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15 2 MHWmEfﬁrm
m cooking to using a gadget, from %

physics is at work. Physicists investig:
und waves and electric citcuits, the

,o :llsﬂwuﬂu, ll'l.ii[ﬂ]]ﬂmtﬁr m t
Ellnfm.n'ﬁ:.hnu.
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A quantity and its unit obtained and d ;""j*l'“*"u‘ﬂ from base quantities and their respective

Biﬂ'ﬂklllf consideration to the dirﬂ({l’/ﬁ@.& properties are called derived qum]hllm

e of the derived quantities are gi ¥ *n)_p-_- ‘, .y '
_TABLE 1.2: S| DERIVED @

By
iy
-l
i,
Il

L d

ical units (radian and the steradian) were classified by the System International (SI)

ii
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2n :
37° corresponds to 1 radian.
| 8=2xradians= 2 x 3,14 radians = 6.28 radians

AQF

And  360° =2xrad _ \ &
S T T N
8 1 = o0 rad = ZE22 rod = 0.01745 rad L
e T T s - . ‘
: Steradian is the unit for solid angle. >

af radius of that sphere ", \V/
N\
e ,<\,,/
e

* §

. O
O
s O TR

XX

The angle 8 here is
approximately 1 radian,

s defined as the solid angle mb:mdcg‘ jﬁ\fk"’ center of sphere by an area of its surface equal

res =1

When the areg on the surface of
sphere become equal o the rodin







. to rﬂprmlmﬂ
refixes have powers of ten positive (multiples) and some have negative powerof
: OR ‘

&
ot to 5 millimeters (mm)
n Earth's surface can be expressed as 825 kilometers

Sxpressed by giving a proper name to its

5% m baol







angstrom (A) Is also 3 non-SI and internationally il e
qual 1o 1 = 10™ maters (m) or 0.1 nanomater (Am). For a 3
1 has & size of about 1 Angstrom, while its nucleus is only 1| N \
an (1} Is an obsolets name of a micrometer, which is a decimal fractigd.) - 7
1 = 10" melers. For examples Red Blood Cells (RBCs) e
10 microns in ciameter. Human hair is between 10 and 100 michghd in

Y

: the units. What are = ientific notation?
s for Indicating the Units (WRITING UNIT SYMBOLS AND NAMES)

arc printed in roman (upright) type. For :x,@]}m for metre, s for second and Pa for

pico meter, p m is wrong, correct is pnd.
es are never used. For c:-:ample,(‘{/' not mum (milli micro meter) or pm not pum

o .

the two units, the nnm(:};q:z):s of algebraic {multiplication or division) apply. -
indicated b ce or a half-high (centred) dot (),

izontal line, by a solidus (oblique stroke, /) or by negative

ion metre and m/s or m s~ for metre per second.
eviatings unit symbaols or unit names, such as sec (for either s or second),
¢ millimetre), cc (for either cm” or cubic centimetre).
i3 d 10 the power, the power applies to the whole multiple not just the unit.
¢ not begin with a capital letter even if named after scientist e.g., newton.
- a scientist has initial capital such as N for newton.
x is part of the unit and is written before the unit symbol without any

-




OR
e those errors, which occur irrepalarly and hence are random with |
Q/mtable fluctuations in tpoM' tic
velocity, ele.), :
server taking readings, etc. For example,
n-n it is very likely that he may get different rea

n be red 4 by taking several readings of same quantity and then
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'H:I in a flat position, lengthwise ¢
(13.6 £ 0.1) cm. And one brick thicknes (the brick
flat position, lengthwise orthogon@l to wall, called
sition), as (23.6 £ 0.1)cm. Galcul&ﬁ‘, & difference in
with uncertainty in it

C:}\M
@Wﬁﬂw )
6) = (0.1 +0.1)

1.2 em

ured as 7.3V £ 0.1 V and numntw:wunm'*
'R' b ing Ohm's Law as R = V1.




--*;- % 3.14 % (2.25) &
= 47.689 cm’ = 47.7 cm’ ‘2‘ '
= Least count z:im‘ calipers = £0.01 em

= (0,01/2.2§) % = 0.4%
inty inr= 3 x 0.4% = 1.2%




re may or may not be significant. '
ﬁlﬂﬁntmmmum,.nﬁ hﬂmﬁmm F’ g
. ﬁ*w'-.-'

riy 1t h#mmt is 10 kg and the correct measurement in significant :_;_
10 kg, then there are three significant figures. 3
5 notation or standard form, the figures other than power are significant, e.g. in n

m::sﬂpxﬁumlﬂm \é‘“\e\

. inﬂmmn )
) s

o ﬂ'mmuqmnﬁﬁes are added or subiracted, T.Iu?%sull is as precise as the least precise of th
. After adding or subtracting, round the r:zgli?h} keeping only as many decimal places as an
containing least decimal places of the. tities that were added or subtracted. -
44.56005 + 0.0698 + 1103.2 = 11423, 2985

to write all of those digits in thsﬁmsw:r Agswér should be written upto one du:imnl
least one decimal place,

en = 1147.8,

‘{k ded, the result has the same number of significant ﬁgurmuh
irnifican ﬁg‘m
b 4526 % 241 = 109,0766.

g three significant figures, we round the answer to
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(€754 \{g?“ (D) 75.5 . r':

o O @8

g
C)4_ @ ()5
‘ﬂihﬂmhuhmmuummfnm(gmuwr-ulenmwﬂmlm#“
: - ST 00‘) {C) 5312 em (D) 53124 cm -

C) 5 0} 6
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the bulls-eye there is mathematical accuracy because the

Fh:ntci
to the bulls-eye, nor close to each other, there is neither
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manaions [ML" 7] belongs to:

A) Prossure {8) Mamentum (C) Power (D} Heat enargy '
- Which of the following are the dimensions of denalty? 1
WML (B) WL Emy @) LY
Vel (B) Tima pariod {C) Frequancy (D) Force
h the following are the dimensions of torque?
(A L (8) ML) (C) [ML'T] (0) (ML)
9. of the fallowing are the dimensions of acceleration due to gravity? n ~
T ﬁmﬂ (BY (MLT] (C) LT @ ML 40
10. of the following are the dimansions of angular velocity? byt oX&
(A} LT') (B) [LT] () L) o
1. Which of the following pair have same dimensions? '
{A) Work and power {B) Momentum and impulse  (C) Force and torque (D) Toequd and power
- 4
12 Tha dimension of J: Is same as that of:
E
(A) Time (8) Energy {C) Velocity {0) Forcs
13, The dimensions of the relation F;}:—! are equal to the dimenalons of:
ﬁ Forca {B) Momentum {C) Accalaration (D) Velocity
14, n“["\‘h following are the dimensions of Power? R
(A MLTY (B} M LT ()M LY (0) M TN
15. Which of the following are the dimension of caofficient of viscosity?
(A LT T4 (B) [MLT-%) (C) ML (D) ML T-9
gegec 130 l4ap Jso Jec J7cC'[sc_Jec [i00 J.6 [iza ]
13. D 14.C 15. A
General Information
1. Which of the following is equal to the numerical valus of one light year?
(A) 9.48 « 10° mm (B) 9.48 = 10" em (C} 848 = 10" m (D) 9,46 x 10" km :
How many nuember of colors used In the prosess of color printing to produce the entlre ranga of colors:
(A) 4 (B) 5 (C) 6 Oy 7
' 3 Light year s the unit of

ﬁ LmF_n (B} Mags {C) Time (D) Speed

Ee lZa TIA ]

mtﬂ*ﬁ*mm

Key Points
he study of the physical werd in specific and physical universe in general. s
mational (SI): System of units is adopted s pecifically by the science community fot
ment of physical quantities. The SI units consists of seven fundamental units from which all the
for other physical quantities developed called derived units.
t count or resolution: The smallest increment measurable by measuring instrument.
rror: The doubt that exists about the result of any measurement,
Uncertainty: The quantification or magnitude of error or doubt in measurement.
Precision: The degree of exactness with which a measurement is made and stated.
Accuracy: The closeness of a measured value to the actual value of the measured quantity. .
ignificant figures: In any measurement the number of accurately known digits and first doubtful M
Dimension: Expressing a physical quantity in terms of base physical quantities (by using s
symbols). Dimensions of a physical quantity help to understand its relation with basa physi8l

PPN .:..m..“
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Solved Examples

Two connected gears are rotating. The smaller gear has a radius nfim

i and large
gear's radius is 0.7 m. What is the angle through which the larger m"hl:' .mhm;
when the smaller gear has made one complete rotation?

: m“ Larger gear's radius 'r,* = 0.7 m

Smaller gear's radius 'r,’ = 0.4 m o0
Required:  Angle of rotation for larger gear '0," = 7 y 0'\0
Solution: ol
The smaller gear performs one complete rotation (0 = 2x), the length of the S arc traveledin S =, » @,
S=r,x0,

S0, an &x arc length on the larger circle would form an angle as follows:

Pulting values S =04m = 25 \
5= 08mm WLE

S ]
== r.=0.7m
8, i

s o DEer - :
Putting values 0 = 0 m
B, = 3.6 radians Ans
Extension Exercise:
What 15 the angle in degrees through which the larger@ear has rotated?
Byo= 36 radians = 3 6 = 573" =206.3"
ifd £ Ad = {101.41 £ 0.05) mm represents the internal diameter of the metal pipeand d

GERIER N Ad = (102.79 £ 0.05) mm represents-the external diameter of the metal pipe, then find
the thickness of the metal part-ofthe pipe including uncertainty in it

Given Data: Internal diameter d = Ad = (101.4] S&0.05] mm
External diagmeter d £ Ad = { 102099+ 0.05) mm

Required:  Thickness of Pipe 't' =7

Solution:

= 0.4 m

To find the thickness of the pipe we would subtract the internal diameter from the external diameter
however we will add ity fractional uncertainties as
d = d: =diS(Ad, + Ad;)
Putting values d=(] Z'i"?- 101.41) mm % (0.05 + 0.05) mm

d »’flﬂj-jﬂ # 0, 10jmm
Be ol to subtract uncertainties when subtracting measurements uncerainty ALWAYS gets wi

8% measurements are combined.

Q, the difference in the radius is required for the thickness *t' therefore both the diameter and the
é“"‘-"“ﬁ' must be divided by 2 (as the percentage uncertainty remains the same), Hence

t.%:(lgﬂi%}nm

L \3\0 ] 1= (0.69 = 0.05mm

The length and width of a rectangular room are measured to be | = (I £ Al) = (3.955 2
0.005) m and w = (w = Aw) = (3.060 £ 0.005) m. Calculate the area A = (A £ AA) of the

room and its uncertainty.

-ml-“,ﬂﬁ'ﬂ# 0.005) m
width w = (2.955 + 0.005) m

- AmaA=(AzAA)=?




ps from rest from an unknown height ‘h'. The

d is measured to be (t + At) = (1.3£0.2) s. The his time

lon h = % gt’ (where g = 9.81m/s’). Assume that the value for ‘g’ carries
and calculate the height ‘h' includi ,‘ uncertainty.

7™

;]ﬂl#puwupﬂuma;u uncertainties i rulfiplied with power. The percentage uncertainty in 1

= lﬂﬁt%nlm I&QH%

e the Height 'h' is given b@&\fsr
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here moves through a liquid, the liqu
2 of F depends on the coefficient of visec
' the liquid, the radius r of the sphere ar
t F is proportional to different pows
r F using the method of dimensions. /.

-dtmﬁmuf"im +r|:"' = [M | TI} A
radius 't = [L] \?\Q
velocity 'v' = [L'T"]

ions of force 'F* = [M'L'T]

¢ formula for drag force 'F'= 7 Q/Q/

: . m“}lﬂﬁ tﬂtl’ﬁcmt ) % sity “n’, radius *r’ and velocity *v* by ﬂlﬂ o ;
r Fp = kn () il

ﬂw S FutliﬂE IF-Frn]:"-im d-h:"lﬂmicln:
o R S ) gy




Q.ﬂm C. deca
e CORRECT way of writing units?

D. 43 _
‘B- 12mps C.8Kg X
a distance several fimes. The readings lic between 49.5 502 cm. This
"l
B (49.8 £ 0.4) cm. C.(50.0+ 0.2) cm. 4;5{}5110* 0.4) em.

neertaint; in the measurement of (3.76 + 0.25) m is:
' B. 6.6% C.25% \g\ D. 376%
5

: 4:1"1'!; -M-:ill; measured by bya thermometer are ;= %Q‘ ) °C and ty=
'at:mpu'lfum difference and the error therein is: . \)M

B. (30 0.5)°C C.(30+ 1;\‘!:\ D. (30 £ 1.5)°C
L“Eu *H“}-
13.2% B. 15.0 ms + 7.3% £ Dobiis  0,7% D. 15.0 ms £ 15.3%
B. 8.0m’ £ 2.0% ~\Cxa om’ + 5.0% D, 8.0m’ = 6.0%

T I!:.ﬂ;ntﬁunl fipures in measu remeg\i)ﬁ% nﬂ'm.ﬁ‘.ﬁﬂ{l cm are:

B.4 O D.9
“ 41 | ' nt figures does l.ﬂﬁlj‘ig‘.'i have?
B.3 C.5 D. 2
'ihgﬂth correct num Igninﬂnt digits 1.513 m + 273 m =:
B.2§ @ C.288Im D. 28813 m
' nt numbers. Thelr multiplication in significant digits is:

C. 36,72 D. 36,7
C. 1000 km D. 1000000 km
C, magnification 0. all of these
€. magnification D. ail of these

D. [ML'T



In {u.mmsann}, dlglts 708600 are signi
i iﬁcnnt.

has one -I:|¢1.II'|'IH] place, so mlﬂ:r will be 26.6 after mlmdmg uﬂ‘._
3 significant figuress b

1.513 m+""’3m-—"Bﬂi' ‘m=28.8m

As answer will be upad one decimal place
7.635 = 4.8]1 = 3672435 =367
In multiplicgiiﬁﬁ;ﬁ.nsam-cr should be upto least significant figures inthe

Since Adsast’ count of measurement is 1000km as

i A1 Mnt




'-: liﬁi'#ph-lphlhdiﬂlimumulm of n few base u
“.;M ting difficult fractions and mixed numbers,

e Iﬂlﬁultthr circumference of a circle? How many

i
Moot 0 St (0

e lg -
s ﬂumhmm‘hﬂ“' Radius nl‘nmunlrnl;{x‘g*

A 2y
nfrﬂlmliuummnmﬂun--r = 2n udiuyug\
s In One Sphare <

'1 ol , ./(</
Numhnr of steradians in sphere _m&éﬁ

: N
ﬂdﬂﬂﬂhﬂlnf%ﬁ%illﬂ"

.if:hndluu .(.9.‘ L P

-:-_.,_.]i_-'

Sk ﬂhm#hmthWmmﬂdfﬂmm“
‘meas wh-mmldmlruwﬂﬂmhﬂ
y hina the least count as 0.01 om; a spherometer may have a least count of 0,001 em,
mﬂm-rmhnﬂmmlmmmmmwﬁmm

L-‘I !l

. = PR R 'l Lall | = ey ¥
—— - . poes - ]
: S T ;1.1.?ﬁr=¢--:.',*-,,ﬂ‘v.-mmr T “‘{Tn‘."i."f"'--i'm'l R -

it errmam e et RS RNEWEr Mone precise,
ans which I8 close: “.: ‘*' ”""" '.r'r'jn". -':'“H‘-"'“"" i,_l" s _.' E
E 1 R L e
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tions of any derived quantity., ‘%’”
: As  force= mass * acceleration 03‘
 Dimension of force= dimension of mass * dimension nf@\ﬁmm
[F] = [M](LT™]
¥ = [MLTY - ®

“ 1-‘!vh:ir.:h have same dimensions.

oan nmwm@- rate varies as a person rests, walks and rung aie,
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L S—

-
'\-I"g._-.-—-_.._:_.‘,:..___.._____ by
o = i - -

slca? Explain mlnmmnmmﬂphﬂlu in mw
o=
®

.3.'--'-:-.'H1 of units? In Sl what ls meant by base, derived and supplemeta o

s

ona are used In 81 to Indicals units? y %é —
- A
ertors? Ditferentiste betwesn systamatic and random errars? O

y
| 5 ol

£s

—
—

& What is uncertainly in measurement? sxplain the propagatian 81 uncertainty In addition,

e tubtraction, multiplication and division? . —— .
BSee Q48 .

