
Height reached by obpext =h = 5m
Solution:
(i) Work done for the height S m = W;= 2
W,=-mgh ==2x98x5=.03)
(i) Weork done for downward mobion = W.= >

W:= mgh = 2x98~5= 0§]

(ii1) Total work done =W =W, + W. = .03 « a3
=01

Physical Significance of the Result:

The physical sigmibicance of the total work done by

gravity being zero in a closed path (object goes up and

comes back down to the starting point) 1s that graviry

s a conservative toroe For any conservative lorce, the

net work done over a closed loop 1s always zero. This

implies that no mechanical energy is lost or gained

from the system due to the action of gravity over a

complete cycle

47 An electrical motor of one horse power is
used to run a water pump. Water pump
takes 15 minutes to fill a tank of 400 liters
at a height of 10m. Find:

(a) Actual work done by electric motor to full the
tank

(b) Actual output work done

Given
Power of motor =P =1 hp = 746 watt
Timetaken=t=15min =15~ 60 =900s
Volume of water = 400 htre=400 x 10" m*
Mass of water = Densily x volume

= 1000 x 400 x 10- = 400 kg
Heght=h=10m

(a) Work done by electric motor = W=7

We=Pxt=T746=000=671400)
(b) work done on water = W =
mgh= 300 x 9.8 > 10 = 239200 ]

Percentage efficiency = n = ~ 100

39200 100~ 584%
671400
(Note: The efficiency of the pump can be
calculated as Output Work / Input Work =392
K] / 671 4 k] =5.84%. indicating that a signiticant
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amount of input energy s lost. Likely as beat due
to inefficiencies in the motor and pump )

48 A passenger just arrived at the airport and
dragging his suitcase to luggage checks in
desk. He pulls strap with a force of 200 N at
an angle of 45°to the floor to displace it
spmtothedesk.Determine the wvalue of
work done by him on the suitcase.

Given
Pulling force = F = 200 N
Angle =0 =45
Displacement=d =30 m

To Find
Workdone=W="?

Solution:

W=FdCos0
W = (200)(30) Cos 45¢
W=7071]=7Kk]

49 A 1200 kg car is running al a speed of 40 km
hl. How much power will be expended by it
to accelerate at 2 m 537

Given:

Mass of car (m) = 1200 kg

Speed (v) = 40 km h ' (This 15 the instantaneous
speed at which power 5 bewng expended for
acceleration)

Acceleration (a) =2 m s

To find: Power expended (P)

Concepl:

Power can be defined as the product of force and
veloaity (P = F - v). To accelerate the car, a net
force 15 required.

Formulas: -

Force (F) = ma (Newton's Second Law)
Power (P) = Fv

Calculations:

Convert speed to m/s:
v=40km h'' =40 x (1000 m / 3600 s) = 40 =
5/18)m/s=11.11m/s

Calculate the force required for acceleration:
F=ma=1200kg *2m/s*=2400 N

Calculate the power expended: .

P=Fv=2400N = 11.11m/s

P=26064 W

Convert power to kilowatts (kW):

P = (26664 /1000) kW = 26 60 KW

Therefore, the power expended by the car to accelerate

3t 2 m s while moving at 40 km h ™ 1s approximately

2667 kW

410. A 200 g apple is lifted to 10 m and then
dropped. What is its velocity when it hits the
ground? Assume that 75% of work done in

. lifting the apple is transferred to K.E by the
time it hits the ground.

Given
Massof apple=m=200g =02 kg
Height =10m
K E =75 % of Work done
To Find
ve?
Solution:
Wemgh=02«98=10=196]
As KE = 73% W
%m\--‘-;_’-t‘.\
; -I'-"’s
3(02)11";;'!96
vi=  22x075#196=147

v= 121 ms!

cIREEAC®R
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CHAPTER

SOLIDS AND FLUID
DYNAMICS

S TUDENT LEAR\I\C OBJECTIVES

- - - - - e e e e a

' T After studying “this d'up'lw the students will be able to:

tpunh between the structures of crystalline, amerphous. and pelymenc sohds
w that deformaton of solids 1n ene dimension | That it 15 caused by a force and that in one dimension
rmation can be temsile of compressne |
J use the terms stress, strain and the Young's modulus
Describa an expeniment to determine the Young's modulus of a metal wire
o 1w 4 use the terms elsstic deformation, plastic deformation and elastic limit
why and apply the fact that the arca under the force-extemsion graph represents the work done
rrvinee the clastic potental encrgy of a materal [That is deformed withuin its limit of proportionality trom
srva under the force-extension graph Also stete and use E.= —fex? for a matenal deformed within s lingy
i proportion .] 3
tate and s Archimedes’ principle and flotation
v how ships are engineered to float in the sea
and apply the terms steady (streamline or laminar) flow, incompressible flow and non - viscous ﬁoh
prleed 1o the moton of an sdeal Muid
stad wse egquation of continuity Lo solve problems
«plamn that squeezing the end of a rubber pipe results in increase in flow veloaty
Justily that the equation of continuity 1s a form of the principle of conservation of mass
Justfy thet the pressure difference can anse from different rates of flow of a fluid |Bernoulh effect] Explain
pply Bernoulli's equation for horzontal and vertical fluid flow
1 y real fluds are viscous fluids
woribe how viscous forces in a fluid cause a retarding force on an object moving through it

Lrsenibe superfludity |As the state 10 which a liquid will expenence zero viscosity Students should know
ations of this state e g this allows for super fluids to creep over the walls of containers to ‘empty’
themacdves It also implies that if you str a superfluid, the vortices will keep spinning indefinitely |

Analyze the real-world applications of the Bgrmoulls effect [For example, atomizers in perfume bottles, the
swanging trapctory of a spinming cnicket ball and the hift of a spinning golfball (the Magnus effect), the use of
Verture ducts in hiter pumps and car engincers 10 adjust the fMlow of fluid, etc.

T T S ———————————————————— e p———————
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_
MATTER:
[ very thing. wihich has, mass and occupies space. e callod mattes
O
Aatter 1s compact o o energy
[ypes of Matter:
Aatler s Classihied st tollossv g Tour P b Cumme 3y i avema
i Saolnd SLENL . “
1 Iaqquad i
" Caatn ——— i
I Plasmua (a pas hoving ionecd atoms) vatem o
SOLID it
colid 15 one of the tour tundamental states of matter The moleoule s ma I
;\ll.! are closely packed together and contam the least amount of kit WU Jlie
CITRY Sysiem Sy¥iom systam
SOLID STATE PHYSICS i ‘
The branch of physics concerned with the study of structure and properties
eg mecharucal, electrical, magnetic efc ) of solids 1s known as solid stab :

Ph\"-lt'k

5.1 CLASSIFICATION OF SOLIDS c

Ans]

Using X-ray technique, the order of arrangement of atoms (nsolids can e studicd. O the Basis of aorangzement
of atoms, 10ns and molecules, solids are classified into three categornies

Crystalline Solids l f\n'llilllhnl.ls Soluds I Polymer Soluls
Definilion
Solids in which atoms irons are | The solids m o whch there s no | A polymcne solisd s a material
molecules all arrays in a regular | regudar arcangement of molecules | made  of - Jongahain - molecules
and repeating pattern that s | lihe that i orvstalline soils are | (Polymers) whioh s tormed by

constant lhnlu;‘.hmlt the crystal | called -ll'lhllpIh‘Ll\ solid | repeating smallor winits (mamomw es)
there is Uus ordered structure in [ amorphous  are  also called [ joined by covalent bonds  Thes
crvstalline solids veloaty solids sulids can bw amorphons

(disordered)  or  semi-crystalline
{partially ordered)

Other names
Crystalline solids are called true | amorphous solids are also called | polymernic solids are alse callod

solids plasses solids are non-orystallne | intermediate solids gl partially
solids or poorly crvstallioe soluds

Examples
Metals like cu, Fe, Zn and some [ Ordinary glass is an amorphous | Polvihene, polystsrone nylon and
mmpnund like sodium chlonde | sohd natural  rubbser (6, M, ), siin
and ceramics like airconia are solids  comtian carbon with
crystalline solids 0, N, H, vl
Diagram

g 2

N %P Q9 2,
B
i 29833%
o et
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Crystalone widids have sharp or | On heating glass gradually seften Pelymene  solids do e have
Lerliwnite posabtinig, proand ik A st like state before th.up e Ihn;. |u-|r||
b cstrinig, a viseose liguul at BEK
Amorphous solidds do not have
a]ul"! e lling prviint

Advanlages

When crystallie solids ruls with
o shuarpse bpeed tunil, ”-"f ipll‘ bty
twar  pieces  arel  the  newly

sinemith ared shinvy

gerwiatod  surfaces  are  plain,

Amorphous solids are generally

thian their crystalline counterparts
[hery are ines pensive o produce

e solulde and faster dissolving

These materials have rather Yeowe
specilic gravity campared vyl
even the lightest of metals yet
eehibat good strength 1o wicight
ratics Thear properties, like
fleeibility antd strempily, are
determined by factors such as chain
lengih and intermolecular forces

UNITCRLL . S ——
A erystalline solid comsists of threedimensicnal patterns that repeat it over and E‘»_'L el e ilinn
¥ m—ts

erver agmn This sinallest thiree dimensional basic

etenctuare i called urit rell

CHYSTALLATTICE:

(e whale structure abtaned by the repetition of

vt codl vs Enerwen as rff’\ltl Jattiear
¢

A crystalline eolid consists of three dimensional

What is crystal lattice, Feplain its significance?

—

' Far your intormation ] Sm'”m'm.‘

terns of woit coll that repeat it over and over

r;):umplt

Pl prattern of Nat | prartic fos huss o cube \Imln- I is cubse ¢ f){'.!dl, all the sides meet

at gt angles

®
® ®

Paris of 8 PVC meiacule

*Lattica
peonnt
MNaCl crystal lathice

MULTIPLE CHOICE QUESTIONS

(a) € rystalline

Anvsseer () Amrplivns

—-.-—-—.-—-_.

Fovoh batbic o guvinits

fayCluans

i,
I

Avvawer (o) Peslythene
( Fepelannation: Polythemn: s

Faplanation Tnery stalling sehids, particlos

(hay “sockiviens € bileariele

J.ralli wle matenial formed fram Lo

— - ——— - - —————_ —— - — — - —— ——
Which type of solid has a disardered arrangement of molecules and softens gradually upon hullng’
(b Amorphaus

Which of the follawing Is an vcample of a polymerie solid?
(o) Polythene

(r) Polymeric

{d) Metally

] -i-lanallhrl At phenis selidds, like glass, lack a n pular molecular structure and do net have a '-Ilﬂlfj‘ melting,
[ et scillvrnn ¥ Ve o range of 1o mpe ralupes
. Vhe stoams, molecules, ar jons in a crystalline solid primarily vibrate about:
() Pandem positions (b) Moving positions () D reed equilibtium pesitions (d) Free paths
.:'\l-\w- ot ) Poeo D erpualibinim periticns

are artanged ina egular, ordered pattern and vibrate around specific,

{d) Diamaond

iy -‘1- 1 ..[ sumple rnuh , ul- .. h-urarln I'|-TI( l'-f

-—-_—--_-._.-.—-—-’—

Chiaring lon

- —
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wlymetic selids
: © What is a key difference in the melting behavior between crystalline and amorphous solids?
{a) Crystalline solids melt at higher temperatures
(b) Amorphous sohds mell at higher temperatures
() Crystalline solids have a definite melting point
() Amorphous solids have a definite melting point
¢ Answer: () Crystalline solids bave a definite melting preant

- — i —— — i —— ——— — - ————— i — - — - — - — - —

——— —

v melting point, unlike amorphous solids which soften pradually

(a) Optical Microscopy (b) X-ray Diffraction (XRD)
(¢) Electron Spin Resonance (ESR) (d) Nuclear Magnetic Resonance (NMR)
' Answeer: (b) X-ray Diffraction (XRD)
fxpldn-ltmn' XRD is a primary lechmique for determining the atomic and molecular structure of crystals, based on
Lt llu d:l‘fr.lruu_palu-rn Lmlurt-d by X-us interacting wi |th l!w [ rzzt«l Iattlc('

1
L]

L]

i

'

| Explanation: The ordered structure of crystalline solids breaks abruptly at a specific temperature, defining a sharp |
]

| Which technique is commonly used to study the arrangement of aloms in crystalline solids? |
' '
'

L]

4

; SLO BASED SHORT QUESTIONS & ANSWERS

How do cohesive forces contribule to the properties of crystalline solids? 1

! Ans:  Cohesive forces maintain the strict long-range order in crystalline solids despite atomic vibrations, gwving, |
them a defined structure |

. Why are amorphous solids sometimes called "gladsy solids"? i
Ans:  They are called "glassy solids” because their disordered structure 1s essentially "frozen in® like a highly "
viscous liquid at ordinary temperatures |
What are plastics and synthetic rubbers classified as, and why? '
They are classified as polymenic solids because they are formed by polymernization reactions into long |
L]

|

'

|

'

|

=
2
"

chain or three-dimensional massive molecules
Can atoms in a crystalline solid be considered completely stalic? Explain.

No, atoms in a crystalline solid vibrate about fixed points, with the amplitude increasing with
temperature; it 1s their average posibions that are ordered

Give an example of a naturally occurring polymer.

Natural rubbet is an example of a naturally occurring olymer._

= .
2
n

1>
12

— e ——— — i — = — = —

‘or Your Information
Q: How can the arrangement of melecules, atoms, or ions within all types of crystalline solids be studicd?
Ans:  The arrangement can be studied using vanous techniques such as X-ray Diffraction (XRD) and
Transmission Electron Microscopy (TEM)
Q What are "glassy solids® also called and what is their characteristic regarding melting point?
Ans:  Amorphous solids are also called glassy solids. This type of solid has no definite melting point

“DEFORMATION

.’ What is deformation? Discuss its types with examples.

ned

DEFINITION OF DEFORMATION:

If an external force applied on an object, it produces change in in length, volume or shape of a body. then this
force is called deformation.

TYPES OF DEFORMATION

There are three types of deformation

1 Linear Deformation
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¥ 4 Volume Delormation F i 3 " ﬁ

3 Shear Deformanon - . _

L Linear Deformation ) b, B
Lincar deformahons the change m longth, when o body s e e
subyected to some external force e i
Ixample: Stretching of a rubber . 1.\ v tegly

i Volume Deformation: :

Volume deformation s the change 1 volume, shen a body |y, ¢ et e g
15 stibyex ted o some external torce :‘..s{f iy :;«- bt i
Frample: Compression of undergronnd rcks and fossils ‘-:_:f v ‘arce F ooy e .

3 Shear deformation: USSR Sepectse Y ey
whear delormation s the change in shars whon o boady s o o ” L -
subpxted to some external foree -
Example: Deformation of sole of shoe while jogmng, .

MU LTIPLE CHOICE QUESTIONS
;- The change in sh.lpe Imglh or \ulumo: of a body due to an external force 1s called: SRSy
i (a) Flastoaty (b) Stress (c) Stramn (d) Detormation I
Answer: [J) Deformation '
1 Explanation: Detormation is the general term for any change in the physical dimensions or shape of a bods !
| A material's abllity to return to its original shape after the removal of an external force is known as: |
(@) Plashcaty (b) Hardness (c) Elasticnty (d) Brittleness .

| Answer: (¢) Flashcity I

+ Explanation: Flasticity s the property that allows a bady to regain its orginal dimensions after the detorming i

| force 1s removed, provided the elastic limit s not exceeded |

t Whal causes distortion in solid bodies al an atomic level when subjected to an external force? 1

l (a) lncrease in temperature |

¢ {b) Displacement of atoms from equilibnium positions :

I (¢) Breabing of atormic bonds |

i (d) Change in material density i

, Answer: (b) Displacement of atoms from equilibrinm positons :

Explanation: External torces cause atoms tn crystalline solids to be displaced from their stable equiibrium |

s positions, leading to distortion '

| If a rubber ball does not return to its original shape after being squeezed, it has undergone: |

(a) Elastic deformation  (b) ldeal deformation (¢) Plastic deformation {d) No deformation |

| Answer (c) Plastic deformation |

 Explaration: If a body Jdoes not regain its onginal shape after the force 1s removed, it means it has undergone i

| permanent, or plastic. deformation |

‘e Which of the following Is necessary to produce deformalion in a body? )

I (a) Internal cohesive forces (b) Thermal expansion (c) External force (d) Atmospheric pressure |

! Answer: (<) External force ;

'I Explanation. Deformation is directly caused by the application of an external force that alters the body's shape, .
D N s it s s 4 o

SLO BASED SHORT QUESTIONS & ANSWERS

. What is the condition under which a hnd} rtg.lms : its ung‘lnal sh.‘lpe Tafter an external force is
removed?