8. What are significant figures? What are the rules for delermining significant figures in the final

— i8It after addition, subtraction, multiplication and diviglon?

AalEl Ser i L

-

= Differentiate between pracision and accuracy inlhil:nu!umﬂum.
ee Ok 10

] -r - What is meant by dimensicns of physicet gi_;;ntlﬂ!l‘? ¥YWhat are limitations and applications of
. dimensional analysis? \ W

B sec o 1)

=

y Ew’twj I :‘.
UMERICAL QUESTIONS

into, X an0al paris, one plece of plzza |s taken out. Estimate the degres measure
sg 6f plrza and convert the measure Into radisns. What Is the radlan measure of

ha raciaining part of plzza?

s 1 vy g

 Nimber of pieces of circular pizea =3

B o oo s
; '--'"-‘.’:_ : hmnﬂm-?

Angle subtended by eircle Le. plzza ls: 8 = 2 radian
‘Angle subtended by one of the three pleces “h

. e LT -




-!-:"-‘- X 100% = 0.67%
;-ﬂllu 100%

-g"ll‘u 100% = 1. mtﬂi

=il s
'+ Formulao T-h\fl Q\
* T=2(= (é{i(
uncertainty In L+ % age uncenainty In g)

é? (0.67 %+ 1.020%)
o‘} ’

=% x (1.69%) = 0.84% = 0.8%
% AT = £ 0.8%



te numbers of significant digita
(b) 14 %2639 + 117.28
(d) (112 x 0.486) /(3.2 % 120)

k. (As data has least | decimal place)
'—Mulﬁ

(As data has at least 3 significant fi ({/
6)/ (3.2  120) ﬂ\/

=013 {mdmhuulunzﬁm}
&
O~
e | o=
s mw&g@ 1520.91 is rounded off to 2000 which contains one significant digit)
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_’m!mm:wmuwm e
Hem of units into another. T" -
of dimensional analysis?

ical values of constant of proportionality in an equation cannot be
5 I'liﬂll'l be determined experimentally or theoretically.

; al relations tnvnhrhng logarithm, exponential or trigonometric functions M}. cannot

is scalar or vector.

ving quantities have the same dimensions but different units.

| mﬂhmwlmwmudunmmwf[hifﬁl . =
-1 unit of work is joule (1) but torque is N m 2 DV

Prove ﬁll’ﬁ:lﬂmﬂl equations are homogensous w.r. l\.<~$h'n‘unlinm
T AN

entripetal acceleration, Unit of a{='m s~
RNy So [l = LT

e B T : Jl\ynh"'u:ls
LHS] = [a] = [LT] /\\ﬁsl | =[LT")

- Sl P 1 e i PN
; v [L] L} Q&7

;[Ll-'*ri] =[LT ]
ditersions of [L.H.5 ]

= [R:H.S ], so given equation is dimensionally correct.
signable errors” and "Un-assignable errors"?

mﬂﬂnhmmmmamuxmnﬂhﬂuﬂymbhmmFﬂumph.m

ﬂumnhnuhhglnmmmdmlﬂpum:ﬂfhﬂﬁmnfﬁn
able error.
mmmmhmnhwmmlmﬁmmMmm
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10.

1.

12.

13.

14,

15.

1‘.

[m*(re, From Past BISE Papers

Ll Y |'.|I|".|'|J|

Which of the following Is not & unit of pressure?
A kgm™ 'yt B kgm?y? C. Nm™? D. pascal
In eolour printing, entire range of colours can be obtalned by mixing colours,
A. Seven B. Six C. Five D. Four
Which of the following pair have same dimensions?
A. Power, Speed B. Force, Momentum C. Work, Torque D. Velocity, Accalstation
Numbars of significant figures In 8.70 x 104 are ;
Al B.3 C.4 D.7
Sl unit of timae Is .
A. 60 min B. Cesium second C. Krypton 86 D.60%
Light year Is unit of
A. Distance B. time C. Light intensity B, Speed
Solld angle of sphere Is
A 1257 sr B. 6.28 sr C. 3.14 sr ), 573 sr
Base unit of linear momentum are
A Ng B. kgm/s C. kgm’ D. None
Which of the following Is dimensionless?
A. Stress B. Pressure L. SurPae (e n D. Strain
Which of the following is not unit of work?
A. Joule B.Nm ~kgms D, Watt sec
The dimensions of Power are: {ANNUAL 2017)
AMLTY B.[MLT" C. [M'LY D. [ML*TH
The significant figures in 34.678 are: (ANNUAL 2047)
Ad B.3 C.3 D.2
Which of the following pairs of units are both derived units? [ON- ANNUAL 2617}
A. Kilogram, Angstrom B. Ampere Depree C. Newton, Candela D. Joule, Watt
The Prefix one peta is: (ANNUAL 70780
A 10* B. 10™ C. 10" D. 10
One year is equal to: EA
A.315= 107 B/54 % 10 C.1.41 % 10"s D. 8.6 10%

Which of the following may be used as valid formul
speed, g = acceleration due to gravity, 4 = wavelengt

A. gh!h, &Q B.\Ag
ina @d match 500 spectators are counted on

s
E'gh

@ by one. How many significant figures will ba

a to calculate speed of ocean waves? {v=
h, p = density, h = depth)

[ANNUAL 2099

D. pgh




correct answer from the given opt ,."'._WJ T
—_ |—h|-r-|.-| = -

== B - "j : 3 ."- o
#d at the centre of sphers of radlus ‘7 In steradian ls: -

= (B (C) Bn (D) n

-_'____q:._ Mfﬁmﬂfhllﬂnﬂlﬂq M g=peil v

gmist  @kgm's? (Clkgms~? ! gt
¥ nanometars are in a meter?

(8) 10" (c) 10" (D)

rcentage uncertainty in mass and velocity of an object are 2% 3%
the following is the maximum unurhln;hrrin 'I‘.l‘llnm:'lllll'-lmllﬂ\m kinetic anergy?
o (B) 8% (C) 8% D :
lﬂlﬂl In 0.0010 are :

: (B) 2 (c)3 X (D) 4
H_ﬂ_ll following pair have same dimensions? Q\{“
nentum and impulse (B) Work and/power
(C) Force and torque (D) Torgbe-and power
No.2 Give short answers of followings: A ' (3 x 7 =21)
= SECTION - &

m radians account for circumference. nr a circle? How many steradians accounl for
m s of @ sphere? \ /

hu the precision of a maaﬁumm;nt?

__ A pulse and, the swing of a p-un@um are pessible ime units. Why are they not often used?

at (a) KE « %m‘,zmﬂ {b) PE, are dimensionally correct.

nnected gears are m:ua@a smaller gear has a radius of 0.4 m and the larger gear's radius

'mhﬂu angle u-.ﬁL:g which the larger gear has rotated when the smauurnnai' has made
e rotation?

2 Yer n ‘precision’ and ‘accuracy’.
sign conventions for wriling measurements and their units,

— — ﬂi
SECTION-C

jon for the time period T’ of a simple pendulum. The time period T' may depend upon
bot gmpmmm&. (i) length ‘1" of pendulum, lﬁ}mhmthndmtnmh'd

e Pl



i
BEEE e S 2 ‘,:? Tk
ol - ‘# -

- o il ey

N i

— 'i"
AM _g_umu, ENGLISH, PHYSICS,
EMISTRY, BIOLOGY, MA

TATISTICS & PAKISTAN' STUDIES
P

Ruailable in&iﬁ\ﬁ\ﬂ
For F.Ss)éodents

= e &{)\)

N SERIESERSS :
- COMPUTER SCIENCES

er Pattern For All Punjab Boai

s
'







o
(=3 ae =g .
g T siuauodwos
g+ v+ (d+'v) Tenaumoay Aq | uoneICRIn
: L HF VI =Y HOLIPPE 101934 | HONIENgNg
UONIPPY
Y ) ey spuauodwos -
L Ny ! =y :..:_...m:lu.ux 1)
VLV _ v AqQioiep Bj0 | wigad[e 103233,
UL U] <
~N
. adpam v EFINTE
m o0 PAROTRYEG RN I X We A ¥fl = miy
’ ok — - - A ey -
RS - u_cgu,ﬂ.i . ite- 1° ¥ = x4 Jojaap, jo siusuodoios
hﬂm. L] g = Al | = l..ll.:_“.i..u.-
0= 43 o a ! Jepndumaay
0=13% 5 _..M—r.r 4% auhina] = AVd A ERo] .
"i.u.-_ﬂ ”_._..-n. LX) ”wn__..-_......__...—m_.._“qq -.l_ -..lf.n.. -
‘ DOIPI0T) PUe; uonIpUQY ISt | 1 sojdlipéy [+—{ 19MPOd J2[EIS
“ # wnuqrmbsg jo snopuo) T ﬁ 1PNPOL] 301034, |y ]
+
1A WDISAS JIRUIPIO-07)
’ dy
wnugmby anbyo] JO 1anpodg reniumoay — 101334
ﬂ ﬂ_ F 3 ! ﬂ

{

wnginby pue a0)3ap N,

dVIA LdADNOD . «\d




5
O
(1) Graphical representation \b

lﬂﬂllmnmhuk.d.rudvalc I@hﬂmhmhﬂh’lhﬂr
Mlhmuwhhwhlmmhnﬁm\?g‘

2d by a straight line with an arrow #&%ﬁl one end. The length
0 magnitude of vector (accordin ble scale). Arrow head
anrvm 5

ing point is called origin or tail paifard the end point of the vector is Erlphiﬂ
3._ | Ry of 8 vectorV

b}l&irfmlrdklnnunmth d, r and v etc. or by the

1 . A s i e gl
e R S e s b By




tor of 50 N making an mglu@a‘g:wim horlzontal is
1= 10N, 50 its length $ em g@n 50 N with 30° angle




gnitude of the veetor according to the selocted scale.

can be added by two different approaches, namely graphical (or
Geometrical Method for Addition of Vectors:
vectors are added by sketching scaled dingrams. For m\n(\?*
ch of addition of vectors we use Head-to-Tail Rule, [~ A

P -_. jcal Q -I' I-I
.. ..;-1.. AlL RULE:- Q —p . -
allowing steps must be followed to add vectors by head-to tail MV‘ A
el .;'T*: e seale for the representation of given vectors. \2\ -E Pl e .

3¢ vectors nccording to the selected scale in iu%@éﬁ direction.

@ tail of the 2nd vector to the head of the 1"(#;: or and draw its representative line according
i seale in the given direction and mmisf(lb § process till last vector 13 added.
¢

it, join the tail of the first vector (o'he head of the last veotor and put an arrow on this

I'H'lﬁl' from the origin. Labsl thi ras A, means resultant vector, _
smine the magnitude of A , mes@m. e length of R and convert It sccording to the selected

ine the direction of R qu}hmm the angle of R with respect to + x-direction in antl










e same effect as the combined eifect uf f.ﬁ[:)u:mum to
: resultant vector.” Consider two vecl and B. The
- is known as resultant vector und it n expressed

F'al' Your 'EIf'.'..'l!I-1||I’|!|
Resultant of two vectors will be maximum
they are along the same direction
minimum when they are opposite in ¢

ﬂm:mu magnitude as the,

el
- o v £ .'I
14 # AT iE
e T b -
L g - g p o AL
L ."\..\.Il." T Fad ]
e '“- __,:_.._H'_.:,_ ,-.».._
15 e
! =




o magnitude and arbitrary direction is called a mullvector.”  oIN"

of number of vectors arranged by head to tail rule forming g?-. ;

m said to be equal vectors if they have the m@iﬁimdu
sgardless of the position of their initial points. 2
ﬂ?ﬂpnm.ltl vectors of the same magnitude dbd direction are

-. ; m different magnitudes ur@im or both are called
: &
@ multiplication of a vector with a scalar.

io _jgfi vector by ascalar _ -------fi'-ﬂ

S
s noéer
e e

- = e 1= B
e . T . e o e
Al tye M *m IheEn the procuc ' WECTor 1




'hynﬁﬁlarqumﬁi}rmthmihb sclor
ons are equal o the product of dimensions o 333 A

mdwlumy \r ismnnwnmm[p“m?

| i'lni.l rectangular components of a vector? Derive the formulag
ﬂfﬂﬂh“ﬂulﬂr components -







wﬁhﬂnﬂMmWﬂ:WwW

: C) 3"
tude :II'HI m:r-ﬂil then which of the Tnlmhgllhmpﬂ!?}lhﬂﬂ X axis?
: (D) 10 N
ponent along x axis?

{B:EH (C) B.66 N (DY 10N
then which of the following is its component @%ﬁh axia? A
(B) A cosp (C)AL (D) Zero —
j'hu-mmmmmufnmu:mu-nd-m g parallel to each other? 1
: (B) 40N :-r:.}m&b (D) 10N
@ I8 the resultant of two forces 3N and 4N acting at right angle to each other?
(B) BN HH (D) TN

8 I8 the resultant of two forces 5 r@ 12 N making an angle of 90° with each other?
3) 7N (C) 13N D) 15N

= L

of vectors by rectangular components.

o s "““'“F““'“t' 5 S
. ddition of vectors is called addition of vectors by re:langul r comp
.”‘*' ematical in nature rather than geometrical; therefore, it is

mu vectors are added by head 1o tail rule. The resultant veek













1 b T 111 ! Ve N=0X
; % 0 ="
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1 3 1S fOTnEnn 2 i
= £ .







o vectors is equal to product of magnitide of one vector and ‘
‘the second vector in the direction & 5t vector,

| t;mgulme ufcmnpunmt of @é%]ﬁng A







st out in the direction of s

de of "f_:.'ﬁ"i.n; AB Sinfl gives the area of r.h(ghm determined by A -ul
the direction of the area of the plane. ,é\‘i’”

'J product of position vector r ?‘n::Flc. [;:?:E]
B me ﬁh!iudpuudnmmn leld is mmrmﬁmufwhuﬂjruf

Bie. [F=q(vxB) 10
of position vector _; and linear momentum p. 1_;. [E}q‘-‘ t

¥

m is vector prod il
chara """” of vector product of two : ,
_ Ax8

"n."

cs of V Product
! _“' lu

p&ﬂiﬂﬁem between them. Then

i :- .I'A
- L
L E I-..'q B Ll -y
':'*:‘:HT LR .”.:' s Ve .r.... La)
=4 1 r - == L " iy S g it
|

= =l
El

SR
. "
P AR = RA1L

el







{C}Hﬂ‘
!ﬂ!nudbrwctunhlndlnlhhwndhnml

(B) AB cos 0 {C) AB my{)

(B) 45° {t\:{lgﬁ“
.ﬂbﬂuﬂiﬂnm product of two vectors A\Q-l h-um when:
are para & (B) A and B are antipsralle
L

(0} Either the vector is zero

IZ!Z-I]E!IH.HE

concurrent inrr.&s and nquilibrant force.







1 8
" Linge of action
of force

F o
3 =

'

L)
ponent of farte) :

\b?w FIGLRE 2.29 (4}
:
\

T = (r) (F siné)fi \{N
il WV
T=r =F \m

N

oy
, O™

of resolving force, we can prove the same fidvGila by resolving
vector f* as shown in the figure. X/
can write the torque as: \&:\
> = (moment arm i.¢, pc_r;mndic.ullqr';}r:{] ponent of position vector
T = (rsthd) (F)

= (v ¥ int) FIGURE 2,29 (b)

7) (magnitude of force)

= (r)(F sinfy#




damigniod 10 I, lower and ransport

bile crana maves the heavy londs.

1o on the principle of lever. The shaner end of the
#pplied by a Torce and th longer and (calied boom)
At snd move the load radially inward o outward, to

SEOYT,

-end will produce fargs lorqua and there is a dangsr for fha

Erane to topple over.

:--t?“m“mllﬂuﬂlhn.mhntummhul s

tha other side that moves in an opposite direction from the object that is lited. The

welght exerts & lorque on the crane in equal and apposite dirsction ko the '

load, Mathematically i s \2\
Thoom = Toounterweight {

s m angular acceleration is zero, so torgue 1-'-111; e

£=1(0)=0 NG

7

it is couple? Derive its formula
ntof A Couple ~
llel forces that have the sarfie magnitude but opposite in direction and are scparaied by a

- 150 EFR
*The moment produced ,',.;_ suple is called a couple moment.™

. s
i
4 -




_\- "l..'l. ]

el L0

P =
e SR
k

w

le ie. total tos Bt ecuor iy nfmd“hm

'i"':*l-"-i';
15:._ L .wi‘-tf'uﬁ 4@ % Fg) ——— (i) "
"“"“'E”*I”E- __wwuppuml:inﬂlmthunh \QQQ) .
e iﬁ] *“'* md By =F oP
”: becomes: éb

L =@ xER) 4@ x ) Q°
@ = (-H+mxF Q)
B = f (T -Ta)x P \g
nee ;--ﬁ:ﬁ-njnpnﬂﬂm vector from point B to A \2\
oo T=7xF <>
n of couple is measured by Right Hand Rule. ‘\({?\

. ﬂhrmnnnhfﬂun:lhr QX{
hum (B) Right hand rule < 129 Left hand rule (D) Fleming rule
5o is given by #=F x F. It has murlmu.u@ﬁj:lua whent and F are at an angle of:
. | o N/ (O (D) 30*
8l :'ﬁ#?nﬂd?lﬂhdeWMHuﬂﬁll
J (B} Mlinimam ) (G} Zaro (D) Negative

nullr valocity, then torque will be:
{C) Zero (D) Positive

(C) Power (D) Torgue

(B) Parallel to the piane containing  and F




""_n‘.'p'l'.-.l,'n o e bl
r'-..-:".'-".i-?l'ﬂ o
*

" Translational Equilibrium: When a body is mo
'lilll‘ velocity the body is said w be in Aynamic

: w a paratrooper falling down with o %ﬂnc'tl}r is in
hﬂﬂlﬁuﬂl equilibrium as shown in Figure ;@‘

ving with uniform
tional equilibrium.

mpln a compact disk (CD) rotating iMCD Player with constant
jar velocity is in dynamic rotational @ rium as shown in Figure.

e two conditions of equilib * " What type of equilibrium is guaranteed by each
quilibrium? ;

: e Rotational Equilibrium: When a body
‘l’ﬂl'-'ﬂiijl' the body is said to be in dynarpst

il ,I\H‘ﬂﬂﬂﬂdiﬁﬂﬂmm.hﬂ satisfied.




Inwhinhwmut'furc:s is zero but boc%ﬁ‘suu in equilibrium e,
e warequuﬂdi condition nfcqm]lbnmﬁ:) . sum of tmqua-minqnl:l
: 'i-'inﬁiﬂunnl Equilibrium \g’\@

'} thﬁ:m:.r acting the body is zera, E{gﬁ?rmr acceleration of body is zero ﬂ;m b
ﬂm!ﬂﬁnnﬂf equilibrium. Q/é/ ’
)

@;}m angular acceleration of body is zero. m#"' ¢ b

i\."

ﬁ»ﬁ_ .-

_onmpluta = 9 ium, both conditions must be satisfied. i.e. both linear ac




-ﬂ}ﬁhbudyhumlmﬂmuyw (c) This
.Imhnm“lwhuh,hmuhuu accelerate

Hrl:l Condition Baﬂlﬂﬂi'
Net force = 0, 5o body at rest has no ’ .
tendency 10 start moving ot o whole. | Hody at will start moving upward.
Second Condition Sat! fied: _<| SBecond Condition Satisfied:

i | Mot torque about the axis = 0, so

about the axis, so body at rey body at rest no tendency to start
start rotating :lncb;wtgc mt.ﬁhn ,

lank of weight 200 N and length &x)is supportad by a rope as shown in the figure. If
.tlﬂ#.'rﬂ-l'llﬂ the rope is 400 M. far can a boy of weight 400 H walk towards the




Chapter 2 [Vectors &

1. The firat condition of equilibrium implies that:
(W) ZF =0 (8) IF.= 0 only (C) EF, = 0 (D) XF,=¥F
2, A body is in static equilibrium only when It s: e !
(A} At rest (B} Moving with variabile velocity
(C) Moving with uniform accelaration (D) Maving with unifarm velocity
3. A body will be in translational equilibrium if:
1. A 2. A 4. B
lFDHMU LA’EI
1 Commutative law for vector 2+ .\ =+
addition A+BaB+ A
2 | Subtraction of vectors AR = A+(=B)
3 | Vector representation ‘H AA
4 | Unit vector S
A
5 | Null vector A+(-A)=0
g | Vector in terms of rectangular : : :
components A=Al +AL]
7 x-component of a vector A Ay =AcosB
8 y-component of a vector I Ay =Asing
B Magnitude nj'.yﬁi:turz AT = AL+ AT A= -.,Ilf’*ti - f"li
10 b Of A 0 =10 (—X)
Dirnl:t\l@\ﬁf vector A A
- -
11 Position vector of a point P(a, b) e
ne r=ai+hj
ition vector of a point P{a, b, S e
c) in space r=ai+hj+ck
10 o
_ \3\“ ng_nitmirnfr::ultnnt (R)of R=J‘.-‘"~‘+BJI +{'!'!!":.r+B:r]=
vectors AandB
<t A +B
1‘ Dllllﬁliﬂltﬁfmllﬂhnt IR]‘ﬂ' E=tﬂ]’l-I( . ¥
; . - ] A+
vectors AandB B
e - —
A-B =ABcos
- =
A"B-= u







Chapter 2 [Vectors & Equi
36 1" condition of equilibrium E F =0 Ef; =) EE 0
L1 # :r 10
37 | 2m condition of equilibrium "Z ' =0

aad DXL TR

: Cartesian Coordinates system provides a f famework lo sketch vector quantities
s Head 1o tail rule is a geomeilrical approach to add vectors
" gdl:llliun of vectors by rectangular components method is somehow mathematical meéthod
Galar product and vector product helps to undersiand t :
: #s 10 undersiand the physical differs: = n '
et Al { physi differ&nce betwee ENysicgy
€.g. work = Force. Displacement = F* e = F.d
and torque = Moment arm . Force = r* : Fh
L The state in which an object has zero accelaration is said to ba i Equilibrium
o I the sum of all the forces acting on an vhject is equal to zerodiien the object is said o be in equilibrium
e T F=0
o if the sum of all the torques acting cn a body is equal fipgere then the body is said to be in equilibius
i g -
I.E: }: r=0
<> For perfect equilibrium a body must satisty botiCihe following conditions
£ - - =
BT F=0.andY ¢ =0
&
w-#ﬂwﬁﬁ*iﬁiﬁﬂ-ﬁ

Example 2.1: 3

A ship leaves port and fravels 200 km at 30” north of east. Then it changes its o direction and
travels 350 km in & /direction 140°

north of east to reach destination. Calculate straight line
distance covered by ship7

Given: Procedure W
i H
| . ting scale:

Pt $0km =] cm | w o—I—s E
C)?ﬂﬂ km = dcm, 0 = 30" with the north of east
@ 350 km =7 cm, 8 = 140" with the norih of east
To Find: Resultant R =7 :

Solution: 2. Finding the resultant: Using head to tail rule to get the

resultant R . We measure the length of vector B (with scale)
which was about 6.8 cm (6.8 x 50 = 340 km), and with the
protector we also caleulate the value of angle, which is 0 =
106" with east,

34 km, 106° with north of east




E

Chapter 2 [Vectors &

36 | 1" condition of equilibrium EE:D ZF: =0 ZE, =0

3T | 2 condition of equilibrium z 7=0
mmﬂt;’m
Key Points

- Cartesian coordinates system provides a framework to sketch vector quantities.

< Head to tail rule is a geometrical approach to add vectors.

- Addition of vectars by rectangular components method is somehow mathematical method,

<> Scalar product and vector product helps to understand the physical difference between Physe
quantities i.e
e.g. work = Force, Displacement = 1 $= F.d
and torque = Moment arm = Force = _; x F

- The state in which an object has zero acceleration is said toda in equilibrium

“ If the sum of all the forces acting on an object is equal to zarp then the object is said to be in equiib
ie.XF =0.

- If the sum of all the torques acting on a body is equal to zero then the body is said to be in equilibns
g =g
le.X r=0.

o For perfect equilibrium a body must satisfy-bath the follow ng conditions.
. —F
e X F=0andX 7T =0

sOosCad i:«lr* SO0

Solved Examples

Example 2.1: 3

A ship leaves port@nd travels 200 km at 30° north
travels 350 km-in a direction 140° north of east
distance covered by ship?

Given: Procedure

1 X
1. Selecting scale:
&Qie: 50km =1 cm
: (:_) 200 km = dcm, 8 = 30° with the north of east.
@ 350 km = 7 cm, 8 = 140" with the north of east,

To Find: Resultant R =7
Solution: 2. Finding the resultant: Using head to tail rule to get the

resultant R . We measure the length of vector R (with scale)
which was about 6.8 cm (6.8 x 50 = 340 km), and with the
protector we also calculate the value of angle, which is 6 =
106° with east.

34 km, 106 with north of east

of east. Then it changes its o direction 2
o reach destination. Calculate strd!ht“







- cos0) +(F, sin6)
m“‘E’ ""‘riﬁm"'emla
R+ +2Rfcos0 (1)
e ~:~; stion iﬁ'I'lF& |=IR|=F

__E L] ﬂ-ﬁm'ﬂ'-—l@\muﬂ=*|§ = 0 =cos™ [:—%]- 1200

e

k€ forces must be 1207,




T
_ifni-iﬁt_ﬂtﬁnupnhnh*lulmmqucprnﬁuw
¥ support fulcrum is T, . the torque produced by weight of

(1%

e | Tyt -1, =0
(Pt = (Fot) (L) =0
(Fts) = (FOULAF (Fukt)




ails at | __'_mmwmm:*mmihmhm
" it but changes from positive to negative. The original a

B c. 70° D. 80" Qg)_
?Il‘hll'lﬂ of unequal magnitude required to produce a zero m@
B.3 C.4 D.
ﬂmm each of magnitude A is also a magnitude of A. tb}&e m
B, 45° C. 60° ;S’:b 120°
agaitude of vector A =2i+ j+ 2k is N\
% ST L Y
. B.5 C.3 \5{7‘ D. 1
F.=3Nand F=5N then F, = i _
B.4N C.2H \} D.ON

ﬂﬂ:ﬂﬂ;hnpwﬁ:ﬂ by a knife-edge at the 50-cm ;n’ﬂ{ Arifl hangs masses of 0.40 kg and 0,

the 20-em and 80-cm marks, respectively, Where s Arif hang a third mass of 0.30 kg to k
T

B. 70 cm l: 3{|'i.m. D25 ¢m
- Il" 1.5cm, A;r =—1.0 cm, into which qunl:ln\ lqln the vector A point?
I X

B. 1l 9 ||| D, IV
28 \> Dl Y

\
Cié C. AB D. A’B &
t simultaneousl . Which g
é;g;iiu simultancously on a body. Which one of the following

C.40N D.70ON
vectors A and B is rero ihuﬂnﬂug'nh‘ndtnfthﬂr:rﬂl]llnﬂll“ﬁ-
| C. AB D.-AB

of twa forces is 16N, If the resaltant, force is 8N and iis direction is p
e forces are




A S R i

P il I8 TARE LI
n | ABi=| AxB] is correct.
- Bas C. 60° D. 90"
B. 5 ‘ D.

he net forque on wheel radius 2 m as shown?

anticlockwise
n clockwise

|D

80°

M

A.B= ABCosh N
Put 8 = 80° N
A.B= ABCosBO® = AR (017450174 AB

Now Put 8 = 100°, we get \}

A.BH= AP Cos100° = A B{=D174) = -0.174 AB

8 = 100" = BO® + 20°, sodnyle is increased by 20°

5 M o)
3

If they form a closed tridngle

120°

R= A + B? 4 QN CosP
PutR =8 = A

R= Az ¥B*% 248 Cost
A= VA +A* + 2AA Cosd
A2 = ZAT+ 242 Coxd
AP=S24%(1 + Cos8)
A" 2(1+ Cost)

O w% = (1+ Cos®)

1

<> ==1= Cost
&

_% = Cpsf

g = Cos™'(—3)
= 120°

A=2i+]+K
A= Iﬂ}+3§+-ﬁ

la= Ja=3

——— TR = 3N adF=5N

N r-. g " "




> (W .;ﬂ*{mn Iﬂ'"‘l‘i‘zﬂ 2
m{mwﬂfﬂ + (Mg % ry) = (myg x ;)
=5 g(myry + myr;) = g{ms % 1)
="'mlf.1-'_ Mizfy — myry
=} ,.r! ’.‘;Iur

30) — (04430

= mass my is hung at dist
its location from 1" end '«»

|
0

b= 30 -20=30N
e = 30+ 20=T0 N
50, their resultant may have magnitude in the range from 30N w 70 N,
En.:ﬂ'ﬂmulunt magnitude is incorrect. i

o il w:‘dilg




) : ﬂmhhhvhmul-mkwlwmuﬂﬂi-u
Ao Bl= A B ’\§
AB cos 0= AR §in 0 Q)Q)%
8 _, g
cos {‘Sb
tan @ = | ; ‘i\
B = tan"'(1) Ve
7 Y
IﬂHml ; cwlnrque--rF-hﬁxlﬂ--@Nm

clockwise ww, Iurquﬁ*rF'ZHﬁ"m"ﬁIl(
Ztm =20+ 10=~ 1D 'a-m\?%

ol ~=ve sign for clmkwnm@i‘quc

soece e ”mq:-c

Short Answers of the Exercise

answers of the follg w«[ﬁ- ‘questions,
ossible to add thm eotors of equal magnitude but differant dirluﬂunl to I nuli

=

scfori A | E and C ns shown in figure. It is clear that sum of the
'u'n-unh_q first vector galneldes with the head of the last vector,
5 draw the resultant vector, so resultant will be a null vector.

of mmhmm:m 3 m, and 6 m, reapoctively.
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'IWHMI (0= 180%) then their scalar product is negative

A.Bw ABcos180° N
= AB(-1)=-AB ?"{”‘

1 ﬂr h pushed against the along the ground, then force ﬁf frh:l.mn

' “w to dllp-lmnt (d) covered by the w then work

w-rl
= fd cos

fetion and displacement are uppmiuﬁ}uhmh-r (8 = 180°)
0, W=/dcos1B0=/d (~1) {3,‘\
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_ Tﬂ“"’ (Moment arm) (magnitude of force)
-nym equation that large wrench will provide greater moment arm

ArerLa

even with the small foree, This greater torque acting on the small nut may.

al forcs | one that is always directed toward the same pol
torque about that point? n&

itral foree g, Centripetal foree ean not apply torque on the body. i
ﬁlﬂtﬂbﬂlﬂ Toree is sxample of central force, Since Gravil force between carth and satellite ac
petal force. Moment arm (Displacement between earth nn¢ 1lite) i.e. radius of orbit makes mgh
Imvltntlunnl force. AS

V

o 1=:Fﬂnﬂ

e 6= 180"

5  T=rFsin 180

T=rF{0)

':l-ll

el L'n.ltﬂlnlrﬂfnmlﬂlnng!p }Ilurqunnn any body,

%M*M

Ci unpru:ilumn.wm, {}ueatmng

» wh jant by vectors. Give five example of each. Ahﬁwlunlnhnlpufm xample
the graphical representation of a vector,




—- Znitudes will give resultant of the magnituds equal to individual nddtd ssssss
°s fectangular components of a vector mean? Explain addition of
Somponents, P e,

; oV
lain scalar product of two vectors, : Y

=
vector product of two vectors &
X
plain why it is equal to the vector product efforce and moment arm.