- How do inter-atomic cohesive forces relate to a material's resistance to deformation?
ns: Inter-atomi cohesive forces hold atoms m their i_-imhl“r:mu‘m-&lhnnﬁ. and their strength determines

l\

' '
| |
L] _ ]
I Ans:  [he external applied force must not have been too great, 1 e, within the elastic linut of the matenal. |
L L]
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e _l:{\-h\—l'ﬂt_h'_ll ssternal force 1s needed to cause distortion S
Y Give a common ¢xample of elastic deformation from daily life

! Ans:  Stretching a rubber band and releasing it or squeezing a rubber ball and letung 1t o

|e What is implicd when a body is said to be in a “state of stress™ due 1o an external force?

' Ans:  Itimplies thatinternal restoning forces are generated wathun the body to counteract the cxtornag! '
I force and resist deformation, J |
i . If 2 solid body is deformed, what happens to the atoms holding it together? ]
, Ans:  The atoms are displaced from their equilibrium posinons, leading to a change 1n the beauy '« '
| __ shapeorsiee _ ____ ]

5.3 STRESS STRAIN AND YOUNG'S MODULUS:

What is Stress? Discuss its types,
What is Strain? Discuss ils types.
What is Young's Modulus? Discuss its types.

STRESS:
Force per unit area that can pmduce a deformation in the body is called stress
Symbol:
It is represented by a symbole
Formula
Mathematically, stress is given by,

_ Force

Area

Unik
The unit of stress is Nm™% which is also called Pascal.
Types of stress:
i Linear Stress:

Force per unit area that produce change in the length of a body is called linear stress
Tensile stress: If the linear stress increases the length of a body, it is called tensile stress
Compressive stress:If the linear stress decreases Ihe length of a body, it is called compressive striss

Formula:
_ Force
: "~ Area
ii. Volume Stress:
Force per unil area that produce change in the volume of a body 1s called volume stress
Formula:
_ Force
 Areca
iii. Shear Stress:
Force per unit area that produce change in the shape of a body is callcd shear stress
Formula:
_ Force
Area :
STRAIN:

Measure of deformation when stress is applied is called strain
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1bs vegrresentad by aypmbale ‘_,
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Foanila
Mt imatis ally, shress ba glven by,
g in longih

ek e
il Doty

Uain
Strainy b e patie Db B s qpuiniitities, so i s e anit
Fypon ol slealn
i 1inwar styabm
Poavi tiomal chvange b el ol o bty ba calledd linear strain
. Fonsile steaing
o M the steess increanes the leagth of o body, the seain produced i called tensile
Wrain
. Compressive steabm
I the stress decreases the Jength ol s body, e straln bs called compressive
atraln
Toemila

Shrakner -

" Valume Stealin
Ve tiomal e b volioe of @ body is called velume strain

Veluime Strali=e =

1 Shear Sleain Young's
Steatn precsbicod due i sliear stress ba callod shoar strain Materlal | Modulus | Modulus
An ; JU'Nm? | 10N m?
ahwat shialn = o= p tant) Aluminiit 7 7
Bome | 15 .
The raties ol shress to steabn bs callod snodibus of elasticity or elastie Brasa | Y1 Ol
sl _('.'ulm rete 2%
Formnila _Copper | 110 140
Muotulus of elasticity fs pgiven by, Diamond| 1120 M0
. L. Glawn o i
Srain "-_.|.“.”_ L 14 i
Load | 15 7.7
by Mercury | 0 77
Pl it o amodutos of elasticilty N or Pascal " Bieel - 1060
S —— Tungsten| W0 200
I depends g following lactons: e - 73
) Nature of tnaterial
(1 Fetnpratig

Physical Meanlng
Numerical value of modulus of elasticlty gives an idoa about howe mueh
eigiil o body will b
Fsample
. Fouabbser s Bess value of modulus of elasticity
Fhat ds swhy it ds not very elgid (less elostic)

‘Fable 5.1; Plastle constants foe some
e 4
Bulk fihoar

Muodulus
0N m
0
)
,y' “:

-I_I_u_:mm inluemation .

Peigh LI anenad allar the 10y

cartiry Iirtish Hoontist

Thairas

‘enanie), Wi casneanpl winn divenlagaod
I AP2T b Lo [ ullar

m Fhysis B ubgeative, Chjeative ansd § one e prual Quavstions) o

Cotpw ) homa prwige waliaw ool pricsfulus oo olasticity

L]
1 hiah b by 10 as wevy

Fypes ool *nedialis of D lasiia iy
i Femng's Muddulus 07}
Thet paties ool Dirwar stress (ensile or compressiue) b lnsar strain flensile of o crnpmesaive ) i called

gl G odastie

Femanig's mwalilus

Jonmiila
- Linw ar strvas N VA
hrwoar strsin— ALSL
. Vel
fenl,
Jalshera s

fomng's treadilus eeistn enly for selids
. Vol Modulus (K]

Thue vities o v shross bes volume strain bs called Bulk modulus

Furmula
_ volume stress /A
velume strain. AV )Y
_ b=V
M

Faistenee:
Ptk nodulus eeists for solid, Heguid s gases
I Shear Muodulus (€,)
1hae vaviis oof whurar etross b shwar strain is called shvar podulus

Vormula:
¢ shiear strosy I/n
i ; o s d
shear strain Aa/a
/A
=
tant
Frlslenee:

Shwar modulus ezists only for solids

MULTIPLE CHOICE QUESTIONS

Ve T T Il SLanit of stress bs equivalent ez T TTEEsTm =
| {a) Jrouabe (b) Mewton per meter {c) Iascal () Want

P Answeer: () [Pancal

I Faplanation: “ress i force per umit area (7o), swliie i s defined as Pascal (11a)

‘e Which type of straln is dimensionless?

! fa) Tensile strain (b Volumetnie stram () Shwear strain () All of the absove

| Arswers () Al ok the abwrve

1 Beplanation: “aean ps defined as a ratis of teo lengths (or valuimes), mak ing It a dimensionless guantity
|« I a furce bn applied 1o a body that changes its volume, the resulting stress is called:

A () Tewile shross (b) “Whaear stpess (t) Volume stress
! Answer: (o) Valunie stross

Frplanation. Volute steess, or bulk stress, specifically rofers to stress that causes a change in the volume of &

g beely

L S

(d) Compressive stross

Young's Modulus is a measure of a material's:
Ll Gl i b oy g gdg

— ——————— — —— ——— —

|
"
J
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: (@) Duisctiliny (M) Brattheness () Stittowess (1) Malleabahity R 1
Answer (V) Stltness L]
o Explanation: Yeung's Modulys quanbihies 3 material's resistance o elastic deformation under wnstle o |
l vaenpressiv e stress, whichy s o geasure of 1 stitiness '
‘e When shear stress is applicd to a tigid body, what type of deformation is primarily observed? I‘
| () Change in length (B Change i volume (€) Change i shape (d) Change in density |
'
Answer (O Change i shape ]
p Explanation: Shear stress causes one part of the boady to shide relative to another, resulting i a « hange 1 the |
L sty s overall shape. without pecossanly changing s lenyith or voluime sig t
witctent e geadinig skebbpibietpbibipii-fen-spor dlripd, b - Socighihii .} e it 0 1

SLO BASED SHORT QUESTIONS & ANSWERS

i- \\'h\dol.‘\'\!:aulh.!\\'ﬂulll’lll'h‘---—___ﬂ-—_-___-—-_ _____ T Ty

Ans Stram s a rabo of tao quantities of the same dimension (e g length/ length or valume /s olume), so the |

| wmits cancel vut. making it dimensionless r

. Distinguish between tensile stress and compressive stress, !

| Ans Pemsile stross temds 1o steeteh o dlongate a body, while compressive stiess tends 1o shorlen or compress |
L] it i
le What is the significance of the tangent of the angle 0 in the context of shear strain? |
i AnsIn shear straun tan 1 epresents the ratio of the lateral displacement (Ax) to the distance between the !
i sheaning surfaces (v), directly detuning the shear strain E
1* How does the Young's modulus of a material relate to its ability to deform? |
vAnss A\ lgher Young's medulus imdicates that the matenal is stitter and requires a larger stress 1o produce 44
| gnen amount of stran (deformanon) '|
L Can a material have tensile stress without experiencing lensile strain? Fxplain. '
| Ans: Neoacconding to the detiibon stress s apphed 1o produce any dhange in shape. volume, or length 1 al
: tensihe stress s apphicd. a corresponding tensile stram must ocaur, evenaf very small ;

DETERMINATION OF YOUNG'S MODULUS OFAWIRE = §

How can we determine young's Modulus by Searl’s method?

LAnss .

I'he magnitude of Young's modulus for a material i the form of wire can be found out
mostly with the help of Searle’s apparatus as shownin Fig

It consists of two wires, reference wire and test ware of equal lengths of same matenal
having same diameters attached to a rigid support” Both wires are connected to
honzontal bars (frames F, and F2) atthe other ends. Hang a constant weight to the hook
of honzontal bar ot reference wire and hanger on test wire so that wire remams
stretched and free from kinks,

Procedure:

The following procedure is adopted for finding Young's modulus of a wire
expenmoentally

1= Measure the mtial length L of the wire using a metre scale

2 Measure the diameter d of the wire using a screw gauge The diameter should
be measured at several different pomnts along the wire and take average

3. Adjust the spint level so that it 1s in horizontal position by turning the

micrometer Record the micrometer reading to us~ it as the reference reading
4. Load the test wire with a further waght the spint level tilts due to elongation
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of the test wire

= Adjust the micrometer screw o restore the spint level ain the horizontal
3

position Subtract the first mucromeler reading from the second micrometer
readhing to oblan the extension of the test wir L
Calculate the stross and straan by the following formula oF
. werght F mg .

Stresy = —m———— = — = — ~

Areaofwire A mri -

. Al Changeimmbength ./
Stramm= — =

[ Oreginall.ength - —
» Repeat the above steps by increasing load on test wire to obtain more values B
of stresses amd strains

s Plot the above values on stress stram graph. it should be strarght line Now determine the value of slope
Y The value of slope is equal to Young's modulus of wir

(83 A steel rod and a rubber band are subjected to the same force. Which one - —
i e ———
will be stretched more? .
& slech rod ara a rutted and ae
A rubber band will be stretched more, because its modulus of clasticity s Subocted 10 4 sameo torce Wheh
smaller than steel rod ora | be strerehee moea™

Ans:

__MULTIPLE CHOICE QUESTIONS

5 T‘-S\.'.nle's apparatus, what is lhe_p;p-n;:o? the reference wire?
; (a) To apply the primary load

i (b) Lo act as a control for temperature and sagging

| {€) 1o measure the drameter of the lest wire

] (d) To provide tension for the sparit level

| Answer: (D) To act as ac ontrol for temperature and sappIing

Explanation: The relerence sare compensates for any changes i length due to temperature Huctuations or
| SngIng of the support, ensunng that only the ¢

gation duc jo the applicd load on the test wire s measuned
I* Whal instrument is used to measure the diameter of the wire in Searle's method?
" {a) Metre scale (b) Vermer caliper (c) Screw gauge () Measurning tape
| Answer: (¢) Screw gauge
' Explanation: A screw gauge provides lugh precision for measuring small diameters, essential for accurate arca
calculations
- How is the elongation (extension) of the test wire primarily measured in Searle's apparatus?
{a) By abserving the direct change in length with a ruler
(1) Using, a spring balance attached o the wire

(¢} By adjusting a micromeler screw to restore a spirit level 1o honzontal

(«d) By measuring the mass of displaced water
Answer: (¢) By adjusting a micromeler screv Lo restore a spint level 1o horizontal
Explanation: The micrometer screw s carefully adjusted to bring the spint level back to its borizontal reference
postion, and the change i its reading gives the precise extension

- — S map =

. The stress-strain graph plotted from Searle's apparatus data should ideally be:
(a) A curve mdicating plastic deformation (b) A straight line passing through the ongin
(<) A parabolic curve (d) A horizontal line

L - = & P —— e e

! Answer: (b) A straght line passing through the ongin

ion: Withan the elastic Hmit s here Hooke's Ls L stress s directly proportional te stram, resulting
Explanation: Withan the elastic limit where Hooke's Law applies, stress s directly proportional to stram, result |
y Ma strapght e graph passig through the ongin 1

L2 — _ What does the slope of the stress-strain graph cepresent in Searle's experiment? _ _ _ _ _ J

o~

i L
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- - . - e o o
r- T,.'.'uf,-.\.f. t_-t-w-lf:\— . T;:ﬁ E:;wl-n';l_ N () Young's Modulus (d) Ultimate tensile “"'“.l:;h.' - 1

'
Answern (<) Young's Modulys '

5 t\phn.:linl‘l'. By definition. Youres modulus 1s the rabo of stress Lo strain (Stress/Strain), which (“""‘P“ﬂd\ ¢ |
3 0

l the slope of the lincar Portian of the stress-stram graph >

2 ———— —— ——— - —— —
—_—— -_— j

SLO BASED SHORT QUESTIONS & ANSWERS

<= " _‘"T‘ﬁ*-i"i“}u_m'&ﬁ.;"; Teference wire and test wire to be of the same material :n?e:];:l -I'e:gg‘h'rl
¥ Searle's apparatus? l'l 1
! Ans:  Toensure that any thermal expansion/contraction or sagging affects both wires equally, allowing |
| only the extension due to the applied load on the test wire to be measured accurately 0
R Explain how the spirit level is used to detect and measure elongation in Searle's method. |
| Ans: When the test wire elongates, the horizontal bar (frame I2) tilts, causing the spirit level to go off i
i balance Adjusting the micrometer screw to restore the spirit level to horizontal direcly measures
the elongation. |
i - Why is the diameter of the wire measured at several points and averaged? '
 Ans:  To account for any irregulanties or non-uniformity w the wire's diameter, ensuring a more accurate |
l calculation of the cross-sectional area !
1. What formula is used to calculate the stress applied to the wire in Searle’s experiment? !
| Ans: Stress= F/A=(mg)/(nrl), where m is the mass added, g 15 acceleration due to gravity, and risthe |
L
radius of the wire. '
! . What would a noo-linear stress-strain graph imply about the material being tested in Searles |
apparatus? .
! Ans: A non-lincar graph would imply that the material has exceeded its proportional limit and Hooke's !
| Law is no longer obeyed, indimﬁrg:_c:lher elastic or plastic deformation depending on the re |

For Your Information

Who developed the concept of Young's Modulus, and when?

Although it 1s named after the 19th-century British Scientist Thomas Young, the concept was developed
in 1727 by Leonhard Euler

What does the area under a force-extension graph represent?

Ans:  The area under a force-extension graph represents the work done to stretch the material. This work done
1s also equal to the clastic potential energy stored in the material.

<o

ELASTIC LIMIT AND YIELD STRENGTH:

The mechanical properties of a malerial can be determined in tensile test by
umuversal testing machine In a tensile test, a metallic wire 15 extended in a
mechanucal testing machine and a deforming force 1s applied. During the
deformation, an electric device fitted in the machine measures a specified
deformation rate and stresses generaled in the wire. A typical Force elongation
diagram or stress-strain curve is plotted for a ductile material is shown in fig,

wirain e
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From the figure, we sce that the stress is proportional to the strain up to the point A and is called proportional
limit (@5) )
Pwpgﬂional Limit (o)
1t1s dehined as;
[he maximum stress, which a matenal can suffer without losing straight line proportionality between stress
and strain
For all prnchca] purposes, the proportional limit (6;) can be regarded as identical with the elastic Limat fa.)
Hook's Law
According to Hook's law, the strainas directly proportional to stress, as obeyed in the region OA
Elastic Limit (o.):
1t is defined as “the maximum stress that a material can withstand without having a permanent change in ats
shape”
Elastic Deformation
Deformation produced which 1s temporary and the matenal can regan its onginal shape or dimension such a
emporary deformation is also known as elastic deformation
plastic Deformation
If the stress s increased beyond the elastic hmit, then deformation becomes permanent and the body does not
regain its original shape or dimension after the swess 15 removed such deformation s called plasuc
deformation. )
Plasticity:
If the stress s increased beyond the elastic mit, then deformation becomes permanent and the body does not
regain its original shape or dimension after the stress 1s removed This phenomenon s called plastiaty.
Yield Point
The point at which the material transforms from elastic to plastic 1s known as the yield poinL
Ultimate Tensile Strength (UTS):
Itis defined as;
The maximum stress that a material can withstand and can be regarded as a normal strength of the
material
Itis denoted by 6n it is represented by the point C strain-stress curve
Fracture Stress:
The stress at which the matenal breaks is known as fracture stress
Once the point C corresponding to UTS is crossed, the matenal breaks
Ductile Substances:
The substances, which undergo plastic deformation until they break, are known as ductile substances
For examples; lead, copper, wroughtiron etc
Brittle Subslances:
The substances, which break just after the elastic limit is reached, are known as brittle substances
For example; glass, high carbon steel etc.