Q%16 "
e the solution steps of a numerical problem of equilibrium.
- First draw vector diagram for all forces involved in pu:ohtem
Draw their rectangular components. Cn

Apply 1" condition of equitibrium i.e. EF -{I\”’

Then apply 2™ condition nfcqu:hhnu:rw*e,l E t = 0 (if required) -
\ ~ then solve the obtained equation mwsuhs,
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b ‘,‘ ght up with a speed of 12 m/s. Ifﬂmbunlsmmrlngnt!;nﬂs what is
& s an observer on o ground?
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vonceptual Short Questions With Answers

il 1g at 100 km hr™' at an angle of 60° with the ground. Then wh :i speed of its
iSTiadow) on the ground if the sun is just above the plane at noon?.
- projection of plane is moving on ground along x-axis, So, we are (o :t-mmpunmt of the
he phm ie., Vy is the velocity of the projection. & {:}
plane = V = 100 km h™' \23% y
y of projection is \&“
x =VCos@ QO
= (100} Cos 607 ,\\‘igw
N

V, =50kmb < i
.'-,rulnt.hy of projection on the ground is 50 km h:':?_/</

owthat |[AxBfF +|A . Bf=A'B A\}“’

“ip A - R N/ : i Balei, -
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A.B =AB&@Q
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L RSV HEBY = ATBE )
' quations (1) & (2), it is clear

.#;Wimhr&gh other.
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aqual magnitude are orlented such that, thelr resultant Is also
) :."- Sl ! : C. 120* D, 160*
. N h‘w" will hw; rl;;_xlmum resultant when angle batween them II__F_,-
A ’ C, 45 D18
When 'ﬂi": betweon vectors s 45°, The magnitude betwesn of thelr resultant Is
ANA +B B, J4 v 5t AR C.ovd'« B 24k D, Zero G
Two forces are acting together au-?5 I ‘:‘}Eﬁ}h
the angle between B3 foroie b an object. The magnitude of thelr resultant Is min mﬂ n::
Al B. 180° C, 45* D, 60°

i the Scalar prodyct of

angle betweon them |g: WO vectors Is 2 3 and the magnitude of thelr vector praduct ls 2. The

[ANNUAL 301T)

ﬁl :n. B ﬁ.ﬂ.ﬂ -
- C. 180° D. 120*
m:_m reference lines are drawn at right angles to each othar, their palnt of intersection, Is
A C';:‘I'gml:: I:H;ﬂm B. Origin C. Coordinate Axia B Rectangular :nrrli;::::lr-l."1”
Am[nﬂn!r:‘ umber of ;ngpnmnu of a vector may be: (ANNUAL 2017)
E . Une =
Counter clockwisa Torque |s: A ik (ANNUAL 3018)
.|I'4.~;|r'!'_--ll":|'l 5 s B. Infinite C. Negative 13, Paaitlve
It d‘l:-m and B =g/ then: (ANNUAL 3018}
A AB=-g B, AB=0 . ANy D AB=ug
81 unit of Torque Is: 3 (AMNUAL 1018}
A Ns B, {f_ o ¢ D. Nm
In case of unit vectors i,/ and k., Whieh of the following Is valid? [ANMUAL 2018}
a . 5 @ n . RRr .
A Jxim( B, fxi=] C [xim=}k D, fximk
A parson walks first 10 km north and 20 km east. The magnitude @ of the resultant vector |s:
[ANNUAL 3040
!'1422436 km B, 22.45 km Co25.23 kn [3. 20 18 km
For which angle the equation, IA..HE = i A x f.’f| Is correct: (ANNUAL 2018)
A, 45" H. 60° C. 00 I, o®
!:ﬂ-'- scalar product ,;i.!.l' = then which of the Fntlluwmg s NOT :nrnﬁt? (ANNUAL 2019)
=0 {0 |0 []w0
F’i”} [B=0 |B|;-n [Blwo
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guid (X @0 o= Gw0

mauw\@ cosf » 0° cosé w0® cos = 0°
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' W (B) Negalive (C) Zero (D) Positive
tic hluppnrhd by a knife-edge at the 0-cm ma hangs masses of II.IIII
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ector quantity and the direction of acceleration is along the
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» of how rapidly the velocity is changing. Q(bb‘
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¢ total change in velocity to the total time Mkang&@ﬂfd average accelera atios
3 \ w TR
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_ bﬂ@ al any instant of time is called !n.mﬁ.fpﬂ#&us acceleration.
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g then it has retardation or deceleration. Under this con -
u,ﬁ;t opposite direction i.e. (¢ anti // d).
 Accelerations

antity, it has a direction associated with it. The ¢

) or slowing down (velocity decreasing)
defined for displacement.
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“fuﬂ:uhudychmamnqunlly in equal intervals of time then it
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icuss the displacement - time graph.
sider a car moving back and fnrm(’g&lg the straight line as ahnwn Irl
a

isider data of its position of r every 10 s, as shown in table,
iment-time. Discuss its moti different parts of the graph. e

should you do to calculate the
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ment - Time Graph _ (_ 20
-gaph plotted between displacement of the body and time taken by it during its joumney.
it of the body 15@ along y-axis and time is taken along x-axis.
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Slope at a poifit€ the “ratio of change in value on y-axis to the change tnvq‘iﬁi“.&n
r____H“' s i th Mlmﬂﬂ:ﬂlpﬂlﬂ."

nstantaneous velocity of the car (as mentioned



Sws velocily is increasing (body is speeding u
ia lnmas:lng and acceleration is positive. N

It shows velocity is decreasing
as slope decreases and acceleration ui.\

Displacement is decreasing
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i Bime graph car through paints A B, C. 3, E and F s shown in the g,

8 velocity in shartar interval of fime i cissimizar both in magnilude and diecion Q?"
Nhh- {8} Tha avarage velocity over longer Irnterval of ime ramain same al al 2\
hmwrhmun‘mmﬂ:umﬂp&m <”§¢
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o

ulate instantaneous velm:lty‘? 1\

- The instantaneous velocity is obtained by mu}.mg\ the time
*—ihnner [mﬂthem&ur:all}' we say that the ]lmum‘ which time
h to zero) in dlspiacnmcnl time graph. /7%

S US a series of shorter straight-line segnferitd which have the
ion as the tangent to the curve, as showfy inhEurn

Ilu! Velocity — time graph to discuss motion of the
= Time Graph N\
saph which represents the mrm{@&: of velocity with time is called velocity-time graph.”
gi'ldlmt of Velocity - limE
Slope of velocity-time grg?)ﬁ? St Accelmunu
tlnml}' Time gra B is equal to acceleration,
be calculated by finding the slope of a tangent to I

point on the curve, as shown in Fig, ) |
1 distance covered by th [
ocity graph gives 1%»,-_ e
| Y
‘Uniform velocity
B. acceleration is zero "
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 the motion of a body as described by the velocity time graph
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i on in this part as it has negative value afa '::-I'-mtim. it iz slowing down.
from D to E 0\>

%\M

tion is equal to slope of line from A to E
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(B) Average acceleration of body
)\ (D) Total work done on the body
f mv-hnhh-rnh is:
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s of motion for unirunn_;r_::::nhrmd bodies?

nn for Uniformly Accelerated Bodies
s g with uniform acceleration along 2 s!rmgfht line.

o I 3
S=vytt+—at
(1) v 5

[-iv} E:“—'-l-l}'ut

ﬁﬂm In such cases, all vectors can be Erea‘h.d like ealars.

“f Iﬂm where vectors can be treated like scalarg, the direction of initial
locity is taken positive.

- A megative sign is applied o all those quammen Whose direction is opposite
'ﬂlﬁtufmual velocity,

g _nhmr: equannns can also be appiq:ﬂ’ to free fall motion of bodies
3CHT H h}' ‘../“: }
sratio| duuhﬁmﬂlﬂ ‘2"7
l}_ﬂﬁ.ﬂﬂﬂl of air, all all freely near the surface of earth under
ﬁ;&mq“ gnmil}r with orm acceleration called acceleration due to

& of earth is taken as 9. 8m/sec” or 32 Tt 52,

Do You Know
-

situahions whers i fid
reghgitle, objecty (sl

thiir vweedghis.
EXPLAMNATION:
According to Nowton, i
atiracis the bodies i
canire, with foroe-of g
body falls with ¢
accoderation gl due
Tha forcs i5 called
by, givien by,
Wemg. uharzr;tl'l'llil'lli
' indepandant ofd :
la. [Ratia huhrm
Ma5s rmaing shmal

: mmhhlﬂrﬂmpﬂhﬂanﬁ Find its initial speed?
(B) 24.5 mis (C) 40 m/s

(D) 88 m/s

hlthﬂﬁﬂﬂnﬁupmalrlmumumamm e s

D)122mis

Al the suriace of the Exil

cafme aoooiaration regamies



(C) 200 mis® (D) 300 mis®
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Jon moving with a speed of 1.0 x 10'ms" passes tlrlrnug&#Q 0 em thick sheet of paper
Brges with a speed of 2.0 x 10°ms™. Assuming unil’nr%* ;
S8 a A

celeration, find retardation and
through the p

1. a—_ ‘ ““ =;.‘ﬂ“!ﬂ1m'-!
eovered = § = 0,02cm = 0.02 x 107 m
ped of electron =y, =2.0x10"ms
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‘s laws of motion briefly.
(Compre, on Q.3) Explain three Newton's laws of motion,
Glve example In each case for further elaboration.
) There are three laws of motion given by Newton:

Newton's First Law of Motion / Law of inertla

- Btatement
~ “In the absence of external force, A body at rest will remaln al
rest and a body moving with unlform veloclty will continue to do so
L

| while »
the me

- Thix Is also known as law of Inertia

fn Mathematioally Fey = 0 then = 0,
. Inertin
| . The propertly af a body due to which It tends fo malifain ity state of
£, Fest or un(form motlon ls called Inertla
OR
It Ix the apposition affered by the body fo aripehange in itx state elther
_ oF af wuniform mation,
. | on T
It is & natural resistance (o scealeration thal all objectz have, The rrrii e RHRS
greater the object's mas, the greater thig wealstance, So, Wi ;‘I";‘ "-'.i
' The mass af the obiect Ix a gueatitative wieasire of ity Inertla AT
nl'fl?lll' the maxs, the greater the [nerita, Ax greater net foree is raguired g
1o change the velocity of ﬂﬁj#(ﬂ' Wiih large mass, " ,-,-* ﬂ 't

= P .!:__': ]
= oM iy

' lgnae Mawien |1 |
~ ‘nuh ln vour seut when an airplane taked off, It le dueto [ was bam in

v ramain In rest and feels gt back pressad with the seat, prapesid o hesdy W

| __ amashed against the windshield if your car suddenl sausny ot TR "
 briek wall, Due to inertla, driver continues its motlon In Eamml :f:m o
rection and hits tho windshield e A
Newton's Becond Law of Matien *

' | -m. e opled o

bt s

fo {18 s,



on: The force which produces scceleran
i

in unit of force § X
: Ldyne=1g (1 cm/ v

Newton's Third Law of Motion
‘Statemont

on of 1m/s? in a body

“Action and reactlon are equal in nitude but o
. " qual In mag pposite
Explanation
» When two bodies interact with each other, action and
reaction forces act for the same length of time.
» They never act on the same body but always ac. on
! different bodles. That's why cannot balance each other,
If a body A exerts force Fan on body B then body B exeris the
reaction force Fas on body A which |s equal In magnitude but
opposite In direction, so mathematically
Fan = « Fiy,,

= - e~ A For your Infermation

; ; : : \ Newlohlan meehanios are [imiled
meERaniig am limilsd o iiuaiinns whers spsads are lgsl (Man gBddr 1% ol 18 siustions where ."Hl e

1 apaed &l lighl={Ra is, iess than 3,000 ks . Mas) i Afe wa enoauniepd daiy life le4i thar about 1% of tha of
s . War Inan tris spaed, tharafore we san salely apply Nawiars ws, | | lighi=stial is, less than 5,000 Ams

HOwWaver by were refioed furver at (e beginning of 1he B0tk eadhify whan Elnstain G5l InIRgE we encouniar in daily
ARvalopad nis thearies of reaiivily. His tReonis 6f Flalivily esbeviond the cansapl of life fiave muah elewer RaR this
HI'IIHI'IH MAGRENION 0 B8 BpoYed ko Al oEclE, aveh ablasls Faveling olees o ihe Bpaed, iheréford Wa GEA “hpf

ol lght ’ Bpply Mewlan's laws, Howsveas
— e P ihey ware rafined fudher al ine
' beginfing of Ihe 300 eentury

8h  Einsteln
Buppose that the mags of thae spacecraft 'm,' is 11 000 kg and E’;ﬁmﬂ?nﬁ:-lwﬂfimﬁﬁfﬂm

that the mass of the astronaut 'm.' (e b3 k@ In addition, || of relativity extendad the
aBSUme that the astronaut pushes with a force of F = + 3§.N || of Nawtonian meehsnles 18 ba
(Mlong x-axis) on the spacecratt. Find the acoslerstions of the || BPplied ie all dbjects, aven objects

and the satrongil rgr:'fliﬂﬁ dlese 1n (ha spead of
I :
Qiven Datar 1, = 11000 kg R

ma=0dkg

» BN
Yo Find, >N

perall =gy =1

Aveeleratlon
Selu Auceleratin of astronaut = g, = 9
- Q&u'l 3" taw, magnitude of foree on bath 18 same but apposite In direation e, Fy=«F,

. Fy=36N  and = 96 N
- Ausbleration of spacecraft s:

o 10,
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{C) Mewtan g
HTM"WW}MH =,
' (1N ; {m

(C) Zero mlmﬁ*= ‘
{C) One fourth
{C) 05N

—

* of moving body which describes the qu@x‘ of motion is called omenunl
B OR
ot of mass and velocity of moving @’h called linear momentum.

v%""n ity, $0 momentum is also a vector
direction is same as that of velocity,

j-f-‘;---lu 1! mﬁrﬁhltldinmnﬁﬂm[m-rqi
equivalent to kg ms™,




k) f#'_m-;! -my

T —— >

-~ m, = initlal momentum of body = Q)

" ‘ '.I'I';:- = {Inal mementum of body = F.f \&_‘\2\‘?‘ ;
-» Fm !:ﬂ <>

" g X
2" Law In tarme of momentum &
 "Time rate of change of momentum of body ls équal to the applied force, "

“This s more general form of Newton's second law ofmotlon, Because it can asily be applicable for the

':"“_” !“' -—éb—nm—-———_
8 Impulse how It Is related to nementum?

nm: large force acty on a ”i;ﬁlwﬂmfﬂm#m,m"mwmvﬂm'ﬂl
e m:nm:mu acts, 1&) Impulse of force.

()

1 of Imypulse |5 kg-m/s or N, It |s same ax that of linear momentum,
oion of Impulse are [MLT ')

6 Impuise and momentum
ing to Newton' second law of motlon



s 48,0 kg is rescued from a bulldi aﬂg\ by leaping Into a firefightars’ n
which she leapt was 120 m a net. She lands In the net so that 8|

. _'j niumplu stop in 0.45 s, nurln nterval (a) what Is his ohange In momant
2} ¥¥hat | ﬁllmptﬂnnn the net due to th 'i' {c) What I the avarage force on the net dus!