MULTIPLE CHOICE QUESTIONS

In the stress-strain curve, the region where the material will return to its urigi-l:l.l-s:I: i.l'_ll‘?e_lu:d_u
removed is called:
(a) Proportional limit
| Answer: (b) Elastic regnion

&
1

(b) Elastic region (c) Plastic region (d) Fracture pount

¢ Explanation: The elastic region (from O to B) 15 where detormation s temporary and reversible, the material

| recovers its origial shape upon load removal
'l:_ What is the "yield point” on a stress-strain curve? !

- — i — i ————— i — — i — i —— — ]

1
i
i
i
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‘. (o) Thwe |n;t bt thae "\:!ll:li“‘l“._\\: i == 'l
l (b)Y 1l masimuim stress U matenial can withstand '
' (€) The point beyomd which plastic deformation begins |
l (1) The point where Hooke's Law iy strictly olwyed ’
; Answer (o) The pout beyond which plastic detormation begins |
' Explanation: The yield pomt (Point 11 alve ko i as the olastic fimit) marks the boandary between clasiy ang Il
\ Plastic detormation, beyond ths, permanent deformation ooours 4
. Substances that break just sfter the elastic limit is reached, with little plastic deformation, are known

ax

Il (a) Ductile substances  (b) Malleable substances  (¢) Brttle substances () Blastic substanges,
| Answer: (o) Brittle sulstances

* Explanation: Brttle materials show very hitthe plastic deformation and fraclure abruptly once their clastic Ly,
| exceeded

|
L}
|
L}
|
" 1
‘e What does the Ultimate Tensile Strength (UTS) represent on astress-strain curve? l'
(a) The stress at which the material first deforms |
(b} The stress at swhich the matenial becomes elastic i
|
1
Ll
|
L]

(€) The masimum stress a material can withstand before necking/ fracture
() Thee stress at wluch Hooke's Law s no longer valid
nswer: () The masimum stress o material can withstand before neching /fracture
planation: UTS (Point C) s the peak stress the matenial canendure betore 1 starts 1o narrow sigmilicantly
(meckang) and eventually tals
. If a material's stress=strain curve shows a significant region from point B o C, this indicates l'he|
material is: L

(a) Brattle (b) Eatremely sulf

|
L]
|
L]
|
A
Iy
L]
|
(]
|
]

(c) Ductile () Perfuectly elastic |

1

| Answer: (<) Ducti'e :

* Explanation: The ropon from I to € represents plastic deformation; materials that undergo extensive plastic A

deformation betore breakang ane classified as ductile l
- —— — — -~

- —— -— e .

SLO BASED SHORT QUESTIONS & ANSWERS

P e e e o o m e —— o
|» “What is the significance of the "proportional limit” in relation to Hooke's Law? |
' Ans:  he proportional hmitis the greatest stress a material can withstand while mamtaining a direcy, '
| lLincar proportionality between stress and strain, meaning Hooke's Law 1s obeved up to this point |
' . Rl )
I When does a material enter the "plasticity” region of ils stress-strain curve? :|
» Ans: A material enters the plasticty region when the stress applied to it increases beyond its elastic limit (yield s
| stress), leading to permanent deformation \
' Give an example of a ductile substance and a brittle substance. "
I Ans:  Ducule Copper, Brittle: Glass |
i [
i - What is meant by “fraclure stress™ I
. Anst  Fracture stress is the value of stress at w hich the matenial ultimately breaks or fraclures H
| = How is a force-elongation diagram typically generated in a tensile test? [
' Ans: It as usually plotted automatically by an electromic device In a mechanical testing machine thy!
| continuously measures stress while the wire is extended at a specified deformation rate
§ e e — - e —— - e a—

L T pep——
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56 = STRAINENERGY.IN DEEORMED MATERIALS

What is meant by strain energy? How can it be determined from the force-extension graph?

[Aned

Wien stress 1s apphied deformation s produced 1 a material. The work done i deforming the material 1«
called stram cnergy in deformed material.

hpl.m.iliun

EO0—=-0—]
l\l‘\'““""'l'!”"‘ extension produced an a spring 1s directly proportional to the stretchung < L
force within the elashic limiat As the force T stretches the wire, so it does some amount of g =
work on the sire, which s equal to the product of force F and the extension *x” Thus .’-:'; =
work done 1s stored as strain energy A graph s plotted between the force F and the g ;;.;_ﬂ
extonsum 0 an the spring as shown in the hg = %
Calculation of Work Done I—=
= P =
Consider a matenial in the form ol a spring as shown in Figure 5 6 [t stretched by o o 4
P
jorce I through extension x As the extension is directly proporuonal to the stretchung e p z
force within the elastic imit, therefore the force increases uruformly from zero to I as -
shown in Figure 57 Thus, the average force that stretches the spring through x s o1
0«F F 1 ’ »
Average Force = F, = —<5 "3 " -:—l
Hence work done by the stretching force will be given as:
Work done =Average lorce x Distance in the direction of the lorce
1
Work donc = F(x) & : 2
- r ir
From Hooko's law I = kx -

1 1 1, s
Work done = F(x) = —kx(x)= a_;]u(' = Arcaof A OPQ
The work done by the stretching force 1s stored in the spring as its strained energy and 1s equal to the potental

enerpgy stored inats molecules As, the force is expressed in Newton and extension m meter, so work done 1s
also expressed in joule

Q: What does the arca under a force-extension graph
represent?

Ans:  Lhe area under a force-extension graph represents the

work done to stretch the material This work done 15
also equal to the elastic potential energy stored in the

The 2mouml o wirs Core a A S Pery & Taens A etaa K Tw
Wewd 0 WA DA STOME P Tied Dy T ST e VRt

Trerelors the wra Wder 8 Kroears non QRSN IRpreLens e
WO GOre 10 ATWLR M Mutend Worl SO 10 TR e Pulet s

mialetial Ao e raue PE wnredn e makeeal
MULTIPLE CHOICE QUESTIONS
F& ™ " When a body is deformed by a force within its elastic limit, the work donc is stored as:

(a) Kmetic energy

(b) Chemucal energy
1 Answer: (o) Potential energy

(c) Potential energy {d) Thermal energy

| Explanation: Work done against vlastic restoring forces during deformation s stored as elastic potential energy,
Falso hnow i as stram enerps

. The work done in siretching a malerial is equal to the area under its:
L]

----- A
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Answer: (b) Forceextension graph 1

Explanation: For a vanable force. the work done is the integral of force with respect to displacement. which ’

» corresponds to the area under the force-extension graph |
|* For a spring stretched by a force F through an extension x within its elastic limit, the average force "
1 applied is: .
| (a)F (b) 2F (€)1/2F {d) F/~ I
' Answer: (c)1/2F '
lE Explanation: Since the force increases uniformly from zero to F (due to Hooke's Law), the m.eugc force s half of |
i the final force '
HL 1f a spring has a spring constant k and is stretched by x, the elastic potential energy stored is: |
1 (a) kx (b) 2kx (€)1/2kx (d)1/2 ka2 'l
+ Answer: (d) 1/2 kx? ;
| Explanation: This is the standard formula for elastic potential energy stored 1 a spnng, denved from the work, |
' done. '
! . What happens to the potential energy of the molecules in 3 body when it is deformed? I
I (a) It decreases (b) It remawns unchanged (c) It increases (d) It 1s converted into kinetic energy !

Answer: (¢) It increases |
l Explanation: Werk done during deformation displaces molecules from their equilibnum positions, in “reasing i

1 their polmml energy

5 W‘hy is work done against an elastic restoring force when a body is deformed? —h

| Ans:  Asa body is deformed. internal elastic forces develop that try to restore it to its original shape, and work i

' must be done against these forces. "

le What :: the relationship between work done by a stretching force and the strain energy stored in a |
' spring? 1
! Ans: The work done by the stretching force 1s equal to the strain energy stored in the spring |
1* For what condition is the force-extension graph a straight line? ‘|
1 Ans: The force-extension graph is a straight line when the matenal is stretched within its elastic limit, obeying
| Hooke's Law |
"o If you double the extension of a spring, how does the stored elastic potential energy change? [
f Ans: The stored clastic potential energy (1/2 kx®) would become four times greater (since it depends on x2) |
1* What is the physical origin of the potential energy stored in deformed materials at a molecular level? i
+ Ans:  It's due to the increased potential energy of the molecules ansing from their displacement from their ,
1 stabh*.- mean positions within the matenal structure 1

ARCHIMEDES" PRINCIPLE AND FLOATATION"‘ -

State and explain the archimede’s principle and floatation and its application in detail?

Definition:

“When an object 1s totally or partially immersed in a liquid, an up thrust acts on it equal to the weight of the
fluid it displaces”™

Explanation: An air-filled balloon immediately shoots up to the surface when released under the surface of
water. The same would happen if a piece of wood is released underwater. We mught have noticed that a mug
filled with water feels light under water but feels heavy as soon as we take it oul of water.

K Ships and Boats: Designed to displace a large volume of water such that the
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More than two thousand years ago, the Greek saentist, Arclumedes noticed that there 1s an upward force
whichi acts on an object which s kept inside a iquud As a result, an apparent reducton in weaight of the obpct
is observed  This upward force acting on the object is called the upthrust of the
ligud
Derivation:
Consider a solid cylinder of cross-sectional arca A and height h immersed in a
liquid as shown in Fig. Let /iy and h: be the depths of the top and bottom faces of
the cylinder respectively from the surface of the iquid Then

hi-h:=h
If P, and P:are the liquid pressures at depths and /i; respectively and p 15 its
density, then using equation P=pgh of liquid pressure at height i

Fig S& Upfnal o1 & booy
Py = pghi e 1 merual 1 8 SGAG W el b3
i Py =pgh: - i e 0 P et G

Let the force Fy be exerted at the top of cylinder by the liquid due to pressure P and the force Fr be exerted at
the bottom of the cylinder by the liquid due to P»
Then Fi=PiA= Ps-'ln“

and F2=P:A =pgluA
Fy and F; are the forces acting on the opposite faces of the cylinder. Therefore, the net force F will be equal to
the difference of these forces. This net force F on the cylinder is called the upthrust of the hquid
Hence

FrFi = pghaA - pgho/A

F=-Fi= pgA(h-hy) ..o
or Up thrustofliquid = pgAh
Upthrust=pgV iv

Here V is the volume of the cylinder aml 15 equal to the volume of the hiquid displaced by the ovlinder,
therefore, pg Vis the weight of the liquid displaced. This equation shows that an upthrust acts on a body
immersed in a liquid and is equal to the weight of liquid displaced, which s Arclumede's pnnaple
FLOATATION:
“A floating object displaces a fluid having weight equal to the weight of the object.”
Explanation:
An object sinks into a fluid if its weight is greater than the upthrust acting on it However, an object floats if its
weight is equal or less than the upthrust. When an object floats in a fluid, the upthrust acting on it is equal to
the weight of the object. In case of floating object, the object may be partially x
immersed. The upthrust is always equal to the weight of the fluid displaced by the -
object. This 1s the principle of floatation.
Archuimedes’ principle is applicable on liquids as well as on gases. We find
numerous applications of this principle in our daily life
APPLICATIONS OF ARCHIMEDES' PRINCIPLE
1. Hot-air Balloon: Rises and floats because its overall density (hot air + =
balloon) is less than the surrounding cooler air, resulting in an upthrust et
greater than its weight The quantity of hot air is vaned to control
ascent/descent.

—

4

2 Wooden Block Floating on Water: Floats because the weight of an equal

volume ot water is greater than the weight of the block. It displaces water
equal to its own weight.

upthrust equals their total weight (including cargo and passengers), allowing
them to float even though they are made of dense materials like steel
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1. Submarine: A submarine can travel over as well as under water using the same principle of floatanon
It uses ballast tanks tovontrol its buoyancy
o Floating: Tanks are empty, weight is less than upthrust. it floats partially
above waler

Diving: Tanks are filled sith seawater, increasing, welght until it's greater
than upthrust, causing, it to dive

Surfacing: Tanks are emptied (air replaces water), decreasing weight o
less than upthrust, allowing it to rise

For Your Information

Q: When and where was Archimedes born, and how did he die?

et armedn - a4 Lo ataat 28T B

1 Sy s o e kil of Sy Mg
] by 8 MO Sy s
e e s e Py A i
e

Ans:  Archimedes was born about 287 BC in Syracuse on the Island of Sicily He was
killed by a Roman soldier after be refused 1o leave lus mathematical work

—_—

Q Why does a ship made of heavy steel float on water, while a small rock
sink? L
Ans: A ship floats because its average density (including the air inside its hull) s
less than that of water, allowing it to displace a weight of water equal to its
own weight A small rock sinks because its density is greater than water,
andd 1t displaces less water than its own welght

e m vy l

Why does a ship made of
heavy steel Noal on water,
whule asmallrock sink?

MULTIPLE CHOICE QUESTIONS -

e According to Archimedes’ principle, the upthrust on an object immersed in a fluid is equal to: T 5
| (#) The volume of the object (b) The mass of the object |
" (€) The welght of the fluid 1t displaces (d) The density of the fluid

I Answer: (€) The weight of the Muid it displaces

! Explanation: This is the direct statement of Archimedes’ principle, quantifying the buoyant force.

! - An object floals in a fluid If its weight is:

| (a) Greater than the upthrust (b) Equal to or less than the upthrust

' (¢) Equal to the density of the fluid

| Answer: (b) Equal to or less than the upthrust
+ Explanation: If the weight is less than or equal to the maximum possible upthrust (when fully immersed), the
| object will float. For a floating object, the upthrust exactly balances its weight
. What causes an apparent reduction in the weight of an object when it is submerged in a liquid?
(a) Decrease in gravitational force
(c) Upward buoyant force from the hquid
Answer: (c) Upward buoyanl force from the liquid

L}
I (b) Increase in object's density
!
¥ P
| Explanation: The buoyant force acts upwards, opposing-gravity, making the object feel lighter
o
|
L}
|
L]

(d) Surface tension of the liquid

A submarine dives underwater when:
(a) Its weight becomes less than the upthrust
(b) Its ballast tanks are emptied of seawaler
(c) Its weight increases to be greater than the upthrust
(d) Its density decreases
I Answer (¢) Its weight increases 1o be greater than the upthrust

¥ :
I Explanation: By filing ballast tanks with seawater, the submarine's overall weight increases,

, than water and causing it to sink
L ﬂn_l-ﬂr_l_p.ﬂnons rise and float because:

1
|
L}
|
L
(d) Independent of the upthrust !
|
1
|
L}
|
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r -{:}—I hey are |r1'_||h'l' than cold air S - e
! (1) The arr insade them is denser than the surrounding air

| (¢) The upthrust from the surrounding air is greater than their tal weight

X (d) They displace more air than their own volume

! Answer: () The upthrust from the surrounding air is greater than their total weight

I Explal'l.‘llinn: The hot air inside the balloon s less dense than the surrounding cooler air, so the weight of the |
' ‘15_2]"_“&"_“&’8"'_'"3!& SYE‘EI_IE-‘_nl_hl'_if_'l-_ll_“:_lﬁ“:l_l|‘L'll-\.5!£|:lf-\ causing it o ascend '

- =

SLO BASED SHORT QUESTIONS & ANSWERS

f T T Whatis the definition of “upthrust” in the context of fluids? )
i Ans: Upthrust (or buoyant force) is the upward force exerted by a fluid on an object that is totally or partially |

immersed in it
- How is the volume of displaced fluid related to the volume of a completely immersed object?
Ans:, The volume of the displaced fluid is exactly equal to the volume of the completely immersed olyect
. State the principle of floatation.
Ans:  The principle of floatation states that a floating object displaces a fluid having werght equal to the weight
of Lhe object
. Explain how a wooden block floats on water, considering its density relative to water
Ans: A wooden block floals because ils average density s less than that of water It displaces a volunme of
water whose weight is equal to its own weight
. Besides liquids, on what other type of fluid is Archimedes' principle applicable?
Ans: r\rclumsdis'_pt_tm-npk 15 “._h'u..".[‘.?].:{ﬂ]i lo gases

- - - -

Q: When and where was Archimedes born, and how did he die?
Ans:  Archimedes was born about 287 BC in Syracuse on the Island of Sicily  He was killed by a Roman soldier
| after he refused to leave his mathematical work

: 58 STEADY, NON-VISCOUS AND IDEAL FLUID: )

......... = == ~

n Define Fluid Mechanics and its types.

@

FLUID

“A substance which can flow is called fluid.”

There are two types of fluids: i Liquids i
FLUID MECHANICS:

“The branch of physics in which deals with the study of fluid statics and fluid dynanuc 1s called flwd
mechanics.”

FLUID STATICS:

“Fluid statics 1s the branch of physics in which deals with the study of fluids at rest.”

Example: Honey in jar

FLUID DYNAMICS:

“The branch of physics in which we study about the mouon of the fluid, 1s called Fluid dvnanues ”

Example: Blood flowing, gas in cylinder

Gases
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F
VISCOSITY: Pxamples:
“Viscosity measures how much force is required to slide one layer of hiquid over another layer” =or-"It is the (n Dolphins have st reamlined bodies Lo assist their movement in water
internal friction between different layers of a flowing fluid ~ (i) Formula one racing car have a streamlined design
It is denoted by Greek latter “n (eta)”. TURBULENT FLOW:
= L v “The irregular or unsteady flow of the fluid is called turbulent (low,”
"= G Above a certain velocity of the fluid flow, the motion of the fluid becomes

There are two types of substance: ansteady and irregular. In this case particles of the fluid cannot follow the same

G

y Substance that do not flow easily because they have large coefficient of viscosity. e.g., Thick tar, honey path. Such a motion s called the turbulent Mow
1, Substances which flow casily because they have small coefficient of viscosity. e g, Water, i:_‘plamliun:
Unit

Under this condition (unsteady or irregular flow) the velocity of the fluid changes

As, F = 6mnrv abruptly as shown in fig. In this case exact path of the particles of the fluid cannot

Asn = ﬁ be predicted
~
o Conditions of 1deal Fluid
= % In order to study the behavior of fluid Mlow we must consider the followings conditions
or 1) The fluid is non-viscous, ie,n=0

_ ;‘_‘.._,"‘ 2) The fluid is incompressible, i.e,, p = constant

B S 3) The fluid motion is steady, i.e, v = constant

n =kgm™'s™ 1) The particles of fluid be non-rotating,

Dimensions: | The fluid possessing above properties is called ideal fluid,
[n] = (ML'T™?) | Question: Definé rate of flow.,

.E. What do you mean by stream line or laminar flow and turbulent flow? RATE OF FLOW:

“Itis the volume passing through any cross section of pipe per unit time.”

fAns e Formula: If fluid flows with velocity v through a pipe of cross-sectional area A for time t, then distance
FLUTD FLOW I=vt. Volume V=Axl=AxvxL

Moving fluids are of great importance to study the behavior of the fluid in ‘ Volume

motion, we consider their llow through the pipes. There are two types of flow 2 | Rate of Mlow = e

of fluids DR A e e o e g l il

1) Streamline or laminar flow | Av =— L
2) Turbulent flow t

STREAM LINE FLOW: Or Volume =V =Awt o i s bavituad

*If every_particle that passes through a particular point, moves exaclly the same path as followed by the Rate of Flow = Volume

particles which passed that point carlier. Then the flow is called streamline or laminar flow.” | So t

Explanation: Avt

_ . | Rate of Flow = — = Ay
(1) Line of Flow: .

The path followed by a particle of the fluid is called line of flow.
(1) Stream Line:

If each particle of the fluid moves along a smooth path, then line

of flow is called a stream line as shown in figure.

(1ia) Steady Flow Condition: =
The different stream lines cannot cross ecach other. This d
condition is called steady Flow condition.

The direction of stream lines Is the same as the direction of the () Turbulent Flow
velocity of fluid at that point

e Streamline: The smooth path followed by fluid particles in laminar flow. The tangent to any point ona

- d In S1 Unit it is measured in cubic metre per second (m? s).
Sometimes, it 15 also measured in litres per second (Ls! ).

(e) Laminer Flow

streamline gives the direction of flow. Different streamlines cannol cross cach other Dolphins have streamlined bodies to assist their | Formula One racing cars have a streamed design
* Steady Flow: The veloaty of a flud particle at any given point does not change with time. I movement in walter
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MULTIPLE CHOICE QUESTIONS

— — - —

In wlutll lypr ul' lluld Iluw dm-h ﬂwrfy palluh fullm- lhr ru(l_umr path as ;urvlnu. p.."j(],.. l||4|
passed that point?
(a) Turbulent flow

Answer: (¢) Streambine flow

Explanation: Streamline (or Lamanar) How s characterized by smooth, prodi table paths where streamlines o,

e ) Strwamilinee (o

. '
() Unsteady flow () Ve fow |
'

|
L]
|
'
|
“ nol cross i
' Which of the following s NOT a condition for an ideal fluid? |'
| (a) It s viscous () s density is constant () [ts moton 1s turbulent  (d) Iis flove is steady |
+ Answer: (a) s viscous -
l \planali(m' Tddeal fluids are defined by mom-viseous, in ompressible, andd steady Meswe . |
L
The rate of (low of a fluid Is defined as the: ]
i (a) Mass of fMusd passin of Uit Lime l
' ) i P .
| (c) Velocity of fluid at a point |
i Answer: (b) Volume of fluid passing per unit hime M
[
e
'
1
'

(b) Volume of Mlurd passing per unit time
(d) Pressure of fluid at a point

| Answer: (c)mis=1
:' Fxplanation: The rate of flow is volume per unit ime, so its S1 unit is cubic meters per s«ond

Explanation: The eate of flow (or volume flow rate) specifically measures the volume of fluid that passes ”ll'ouy). |
@ gIven cross-sechion per umt hime '
If two streamlines were to cross each other, what would be the implication for the fluid flow? |
() The flow would be steady () The fluid would be incompressible i
{c) The Now would be turbulent (d) The velocity would be constant '
I Answers: (€) The flow would be turbulent ) |
o Explanation: Streamlines indicate the direction of flow, if they cross, it implies multiple velocity directions at one
! point, winch s charactenstic of turbulent, unsteady Mow |
I* What is the SI unit for the rate of flow of a fluid? "
{a) N m-2 (b) kgz s-1 () m3 =1 (d)J -1 '
: |
'
4

— —— — —— - — — e —

SLO BASED SHORT QUESTIONS & ANSWERS

-—-—..-._-—-—-—--u-——-.——-—-—.._._._‘

: . Wlul dulinruishn a tlcady flow" from an "unsteady flow™?
| Ans:  In steady flow, the velocity of fluid particles at any given point does not change with time, whereas in |
' unsteady flow, it changes abruptly and irregularly '
I Why are the smooth paths followed by floid particles in laminar flow called streamlines? |
; Ans:  They are called streambines because the tangent to any point on them gives the exact direchion of flow of a i
= = Mluid, representing a "stream” of particles <
o What is meant by an “incompressible” fluid? |
1 Ans:  An incompressible fluid is one whose density remains constant regardless of pressure changes, meaning o
I its volume does not significantly change under pressure., |
- How does the velocity of particles in turbulent flow differ from that in streamline flow? '
ns:  In turbulent flow, the velocity of fluid particles changes abruplly and irregularly, whereas in streamline !
flow, it 1s smooth and constant at any given point |
. What is the formula for the rate of flow of a fluid in lerms of cross-sectional area and velocity? '
| Ans:  Rate of flow = Av, where A ts the cross-sectional arca and v is the flow veloaty |
!» Explain what do you understand the term viscosity? (AJK 2021 GI) (GRW, LHR, SGD 2021 GII) (GRW !
I 2023 G1I) |
¢ Ans_ _The frictional cffect between different layers of a fowing flud 15 described as viscosity, Viscosty ;

m Physics 11 (Subjective, Objective and Coneeptual Questions) 715
.—-—:—_-_—__-_-_-_-.—..._..__-......__._-_-_-_-_..._-,.._____-___
I"" measures, bow much lorce is toquited 1o slide ane layer of the lguid over anether Layer =1
] 1t s peprresentod by Gre b letter 1y and Lirse it as E
g Py = G !
}h
5 -
! 4 ey !
|+* Define Viscosity and Drag force. (LWR 207 GI) (AT, 1 HE, BWE 2008 G1 MTN 2015 GIlj (RWP |
. 2519 (SGI, BWE 2019 C1) (DGK, MTS 2019 G (AJK 2021 .
| ans Viscosity: The [rictional effect between difforent layers of & lowang Ml desctibed as vewonary |
M Viscmity measures, herw uch lores » required 1o slide ore bsyer of the Ligud er ot ancther layer "
I Drag, Foree: An obpet meving through a Nusd exgerience a sotarding (uece called as deag foree |
! The drag force Fo on a spherte of radius °C merving shmly with o speed "¢ through flusd of viscon ty o s :
| grven by sloke’s lave, as Fp = Gornry !
i Sa, the dray, Torce depends upon viscosity of medism, radies of spnese and speed of sphere |
.. Find the dimension and hence the S1 unit of coeflicient of viseenity. (FBD 2021 1) M
: _ ¥
! Ans. A = s !
I — |
, Dimension: ;
| [MLT %) : I
5 TR T (ML T=*)
1 (L)L T-1) '
| ] units: |
[l L]
| n=Nmg} !
'
kgmsz "]
| = [kgm~ts~? I
R | =, il :

EQUATIONOF comrmurnf

59

n What is aquation of continuity? Explain.

The equation of continuity 1s a fundamental principle in fluid dynamacs, based on the conservation of mass
an incompressible flud in steady flow

Statemenl: v
e “The product of cross-sechonal ares of the pipe and the fluid speed at s =

any point along the pipe is a constant. This constant equals the ,/ A
volume flow per second of the fluid or simply flow rate.” Hence Rate / o

of fMlow of a fluid remains constant

Mathematically: AV = Constant _'l_:/
Explanation: A (L

Consider a fluid flowing through a pipe of non-uniform size. The particles —
in the fluid move along the streamlines in a steady state flow In a small ax
time 4t, the fluid at the lower end of tube moves a distance 4x,, with a

velncity V.
If A, is arca of cross-section of this end, then the mass of the fluid in the shaded -E::-

Evar ot anes Lhe commroar,
eoator b 3 ceomorviata S
wih 8 e wrbar of W3
1752 Later ® was Temered oy
C Tomsomt o Sogiar o iS4

regionisp = — Zandm = pV

DERIVATION

Consider a fluid flowing through a pipe of non-unuform size (Fig. 5.15).
Mass flowing into point 1 (lower end) in time At
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I sty coveivd Nay=y, A1 \ quation "
A RS T W T T YL |
Nlass M=\ s ATTRR IR

Mhass Pl b ot of podag 2 (et eandd) i e W
PYsbamee viooveisal Ny oyl
AL TTELTER ¢ N edngy = Apveiit 4
Mass A=V LIRS T { PO \ quation ) — . r—

ey
Caommreeny ation oo Nass: |y g0 vhl s oo povssible amd the Now s sheady, the mass . ===

e e i b comsered Thot s e mass Bosving it thie botbom of the pipe through

Ao b e AL et b egaal o e i lesingg ont heeugh Ay in the same time

Fhervbonre. Ny ATILT LU mpanng eguations | and 2 1t M s st g
L C T —
\ AL \tiss (1 w 1) -
AR ALt (LT | uation 1 0 B St et S
» Vv = Ao (Fuation 4) N

Por Incompressille Fluid: Soce density i constant for e steady Row of
teemprressible Mol =) e expuation e continuity soemes
vy = Asvy (Euation ®
A x V= Constamt

ks eguoation e Kposen as e egquation of continuity
Erterpretation: Thicepuation states thst in steady ow, the rate of Dow of the Muid inward is equal 1o the rate
o Moy of thie M emtasand. justily ing he comservation of mass Sinee density s constant tor the Klr-\d\' Now of
[OREITEAS seaille Hond

Nite: Fguation of continuity olwy« law of conser ation of mass

MULTIPLE CHOICE QUESTIONS

- e e - e - =

The equation of continuily is Imnhummlall\ l\mm!. on the principle of: 'l
(a) Cinaervalion ol ey

(1) Conservation of momentum

(VL omseryvabion ol mass () Conservation of volume

L]
'
Anawwen (0 Censervation of mass

v Baplanation: The spuation of continuity states that for steady, incompressible flow, the mass flow rate remains
| comstant tireng hout the pipe directly reflecting the conservation of mass

'
|
[
|
'
|

‘e For an incompressible (huld in steady flow, the product of the cross-sectional area and the Muid speed !
| (AV) atany poiot along the plpe is |
i (#) Varialite (1) Joto () Constant () Equal to density N
H Answer (o) Constant !
| Explanation: Thic ts the direct statement of the simplitied equation of continuity (Aywvi=Agva) for Incompressible |
s Nuids A
| = 162 fluidd flows from a wider section of a plpe to a narrower section, its speed will: |
" (&) Decrease (1) Increase () Remain constant (d) Become zero '
I Answer (I Increase |
M splanation: According o the equation of continuity (Av=Constant), if the area (A) decreases, the velocity (v)i
et i rease b aintain the constant flow rate '
. Which of the following conditions is crucial for simplifying the equation of continuity to Ayvi=Azvi? 1
(o) The ke is highly viscous (b) The Mow is tarbulent '

(0} The foid s incompressilile (1) The pipe changes height |
'

Answern (o) The fluid is incompressible
-

Explanation: The densities (py,p) cancel out from Awvipr=Agveps only if the fluid is lncompleuiblt. |
meaning py=pa The equation Aywvi=Agv;g s a statement of: |

(0) Pascal's Law (b) Bernoulli's Principle '
() Newton's | aw of \-‘lm:tlv.- (d) Conservation nf\mh'mc flow rato

- — e e —

il

m Physics 11 (Subjective, Objective and Conceptual Questions) n7z

-— _.......-.._.—-—-—-_._._._._._._._..._._1

r \n-nrr—(d) ¢ m\\ﬂ'\ah-‘n |-l volume flow rate

Explanation: The product Av represents the solume flow rate (V/1) The eqquation states that this rate s conservied |

throughoul the pipe

. Following figure shows a liquid being pushed out of a tube by pressing a piston. The cross sectional |
area of the piston is 1 em? and that of the tube at the outlet is 20 mm?. If the piston is pushed at a speed
of 1em =, then the velocity of the outgoing llquld s

(a)25cm st
Answer(b) S em s
Explanation: Simply apply equation of continuity,

Av, =Av,

(b)Sem st

() 75cmas!

() 10 cm &)

1510 m =10 “ms "’ = 20210 -6m’ xv,

v o 1x10°x107 1 0%
! 20=10* 20 w0

- e e — i — e — — e — e — — — i — — — — — i —

=005ms ' orScms '

L]
|
|
]
| |
. L]
| |
] L]
| I
] L]
| I
] L]
| |
] ]
| |
] L]
| |
| |
L J

SLO BASED SHORT QUESTIONS & ANSWERS

= \ﬂnu-n water falls from a iap, Its cross-sectional area decreases as it comes down? I’.:plaln |'uGD 2012 l

Ans:  According to equation of continuity, when water falls it speed increases and ils arca of cross section
decreases The cross-sectional area of the water stream decreases as it falls from the tap This 1s due to
principle of the equation of continuity.

. Equation of Continuity: This principle states that for an incompressible fluid (like water) flowing ina »
pipe. the product of the fluid's velocity (speed) and its cross-sectional area remains constant at any
given point along the flow. Av = Constant ‘

Ans:  Falling Water: As the water falls due to gravity, its speed increases the further it travels l

Maintaining Flow Rate: To maintain a constant flow rate (volume of water per second) despite the |
increasing speed, the equat of conli y dictates that the cross-sectional area of the stream must
decrease |
What conditions must a fluid satisfy for the equation of continuity to be applicable in its simplified ,
form (Ayvi=Azvy)?

Ans:  The simplified continuity equation (Awvi=Aav;z) applies when a fluid is | ible (const
density), its flow is steady (velocity at a point doesn't change with time), and lht-re Are MO sources or
sinks of mass within the flow path

Why is the equation of continuity considered a form of the principle of conservalion of mass?

It implies that for a fluid in steady flow, the mass of Nuid entering a section of the pipe per unil time must
be equal to the mass of fluid leaving it per unit time, thus conserving mass

What does the constant value of Av rep in the equation of continuily?