A -~.-_.-..|. ..l 11 "h 4
I |

= ey




™ In momentum of a body le equaito .,!@_ .
n be defined e sikiodp i o s

(B} d=pul PLLET D -
28 of 10 N acts ona m:’:}n;um;:"“ for arna sasend, what is ite rate m@f&m
kgma* kg . (C) 8 kg ma? )2 kg ma*
e mmﬂ:‘;l:ﬂmm I8 aqual to s \237‘ *
-:.:I::I 1l . I.II'II'I‘I! i mpulea : (€} Force \&_’ (D) Inortia
i 4: (B)Ns (CYNm W) (O} N
81 unit of Impules in: \8
A) kg ms (8) Nm NS (D) N
il l‘pnll the momentum and kinctic enargy of a body hayli same value?
e (8) 2 ma~' e’ (0 8 ms~
Vhat are the dimensianal unit of Impulse? y X/
mory Sy porvry

] [o_Jz8 [sA 4',3:/’ %8 16C |78 |58

~ What is isolated systam? ﬂivl”*‘nmpln. 51 _-__ =

 Isolated systom | :
~ dtlsasystem in whichn

' I’I #a Wiis enclosed in u glass vessel at a constant temperature,

g orter s o collection of particles that can Interact with each other but whose

enviror oulside the collection have a negligible effect on their motions, It is
extornal forces like fictlon, air resstance or any other forces don’t have aay affeet

ernal agency exerts any foree.
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cer di ﬁtmﬂmm‘ to ba much larger than any Fﬁ"ﬂ"

i)

» on Between protons and nuclel
cur the nnlildln: object must not necessarily

. collision of u proton with the nF ihe
) thm Iun Because the two w ;mlll.lwiy

ﬂgﬂ eich other in thelr approach, A en has oceuirred,
| ware never in 'contact’, &
O

I ﬂullllhn
Q kinetle en the
conserved wm i
- qfl hard hl« a marble floor iy approximately

on In which oly mementum of system iy conserved
e of the . _hlthmum
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KE; = KE

e >
3

O :
b 5t i

1 1 ]
ymui-gmvi=ymvi-zmad ¥

m,v;

I I 2 " i
Or ?m.{uf-v,‘k?m,[vzuu}} \\\?..
() — vi) = mz {"fr"u:} 3)
) #ild-v1)
Ffl {'-1 ""p,J,’.., ::I.r" =¥;)

iul_"'ll ﬂ‘!'g-llﬂm s ;
o w-w " (va )~ Asa®— b =(a+b) % (ab)]

(u, “"-'.][u,-!’v,} (v, + "’Jggglﬁ

squation 1 by equation 2 we E‘:t

& - \ or l.'l|—|_;hi:ﬂl Vi=Vj [4]
@0 hi“ll]-*"{'l'l—!d

4 y Q‘. Ufﬂ-"vm
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Sions for the velocities of two bodies m; and m; after elastic collision in




) = V2t g =~ gy =my (V2 — B)
iy = +uy) = mg (V2 = )
P p -
eIl = Mz = Myl = mpv; = Mgl

2myug g — M =my v tm v

ghway a car of mass 1500 kg is stopped ‘at traffic signal. A pickup of mass
4p from behind and hits the stopped car./Assuming the collision is elastic, the pick
with collision and push the car ahead onto the highway at 10.0 m/s. How fast was
joing just before the collision?
58 of Car = me = 1500 kg N\
f pickup = mp = 2000 kg ‘&‘C}
‘of car before collision =Ue =0
ty of car after collision ‘=10 m/s
ity of pickup after collision = Vp =0
pickup before collision = Up= 7




: M\‘.’lﬁ fired from the gun, the gun moves with 1|.r::]|:|u:'. ~ypand bullet moves with Eﬂnﬁt}"ﬂ'
direction such that the total momentum is Py is ag ro.. In this way, momentum of the

conserved. The veloeity with which pun moves g\ backward ducmun is called recoil

Pr=Pi
mPI?F-I'mh l’b = D

Mp V= — MV </%
of bullet and gun are equal and oppGaie

My U

e L et
| i o
II]I furmmﬂ_ve]uclt}' of pistehaller fire.

1 collidés with #uﬂmu-r body of same mass, then after elastic collision

(D) None of thesa
ring its job, its acceleration goes on:
g ) Decreasing {C) Remains same (D) It moves with uniform velocity
,’.rﬂm1umswhnmﬂﬁm“thhmﬂ“ﬂm

ki '-.\_-_ .- 7. - i ] - ] :.-_. LY - T et ol = B, ey L R
-;;-_ e =
kel ‘_*5-'*1;"" Imr!—'—-r-ﬁﬁ-wi -IT
oo e ,f,p.,‘,_-.hwﬂfg ,*Hﬁ-ﬁljwm“:.:-; e i .
OFTOR. O INE. By WEFsEs B T e e "-I"°‘F"'-li.':‘""." ye i .
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kicked off by a player,

ed from gun

: fired from a launching pad.
thrown by a cricketer
.thnwn from some height

mhfulhmd by the projectile is called its tru:ia:mn The trajectory of a
L"'-u 1le is usua a parabola.

s s |r -
'ﬁ.“'ﬁ""—fﬂ_ﬂl"t&' -l‘.-.-.'| a-l".l:" ks




o
5
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ty of projectile at any instant can be calculated by formula:

_ .. N

Vix =V, cos 0
- vsin® = gt

2J(vi cos 8)F + (v; sin 0 — gt)

Y v, sl = 2(vi sin 8){gt)

*|.|f (cos" 0 +sin" @)+ gt" — 2vglsind \2&2“\
= V(1) +g¥ —2vgtsin® &%
v = vf+g‘-—2\fisisinﬂ </<(/
pn of velocity Ch

: N\ o
sultant velocity makes an angle ¢ with the horizontal. Then

cog
“with initial velocity v, making an angle 6with the horizontal. Find

(b) Time of flight
Maximum rang

covered by the prjetle s called e marimam beight o e et

|




0= (v;sind)T-2g1

.

ST =(v5in0) T
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(B) 2 dimensienal 3 dimensionel
I'Iﬂll ] I'I'Ilili'l'lh‘ll:l'l ::hm It Is projected at IH:EE'IHH 'H.l“

Hﬂﬂuihlrinpﬂnﬂnuh s egual? e

€) 18*, 80"
Mwm‘md leu of prajectiia: =
() Decreases {C) Ramains -
y of projectils In maximum; N\
poin ) painr

[0 Al half of the height (0) Afeya!
T mnﬂﬂ of projectiie &t 30° with herzontal ls the same

M (B) 80* (E1 80 (D) 120"
Wi ’*ﬁllﬁl Is thrown upward with the veloalty “w" mnﬂm an angle 0 with the horlzental, the maximum Rarlzontal

! .M\\, y
() =L O (o) 2 sino tm—*-mtl
A . EAR) 5 28
l from the ground i
]

:h' V
(C) mdem ginyih . (D) === gind
F's 0 '

the vertiakl domponent of velaalty:
A Varias paint io point (C) Bacomen zaro (D) increasss with time
piileh Its maximum helght and horironial range are equal; '
Y () 80" () 84" (o) 78*
.|__- i It I8 vertioally abeve the targel, It misses the tWrget dus tol
smpanenl of velaaity () Vertical samponani of velaegity
N (D) Acceleration dua to gravity
gnn-*nmmﬂn'mmnmﬂhuﬂnumu
mwn (C) 20 ms*' mom

i
|tim m |
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ltult will rm'n-ln at restand a bady In matien will remain in uniferm motion unlass an axternal
ﬂ-u- lnh upon the '

. ) @ body produces an acceleration n the direction of the net force, an
artlonal to the force and Inversaly propartional te the mass of the body;

, Is an equal and cpposite reactlon force. The actlon and reaction forces are
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The velocity time graph shows the motion of
bicyclist in a stralght line. (a) From the slope of the
graph calculate the accelerstion of the bleyelist
between segment A and B, Band C, C and D and D
and E. (b) Calculate the average acceleration of the

bleyclist. Also (c) Plot the scceleration time graph
for this metion,

Solution:

(a) The acceleration from point A to B can be caloulnted by measuring the
vlope s :
-
oy | el 10 m/s = 0 m/s 10 m/s
o "1 ) or e 5 Loy

Therefore

The acceleration from point B 18 C by measuring the sl

B 1A

-4 ""1";"'| 13 m/s =10 m/s | A
aw 1.| = or A= ﬂ-.:i ;"qﬂl_x . o A T“r\

Therefore

The acceleration from point C to 1 can be caloulated yi

8
o SN Umis =13 m/s =13 T8
T e T e N S
Therelore E e N rn.fuj
Similarly the acceleration from polet 12 to E ean be caloulaizd gs
o
e o = 3 TR = ) M AT
i || o i TTU B .
i = =1, or f ,”"'-' T.:_'ﬁ &1} (1 ™

Threte B =iA8mA)
(b)  The averuge aceeloration Can be caleulated by mensuring the stope from polm A 1o £ as

. V=¥ _= S mis=0m/s 3
L hrrer or L T84 = 0% ot a [T
Therafore | = =0 128 m

When thess data points aro plotted on soaearstlon time graph by ehoosing sultable seale we get the eurve 8

A (Joint Fighter-17) JF Thundor 17 alroraft takes off at 70.0 nva (262 kmih). AN
acoelerating uniformly at 3,80 m/s" from rest that lasts 6.5 & during tha initial phase

takeof. The afterburner engines are then turned up to full power for an acoelern
7.4 mis", Caloulats the langth of runway needed and the total time of takeoft,

o

Glven Data:
neceleration 's)' for phase | = 1.9 mvy’
accaleration ‘s’ for phase 2= 7.1 m/s’
time 'ts' for phase | =6.5 8
| final valoslty 'vg' for phiwa 2 = 70,0 m/s
O P g ot ey ' = l
J Iﬁmﬂmlf =




ICS - x| _ = Ll i |/

" For fis phase of take-off, the distance
L .ﬂt1+zlll

i’mﬂﬂlm S.-ﬂn5+%3lg "{5.5!}’

Or 8 '%3.? m/s? % 42,3552
Therefore 5= 82.3875m %
The final velocity at phase 1, can be caloulated by using first equation of motion e

Ya=va* it putting values v vy=0m/s+3.90 mis’ x 6.5 &)

therefore vy = 25.35 m/s 3’;\
For second phase of take-off, the distance s can be caleulated by using third equation of motion -

i -
¥V, =%
8y 8y = vl - P i B el
IE ¢ Iy
The final velocity 'va' at phase 1 which is 25.35 mys will be initial velocity 'va' atghase 2, therefore
YV =V

-N& RS |
5 "'[IE"I'; Putting values 5; = [_}__{_r__}_?{!.l'.l' Hiix x EI_:IEE e
4257.3775 m'/s’
Or Sy and  §;=209.8153m

’ 14,2 m/s"
Therefore 8; = 299.8m
For second phase of take-off, the time 't' can be calculated by usidg first equation of motion
Vo™ Vot ot LF Yo = Vg =nh
Or la s l: g Putting values t;= 0o m;:—;igﬁ s
Hencety ™= 6.3 s
The total distance covered is § = 5, + §;
Putting values S = 82.4m + 299.8m
= 382.2
Hence the minimum runway length underthese conditions is 383.4 metres.
The total time taken ist =1, + t
Putting valuest =658 + 61 s

Hence the total time for takeo{Y under these conditions is 12,8 seconds.

Hassan and Umar are standing face to face on ice wearing ce skates. If Hassan -ppr
force of 10N [E] on Umar (Assume no other opposing force axists), what are thelr
respective accelerations? If mass of Umar Is 80 kg and Hassan is 50 kg.

Given Data:

~ Hassan's Mays my = 50 kg < g
Umar's Mass my = 80 kg .
To ; = 10N [E]
. ‘ 's acceleration ay = 7
8ol s acceleration ay =7 g 80

 When ng other opposing force exists, the action for exerted by Hassan on Umar is 10N
[}, the cceleration produced in Umar ay by Newton's second law of motion will be
- .,,.{;.l%!m or  ag=0.125 (E]
 therefore =0125

ction force exerted by Umar on Hassan will be equal and opposite (i.e. <10 N [E],




or 10N W),
The acceleration produced in Hassan ay by Newton's second law of motion will be

or 8y == 0.2 m's’ [E] therefore
therefore = ),2 [W
Due to smaller mass Hassan will accelerate more than Umar,

A cricket ball of mass 0.183 kg has an Initial velocity of — 38 m/s as It approaches § ™
The batsman hits the ball hard and the ball moves away from the bat with velo, ol
+47 m/s. (a) Datermine the impulse applied to the ball by the bat. (b) Assuming thay the
time of contact Is 1.8 ms, find the average force exerted on the ball by the bat.

Given Data:

mass ‘m' = 0,163 kg

initial velocity v, = - 36.2 m/s

final velocity ‘v/ = +47.0 m/s

time of contact 'At' = | 6 ms = 1.6 = 107 4
Required:

Impulse applied *)° = 7

Average force exerted F
Solutlon:

m=T

(n) According to the impulse-momentum relation J = My = m'-.-',

Putting v;tum] = (0.163 kg) (+47.0 m/s) - (0.163 kg) (~36,3 m's)
J= 7,661 kg m's + §,.9006 KEg m/s = +13.5616 kg m/a

Hence |
(b) The average force can be calculated by using equittion  J = F,, x A
E -‘l i g .
e putting values Fu. ™ 55075,

Hence = +8300

In & nuclear reactor.a nautron of mass 1 u (Tu=188x 10" kg) moving a "buq_l?nf
4,000 km/s to the right and a heavy water molsculs mass 20

0 u moving with a veloclty
of 0.40 km/a to the left collide head-on, What are the velocities of the :Eulmn and water
molecule after the colllslon?

Glven Data:
Mass of neutron m; = lu
Mass of water molecule m; = 20u

U, Uy
Veloelty of neutron before collislon u; = 2000 km/s @'—"' 6
\'llmlnrn(ﬁ-‘m maolecule before colllalon uy = 0.40 km/s -
To Find: <<}
v of neutron after colllslon vy =7
( A of water molecule after collision vy = 7
Sol :

" There ls no need 1o convert 'u’ Into ‘kg’ as we only want to compare these values,
For head on elustic collision v, -H U +Eli?m_ﬂi"1

i z'ﬂi!!n
Putting values ‘”1"'{1u+:u!'|u]=“““““‘"“‘{lu+=nu}“‘“"'""' I
Or '“l - Imqﬂ +“-“WI
. Hence p
The !M#WME-mmmmmﬂwmmmmmmﬁ.
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W head on elastic collision g

8= Y (s

= {lu - 20u)
ar ¥y™ 190.48 km/s + 0,38 km/s

A cricket ball Is hit and moves initially at an angle of 36° above the horizontal gratnd
with a velocity of 25.0 m/s. (a) How high will the ball go? (b) How lang will the ball be In
the air? (¢) What will be the range for this projectile?

Given Data:
angle '0" = 35°
initinl velogity 'v,' = 25.0 m/s
Acceleration due to gravity 'g' = 9.8 m/y!
To Find:
(a) Maximum height ‘H* =7
(b) Time of Mlight ‘T" =2
(¢) Horizonial range ‘R = 7
Solution:
(a)  The maximum height H for projectile ls mathematically written as
vi, sin'0 2
Ho= 28
Therefore

(b) Time of Nlight for Projectile is mathematically glven as

putting values H=

L] W +1 H B
1w Y800 g vahies T =4 mﬁm}.:j'ﬂ
Therefore

(8}  The Horlzontal Range R for projectile Is mathematically written as

(2%min") * (3in2 = 35%)
(9.8ms™)

d i 1
R-hm putting values R =

A |'§h1hmn vertically upwards at 19.6 m/s. For its complete trip (up and back down to the starting
@n, its average speed Is:
9.6

‘ m/s, B. 9.8 m/s. C. 6.5 mfs, D. 4.9 m/s.
you throw a ball downward, then Its ncceleration Immediately after leaving your hand, assuming no alr

resiatance, s

A98mi, B, mare than 9.8 m/s’

C. less than 9.8 m/s’ D. Speed of throw is required for answer
The time rate of change of momentum gives '

A, Force B, Impulse C. Acceleration D. Power




C ae Chapter 3
: ig The area between the ";ﬂq.ﬂn. graph is numerically equal to:

o

7.