It represents the volume flow rate (or flow rate), which is the volume of fluid passing through any cross-
section of the pipe per second

If water flows from a pipe into a narrower nozzle, how does the water's speed change, and why?

The water's speed increases because the cross-sectional arca decreases, and according to the equation of
continuity (Av=Constant), velocity musl increase to maintain the same flow rate

What happens to the density of an incompressible fluid as it flows through a pipe of varying cross- ,
section?

The density of an incompressible fluid remains constant as it flows, regardless of changes in the pipe's »
cross-section or pressure.

,,.
E

i f

_é_-_-_-_._.-_-_-_-_-_-,_-_-_-_._....
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. In the derivation «f the uq;::liun of continuity, why is At cancelled out from both sides cl~|i,-,'_.‘. e —— — —— - -
equation Any=Am;? ' SLO BASED SHORT QUEST'ONS & ANSWERS
Ans: M represents the same small interval of ime ¢ both inlet and outlet, implying, that the rate of mass [h“'l — F— — — —_— -
equals the rate of »1ass flow out 1 e T e s SN Gl et iibt et b e Dbt B St a e o =t B T e S —

- — e B

——_— R — . e e e ' ans:  When the hose 1s squeczed, the cross-sectional arca (A) decreases To maintain a constant volume flow
= = — Give another common example where decreasing the area of flow increases velocity.

Ans:  Water flowing from a tap speeding up asat falls and its stream narrows

¢ What principle dictates that squeezing a pipe increases the flow velocity?

Ans:  The principle of conservation of mass, which 1s embodied by the equation of continuity

-

What assumption about the fluid is necessary for the direct relationship between area and velocity in
the equation of continuity?

Ans:  The fluid must be incompressible, meaning its density remains constant

i!

How can the Mow velocity of water in a rubber pipe be increased? Explain this phenomenon using yhe |
cquation of continuity |

1

The equation of continuity « plains ow fluid veloaity changes with the cross-sectional area of a pipe
EXPLANATION
*  According to the equativn of continuity, AiVy= AsVzorAv=Constant
® This mcans that if the cross-sectional arca (A) of a pipe decreases, the flow velocity
(v) of the fluid must increase to maintain a constant flow rate

e 1f the volume flow rale through a pipe remains constant, and a section of the pipe becomes wider,
what happens to the fluid's velocity in that section?

Ans:  The fluid's velocity will decrease in the wider section to maintain the constant volume flow rate

- e e — — —

A=
v

Example:
Squeezing the end of a rubber pipe (like a garden hose) decreases the cross-sectional
area, lcading to an increase in the water’s flow veloaty

MULTIPLE CHOICE QUESTIONS

Q: What is Bernoulli's equation, and what fundamental principle is It based on”
Q: List the assumplions made when deriving Bernoulli's equation.

Q: Derive Bernoulii's equation from the principle of conservation of ehergy.

Q: Explain the meaning of each term in Bernoulli's

T " Squcesing the end f S grden sk Toereases T waleds it valocty primariy duetor 2 A S
: (a) Increased pressure (b) Decreased viscosity (c) Reduced cross-sectional area (d) Increased fluid density ! 2 'S EQUATION : Lu
E Answer: (¢) Reduced cross-sectional area [ BERNOULLI'S EQUA y e,

Explanation: According to the equation of continuity (Av=Constant), reducing the area (A) necessitates mi | choqlli's l"‘l“‘“li“n named f‘““ a SI“"S‘S physicist Daniel Bemuqlli,
; increase in velocity (v) 1o maintain the same flow rate . who discovered it Bernoulli's equation is the fundamental equation

in fluid dynamics that relates pressure to fluid speed and height It is

1
]+ This ph (increasing flow velocity by squeezing a hose) is a direct application of the: |
' (a) Bernoull effect (b) Archimedes’ principle (¢) Equation of continuity (d) Pascal's principle i based on the law of conservation of energy.
| Answer: (c) Equation of conlinuity | !:t.‘llcmcnf: - ‘ -
' Explanation: The fundamental principle governing the inverse relationship between flow area and velocity for .1| B;‘mon.’h :_-?’u;ihon :«hth..; qui; the sum of H;t‘ pressure, I'I‘u' K.E per _u;r;!'
o e el it e e et | .
T If the cross-sectional area of a pipe is halved, the flow velocity of an incompressible fluid will: [ P NORm TR s i s constant al cvery pont of tfs p ‘ LG I T,
' (a) Halve (b) Double () Quadruple " (d) Remain unchanged \ Mathematically PO igh s AR
| Answer: (b) Double | RPNV =
' Explanation: To keep Av constant, if A becomes A /2, then v must become 2v . ‘ Where
! . The equaltion of continuity (A1v1=A2v2) holds true for: ! P i Pressure '
| (a) Viscous fluids only  (b) Turbulent flow only () Steady. incompressible flow (d) Fluids at rest | v= sf’c"‘f’ of the [_1'-“‘!
: Answer: (c) Steady, incompressible flow ' p = density of fluid |
| Explanation: The simplified form of the continuity equation is derived under the assumptions of steady and| h = height of the fluid
1+ incompressible flow. ! P = static pressure
I« Which of the following is NOT a common application where the equation of continuily is applied? I V2 p vi= dynamic pressure
. (a) Blood flow in artenies (b) Water flow in nivers ; pgh = pressure at depth
'I (<) Air flow in ventilation systems (d) Measuring boiling points - Derivation
| Answer: (d) Measuring boiling points | \
1 Explanation: The equation of continuity deals with fluid flow dynamics and is not directly related to thermomelry s
Bl ) ) .
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m i
(LK ']'!.i '?l'hv‘-

myv vimph
0 2 i En,

IJUJ- l

Py -Fi)= "

‘IV: ' ‘:E'l, -‘q:hl :;w:
P lpa’ rpuh, =P+ : pv, tpgh

1 2 L 4 ' ’ 2 ’, v r
5 iI-pv‘ + pyh = crmaltant

This eqquation Is talled Bernculli's cruation

MULTIPLE CHOICE QUESTIONS

l.:— - Bernoulll’s equation ls ‘;‘:&;’;’:’:ﬁ:t:ﬂwr;&‘l‘;:;; i ekt .l
' (a) Mass (b) Marmentum (e) I rergy () Pressure '
| Answer: (c) Enetgy |
¥ Fxplanation: Bernemalli's eequation states that the sum of static pressure, kinetic enwrgy per unit volume, and ¢
| potenitial erwegy pet urit woltitne is constant alang a streamlioe for an idesl (luid, reflecting energy conservation |
fe Wiich of the follaving ls NOT an sssumption made when deriving Bernoulll's equation? '
| {a) The fluie s viscenin (b The fluid is incompressible |
' () The Bl fleiwes steadily '
! () Thete are o ereternal forces ae tirg cther than gra vity !
Answrer: (a) The M s viseous
!ﬁplnu!inn: Bernaulli's equation is derived for an ldeal Nluid, vwhich is defined as non-viscous Visouity would !
| lead ta ereryy lreas, making the sum not constant I
i . The term 1/2 gv2 In Bernoulli's equation represents: '
| f: ) ‘.:.w pressure (b) Hydrostatic pressure (¢) Dynamie pressure () Potential energy |
¢t Amswer: (c) Dryramic pressure "
| Explanation: This wem represents the kinetic energy per urit volume of the fluid due to its motion, often called |
¥ dyramic pressure [
le For a harizontal pipe, if the speed of the fluld increases, what happens to its static pressure? I
; () It increases (b) It decreases {e) It remaing conatant () It bocomes zeto i
Anawer: (L) It disricanes
ihpbmllrm: For hiarizontal flow, the potential energy term is constant If kinetic energy (1/2 jv2) increasss (due i
; 16 ughet speed), the static pressure (I7) must decrease o keep the 1otal sum constant i
|* The term pgh in Bernoulli's equation represents:
' (a) Static pressure (b) Dynamic pressure !
| (c) Hydreatatic presaure or potential energy per unit volume 1
' (d) Total presaure '
| Answrer: (c) Hydrostatic pressure or potential enetgy per unit volume |
! Bxplanation: This term accounts fur the pressure due (o the fluid's height or its gravitational potential energy per i

writ volume
> e v

- — i — — ———— —— ———————— — — i —

SLO BASED SHORT QUESTIONS & ANSWERS

|o Winat are the three main terms that sum up to a constant in Bernoulli's equation? |
YAma:  Static prevure (F), dynamic pressare (1/2 pv2), and hydrestatic pressure or potential energy per unit ¢
I velame (fzh) I
e Why is Eernoulli's equation only an approximation for real fluids?

!*M! Berause teal fluids have viscosity, which causes energy dissipstion due to friction, viclating m.-l
]

I assumptian of non-viscous flow
- —— - D A S D S ———— A —— . —— — — — w wmn
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gy — g —
1 Laplabn how a pressure diffegence can aclse from different rates of flow of a fluid,

-—— e — - ———
- o o o—— "'l

' Anw Avcording to Bersonllvs pedaciple oF the e rale varies, leading to changes in Huid specd, then g, !
! Jrressii wial o hﬂl\]'_l' inwersely o makntan the commeryation of UMY I
I T o horbeontal plpe with varylng crossssection, which teem in Bernoulli's equation can be considereq !
\ vonstant? |
l A e pvlru!!.nl T wnit velumee term (pgh) can to considern o comstamt because the lll'lzhl “i
¥ vnklorn '
| What happens to the total mechanical encrgy of an fdeal fluld as it flows along a streamline?

v A T total meechanicoal voergy (sum ol prossure, kinetic encegy, and potential energy per unit volume) 4
i n-nmun.m\sl-nﬂ-_-_______-_-"___-_-_______________-__ ‘
TR e (VPR - —

INTRESTING INFORMATION

) —:—-—7(0
A — g

A stream of ale passhing over 4 tube dipped ina Hguld
will case e Higudd to vise In the tubse as shown This
elfect is unedd in perfume bottles and paint sprayers

A chimney works best when it is tall and exposed 1o
alt currents, which reduces the prossure at the lop and
force the upward flow of smoke,

512 USES OF BERNOULLI'S EQUATION

Q1 Ungdain how the design of wn acroplane wing genorates I based on Bernoull's principle,

O Deseritee the Magnus effect and ity application in the swing of & spianing ball.

Q8 How does @ Tilter pamp work wsbng the principles of Nukd dynamics?

O What is the parpose of o carbureton, amd how does Berooalll's principle apply to its function?
Q8 How paint spray works?

Ot State Torricell's theorem and explain lis derivation from Bermoulli's equation.

Q7 What s the lmplication of Bernoulll's equation for horlzontal pipe Mlow regurding speed and pressure?

Uligh speed,
wwr ol rosia e

A number of devices operate by means of pressure difference those
results from changes in the speed of the uid
1. Actoplane wings: ( Lift of Aeroplane)
. \\'llll',-\ ane ||l"-l!"lln|. to detlect air, Causing streamlines (o be
Closer (faster aie) above the wing and farther apart (slower air)

Law sprrd
bt iwnsed provsae

bl

o Laster ale above mwans lower pressure (Beenoulli's principle), and slower air below means highe
Pressune

*  This pressure ditterenee generates an upward force called lin

Py=Py = :;.{.v; i) PPy, Whete V, < Vg
Swing of a ball(Magnus Ffect):

s

e Whenaspinning ball (e oricket or golf ball) moves through air, the air
en one side moves faster (due o spinmatching direction of air low) and
o the other side moves stower (due o spin opposing alr flow)

. Ihis speed differvnce creates a pressure difference (lower pressure on

m Physics 11 (Subjective, Objective and Conceptual Questions)

faster side, hugher pressure on slower side)

e The resulting sideways force causes the ball to curve (Magnus effect)

Py~ Pu.= ;F("; ~vi) = Py PyWhere Vo<V,
Filter Pump (Venturi Effect):

o
B e A filter pump has a constriction where water flows faster
e This increased specd leads to a dropan pressure (Bernoulls's principle) o
e Atmosphenc pressure then pushes airan from a side tube, which mizes wath —_—
watcr and is expelled, creating 8 vacuum
Py-Pp= ip[pi —vi) @ Py>PyWhereV, <V, I
i Carburetor(Venturi Lffect): o
s Uses a Ventun duct to mix aie and petrol for an engine
o Air flows rapidly through the narrow duct, creating low pressure P
o This low pressure draws petrol vapor into the air stream, forming the '"""" v
correct mixture pwasay
Gan
Pu— Py =3p(vh - Vi) = Py> Py WhereVy < Vy
5. Paint Sprayer:

e A stream of air blown rapidly over the top of a tube dipped 1n liquid creates a low-pressure area
{Bernoulhi's effect)

o  Atmosphenc pressure then pushes the hquid up the tube, where 11 gets
atomized by the fast-moving air o o~ J
Pa—Py=2p(vi—vi)= Py>PyWhereVy <V ol
A u =30 Vy vi) a2 Py Where ¥V, Il ——'d
b, Venturi relation: ( :
If one of the pipe has a much smaller diameter than the other and the pipes are
horizontal so that pgh terms become équal, therefore, then:
1
b1
=P

L]

S

1
PodspVf =P+ ’iﬁvf

1 1
=z0(vi-zo)
1
= ED(‘-’E - Vi)
As the cross sectional area Ay is small as compared to the areu Ay,

then from equation of continuity Vy = (A;/A )V, will be small as
compared to V. ’

Thus for flow from a large pipe to a small pipe we can neglect V;
On the right hand side of equation, hence,

=P = %p\-’;’

I'his is known as venturi relation, which 1s used in ventun-melter
Venturi-Mcter

“A device used to measure speed of liquid flow ™

7 Torricelli’s Theorem:

“The speed of efflux (outward flow of gas or liquid) is equal to the veloaty gained by the fluid in falling
through the distance (hy = hy) under the action of gravity *

B

Y-

)

.
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Explanation.

Suppose a large tank of fluid has two small orifices a and B on it.
Now we find speed with which the water flows from the orifice A.
Since the orifices are so small, the efflux speeds V; and V will be
much larger than the speed V,; of the top surface of water.
Therefore, V, =0.

As Bernoulli's equation is

1 1
P, + Ep\"‘ +pgh, =P + Ep\s’} + pgh;

Py+pghy =P+ ip'f; +pgh;
Since =R =P {AWOSP]\EI‘I( Fl’(‘.SSUH!')

1
P+ pgh, ‘=P"”Z'P‘"x’+98hz

l  Interesting lﬂlermalmni‘f l

It is clear from the resull ¢

1
pehy = EP""; +pgh;

Bemoulli's Equalion for horzanty
1 ipe that “where specd is high
Ep\l’,’ = pgh, — pgh, Mmumﬁnbei:w‘ -
1 Mathematically,
Ep\’f = pg(hy —h3)

P+—;—P/' constant
Vi =gl —h)

Vi =2g(h,—hy)
Taking square root on both sides;

vy = J2g(h —hy)
This is the Torncelli's theorem.
Note: Notice that the speed of the efflux of liquid is the same as the speed of a ball that falls througha
height (hy — h;). The top level of the tank has moved down a little and the P.E. has been transferred into K E, of
the efflux of fluid. If the orifice had been pointed upward as at B shown in figure, this K.E. Would allow the
liquid to rise to the level of water tank In practice, viscous energy losses would alter the result to some extent

Q: According to Bernoulli's Equation for a herizontal pipe, what is the relationship between speed and
pressure?
Ans:  "Where speed Is high, the pressure will be low.” Mathematically, P+1/2pvi=constant.

MULTIPLE CHOICE QUESTIONS
(e Theliftof anacroplane wing is primarily explained by: -

!
(b) Archimedes' principle |
(d) Pascal's law

(a) Newton's third law
(c) Bernoully's principle
Answer: (c) Bernoulli's prinaple

Explanation: The shape of the wing creates a pressure difference (lower pressure above, higher pressure below)
due to varying air speeds, generating hit

|
L)
|
L]
|
L]
! The curving trajectory of a spinning cricket ball (Magnus effect) is a practical application of:
1 (a) Viscous drag (b) Torncelli's theorem

' (c) Bernoulli's equation (d) The continuity equation

7

~
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‘ﬁn""'-'-'r [q Be rnnulll s egjuation
F_;thhon The spin causes air to move faster on one side and slower on the other, crvating a pressure difference
| {[k «wnoulli effect) that results in a sideways force
A filter pump uses a constriclion to increase water speed, which then ereates a drop in pressure to draw
in air, This 1s an example of:
(a) Pascal's principle () By Lo s Law
(c) Ventun cffect (1) Charles s Law
' Answer: (c) Venturi effect
Bphmllon_ The Ventun effect is the reduction an flurd pressure that results when a flud flows through a
I cnnslncl:-d section of a pipe, a direct consequence of Bernoulli s prnciple
l . Torricelll's theorem relates the speed of efflux from a hole in atank to the
' (a) Arca of the hole (b) Viscosity of the flusd
| (c) Depth of the hole from the surface (d} Atmosphenic pressure
t Answer: (c) Depth of the hole from the surface
| Explanation: Torricelli's theorem states that the offlux speed Is equal o the velocity gained by falling freely
1
|
]
|
|

through the height difference between the surface and the hole, v=2gh
. In a perfume bottle sprayer, how does the atmospheric pressure contribute to spraying the perfume?
(a) It decreases the pressure at the nozzl
(c) It increases the viscosity of the perfume
| Answer: (b) It pushes the perfume up the tube
! Explanation: The fast-moving air stream at the top of the tube creates low pressure (Bernoully effect) The hugher
atmospheric p:usum then pushes the liquid from the reservoir up the tube into the low pres

(L) It pushes the perfume up the tube
(d) It creates a vacuum in the bottle

ure air stream

- — i —— — i — —— i —— — - — - - ———- - — i —— —

1e “How does the shape of an aeroplane wing create ap prr“url.- difference for 1ift?
| Ans:  The curved upper surface forces air to travel faster and thus cxperience lower prissure, while the flatter
' lower surface results in slower air and higher pressure, ereating an upward force

! . What is the Magnus effect?

| Ans:  The Magnus effect 15 the sideways force on a spinning obpect moving through a fluid, caused by s
' pressure difference resulting from the differential speed of fluid flow around the obpeet due to s spin

|* Briefly explain the function of a Venturi duct in a carburetor,

t Ans: A Venturi ductin a carbaretor narrows the airflow, causing it to speed up and create s low pressure arve
| which then draws petrol vapor into the air stream 1o mux with air

e State Torricelli's theorem in words.

! Ans:  Torricelli's theorem states that the spred of efflux of a fluid from a hole in a tank 15 equal 10 the veloaty
| that a body would scquire in falling freely from the fluid surface to the kevel of the hole

' In a Venturi meter, why can the speed of fluid in the wider portion be neglected when calculating the
| pressure difference?

tAns:  Ina Venturi meter, the area of the wider section is sigruficantly larger than the narrow sction making
| the fluid speed in the wider section much smaller, and thus its kinetic energy term neglipible compared
4 to Uul in the narrow section.

- — i — -

-—— e S W e e e e o S =

. For Your Information

Q According to Bernoulli's Equation for a horizontal pipe, what is the relationship between speed and
pressure?
Anst  Where speed is high, the pressure will be low * Mathematically, P+ 21pv2=constant

L g S S SRS S R —
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How does the shape of a curveball in baseball relate to Bernoulli's principle?

The spin of a curveball causes air 1o move faster on one side and slower on the other According 1o
Bernoulli's principle, the faster-moving air creates lower pressure. while the slower-maving air creates
higher pressure This pressure difference penerates a sideways foree (Magnus effect) that causes the bal)
to curve (Page 102)

©1: What is viscosity, and how docs it affect fluid Mow? Provide examples of Nuids with bigh and Jow
VIACOSITY.

2: Define drag force. How does it depend on the speed of the object moving through a Nuid?
03 State Stokes” law and cxplain its applicabiliny.

fAns]

Viscosity: Viscosity descnibes the fnchonal effect that occurs For Your

Viscosies of Liguids
between difterent layers of a flowing flud -M“Gu“ a1 3

Measuring Viscosity: It deterrmines the amount of force necded Vactnty

Varerad 1l ¥
to make ome laver of a liquid shde over an adjocent layer _._,_.._i‘!.f;_:.;’f_’_
s - ’ =3 |
High vs. Low Viscosity: A il
e Substances that do not flow casily, like thick tar and honey, e | os1n
have o high oefficwent of viscouty, often represented by the Bersene 0554
Grock lotter n Vhater ‘:!:4:1
E 1
s Substances that flow easily, such as water, have a small Ethenct 2
2 Pasma 15
covthcaent of viscosity Giyoaen | £ 29

Viscosity and Motion: Because Lgquids and gases possess a non-
zero viscosily, o Toroe 1s pecessary to move an obyect lhruugh them
Ixamples of Viscous Drag: :'_,:.'. ‘:':.:_'f,':, ’. _,,
o Fuven the relanvely small viscosity of air creates a significant retarding force on a €ar  poessvn st vave srd b
travefing at hagh speeds e wpwed Row of yreae
e  When you extend yvour hand out the window of a fast-moving car, you can feel a
considerable force acting on your hand, illustrating the resistance from the air,
Drag Force: An object 'rnuvmf, through a Muid experiences a rl.-ldrdmg force known as a drag force. This drq
torce increases as the speed of the object increases .
object moving through a luid expenences a retarding force is called a drag force,”
Drag, Force depends on

Ar s g sy el s

' Object’s shape
" Material

" Speed

e Fluid viscosity

Complexity of Drag Foree Calculation: Calculating the exact value of the Jdrag force can be challenging, even
i ample scenanos

Stokes' Law (for a sphere): For a sphere of radius ¢ moving slowly with speed v through a flid with
viscosity i, the drag force (F) is given by Stokes Law: F=6nnrv.

Drag Force at High Speeds: It ys important to note that at hugh speds, the drag force 15 no longer simpl:
proportional to the speed

m PPhysics 11 (Subjective, Objective and Conceplual Questions) 227
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MULTIPLE CHOICE QUESTIONS

i: = ;'r-":;r:frl:r fulluwing substances would have a large coeflicient of viscosity? - .|
i fa) Water b)) Aar fc) Honey (d) Akt ‘'
| Answer: (<) Honey I

f_lpl}l’ll‘i’”“”"” ¥ 135 a thick sulslance that flows slowly, indscating & high internal resstance to flow or hagh i
" viscosily .
le The retarding force experienced by an object moving through a fluid is generally called |
' (a) Buoyant farce (b) Cotwsive furee (<) Drag furce (d) Tensile foree ’
| Answer: (¢) Drag foree I
| Explanation: Drag lorce as the frictional resistance encountered by an obpect muving through a flud i
- According to Stokes’ Law, the drag force on a sphere moving slowly through a fluid s directly ¢
| proportional te: !
’ fa) The square of its speed (b) The square of its redius () lts spes-d (d) its demary ,
iAnswer. (c) Its spevd !
| Explanation: Stokes’ Law states F=6nnry, showing a direct proportionality between drag force (1) and spesed (4 |
‘e Why does air cause a large retarding force on a car at high speed, despite having small viseosity” '
| (a) Aur density increasess at high speed |
i (b) Drag furce increases signilicantly with speed i
' fc) The car's weight increases '
| (d) Air becomis incom pressible I
' Answer: (b) Drag force increases significantly with speed '
y Explanation: While viscosity might be small, the drag force increases, often proportionally to the square of the !
| speed at high velotities, leading to & substantual retarding lorce |
‘e Stokes’ Law is most accurate for objects that are '
! (a) Moving very fast (b) Irregularly shaped  (c) Spherical and moving slowly (d) Highly dense |
Answer: (c) Sphernical and moving slowly -
v Explanation: Stokes” Law s specifically derived for the drag on 3 perfect sphere at low Revnolds numbers, !
D Y o o o et s i s i s i)

SLO BASED SHORT QUESTIONS & ANSWERS

1* What does the coefficient of viscosity () measure?

1Ans:  The coefficient of viscosity measures the internal fnction or resistance of a fluid to flow

| Why does an object moving through a fluid experience a retarding force?

i Ans:  Because Liquids and gases have non-zero viscosity, causing frictional effects between the obpct's surface
and the fluid layers, resulting in a drag force

1* How does the drag force change as the speed of an object moving through a fluid increases?

tAns:  The drag force increases as the spevd of the obyect increases

I For what specific shape of object is Stokes' Law derived?

Eﬂm: Stokes’ Law 1y specifically derived for a sphere

(A Give an example of a common fluid with relatively low viscosity.

| Ans Water 1s a common example of a fluid with a relatively small coctficient of viscosity

T o —— — i —— ——— — —— —— i —————— . — i —— ———
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514 TERMINA

Q1: Define terminal velocity. Explain bow o falling object reaches its terminal velocity.

Q2: Derive the formula for the terminal velocity of a spherical ralndrop falling through the air, clearly
showing the steps
Q3: What factors Iinfluence the terminal velocity of an object?

oD

TERMINAL VELOCITY

“Maximum constant velocity of an object falling vertically downward when the weight of the object is equal o
drag, force is called terminal velocity.”

Explanation:

“It 15 maxmurm umiform veloaty acquired by a spherical body in fulling under the gravity when drag force becomes equal 15

the weight of the body.”

Expression:
Consider a water droplet (drop of fog or mist) falling vertically There are two forces acting on it
1) The force of gravity acting downward
w W=mg
2) The drag force of air actng upward I
Fa= banrv . el o
The drag force of air increases as the speed of droplet l 1 g
increases The net force acting on the droplet s - [ ] '
Net Force = Weight — Drag force l T
F= mg - 6nnrvy -~
By Newton's second law of motion -
F=ma ity et p— ]
- -y N
So, ma = mg - brnrv — Fg
As v increases the value of 'a' decreases and at some

value of v, ‘a' becomes zero. This value of v is called terminal velocity Al this velocity the weight of the droplet
becomes équal to the drag force

So m g = 6nnrv,
mg
O v, = — (1
' ' 6mmr X

Conclusion (1) Above relation shows that terminal velocity is directly proportional to mass of the water droplet.

4z
Terminal velocity in terms of size: As droplet is spherical so the volume of a sphere is V = —? r

4
p=~$— or m=mem-T1er
Pulting value of m in equation 1 we get
e 4n o g
R Ganr
!
ar
or V= 2p2 5 TE.SPESTR ) |
9
or v, '—[zﬁ]r' 2& = constant|
M 9
or v

Conclusion (2) Above relation shows that terminal velocity s directly proportional to square of radius of waler
droplet 1o depend upon size of the object

m Physics 11 (Subjective, Objective and Conceptual Questions)

A table tenma ball can be The aur from nozzle s st

Baruow Baie
pade suspended 10 the @ | hieh meed w4,
stream of wr coming from - pressure of air at the %/"'E
the nozzlo of @ barr dryer norzle decreases than the [/ 7T
(| surroundings so the ball u\.?‘}il E
remains suspended. |

.
Because, aur at hugber ! U—‘l’
preasure traps the ball 1o a |y, Yieating In Alr
pocket of low pressure and I

keeps it in a surpnmogly Mﬁl ; I
stable pomiion

MULTIPLE CHOICE QUESTIONS

[ e e e O e —— — ——————— —

.. An object falling through a fluid reaches terminal velocity when: - ‘:
| (a) Its weight becomes zero (b) The drag force equals its weight |
A (c) The buoyant force equals its weight (d) Its acceleration s masxamum ‘
| Answer: (b) The drag force equals its weight |
« Explanation: At termmnal veloaity, the net force on the object is zero, meaning the upward drag force perfectly »
| balances the downward gravitational force (weight) |
ie If a spherical raindrop's radius is doubled, its terminal velocity will (assuming Stokes’ Law appliesy: '
| (a) Halve (b) Double (c) Quadruple (d) Remain the same |
! Answer: (c) Quadruple "
~lExplanation: The formula for terminal velocity (vi=(2pr2g)/(97)) chowssthat vt is directly proportional 1o (2 |
! Doubling r will make r2 four imes larger .
! . Al terminal velocity, the net force acling on the falling object is: I
| (a) Upward (b) Downward (c) Zero (d) Vanable i
; Answer: (c) Zero 5
| Explanation: When forces are balanced (drag equals weight), the net force 1s zero, resulting in constant velocity |
1 (zero acceleration). '
|= Which of the following factors is directly proportional to the terminal velocity of a spherical object |
[ falling through a fluid? '
| (a) Viscosity of the fluid (b) Radius of the object (c) Density of the object (d) Square of the viscosity |
¥ Answer: (¢) Density of the object .
: E;;i:nalium From the formula vt=(2pr2g)/(9n). terminal veloaty is directly proportional to the density (p) of the |
object. : 2
'I . Before reaching terminal velocity, a falling raindrop: I
| (a) Moves at constant speed (b) Accelerates downwards i
H (c) Accelerates upwards (d) Expeniences no drag force .
| Answer: (b) Accelerates downwards

1 Explanation: Initially, the weight is greater than the drag force, resulting In a net downward force and downward !
| ecceleration

e Dcfineler:'lina[velocity. e e e g

| Ans:  Terminal velocity is the constant speed that a freely falling object eventually reaches when the resistance |

- of the medium through which it is faling prevents further acceleration s

!0 Ht.;w does the drag force on a falling object change as its speed increases. approaching terminal !
velocity?

! Ans:  Asthe zhy.-cl's speed increases, the drag force on it also increases ‘.

12 _ What are the two main forces acting on 2 mindrop falling vertically. and how do they balance at

|



S——

.

230 Chapter 5 |Sohd ana riuia uymm,“l

- — e m — - ——— e ——————e——— L R D

terminal \-elonl.}'?- v E
Ans.  The two main forces are the downward weight (gravity) and the upward drag force At terninal velogpy 1
I. these two forces become equal in magnitude and opposite in direction
| . Why does a heavier, denser object generally have a higher terminal velocity than a lighter, less denge
i object of the same shape and size?
| Ans: A heavier, denser object has a larger weight, so a greater drag force s required to balance it which Mean
it must reach a lugher speed (terminal velocity) to achieve that greater drag
. What role does the viscosity of the fluid play in determining terminal velocity?
Ans:  Termmal veloaity 1s iversely propertional to the flwd's viscosity, higher viscosity means #rea
1 resistance, leading to a lower terminal velocity for a given object
Ie An air bubble of 1 cm radius is rising at a sleady rale of 2.00 mny'sec through a liquid of density 15 g
| em?(Neglect density of air). If g = 1000 emysec?, then the coefficient of viscosity of liquid 1s:
L]
|
L}

5

Ly

me
|
A 0166x10' porse B 1.166x 10" poise ¢ loox 10 poise 1y 16.6%10" pose !
Solution:  r=lcm=10%m, v = 2 x10"ms", p = 1 Sgmam™,g=10000cms 2 |
n="?

—_—

. 2opr° 241551000 5
i = — = ——————— =1 6610 "Polse
9n Vs 9«02

Vaprs
v - =PEr =n

. A lead sphere of mass m falls in a viscous liquid with a terminal velocity “ v “. Another lead sphere of
mass 8m will fall through the same fluid with a terminal velocity:
Av B v C 8v
Solution: P =p; =p=sameso,

D. 6dv

Whenp = same

m=\

ma
m’=8msor’ =2r

r=m

So

l

Q1 What i the primary distinction between an ideal fluwd and a real Nuid?
02 Why 1s an ideal fluid considered a theoretical concept and not practically existent?

Q3: Provide examples of real Muids and explain how their propertics differ from those of an ideal Nuid,
Q4: How does the concept of viscosity differentiate real Nuids from ideal Nuids?