10.

11,
12,

13,

14,

Moy

1.

(ﬁ:}?‘ 2 §=(196)(2) +1(~9.8)(2)?
@ =)

ki B. Displacement C. Acceleration D. Time
#:ﬁ of velocity-time [npll: gradually decreases, then the body Is said to be moving with; _
A, Positive acceleration B, Negative acceleration  C. Uniform velocity I.'LEE:m rcceleration
A 7.0-kg bowling ball experiences a net force of 5.0 N, What wil! be its ncceleration’ !
A, 35 mis, B. 7.0 m/s’ C. 5.0 m/s D. 0.71 m/s '
SI unit of impulse is:
ﬁ-hlﬂl-l B.Ns I:.HI_II D.Nm

A ball with onginal momentum +4.0 kg * m/s hits a wall and bounces stralght back witha H‘ﬁ
kinetie energy. The change in momentum of the ball ls:

A +4Ns B.-4Ns C.+8Ns¢ D. - BN
A body s traveling with a constant acceleration of 10 m g, If 8, ls the distance u-?velud in 1" seeond s,
Is the distance traveled in 2* second, which of the following shows a correct relation between §; and §

A5 =5 B.§ =38, C.8: =35 D, 28,=1§,
During projectile motion, the horizontal component of velocity:
A, Changes with time B. Becomes zero C. Remains constain D. Increnses with tims

A projectile Is thrown horizontally from a 490m high cliff with a velocity of 100 ms™, The time takes by
projectile to reach the ground Is

A 25s B.5.0s C.75a D.10s
A projectile is Inunched at 45 to the borizontal with an inifal kinetic energy E. Assuming alr resistansey
be negligible what will be the kinetic encrgy of the projectile when it reaches its highest point?

A 0S0E B.0O71E

€.0.70 E D. E
To Improve the jumping record the long Jumper should jump at an angle of
A, 30° B. 45° C. 60° D, 90°
Range of a projectile on a horizontal plane is same for the following pair of angles:
A.15%and 18" B. 43" and A7 C. 20° and 80° D. 52° and 62°

Oplion AMSWER

EXPLANATION
B 0.8 m/s Vr = v+ gt
= 0= 19.6-98t
B e 8 g §
9.8
& = tm2g
&\; So, total time of traval on both sides
\> Tmdxl=dy
Jf} Distance to reach maximum height

s=u!r+%g¢1

§=392-196= 19.6 m
So total distance covered on both sides
= 5®1x186=392m
Average speed s

total
Vay = _..._ﬂlnrl_ - !'%‘! =98 m/s




k = ,.E ._---._;h - -
a :.E-F: 071 m/s* -t
=
Pi=1 kg T o
Py= 4 kgm's % - '
(85 no energy is lost i.e. ball bounces back ally) i~ %

ﬂF‘Pf-Pi-tﬂ--q-'-ﬁla:mfl

S;=5(4=-1)=5x3 =3 %535,
Alternate Method W\
"
l..Et'Iﬂ'ﬂ{HEES"‘F.!f\*{?,
_1 dand distant after | Distance in 2™ second i
ks Im],.%'\iwn seconds, : b 1 lIi
L7 | 5] Seri S
:5] p—— L
23 2 i
Sy=5ald -1
oSy [sohuy  [T2N0
{%Eluzﬂ ) Iﬂ:q'} si.slﬁ}
A
ol | 83 = 35,

! i\k\
5'1-;at’=~_:-::1ﬂx1’=5m:k?, -

1 \a\
Snin =‘E a (toen? = Enth12) "*\ir— (10)(2% = 1%)

Bl ] s

As no force act on the projectile along horizontal,

105 Q/ ‘ Use 2 equation of motion
Q" S =it +%_r.'|r:i
\()&\3 Fory lﬁﬁ. equation becomes 1
S =viyt +3ayt? :
*’8 ®  S=(0r+ig =0+31gt7 o




Short Answers of the Exercise€

ing In the same dlﬁﬁ
train that speeds past another train mov o
! wu:t"h::lk:l?l :ll:p-llr: that the mr train Is moving backwa rd. Why? "n

This is due to relative motion between the two trains.

n: _ .
f\-*hm:::r:ﬁnm sitting in faster train then you are in rest 1.=I-'.r-l. your train. hfr '-‘-'t!l':l'l' Z'r"-'-ﬂ.-' II{ l:l:!'-:!'f-:-:r“ﬂilﬁ through the
window then poles, trees etc will appear to you moving in the ha-a':kWP-rd direction i:”-‘* '_‘i'--t* K tdl g “UHH::
you), Similarly, when you cross the slower train then that train will _alsl-u ::p[H.'-ﬂr to }m.: as losing the ground g
moving in the backward direction. which will indicate that other train is slower than yours,

Q.2 Can the velocity of a body reverse the direction when acceleration is constant? If you thinl:_;
give an exampla.

Yes, it can be possible.

—

Example: ; .,
‘When a body is thrown vertically upward, its velocity goes on decreasing due to 1_J.r.11.'i|_'-~ '.Il l;
ard becames zero ot the maximum height. After that, it will reverse its dircction of

velocity, but the magnitude acceleration remains constant during whole flight (Le 8.8 Upward poils
ﬁl}' Molion Wik

Q.3 When you stand still on the ground, how large a force does the ground exert on you? Why
doesn't this force make you rise up into the air?

c—

When we stand on the ground then we exert force'on ground equal to our weight,
F=W=mg
This force acts as action on ground. Aceording to newton’s 3™ law, ground exerts equal but opposite reaction. B
this reaction is just sufTicient to keep s standing on ground,
This reaction force can not make 054 rise in air. For that purpose, upward force must be greater than our weigH
whih is scting downward.

Q.4 A man standing on the top of a tower throws a ball vertically up with
cartain velocity. He also throws another ball vertically down with the

same speed, Neglecting air resistance, which ball will hit the ground T‘u‘,
with higher spead? .
[Yiee Both the bl“ﬂmthu ground with same speed, Tower ¥, .

‘ %,

The mlg\ ich iz thrown vertically up with velocity v; will have same ve /
reaches back to the top of tower, So the two balls have same downward ’/
at top of tower. Hence they hit the ground with same fin : é

locity v,

O Vi=yl+2gh al velocity,

\§’ Vi=\[V *2gh %
| Q.5 The cricket chach explains that the follow-through with the shot will make the ball ﬂ" :

N n of the Impuh
Follow through is advised to increase the momentum and hence imm::;:?ntu:'l hlh:::"“‘-
distance. ty of the
planation: _ .
o the follow through, the bat is in contact with the bal : _
ﬂﬂmm:gm tT'r: ¢change in momentum is equal to the impulse. | for a longer time, According to impulse - FE5

h & : j'?“m = "ﬂp
|




1 ". o - I.
mmmnhhﬂummmﬂnﬁludmlﬂ aceident. Q{b

I=F x ar

= F=ﬁ \ﬁg\

luring an accident, crumple zones like bum collapse, that will i the collision time (At) and hence
he impact force. Thiswillmahmp;:g safer. s mfl‘%e :

N
I],!ﬂtﬂ}l' that crumple zone absorbs the energy during hn&: collision, passenger will feel lesser jerk

= 3

can hit a long sixer in a cricket match rather than if we toss a ball for our selves?
2 due to; \&/m}
| Cricket maich, the time of collision between ball Eﬂm decrease which increase the striking force. As a result
5 Il go h“wdm & w
' J CaN
F=— %
'.mmp{mmm:, &E&@wa@uﬁllhgﬂ.

i s(ijs”iﬂmaprqiucﬁlu mﬁm-ﬂpmjacﬁlehumimummﬂ when it is hit
i match, this angle is possible easily to achieve but it is difficult 10
Ives.

row .bgllusmllywithnmturfnmcmdmmike it with proper follow through
iquuﬁiih collfsion time and hence increases the momentum imparted to ball. This will increase the
all suff ciently mguﬁr[m!udhum
.«,-" travelling horizontally, dropped a bomb when it was exactly above the
\e bomb missed the target. Explain. — —
the same velocity as that of the aero-plane when it is dropped. If the bomb is dropped when the
und inertia, the bomb misses the target. The bomb moves like a projectile as showr
but it will hitatT. = |

1







Cumprehenmve Questlnns

response to the followir - uestions.

| displacement — time g g and velocity — time graph. In each type give brief details
‘app npmtﬂ diagrai illustration.
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B. What Is range of a projectile. State In which condition the range will be maximum i gue-

projection Is kept constant in a uniform gravitational fleld. Also show that there ane t:

projection angles for the same range.

See Q # 24 and 25
M‘-’:ﬂm

NUMERICAL QUESTIONS
1. An object is falling freely under gravity. How much distance will it travel in 2nd and 3rg

of its journey? | sécond

Given data: —_—

S;,ﬂ= 7
Sia="7
To Find:

To find the distance in a specific second for a freely falling body, we have:

Sneh = éb"':!r::hd = (En |:-rl1-l:|
Distance covered in 2™ second is:
Sang ==9.8(22 - 13
: Sang = 49(4— 1) = 49(3) = 147 m = 15m
Distance covered in 3™ second js:
Sana =7 9.8(3' £.29)
) Song = 4000 4) = 49(5) = 245m = 25m
2. A helicopter is ascending vertically'ata speed of 19.6 m s, When it is at a height of 156.8m
above the ground, a stone Is droppad. How Inng_dues the stone take to reach the ground?
Given data:

Initial velocity of the helicopter® vi'=19.6 ms™ (upward)
et vertical distance covered(by the stone = 5 = -156 8m (downward)

( There is negative sign, being displacement opposite to initial velocity)

Acceleration due to gravity = g = -9.8 ms™ o
To Find: \9

Time=t=7 A\

Using the following equation of mation

§=y #‘%-\git, puiting the values, we get

A

(=156.8= 19.61 % (-9.8) £

\3\ — 156.8 = 19.6t -4.9¢"
49701961 -156.8=0
49 -4-32)=0

| ' —4t—32 =0 , making factors , we get
] £ - 8t + 4t - 32 =0

- 8)+4(1-8)=0

(t-8)(t+4)=0

' ort—8=0,t=8sec _ OR  t+4=0,1= 4 gee
But time cannot be negative, thus

L= 8 sec] (i.e. time taken by stone) : ﬁ







| ﬂ_ ,"_ﬁ'_f' 00 ?**ﬂ*fﬁ“f“

[}
.

he values in equation (1), we get, &
_[[e800-0300) . (2<0300<(-:8)
: .0.600 +0.300 ﬂEﬂD+ﬂ3Dﬂ
) 0.3x9) (4.8 -é‘m
= _;_ [[ ) ] [ug]]mrsac (3= 5¢ / sec

g the values in equation @\?ﬂ get,
[fo00-0600) o (P2x0800x0
pmmm]{ {0 uﬁu-nmaou] 355

r -H;midinlhﬂltmdﬂfﬁﬂﬂ m/s

wlﬂihgyhnnhlﬁmmluﬂrfﬂu (a)
o) ek i







!! 4 ﬂhIEEI' 3 I!m.q
o R= " =550 S |

9.8
=
(6)  We know that time of flight is given by,
o dusl "
Putting the values in equation (1), we get,
T L lw ;! .( m - n 5)
E

000004 0 Pe0e0s

Additional Conceptual Short Questions With Answers

1 Why does a cricket player retrace his hands backward while n:lt:hing_thl ball ?
m Flayer does so because it will allow him to have greater time for change in Momentum.

Since F'ﬂf (At becomes greater) = F = l-"ﬁ_
Fal|

£ S0 ball will exert & lesser force on his hands, R
' 2. Show that relation between maximum helght and time of flight of projectile is;: H= [E::]T
8 Moximum height of projectile is:
r T |
vT Sin‘D
’ H= "l‘ia— (1)

And its time of flight is:

4 viSin@

=g
'u'| Sin\2

= m’ - J

= ﬁ?ﬂ}
OTETED

&‘b 1‘-.&:1 (Put value from eq (1)]

g@“

of
mﬂ::tﬂw nﬂuﬂhﬁ::rnnhlﬂmnnmhrﬂunlh range on tha earth for%

Let range of projectils on earth js:

;-éllnﬂ

R




0= Tan" (1)
— B=4s
- long Jump, what factors dete
* Long jump Is the examplo of project

o 3

e V'ul'nufth-l ump?
B idtlon. So span of the Jump Iy like the range of projectile i.e,

1 angle of projection (L.e, angle with horlzontal and initial ve of the athlete,
1g belore he takes the jump, : Gin i

ction of & projectile Is 30° then find the ratio batween fts maxim 1 ight |







S .

-

{ence, the range of projectile is half than its maximum range at an angle of 15°.

, "Hmmnh-ndmmmﬂnnmlmw .
tact with each other. A force F acts on my, as shown In fig
nitudes of effective forces acting on m, and m; resp 1y

g" be {he acceleration produced in the whole d!.lt external applied force “F" and is given by:

- = F ,
Bsms = 0= e K
ot ﬁdhsimhr &O

ng exert the muﬂw
Hh.minﬂnlmmudhﬂmw

[ R 1 ll--'.

._:':'.l ":-_u..“ "' . - T Il ._-_-. T y '-!__ mﬁ_"* — 4 ; L
h P [ 1L q )
L d 3 - - e S
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i i R 1‘-= ¥R
al . b l,

_:,_.._:,. -.'.- b

m | ‘W w h.
B | B, how uniform acceleration
ermtio 1 D. moves in a elrole

wit illlrhlm:lmlm alwaya?

B, force, veloolty

it
L

T 1_._ -_.;"

S
acoeloration D, foree, momentum ,\Q.)
el
iy ,-.m m e —— Q) .
W B Distance C. Acoeleration D &%ﬁﬂm
| of change of momentum of a body Is squal to

the 'nhulhr and acoeleration at the maximum of the projectile Is
. B 1’ ¢ 90° N, 48"
i ﬂmunn of 48°, helght of projectile will oqualyo __times of range
_ :.._:.'r; B, 1 \\’“ D12
fveloalty of moving body Is doubled thon ltﬂpplﬂﬂl‘lunnn will become ____,
,1 Umes 18, four timos <f’ Thres timan L3, remaln skme
- y of moving object la dwhl-ﬂ hen which of fellowing quantity &

e B. Disiance C, Acceleration ﬁ% Momentum
i t

”y

\: Ao | B, Kinetle Energy \:J C. Potentlal en ‘
Tt . oy 3, Momaentum
Hm In half of it ml@ahrn range then angle of projection s _____,

- B, 225 C:)\ C 18 D, 48
-

llllnﬂuh
5. n& € Nu
-qth
- ST g, 109 D, 10" N
at @ = 45° with Initial velocity ¥ than veloaity at highest pe

"

"l" W ¥

24 ck ok

colors n'mmmummﬂ

,, €. force D, Nono of these
Tl g body I  seconc wit e

a1 sovar  dotann o “amu'n"

MP j-f

- §
e

D Nm

o

&/

f '\.J




JA m s - C. Foree ncting D, Velocity of Vehicle
6. AD . ro rest .
9. :Hflm“h“mtmﬂmu;lu position & m above the ground \ﬂmhmﬁ
A 124 mis B, 6.3 m/s C.7mis 0. 1.2 mis
. The motion and rest are: (ANNUAL 2018)
- A Discrete B, Random C. Absolute D. Re'atlve
The change in position of a body from Initial poslition to final position e calied: (@L 2018
A. Displacement B, Accelerstion C, Position vector D, Veloaity
Tha notation delta (A) s used to represent a ,.‘}?;\'IMIHUH- (L]
A, Small change B, Big change C. Zero change D, Very !mvﬂ’ﬁ.'rl-nnul
When u block of wood of mass 2 kg Is pushed along a horizontal flat surfwce of « bench, the

force of friction Is 4N, When the block Is pushed along the bench with a force of 10N, It moves

with a conatant: | [ANMUAL £318)
A, Spead of Sma”’ B, Acceleration of Ims™ €, Accelaratlon of SmeD, Speed of ]mi‘_'

A projectile Is thrown o that it travels a8 maximum range of 1000m, How high will It rise?