Lo

Iorar bruip

Definition: A hw pothetical fluid with zero viscosity and absolute incompressibility It cannot exist practically
e Properties: o tnctional force between lavers, constant density, not subjected to surface tension
e Bernoulli's Tquation: In an kdeal fluid, Bernoulli's equation states that the sum of pressure, Kinetic

sneepy per uint volume, and potential encrgy per unit volume remains constant.
Rear bruip

*  Dehinition: Any (lund that possesses viscosity. All fluids observed in the real world are real fluds

e Properties: I xlbitviscosity (intermal Inction), meaming they face an opposing, force during flow Thevar
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‘_nol perfectly incompressible
Examples: Walter, diesel, petrol, honey, herosene ol castor o1l

e Viscosily Differences: Different real fluids have varving degrees of viscosity (e g, honey is more viscous

than walter)

_MULTIPLE CHOICE QUESTIONS

e ~ “An ideal fluid is characterized by: T

(a) High viscosity (L) Compressibility (¢} Zero viscosity (d) Turbulent flow |
1 Answer: (¢) Zero viscosity '
| Explanation: An ideal flurd 15 a theoretical concept delined as having no internal frichion, 1 e, zero viscosity |
e Which of the following is an example of a real fluid? '
| (a) A theoretical non-viscous liquid (b) Water |
. (c) A perfectly incompressible gas (d) A superfluid :
I Answer: (b) Water !
' Explanation: Water, like all common fluids, exhibits viscosity and is thus considered a real fluid Super Muids |
! have zero viscosity but are a distinct, exotic state '
1° In real fluids, mechanical energy is typically dissipated as heat due to: |
’ (a) Changes in density (b) Surface tension (¢) Viscous forces (1) Gravitational potential energy !
| Answer: {c) Viscous forces |
1 Explanation: Viscosity causes internal friction within the fluid and between the fluid and its boundanes, leading »
| to the conversion of mechanical energy into heat |
e Why is Bernoulli's equation an approximation for real fluids, rather than exact? (3) Real fluids are !
| perfectly incompressible (b) Real fluids are non-viscous (c) Real fluids have surface tension (d) Real |
' fluids exhibil viscosity '
I o Answer: (d) Beal fhuds exhubit viscosity !
; o Explanation: Bernoulli's equation assumes non-viscous flow The presence of viscosity an real fluids |
. means there are energy losses due to faction, making the “constant” in Bernoulli's equation nol x
| truly constant |
1. Which statement accurately compares honey and water as real fluids? '
| (a) Honey is less viscous than water (b) Water s more viscous than honey |
' (c) Honey is more viscous than water (d) Both have zero viscosity '
| Answer: (¢) Honey is more viscous than waler |
! Explanation: Honey flows much more slowly than water, indicating it has a higher internal resistance to flow, !
| meanug bigher viscoswty. ..

SLO BASED SHORT QUESTIONS & ANSWERS

It What is the main difference in terms of internal friction between an ideal fluid and 3 real fluid? |
¢ An: An adeal fluld has zero internal fnction (non-viscous), while a real Muid possesses non-rero internal
| friction (viscosity)

L2 Why is an ideal fluid considered a theoretical concept and not found in practice? '
| Ans:  Because all known fluids in the real world exhibit some degree of viscosity and compressibility, making a |
i truly ideal fluid impossible !
" How does the presence of viscosity affect the flow of a real fluid? ||
| Ans:  Viscosity causes the real fluid to face an opposing force (frictional force) duning flow, leading to encryy |
' dissipation and pressure drops '
|- Besides viscosity, what is another property that ideal fluids are assumed not to have, but real fluids |
i do? !
! Ans:  Ideal fluids are assumed 1o not be subjected to surface tension, whereas real flulds extubit surface tension |
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e Give two examples of real fluids, one with relatively high viscasity and one with relatively low |
'l viscosity. .l
3 Ans:  High viscosity Honey, Castor oal, Low viscasity Water, A PP L ——— 1

Q1: Define saperNuidity and explain the unique characteristics of superNuids.
Q2: At what conditions do substances exhibit superfividity? Give an example.
QX Deseribe the behavior of superfuid helipm—4.

Q4: What are the carrent and potential apphications of superfuids?

o

SUIERILUID

. Superfluidiiy 1s the characteristic property of fluids with zero viscosity e, flow is frichonless.
. A substance exhibiting thas property is called superfluid.

" Superfluds flow without loss of hinetic energy |

. Superfluid can flow through incredibly narrow spaces without any fricion.

. Superfluidity is achieved i some substances at extremely low temperature. This means that once it starts

to flow, 1t keeps moving past  any obstacles

. Superfluids are on exotic state of matter exhibiting zero viscosity at .
extremely low temperatures. Parachutes increase air resistance

SUPERFLUIDITY (drag) by crealng a large surface

e Definition: A characteristic property of fluids with zero viscosity, meaning mﬂ:ﬁ: mm :: m
they flow without any loss of kinelic energy (frictionless flow). fal, allowing them to Lard safety,

e Condition: Aclueved in some substances at extremiely low temperatures
(close to absolute zero)

s Behavior: Can flow through incredibly narrow spaces without fricbon. If
stirred, vortices will keep spinning indeninitely Can "creep® over the walls
of contaners

SUPERFLUID HELium-<
o  Example: The most studied example of superfluidity is Helium-4.

Tidme

over edges of containers bDecauss
they do not exgenence friction ke
rormal fulds do

Superfiuids can "climb® up wals and

* Transition: Changes from a normal liquid to a supertluid a
few degrees below its boiling, point (e.g., -269°C or 4 K)

®  Appearance: Behaves like a normal clear liquid but has no
viscosity

SUPERFLUIDITY APPLICATIONS

* Limiled Practical Uses (Currently):
o Coolant for lugh-held magnets
o Used in advanced particle detectors (both helium-3 and

helium-1)

o Research helps advance knowledge of

VORTEX TALENT INFORMATION

A vortex iy 3 region within a fAluid (liquid or gas)
where the flow revolves around an axis, which can
be siraight or curved. This rotational molion often
creates 3 low-pressure zone or a cavity at its center,
pulling in ding Nuid and object:

Common examples Include

. Whirlpools in water
¢  Tomadoes and dust devils in air
*  Smoke rings

superconductivity
* Liquid Helium (General Properties): Recogruzed for
great thermal conductivity and used in
o Cryogenic applications (cooling superconducting magnets),
o Scentuhc research
o Medical uses,
o Leak testing in industry
o Production of electronic and optical products

mm Physics 11 (Subjective, Objective and Conceptual Questions)

MULTIPLE CHOICE QUESTIONS
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& T‘he defining characteristic of a superfluid is

! (a) High density (b) Zero viscosity
Answer: (b) Zero viscosity

1 Explanation: Super fluidity is the property of flowing without any resistance or internal friction

|« At what kind of temperature are superfluids typically observed?

(a) Room temperature (b) High temperature .

! () Extremely low temperature (d) Boiling point of water

' answer: (¢) Extremely low temperature
Bplanalicn: Superfluidity 15 a quantum mechanical phenomenon that occurs in certain substances only when

! cooled to temperatures very close to absolute zero.

I, What happens if you slir a superfluid?

i (a) It quickly stops spinning

A (b) The vortices will keep spmnning indefirutely

I

L}

- —

(c) High temperature (d) Compressibility

(¢) It sohdifies
(d) It loses its zero viscosity
| Answer: (b) The vortices will keep spinning indefinitely .
1 Explanation: Due to zero viscosity and fnctionless flow, any motion inihated in a superfluid, like vortices, will
| persist indefinutely
‘e Superfluids can "creep” over container walls because:
| (a) They are highly adhesive (b) They are very dense
: (c) They experience no friction (d) They are gases
I Answer: (c) They experience no friction
i Explanation: The absence of viscosity means there's no drag against the container walls, allowing the superfluid
to flow frecly over surfaces
: . Which substance is the most studied example of superfluidity?
| P ty
' (a) Liquid rutrogen (b) Superfluid hydrogen (c) Liquid helium—
| Answer: () Liquid helium-
1 Explanation: Liquid helium-1 is the most well-known and studied superfluid. transitorung to a su wid state at »
P q pe B
| around 217 K.

(d) Liguid oxygen

— . e S e S S S e e S S

SLO BASED SHORT QUESTIONS & ANSWERS

I " “What is meant by “frictionless flow” in the context of superfluids? ;
yAns: Frictionless flow means that superfluids experience no resistance or energy loss due to internal fnction |
| (viscosity) or fnction with surfaces they flow over. I
e How does the thermal conductivity of liquid helium compare to other liquids, and what are ils general ,
| applications?

vAns:  Liquid helium has very great thermal conductivity Its general applications include cryogeruc cooling, !
| scentific research, medical uses (e g . MRI). and leak testing |
‘e What is the implication of zero viscosity in terms of kinetic energy for superfluids? g
!Ans: Superfluids flow without loss of kinetic energy, meaning once motion begins, it persists indefuutely |
| without energy dissipation due to friction 1
. Besides being used as a coolant, what is another advanced application of superfluids like helium-3
| and helium-4?

t Answer: They are utilized in advanced particle detectors.
I How does research into superfluidity contribule to understanding supercondudtivity?
i Ans:  Superfluidity in liquid helium 1s analogous to superconductivity in metals (zero electrical resistance), so
v = — _ _Studying superfluids can offer insights into the mecharusms behind superconductivity
(e (e it {e i e
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EXT BOOK EXERCISE WITH SOLUTION

—

MULTIPLE CHOICE QUESTIONS

51 The region of stress-strain curve which
obeys Hooke's law is
(a) proportional limit  (b) elastic region
(c) plastic region (d) yreld himat

Explanation: Hookes law (stress is proportional to

strain) s sinctly obeyed enly up Lo the proportional

hmit The elastic region extends shightly beyond this,
up to the elasnc imit where the material still returns

1o 1ts oniginal shape, but the relationship is no longer

perfectly hincar

52 Which of the following is more elastic?

{a) Rubber (b)Wood
(¢) Sponge (d) Steel

Explanation: Flasticity refers to a material's ability to
return to its original shape after deformation, and
more importantly, its resistance to  deformation
(Young's modulus) Steel has a much higher Young's
modulus than rubber, wood. or sponge, meaning it
requites @ much larger force to produce a given
deformation, mabang it “more-elastic” in the scientilic
sense Rubber deforms easily but returns, but steel
resists deformation much more strongly

53 Which of the following Is polymer solid?

(a) Wool (b) Glass
{c) Sodiuvm chlonde () Copper

Explanation Wool 15 a natural polymer made of

proteins  Glass 1s amorphous, sodium chlonde s

crystalline, and copper is a metal (crystalline)

54 The effect of decrease of pressure wilh the
increase in speed of a fluid in horizontal
pipeis:

{a)Torncelli's effect {b) Bernoulli's effect
(¢} Venture's effect (d) Doppler's effect

Explanation: This is a direct statement of Bernoulli's

prncaiple for horizontal flow where fluid speed is

high, pressure 15 low Ventun's effect (or Ventun
relation) s a specific applicavon of Bernoulli's
principle  Torricelli's effect relates efflux speed to
heght, and Doppler's effect relates to wave frequency
changes

55 The pressure will be low when speed of a

fluid is:
{a) zcro (b)high
{c)low (d) constant

Explanation: This 15 a direct consequence  of
Bernoulli's principle for a horizontal flow, an increase
in fluid speed corresponds 1o a decrease in pressure
5.6 As per law of flu id friction for steady
stream line flow, the friction:
(a) varies proportionally to velocity of fluid

(b) vanes inversely proportional to pressy,,
(¢} Jdoes not dupcm‘ on pressure
(f) firstincreases then decreases
Explanation: For slow, steady streamline g,
especially for a sphere (Stokes Law), the deag (o,
(friction) 1s directly proportional to the velocity of gy,
object moving through the flud (I<6nnrv)
5.7 If a stone is submerged in water and jy
weighs less in water than in air, this
phenomenon is due to:
(a) the reduction of mass in walter
(b) increase of density in waler
() buoyant force acting upwards
(d) the gravitahional force acting upward
Explanation: The apparent loss of weight is due to g,
upthrust (buoyant force) exerted by the displacey
water, which acts upwards, opposing the downward
gravitauonal force
58 The principle of floatation is a dircct
application of:
(a) Pascal's law
(b) Bernoulli's principle
(¢) Archimedes’ principle
(d) Newton's third law
Explanation: The principle of floatation s & speqial
case denived directly from Archimedes’ principle,
stating that a floatng object displaces fluid equal o iy
own weight
5.9 Anideal flow of any fluid must salisfy:
(a) Pascal law  (b) Bernoulli's equation
(c) Continuity equation only
(d) Both (b) and (¢)
Explanation: An ideal fluid flow 1s tharactenzed by
being incompressible  and  non-yiscous. These
properties allow for the application of both the
continmly equation (conservation of  mass) and
Bernoulli’s equation (conservation of encrgy)
510  The lift force experienced by an aeroplane
wings is primarily due to:
(a) viscosity of alr (b) density of air
(¢) pressure difference above and below the
wing
(d) gravitational force
Explanation: The shape of the wing causes air to flow
faster over the top surface and slower underncath
According to Bernoulli's  principle, this  speed
difference creates a lower pressure above and a higher
pressure below, resulting 1n a net upward lift force
5.11 In medical field, a venlure mask, used to
deliver a known oxygen concentration to
patients operales is based on:
(a) Newaton's thard law
(b) Arch I modes’ principle

m Physics -11{Subjective, Objective and Cure

(o) Pascals law () Bernoulli's principls
hp|d"‘“““ A Vemtun mask uses a comslbneion 1o
inerease the spee d of a gas, winch o tarn lawers ity
provaure (Bernoulli's ponciple)  Thas pressure deop
creates a suchion efloct, dravong i ambient air to mis
with the oxygen delivening a precise concentration
512 Whichof the following is a defining

characteristic of a superfluid?

(a) o1 vin sty (b} Infurnte density

i) Joro lempriraturs fdy Infirite thermal
conducbivily
fxplanation Ihe
-.upq-l'lll.ild 15 sern viseosiy, meaning W Hows without

deliming characioristie ol a

any rositance or frichion Whale superfluids are very
r.phi thermal conductors, and yutre extremely low
A

temperatures, et viscomily s thoor fundamental

prul’n'fl y

SHORT ANSWER QUESTIONS

5.1 What i1s meant by
(i) cuhesive Torces (1) viscosity?

Ans: (i) Cohesive forces The furce of sttraction
among the molecules of same sulstance callod
cohesive forces These forces are responsible
for phenumenas bike surface leoswn
(ii) Viscosity: The [nctional effect between
dilferent layers of a lovang Nuid s called
Vist tnrl)' Viscosity measures, how much force
i required to shide one layer of the Liguid over
anather layer

52 Differentiate  between
turbulent flow of a fluid.

Ans:  Streamline flow: The flow: s sad 1o be
streambine o lamupar flow of every particl

streamline  and

that passes a particular pointl, moves alang,
exaclly the same path, as lollowed by particles
which passed that points carlier

Tusbulent flow: The irregulsr or unsteady
Mlow of the i iy called turbulent flow

Streamline Turbulent Fuw:
(Laminar) I low.
v Hlud layers move | o Fluwd layers miz and cross
parallc]l withaut crossing, cach  other * reating,

oF frixing
+ Constant  Veloaity The | o
veloenty of a Dud particle
sl a givem poinl remains

chantic pattems

The weloaty of & fud

partche sl a pven poend

changes n besth

magritude and directon

¢ low Velocny: Typucally | o High Velocity : Ty pually
ocrurs ot lower spesds

comatant crvoer Line

ceiurs al lupher spme=ls

arud prossures ardd prossures

¢ Examples: Blood (1w in | o Framples Faver e,
sy wabter fluwang water  lowing  fram s

frum & faucet at o low faucrt at a hogh rate. walle

rate. smoke nsing from a MNew

Cigareite

wptual Questions) 5

%3 Huw dims pressute changes with degrb in
fluads’

Ans I & thawd &% rest promsute weivaws wih

degahs The formule lor provacer 82 8 Septh ¢
i P = pgh, wiess g the (lusd desnaty and g
i the acebrstvn Sur W gravdy b w
Ler pusw tha wesg )t oA Do [bind ronpeme abrrve

& corlain pF ot ire reases with -‘,;Ji

54 Hesw b3 variatiom in gressre relsbed to spend
of afluid?

Ans Porending by Petverillis provighe b o
heotszantal flowm of an wiesl ol presonse
deerrasay 83 Uie spmnd of Gu llued e teanes
Carrperwely, prissute e trewn wlets e
flasd spesed desrvawms swkalae % "
Mg tand ety liasd AT p—

applicatioons and is ptermn o sortye) eriglioe

1
Vo Pov 9V v

Al
2 Wy » WPy
Where Ve~ Vy
55 Heuw bs the flyw rate relaiod 1o the rrome

sectivnal ares and velociny of the fluud?
Ans The flow rate 1y
" .J_.r.-l|‘,

srwe oA Dlssd pror urst b

progustunal o beAl ta 110n
seetsonal arva (5 o the pnpe arvl e averegs

veller ity L) of the 1] b svlatiirn ”

grven by tha exguats { ren i ¥
Av=C arstant s
"
1
5.6 Muw do you study the variaton in velocivy

of a fluid &t different peints in a beae witn
varying diameter?