A, A00m B, 500m €, 1000m . 250m (ANNUAL 2018
A oar takes 1 hour to travel 100 km aleng a main road and then % hour to travel 20 km along &
slde road. What le the average speed of the car for the Whole Journey? [ANNUAL B319)
A, 60kmh" b, 70kmlh €, B0kmh'"' D, 100kmh’

Rate of change of velocity Iscalled [ANNUAL #019)

A. Speed B, Distance <€, Acouleration D. Displagement




at 19.6 mis. Fnrlumnplntuﬂp {up and b
D)4.9
(C) 6.5 m/s. (D) ZH'-

".K

{B} 508 (C)7.58
e is half of its maximum range then angle of project
yar (B) 22 5° (C) 15° QD) 45°
f the tf lhl Veloclty Time Graph remalns constant then bndkﬁ\muﬂng with:
A) ol (B) Negative Varial'® Acceleration
(c) Acceleration (D) Uniorm Ad\ca'lerahﬂn
If @ -1Il= N acts on a body of mass 5 kg for one. qwhn:l what Is its rate of ol

d :u{lldn with stationary body of same n

nﬂlilﬂﬁrl Hu 2nd body will move witly the velocity of '
(B) 30m/s -$AC) Zero m/s (D) None of these

: ser.‘ Tu:m B

Show that final velocity of the n‘n]n@%»mﬂ any Instant Is vy =\/v} + ot = 2 v, gt sin 8
3 hig  car of mass 1 is stopped at traffic signal. A pickup of mass 2000 kg oo
d hits the stoppet car. Assuming the collision is elastic, the pickup stops with o
ar ahoa highway at 10.0 m/s. How fast was the pickup going just Bafa

¢ related 1o momentum? -
\rigid but are designed to have ‘crumple zones’ (iregular fold) thal collap
intage of this rnwdulgn'i'

the speed of 15 m s strikes  rigid wall and rebounds -f_"‘
h 5 “‘“h {l! the momentum Imparted to the wall and (b) the

S R R B e IR
[} g .
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ght in terms of physical or mental effort. In Physics, however, the term :._

yot understand by the term work? Explain.
Jone by Constant Force

1 k is the dot product of force and displacement
W= F.d (or)

k. 'dhnt on a body by a constant force is defined as the

n ot of magnitude of displacement and the component of
___*jﬂﬂﬂ direction of displacement.

W=(FcosB)d \

o i i dv and it coversd -

1 a constant force is applied on a body a SUE

sement in the direction of force then work is dmg. ‘&

A
,qmmmt force F is applied on a body at any mglc @ with displacement d as shown in fig (4.1)

{Feos = F sinb.
- into its rectangular component F AFeosh and Fy
component of force Fo@}l& along the direction of displacement d and is responsible 1o

(‘{mmpunr.:nt of force in the




g '-:“M then work done by gravitational force is @w} because gravitati .39‘. i
. __ﬂﬂ-it# direction is opposite to displacement, \§~ ) : _

FIGURE 4.2

""-'--; "I'lnd ent d are in the perpendicular
{" gul‘ displacem n icu @X?“

‘<
<
on the cant, exerting %ﬁ/mmrd force i.c.
cart has horizontal m-uh Qﬁ: applied force and
, no work is done,
because centripetal force
ion of the body, '

i _w; fméf\ a body but body is not covering







" nlnulm.-l more mmnt:lh if we further di
ad becomes very small. ie, Ad— 0

%Earth in a nearly circular orbit, l:&pt h
I by the Earth. Does gravity do (a) pe

no wuri on the Moon?

. nmnmduaanntp&ﬂmﬂanym
2O\DY earth on moon acts as centripetal force
Bous displacement is tangential. Due to which
perpandicular to each other ie. 8 = 90°.

=l ek B T il may
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%mu :-:hihﬁwd mnnmnmmmmrp ]
.*":-I 05 (C) 0088 Fg i 58
W i tha 8.0 unit of work?
..wdﬂ'm (1) watt (C) pascal ©)

p-ﬂ:"_. Skp Ie raised vertically through s distance of 1m, then ealculsis the e El-'r

'M CTER'Y v
() 4D0J (D) Al

70D 28 4“8 8.C 68 |rc LB

2.0 1un.]

e

v

| fiel
o y::!tl‘l:‘ln;;:m eld and gravitational field strength? Show that gravitatio

that in gravitational field
0 work done in gravitational field is indepandent of path followed. {,}\%%
l Work done along a closed path ir. a gravitational is zero. 0
' § gravitational field
around the earth in w
m '::;‘" a body is called the ;rnf::;i:u?_;ij:.ﬂm.d
“We know that a body placed in space swrrounding the earth

mm a force which is equal to its weight and is
mwlrdsdmccm:ruflhc carth as shown in the Fig

Y This space around the carth wiath in which cxXens
fore ul'mmnunuﬂmbod.mﬁknnmumuuu

eld

onal Field Strength

. pg gravitational force per unit mass on a N
gt gravitational field strength b’j i

.mmn:iumt Field Strength = ZL2xitational

L
A
Near Earth, we can write as: - &0
-'.,;lrlnlni' FieldSﬂcng!h?‘%’g=93NkH"'
ield, in which wo

is independent of the path foﬂawﬁ:uﬂeﬂuwvﬂm
Mh % dnuden;ldudpuibm.bcﬂkdmmmﬁdt
B

_.a-t\w _dnng:nlundhyﬂnﬂhﬂmﬂf‘hﬂhm 5
_ lﬂnudpnlh ‘ABCA' mwmwﬁnld,uminfqhhﬂynrmmnd

L "V =Paem
¥ "- '_ t‘ﬁm'-ﬂi(m

.,.._"&_‘
: ._"1

I
B

_MM'I and 'C' will be:
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nstantaneous powe ﬁ“fﬁfﬁ
T ~ur e

'y

ne work done and At = time
ta !'ﬁ'ﬂlr
fbody at any instant is called ins, RGOS POWEF.

OR Q.. : s
ver '£f3';ﬂﬂﬂrniﬂcff9fé limiting value of 2 as time A, following 1




of power
IHII 'hlﬂl!'l.nld an the scalar product of force applied on the body ang
rolal unit of electrical energy. :

Jumbo JetAlorah
Car nt $0 kmh"
Elscing nestar
ColourTV. &
Flash Light (iwo Gege)
Packet caluls

@ ;\"vﬂ'- --

N

‘bcz%l."mhy.

=

ﬂ
ommeralal Unit of electrical -nlrw N
n‘ mll unit of electrieal energy Is kilowatt-hour,
Allowatt-hour
lowatt=hour Ix the wark done In one hour by an agency whose pewer (s
ﬂm
power s maintained by an agency for | hade-than energy
tl will be 1kwh,
IKWh = 1000 W « 3600 sec
=] 000 J/sec = 3600 poc
= 3600000 J
=36 % 10%)

Lit B

The food we
tay has aboul
oneigy a8 1
lters of peirol,

1 Iiar of I-II.I'H
gama en
wa @atin 3
Ewperimants shows (A
the ava IHI“-‘ j
man walking ¥ .
an ordinary |
nbout 0.33 kW, i

IkWh =3.6M ]

n -h the power of an llrpm“ﬂ masa 3000 kg If when on the runaway it Is o .

of B0 rest in 4.0 87
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h‘: body due io iy mﬂw\s‘}rﬂﬂ kinetic m’p:.
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thl terms: Input, Output, efficiency for a /|
It lmpl’luﬂnn of energy losses In pl‘li‘.’ﬂﬂl\

L 'ﬂlidlrb'fng every machine s the cnns(?‘q’ﬂnn af energy.
schanical Machines:
2 "Wﬂ* dﬂﬂ-l' on a machine by a g'wﬂ/rﬁnrt (farce) Is called
ﬁl‘“ ‘Fh acts through a d@m ‘D' then work done on
. whinh effort acts
1n X Dh

mmhim on the load (weight) Is called

'Ihhud“ﬂr"'ﬂlrnughihud.intlnu ‘W, then




- M= mass of body

~ w= initial velocity of the body

- F=force applied on the body

 d = distance covered by the body

~ WVya final velocity of the body
'W{dnnn on the body fs
~ Work done=Fd
, B to equation of motion C
lld-u%-vﬁ (asS=d) C;

B s ST TR 3 D
B (v =Y, PRSI ) @)
ind necording to Newton's second law of mbtion
. F=ma ,
Using equations (2) and (3) in (1), weyet

. Work done= me==(v,' =v/')

o)
‘Work m{v,’ =¥")
iy 3 ¢ 4

| 1 | St
atk dor Himg"imr i (s

Wk done = inal K.B. - intal K.5. = change in K& - =g

[}
=

o

LS

e e
e i

: »
\ r'n.'.-' T e




ial energy. Derlve relation for absolute P.E. of body
center of earth,

lonal potential energy of an object at a certain positl
displacing the obfect from that position to infinity ’b :

OR N\

he amount of work done in moving the body ar a certain point in 1l éﬁ vitational fleld to a posti
s al such that body is never acesleraied ls called absolud P E. b
Caleulation of Absoluts P £ O

-c:ri#l body of mass m 15 displaced in space fro 1;33‘:‘:1 | to N in the

force does not remain constant durlgp iy displacement,

N b ;
# As gravitational force varles inversely to the ¥qdare of the distance from the surface of &

- fa _ GmMe i A ¢
i L‘ﬁ'.T.ﬂ“um)’ M{//Q/
i magnitude keep on decreasing ag o move away from surface

of earth,
# In order to calculate the wark dnnfgumv[minnal force, the distance between 1 to/N [ divid
Sy _-.,;n:l’#l.‘:r“ﬂf le'ﬂ'l{f\j that the value of force remalng constant for each s

gravitational a' T

_ poliiy T from the center of the carth

nce ofpaint 1 from the center of the earth

o6 the center of this step and center of the sart s
- LR - [1}

Tl o e 5
s

e 18 [H 1‘: L .I-l. i ||II :...lll
T e b

= A







potentiof body at dstance r from the cnter of the ea

.-
L







I-l-v. i -: "'-' I.-,:;'rl.' U

= '.d-..—_'..&

m'themm of the body; Me = mass of the earth and, Re= radius of earth.)

v, =20 @%‘5’%
. - |26M, {;33
“="R ) O

e Tl.'ﬁax:ﬂ expression for the escape velocity of a body.
~ Another expression for escape velocity
Mﬂﬁ gravitational force for a mass m placed on the surface of the garth of mass is

E’ | : o GMm

=

.....

b. Radius of planet  e. pravitational acceleration g at that planet

um does mtdnpmdupunmmufhudy and angle of projection,
elocity on Earth







Chapter 4

energy is conserved?

State llw-unmﬂun of energy. Why new sources of energy has to be d

UEs Conservation of Energy

o ‘Statement

Energy cannot be destroyed. It can be transformed from one form into
another, but the total amount of energy remains constant.

Conservation of mechanical energy

The K.E and P.E are the different forms of mechanical energy.
The total mechanical energy of the body is equal to the sum of
K.Eand. P.E,

P.E may change into K.E. Similarly, the K.E may also be
Chang into P.E, but total energy remains constant.
Mathematically,

Total energy = P.E. + K. E.= constant

This_ 15 the special case of conservation of energy.

Need of New Energy Sources

In daily life we observe many energy changes from ongsform to another
Al last all energy transfers heat the environment which is useless. So.

useful energy is decreasing though total energy is ¢onserved. That is v-.h'-.
we need to develop new sources of energies.

Liogo of LN wh;hﬂm
| enargy fram al |u..

S

For Your Informaiiy

Source of
snargy

SHUMCa

B mass
Fossil fuals
Wind

Wiansas

Hydro alactne
Tidas
Cheoiharmal

|

geseees i3

Consider a person on a sled sliding dnv.rn a 100 m long hill on a 30°
and the person has a velocity of 2 ms™ down the hill when
person traveling at the bottom of the hill? (b) If,

‘Solution:
(@)

Welocity at-the bottom vy, =7
Length of hill L = 1ﬂﬂ\m ﬂmn height of the hill can be calculated as follaw:

- h=«j<s‘inﬂ—lﬂﬂsm31}" 100 %0.5=50m
Now ulwlmmg\%lm:u}r at the bottom;
PE+KE,
‘&%V‘u = mgh+Ymy
m(gh+%mvh
Agh+Ymv’)
= 2gh+v}=2x09.8%50x2 = 0800 + 40 = = OR4D
= 'J_ =31.368 m/s =314 m/s

,“:§§> Y

T Hﬂ‘ﬂ"““l’ = Kﬂﬂhﬁm+\'d’mklulnﬂﬁmﬂm
s - Ko

e PE+KE-~ K-'Ewmgﬂﬁmv. ~Ymy?
20x98X0+%X20x2 - Y x20x 1t
gm+4ﬂ ~ 1000 = Mj

e

- e », &

——

incline. The mass is WK

4 they're at the top. (a) How fastis®
the velocity at the bottom of the hill is 10m
because of friction. How much'work is done by friction?




& ¢ mﬁﬁmm,'__ ited
mmammmummn G

'.mﬂlm{ﬁnﬁﬁm renewable and rencwable. Over
energy used in the world is from non-renewable supplies.

'_ﬁﬂinmmdnpendmtmmnmwnhlcmnmm
ossil fuels (coal, oil and gas) and nuclear power. These sources are -renewabl

ey cannot be renewed. Q =
" T'ﬂﬂmmmwmmmlymdqwnfnmmmlc were formed when
--a ‘decomposed plant and animal matter was buried in the ?mmmsprmm
ns of years. The three main types of fossil fuels are coal, oi natural gas.

{ ﬁ: most abundant fossil fuel in the world with an esti tgrimc of one trillion metric lons. &
slowly formed over millions of years from the b remains of ancient swamp plants,
at types of coal resulted from differences in I:h: pressu:e and temperature that prevailed during

s "'mnhnunsatlléﬁerﬂtﬁ the current reserves will last for more than 200 years.
ng of coal resul @gﬂlﬁmm atmospheric pollution. -

e i @ﬂ'hmﬂt}fﬂm middle ecast mamu'ieu mﬁwmmhnu' X

'TH'

Iso made out of dead plants and animals that had lived millions of years ago. Wh
ﬂ;;r were covered with thick layer of mud and sand whinhcﬂnﬂ*-

4, and oil pmm&ﬁﬂm

.
.............

d
|
N




=d in hr making ammonia feruhmr
imate ﬂmiu reserves is about 100 million metric tons.

A iy

L %%
ear power plant, fission takes place inside a reactor, N y

- Fﬂwiﬂ' in Pakistan makes a small contribution to total electricity prnduc\)!i&’and
Lpp ~.' n; nuly 6.1terawatt hour(s) (5.5%) of the electricity in 20135, g%

at m renewable energy sources? Shortly brief different ranawﬁﬁla energy mumﬂ_f
briefly various non-conventional sources of unergz

able Enargy Sources:
N 0 The resources which are

~ Renewable Resources,

» Non-Conventional' sources of energy are also called Renewable resources.