Ans The combinuity expuatior
Hwi=hm
D I
ibwre, A r 4 4 ared v are
5 P
£ .
the area and yelos by o) puird in & hoss
1 I
and ; =y =% - x ervd v are the
2, 3
arva and veloity st arvithws prant
S owpuation of combirngity bee omeesy
V] 1
x i b 4 £ b
» Iy
. (V]
It shaws that volor ot i the: llued vairms
inwersedly wmath the sguare of 1} L iaerwtir ool
the heme Wheire tha buime naes br A



i YA peNiopd A peviare guich "WW "Wt

r

L l,z-; Luidi A pu o F 4
Seg Mhgthc- 4 . A.m
"R P ‘ s “ i
bt ! . . v e oo B wng W ida
/ . ity ] i/ A o # .
’ y# ' L L Ly » N A, i i Ml s
i ¢ ; ‘ . 7 ’ ’ { o - sl 'y
r - s e o Al e Wl
¥ e s - . . . Ry o o pp i . g m Ay et gl
/ ] 7/ * Iy “ . i - g eninm il o PP —
“ ' Iy P ‘ - » > . Swens at g At o
I ® S - - e -
Y ' ‘ v 4 . e o R Sl S Py -
i 4 g v, ’ - - — e ————
F # - o et A R
tE s £ P ,
& o Fl “ y oy o # r ' e PR iy s Pl g A fa Je
v of # > B T s
L ‘ i piams Lt - e e pple etk w
. -t B fahi N FPha
¢ - 7 . - e i ‘ r
v ot - - b -
t a s Jmne ‘
2
/ ' ea . b - -
4 il r - L # b g LI - ey
i . q 4
4 ¥ ) " R . PP T
. ' o e : e o " T TR ST
/ i e anls /2
’ - i . f # — . -
y F7 g "o # at. -lrm
™ [ . J / - -~ . v o P
/ ’ il g . & y
- - = s O S
"l /, 9 b s B -
p -9 PR g
() " P iy - Y
o Py Abi Ry sear Lpd wiiragp A4pi y i 4 o gl oo N crpl g
: # . #r I
i gt Dot don bup il g f ’ Sasogoy gt ¥ pgmins A ai NOR——
§ . L ’ Srms &
F i i ] # el I ' - W e il g
iy, ’
Y ar b, ’ ; ” 4 / T - - PR PP
¢ e 4 s o fame FUSEp——
i / ' v /! g wemafs s abow g S
A 't ’ il ol ’ s o ; T
’ LY o P - il ¢ ko " e S e PP
' 4w g e Fapii s vk - U Jpoe . # i P
e (I o 4 ¢ / « ‘% Lovsspp 1118 R fam
. gt /v, M per ] ; P vil il Asigtel peidiaea: o
1 / p ’ e . <. v Bk aepelley, #
ol 4 / Cromif S g, WFasg o W g™
o G Ao Ko o P Wy
Ve Vo ,'/4 Vil 2 Hp e Wy ¢ " Y el i el I
Whain Wy Vi 4 # ke - e bl r s
.My P dan el 4 d ad skisid id ’ o - o Aot e e
prrblipmo gt ” ] sl bl s ur g gl o
i L] 7 b ey s #iay e w Bosar min Lur oy Kevry fan
J i # a-,/ R e el ]
r s ! 7y o 1 A e pegn mpen ar gl
LX) ') e
v 4
[} fi o ' ' I!‘; w o hipy wl g prirey’ ane  sws g gt A A
r b s dEh sy e wi o ki in o dpn phle & Rt L R T id
rF ¥ aarl ’ ; naf syt y - : T B e
’ 1er Ay, Biwe  Fiid ssngd At p i s o sid  Mawiasil e gid P
o il '§ 4o b divs J o * frapdd 4 / s agpdd grasvy -

e S T

e - .

v rmas’ 8

il d pvive vy ?4-4 -t

R
o

el et

el e
e = el st leapemrm Sgh sedla e

el el e

O i

e i o -

e A e S e
A P T (UE e e

Py Puc I A Fy Py

I Sy = S

Pl & Vi G e = w3l Tuid el
Bl i e e e
by - i wm A Dl i '

Tl P ile = Al b - ppa— A A

oS ccompn i e e o Vpta,
— i o gy el e Sanm cprwgt iy

Sl abpnsge T, sovh e wrelr eg
ra— - e - T - - —
T g Aeeel, TOWE S

L P I R e

[t P & Mapmenticd Vo W v,
e P o ¥
i

ey R

Vosa P wieiew g

e T

PAtompar ppw ¥ woar g Ts eyl et A P
-t g Timert
S mmmir s < ahe sl

B it o T R

g g

- Amrgl rawirm

L A
Lrar TR e

e ——

La vt g e ey Wik £ 0 vl
el wgpem Vi Labiers Soem el ool
P rriit

Piadmmem 7onily s m the wmdd s wnle
irdee e e (e end soveme caeditiens
7 TH,
Wayy & tam wpdyy o syger Suids monetant
faw sdirpmcing gw gnepw'sday oF oww
g ghyra Sheersiel”
“te e o apefigide & monrtansl o
sAeremr ng o preve'sdap o cumpnpeTinyee
e e e
& Tt Fruennmemy # Vermersnie
Sealer SngeNudivy & 8 meemersoer
e Sdeng
e geel
et mechanesl et
wriue o the smemir or
g arpp sheemsable

Ayt sl e el

L aaial Tl
alleorm e I

Ve Amrrand

#rrn pgapalles

wrhatrmmur gt

Al
¢ Pruce Tramwticae it gravides momhts
nie, phaus  radefinns et arcur

T

rom penmTgtras ol the
ravaton fram 4 mormal dogued o 8
L

* T ammsrtian ‘o

i ] n

wevd  belum =

Al Wy weygeers amadoe Sy v metyic



e

Chapter 5 [Solid and Fluid D)‘mmkq

{zvro clevtncal  resstance) Studying
supertlunds can offer msights mto the
mechanisms  behind  superconductivaty
and  related  phenomena,  wluch Bave
sipnificant technological implications

*  Fundamental Properties of Matter: It
helps i understanding the tumdamental
propurties of  matter under  estreme
condiions. probing the limts of physical
laws

e Technological  Applications:  Wiile
current practical apphcations are limited,
the tundamental understanding gained
could lead to future breakthroughs i
arcas hike guantum computing, Iughly
sensitive sensors. and novel cooling
tcclmnl-\grn

COMPREHENSIVE QUESTIONS

51

u
L&)

5.3

54

Explain in detall the classification of solids
with respect to atomic arrangements.
(Detaled notes provided m sechion 51
“Classihcaton of  Solds, ncluding
Crystalline.  Amorphous.  and  Polymeni
soluds. thewr detinitions, stomic arrangements,
melting  points,  examples,  and  study
technmiques )

What is Archimedes' principle? Explain it in
detail for finding upthrust.

(Detaled  notes provaded ain section 5.7,
*Archimedes Principle and  Floatation™,
including the prinaiple statement, denvation
of upthrust, and examples of its apphcation )
Justify that mass remains conserved when a
fluid flows through a pipe.

(Detasled  notes  provided in section 59,
“Equation of Continuity”. including  the
statement and derivation showing how Aywypy
=Axvp: drrectly demonstrates the
conscrvation of mass for any fluid flow, and
for incompressible flurds. it simplifies to Ayvy
=Axvz)

Explain the term superfluidity.

{Detailed notes provided 1in section 516,
“Superfluids”,  ncluding s definition.
charactenstics,  conditions  for  ewlstence,
behavior of superfluild  hehum-1, and s
apphcations )

State and derive equation of continuity.
(Detaled  notes  provided 1in section 59,
“Equation of Continuty”. including its
statement formula,  and  step-by-step
denvation based on the conservation of
mass )

5.6 State and prove Bernoulli's equation.
(Detatled notes provaded  in section 51
“Bernoulli's Lquauon’, wncluding o
statement, assumptions,  and "“'P'b}“sl\-p
denvation using the work-energy theoren,
and conservation of energy )

57 Give some practical
Bernoulli's equation.
(Detatled notes provided in section 512, "Usge
of Bernoull's Equation”, covening Acroplane
Wings. Swing of a Ball (Magnus Fifect), Fiiygy
Pump, Carburetor, Paint Spraver/Perfumg
Bottle, Ventun  Relation,  and  Torrcellis
I'heorem )

58 Define terminal velocity of a body and show
that  terminal  velocity s directly
proportional to the square of radius of the
body.

(Detailed notes  provided - section 514,

applications ¢

“lerminal  Veloaily”,  Including  its  deliniton,
explanation of how it's reached, and a step-by-step
3
Vpr=
=grp
dervanon showing V= —-9—*
n

thus demonstrating the ¢ proportionality )

SOLVED EXAMPLES

EXAMIPLE S
A steel wire 12 mm in diameter is fastened to a log
and Is then pulled by a tractor. The length of steel
wire between the log and the tractor is 11 m. A force
of 10,000 N Is required to pull the log.
Calculale:
(a) the stress and strain in the wire,
(b) how much does the wire stretch when the log s
pulled? (£=200 x10° N m ?)

F 10,000 N

(a) Tensile stress 02— —00noee———
A 3 16x10 " m)y

Tensile strain

8846x10" N’ y
fadh pnp SUEsS 3RAGNI0 N o000 N
3% Strain Stramn
S884610" N’
Strain= S3A6X10 N~ Ax10

200~10" N m
(b) Using the relation: Strain =

Al L
t—ur\|f=51r.\mtl.n:-l-|slu'x!lm 18410 m

EXAMPLES.2

A wooden cube of sides 10 em each has been dipped
completely in water. Calculate the upthurst of water
acting on it.

Given:

mm Physics -11(Subjective, Objective and Conceptual Questions) 2319
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','..,.;;{h ofside L=10cm=01m
volume V= L'=(0 Tm)'=1x10'm'
Densily of water p = 1000 kg m?

upthrust I -

Using Archimedes’ prnciple

Upthrust of water = pgV

S 1000 kg m IS M T NI mt =98 N

[hus. upthrust of water acting on the wooden cube 1s
98N

EXAMPLE 5.3

An empty meteorological balloon weighs 80 N, It is
filled with 10 cubic metres of hydrogen. How much
maximum contents the balloon can lift besides its
own weight? The density of hydrogen is 0.09 kg m"
and the density of airis 1.3 kg m™.

SOLUTION
Given®
weightof the balloon— w = SON
volume of hydrogen W = 10 m*
Dersity of hydropen  py = 009 kg m*
Density of anr I IVhgm?
weight of hydrogen Wy ]
Weight of the contents we " ?
Upthrust } Weight o are displaced
- A
. 13kgm ' =98 ms -~ 10 m'
- 1274 N
Weight of hydrogen W, = PV
=009kpm ' » [0m' =98 ms-
= 82N
Total werght hifted I = Wt w4t W

To hit the contents, the total weight of the balloon
should not excewd |

Thus  w +w;+ we ~ F
RON+ 882N+ w: = 1274 N
W = 38 58

Thus, the masimum wenght of 3558 N can be hifted by
the balloon in addition to its own weght

EXAMPLES4

A water hose with an internal diameter of 20 mm at
the outlet discharge 30 kg of water in 60 s. Calculate
the water speed at the outlet. Assume the density of
water is 1000 kg m Y and its flow is steady.

Internal diameter of water hose 12 =20 mm = 002 m
SOLUTION

Radius r

5
ﬂ-..ﬂ_[!:—ﬁl._(lnlm
1

b
Mass of water  m=30kg
Dime taken I = obs

Density of water p = 1000 kg m-
Speed of water v = ?
Mass flow persecond my/t = 30 kg / 60s
Cross-sectional area A= ap
= 314 % (001 m)?
= 314 =104 m!
From equation of continuity, the mass of water
discharging per second through area A

pAV = Mass/ Second
. Mass/Second
pA
) _ 0 Sky s
i 10004em "=3 14210 *m’
= l6ms !

EXAMPLE 5.5
A tiny water droplet of radius 0.010 cm descends
through air from a high building. Calculate its
terminal velocity. Given that q for air = 19 x 100 * kg
m s Yand density of water p = 1000 kg m %
Solution
r=10x10'm, p=1000 kgm " n - 19 10kg m's!
Putting the above values in Ly (5 29)

2

250 8my (1 0x10 'mlh-lﬂl)‘.ll\-m :

0 T
D 1910 " Kgem s

L}

Terminal velocity = LI m s

NUMERICAL PROBLEMS

51 A steel wire of length 2 metres and cross-
sectional area of 2 x 10" m? is stretched by a
force of 400 N. If the Young's modulus of
steel is 25 10" N m3, calculate the extension
of the wire.

Given
Length of steel wire = L= 2m

Area of corss sectional = A = 2x 104m”

Young's Modulus = Y = 2% ll)” Nm?
Force = F = 400N

Lxtension of wire = AlL="?

Solution:
L
/A
AL/
‘L
I
AL = ==
AY

ad

£ v ff aibbiisea

F ot

T
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S lutlon:
- -—-. -2x]0 - When an object (loat, the buoyant force wy)y
e 210 2x10" s be equal to its weight
52 A spring with a spring constant 200Nm™" Is F=We=mp
stretched by 0.5m. Find the elastic ML stored F=10x98=98N
In the spring. 55 Water flows through a pipe with ,
Given dlameter of 0.05m at a velocity of 2Zms )¢
Spring constant = k=200 N m ! the pipe narrows to a diameter of 0.03 ,
Extension = Ax = 0.5 m f‘:tl;uhle the velocity of water at narrow
Elastic potential energy = EPE=7 Clv::'ln.
Solutlon:
Diameter of pipe = Dy = 0.05 m
DS RempeiN Velocity at this point = vy = 2 m s
EPE = -‘l; F= Ax Diameter of narrow end = 123 = 003 m
o Velocity atnarrow end = va= 7
EPE = é 100=-05=25)
53 A ‘wire of length 3 meters and cro Selutien
copper wire of length 3 meters a s .
sectional area of 1x10*m? is subjected to a The continuity equation is:
force of 500 N. Calculate the stress and Avi=Aava
strain produced in the wire, P I—)-l'-v = )(P—;- .
Length of copper wire =L =3 m % rat
Cross sectional area= A = 1 x 10+ 1\\2 » p!
Force = F =500 N P,-BE‘
Young's modulus of copper = Y = 1.1 = 100N K
m? \r‘. - P-J--x \ll
Stress = 7 D:
Strain =7 )
oos' _ s
Slress v, " W'Z 550 ms
a= — 5.6 Water flows through a horizontal pipe with
a velocity of 3 m 8" and pressure of 200,000
o= 9 _x10* Nm® Pa at point 1, At the nozzle (point 2), the
110" pressure decreases to atmospheric pressure
Strain 101,300 Pa and the velocity increases to 14 m
y-2 ", Calculate the velocity of the water exiting
T the nozzle. (Density of water = 1000 kg m”)
o Glven:
— R . 4
Y Specdatpoint1 =v, =3 ms
1
<10" Speed atpoint 2= v,= 14 m s
o M0 sa5x107 «0.00458 X .
1ot Pressure al point 1 = [ = 200000 Pa
54 A block of wood of mass 10 kg and

density of 600 kg m2is floating In water.
Calculate the buoyant force acting on the
block. Denslty of water = 1000 kgm?)
Given

Mass of wooden Dlock = m = 10 kg

Density of wooden block = po = 600 kg m*
Density of water = p = 1000 kg m?

Buouyant force = T =7

Pressure at point 2= '; = 101300 Pa
Required: Velocity at nozzle = va= 7
Solution:

Using Bernoulli’s equation for horizontal pipe

1 b...3
Py v=pV =P+ V.
3 2P ' 2l >

| 1
OR EPV;-I'I-I”*EPV:
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| (1000) ¥ JO0000 - 10T « = MRS
Y 4
BN W, SO0 « 500 < 108200
1 i 200
208 4
S0

vV, Yms!

A tank filled with water has a hole at a
depth of 5 m (rom the water surface,
Calculate the velocity of water flowing out
af the huole.

Given:

Hetght of water surface for holes by = by = b= 5m

Acceleration due o pravity < 9 H my ?
Tolind:

Spevd of waler = v = 7

Calculation

Using, Torrcelli's theorem,
v J:[..'“I, -l-l_.-)
v = J:‘ w9 K-{S-]

v J‘Jﬁ

v DUy

58 Calculate the terminal  velacity of a
spherical raindrop with a radius 05 mm
falling through air

Given

Radius of ramn droplet P05 mm o= 5 2104

Ihensity of walir P LEUTRNTRTR

Coethioent of viscosity = n 1910 “hpm 14

Required:

Ferminal Velocity = v, =?

Solution:
) gler‘_p
on

Putting the values i formula, we ge!

Vi

% 2-ummat - 1510 my < ke m '
i ——— e

el 0 hgm's’

viw 22UE 25 00 Y 1000
o -—

9] 910"

298 <2810 """

el B

V=

vi=2Bhims'

GiricrIcR