# The sun, the winds, tides, geothermal energy, biomass, farmh and animal
. _ﬂmﬂt non-conventional sources of encrgy,

Aare inexpensive in nature.

b‘El,:«:m are such energy sources (The sun, the W imd#, tides, geothermal energy, biomass, farm and anims
"ﬁﬁl;h: in¢luding human excreta) not Very l:m;nnmn these days. However. it is expected, thal thess !uﬂ

'-.wgl_mm'hum substantially to the m;rkl encrgy demand of the future. These are called nom
2 ' 'mlmergymurm

s ated from plants and animals, and it 15 a
2. Biomass is matter usually thought of as garbage,

: ymg around -- dead trees, tree branches, vard
ops, wood chips, and bark and sawdust, animal dunk ete.

Wi Waste from factories and from farms to g biomass power
Vfed into a furnace where it is bumed. The heat is used 10
fﬁ&:!ﬁ, and the energy in the steam is used to turn turbines

Wacks """': I'“"'“:” - To Plang
L1 Bad "™ ﬂ
oy, ~

—_—

being continuously renewed by nature constantly are called g

waste including human exeret




'ﬂahmn (OWC) consists of

stnmhn'l: that opens to the
waves mm: thrnugh I.i'.u: structure, it cause er column o 1

which the air in the top structure 1o pressuri 1?-3u:;:ru:eszﬂ.triz.m
pmhca and pulls air through the confeGted air turbine at the top of the m:,. i

)
rgy: )
Ell.“lh _i's full of h:.:al: whi:}% be converted into

eotheérmal encrgy.
from deep inside the

Gﬁlhmdn]]udlm"mdﬂdﬁ:p
s I mtutnthum-fm:.




_ 'm}nfpow ﬁvmadmlhe
hat s equivalent to 16,5 TW/h (terawatvhour)
*huﬂ' Scotland's entire annual electricity

"'nntﬁghtmdhﬂtﬁumthnﬁmlﬂmlhﬂhmn

S

15 since ancient times using a range of ever evolving
'-.Iumﬂﬂnnl Energy Agency, global capacity of solar N?:M reached 402

of 2017. \a
fings indicate that solar energy is the best ren-:wablgf}erg}' option for E
I! ]!l'll:'#, ﬂp:l'ﬂm:rn ﬂ.nl:l maintenance u:nsl:. ﬂm:l l €

A\/
-mnvmﬂm kinetic energy into ezf‘iﬂmml power.
100 billion watts per year of power in the shape
nergy is available on the earth.
] ;l'l:gmns. wind mills ﬁiﬁg\‘msm]hd o produce

tube wells or flour mills.
coastal regions of Sindh and
- more than 20,000 MW of







.-u!lrr.llnu force on the car Is throughou

(b)  Energy from waves
(d)  Energy from blomass
m Geothermal energy N

mﬂ @ P ocece \3\

Solved Examples
‘Calculate the power required of a 1400-kg car der the following clreu

the car climba & 10" hill (falrly steep hill) at a’steady and (b) the car accelerates alg ,
lavel road from 80 kmh to 100 kmh' In, Ih to pass ancther car. Assuma the average

~\/'

= 1400kg, angle of climb = 10”, Initlal ugMﬁ. = 90kmh"', final speed vy = 110 kmh™, time g =8 |

: ""%
..I ,\

b
steady speed up th Qﬁ car must, by Newlon's second law, exert a force FII[IIIH'.'IL
&, T N, Iﬁﬂ- ponent of gravity parallel w the hil), mg «in 10”, Thus .

N + mg aln
.-_-.__‘ 140 ,:&Iﬂm"l (0.174) = 3100 N,

ox" wiid I parallel 1o 7 then the power s P = Py.= (3100 N) (22 ma) = 6.8 % 10

nt‘ﬂuhmh'unnm‘mm-mm :
wm.m.m S




A machine needed 10
‘the machine efficienc

Flirst, find the work done to raise the block: W

Okg % 9.8 m/s* % 6.0m = 5581 & )
= Cutput work . _S_E,E_,, S/ o ROAL
oy h-ﬁﬁh 2 100% = 1000 |{Iﬂ&/&ﬂ.ﬂ?a 200

lleys are machines used to Jift heavy londs, M@-ﬁ cranes are compliented form of pulley system,
¥ 3 : .&

A

Block and tackle system gt 'Iuyl Is used to ralse a load of 500N through a
20m. The work dono against friction ls 2000J, Cal

culate the (a) work dong
effort (b) the efficlencof the system.

= mgh




-
-

ompare the escape s of & rocket launched from the mmon with Eart th, Tt M
-ﬂ'llmﬂﬂll'."ﬂﬂ‘l kg and the radius is 1.74 x 10° m, oSl
— (9
M‘HI-TJS“ 1™ kg \:\Q:)

=174 % 10°m ’ \,

] p"lﬁ_,gﬁ |

IT & T
T|!14 x i - L = 2170ms"

i pull of Earth. This is why laum:hmg a Lunar Modile from the moon's surface was 56 m "_
tha mmumﬁpnlhapmmﬂ&umﬂmh -

A ball of mass 100 g Is thrown valji&.llr upward at a speed of 2§ m s~ Ifno @
Jost, determine the height it would reach. If the ball only rises to 26m, calculs
‘work done againet air mtlutam:! Also caloculate the force of friction?

Beh=? &{_}Yﬁﬂﬂmn =fa=?
=m= 100 g= 9.1 kg OO Speed=vm25ms"
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‘a1 Belest the corract answer of the following
choose the best possible answer

@m il displacenicit nl':pllﬂl.ull i the direetion of foree are doubled. Woirk would bet
Dou

Federal ""'El-m Bubjective

Fext Book Exercises

Nuastions,

You push o heavy crate down AFR
“%::. greatest magnitude of hurr:l; :tl ;'t:::l:?ut veloelty. Ouly four forces wel on (he erdte, Which force
The force sont Hon B The foree of gravity €. The normal fores, . The force you sl

P 0F & wire s k and that of another wire is 3k when both (he wirss are nunnd 'ihmu;h
saué distance, If work done are W, and W, then;
AW =W, H, W, = 0w, €. W =3 W, 1, W, =AW,

!“"ﬂi il'l'lllﬂ'.!.' (1111 Ihg 7] I'rIEE of thl" M 1) \ i
= aFth ba |1 2kma", IF the masa of the earth inereaes to twiee iis value
and the radius of ihe earih becomes bialf, the essnpe velooity L

-l
A !',fl-i.lll'! 8. 11.3kms" € 22 4kms" B33 6kms"
An exasiple of nos-conservative foree la:
A, Electric torce B, Uravilational Force €. Friatlonal furee (). Magnetie foree

*h}l;fht Speed of your ear {4 doubles, by whal factor does Ity Kinetle ehirgy lnerease?
A v, B. 2

1. €. 4. : .8
One horse power I8 glven by

A TdE W B, 748 KW €. 746 MW [, 746 GW
Work Is sald to be negative when I’ and d are:
A, Pariliel B, Axitl-parallel C Perpendieulur D. 8t 45°

Two bodies of masaes my and m; have efial momaatim thelr Kiketie energies K) and K wre In the Fation

A .‘lfl_ﬂ_l : .ﬁﬁ; 1, il g G, gl M L. F : .J;'l_.,

Tha atmnsphiere bs held to ibe earth by.

A Wiinds B Gravity (A €. Clouda . The rotation af sarb
I mommenin i tnereased by 30% (hen KLE Inirenies by: .
A, 4% B, 55% €. 06% B3, 7734

I (ke BOE of & body beeamed PUF dimes of the iallal vaive; thed Rew momentum will

A, Became twice ita initisl valie i, Beeatie three times, Its initial vilue

€. Beeome fuur nies, b itinl valus 0. Remalis consant, .
Trei hoidiea with kinelle energies in ihe Fitio of n 4 1 | dre Moving with equal Uaear memenlinm. The rlio

of theli Misays 12 E.4 i 1
Al et rlnh:lﬁ:g"hlumnl‘n:Hu:iltﬂ:ltlnthnumﬂuar
A bodly pf mass 8 kg is inaving with 4 momentuin o : ”
inérease (b is kinetle energy ls.
:n@ T ekt ¢ 3.8 D 441

ble B, 4 times €. Half B, ‘IH‘I'I-I!I

etsh forees are perpendieulsr o motlon of
ﬂwu&nﬂa.umeuwﬂum

fiet force ls pero.
mﬁurumu%



224 km o'

H?. - ﬂﬂ

Work done In stretching the first spring ls W, = KP, E %#:’
Fot second spring, we can write as; Wy = 3 (3k)x? -Azz(, {k]x']
D W= W

204

H'H - J--:-P-—
Since M/ = 2M and R/ = -:.
8o,
(&M
AP L)
.2-——-— i
=) “m' e \‘H 16 M !
[ =] v;f“ = El.lllri-t:.b:. ‘ wﬂn: E
2t Ve = 2(11.2 km 5=Y) » 22,4 kma=) I
onal foree ls non conservative, I.'I

1 1
|
|

qnltlu fiarce under certain conditions can b considered as conservative,
In,, best optlon ls (a),

1 i
o 1 [
H.E.-'zmu k.

= g,mf-%m{zv:ﬂ-ﬁﬁ-mu':}-i#‘ﬁ _ I

Thp = $50 foot pound per second (50 1t Ib /s)
Sinee | pound (11b)= 4.44822 N
1 foot (1) = 0,3048 m
In.lhp-mumlmd.mum-
1hpn74mﬂm-mm
'ﬁ"




R

........

Now momentum= r+§-5-'-'-

|

6p Y
Final K.E= 8 - J6p!
2m  25x2m

Ingresse in K.B, = KB - KB =

Pm P

e

Increase In HE{”
R, b
% Inarean X E, = increase in K.E.
M\\, initial K.E.
’MK\/S\«/ -I-ll LI.
Qi,/ e 45( 2m 100
P'/2m
& % Inorease in K.E. = 444
P IMRE = (1)
y e -‘-‘iﬂt iiiii
= FJ o m oy
Purting value from Eq (1)

*100
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of & well, does the bucket nmﬁ s any P.E

!ﬁlw passess P I, 7/ ket s taken ¢ to the bottom of & mtvﬁ‘?”

»  Bueket posssss P.E. whed & busket Is taken 1o the bottom of & el because some wiark
‘khm i thrust of witer. This wark done ls smnﬁm thie farii of potential
> We e also say that the buskei possessus doiile Mgﬁtwﬂﬁﬁlniml energy with Fefbresioe
i -rhﬂlm ievel,

.h=_ WE BAR 88y (081 Bueket has B.E, with Fes ttl{uﬁhtt'! of earth,

... i qqﬂ" || IE | |nunmm ».» kl E. Frém “hl“ﬂﬂll “ ‘Hn‘

wlastie potetitial energy stiores i the
"C/" ‘ :

usl ta the wurh doie t8 stretch the baw,

T el lastic P.E. mrrﬂﬂu Inta its K.E of artow due ia whith
- '.7-1':..-.'.1' - . ;-‘!' Iﬂﬂhﬂl

EEL
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arget,

\
\§:>
tension in the string does not do wosk bécause it is always perpendicular to

instantanecus displacement).
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Chapter 4

30 Aman rowing bost upstream In af rovt with respect to ahore, s he doing work?

: No work is done as boat Is at rest with respect to shore,

Reason:
Mﬁ'h ut rest with respect to shore so it covers no displacement with respect
io ¥
Therefore d =0
Since We=Fdcosd

—» W=F(D)cosBm=0
1. Why energy savers are instead of normal bulbs?

ﬂnn’g}' sEvers are used instead of normal bulb due to the following reasons:
(i} The consumption of energy in energy savers is far less than normal light bulbs.
ii) Energy savers produces light of high power and intensity as eompared ovpormal light bulbs,
(i) Energy savers produce very little amount of heat. while 98% of inpiibis converted into heat in light bk

| s _qup_ prehensive Questions |
e ———————————— ———————
Q3. Give a short response to the following questions.
e e —

———eee—ee— ———

1. Define work and show that it is the dot product of force and displacement. At what condiis
work done will be maximum or minimum?

See Q# 1 from book.
2, Define power and show that power is the dot product of force and velocity, What a8

—

different units of power used in our daily life? ~ .
See ) # B, 9 from book. —""T c
- Prove hﬂﬁhl)?lyt_h"P,E'Eﬂ';:u" 1
Ans JERGPRE (t;n@;t\mk | |
4. Calculate the values of the escape velocity of a body and show that it is equal 11.2 km r'.;-_ ;
(Ans ]

SH.@ 17 from book.

5 various non-conventional sources of energy.

See Q# 21 from book.

W:W




A 70 kg man rung

) Calculate his puw.hu" & long flight of

—
Given Data:
l'l“'ﬂfuﬂmlﬂ = m —?ﬂkg
Time taken m ot om 45
Height of the stairs = | =45 m Y
To Find:
Power output =P =9
Calculation:
As power=p= W h=45m
t
or p= Mgh
t
Putting values, we get
P T0x9.8x 45 )
4
p = 087
4
P=771.5 watt.
Or P =77 % 10° want
2 A body of mass 2.0 kg is dropped from a rest

position 5m above the ground. What is its velocity
at height of 3.0 m above the ground?

Given Data: e
Mass of brick = m=2kg K
Initial velocity of brick = v, =0 W, =0 I:I it
Initial height hy = 5m
Final height = h,=3m s
To Find:
Velocity at height 3m above the grofind= v, =7
Calculation: :
Loss of B.E = Gain in K.E.
mg (hy=h;) = % i 1.-'3 - 'l.l'fj v, =7 D

Putting values;, we et

1
2% 9.8(5-3) = 5 xX vi-0%)

I'-F
' N e

3m
i
<X %0852 = V; :
@(‘ vi=392 (Asvi=v) E |

: {So v =63ms’
i A@“mn pulls a trolley through a distance of 50m by applying a force of 100N which makes an

m angle of 30° with horizontal. Calculate the work done I-’I the man,

F=100M
Displacement = d=50m .
Applied Force = F =]00N &
:m = 0 =30 _.-'_.ﬁ-mm
Work done = W =7 -
i




cal height of 40m on the first hill apg
m.ﬂnﬁ%u-mmm op. Ity
energy produced and

v = ()

g =08 ms™
m  =100kg
5 =400 m

f =1
“Thermal Energy = ?

h&mﬂing to Question A"
* Law of Consecration of Energy 7N

~ (PE)in = (K-Ehnaun + Work L Dunrn against friction

~ mg(h—hy) —%mv‘-i-wf \/\
\«/

]’ﬂ.‘ﬁ!?ﬂ{#ﬂ "5}='xwﬂ/0&x{ﬂ]+ Wy

D C.
inst friction mm amount of thermal energy (Heat Energy)




e\
etically upward at a speed of 25 ms~". If no energy is
If the ball only rises to 25m, calculate the work

ate the force of friction.

(i)  Forceof friction=F =7




IHHI falls from a helght of 30m on the sa
'ﬂ unrtl:lgr:tﬁh the sand? Neg

rough which object penetrate in sand = § =4 cm
o04m

" - : E E
_ 1x98x30
- ;'.ﬂ.ﬂl

m above the water surface.
before it strikes the water.

Al VAL
i




?-lm&nmmu

ST

P =(1800000/746) h.P

e

v:___#-quz 9hp

s of the moon 1/80 of the \M‘lhuarthund corresponding radius Iuﬂlnfﬂu-ulh.
ate the escape velocity on r'I':nu of moon.

'l' s of moon =$% X M,
S 1
Radical of
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 bodies of masses i wAd my lﬂdmum Py o .puuwty.
e,

B o« 2 »
K.E O

am, ¢
B x,
Ky = ﬁ: &OQ’“
@




T C. Joule D. all of these
i i-_& St .
B mn‘: €. 3.6x10% D. umm
ll;l- ralsed vartically through 2m, then the work unn-mu
BB €. 1921 D.40) %
}llill-lln maoving with K.E the ratio of thelr mementa 1&,

o _“‘ 812 C1:d tg%
ok | '-iimmm-h-lgnuf Bm, Its velocity just before
' s c.o8 > D7 J2 .
I' dropped rest from halght of 4m, then Its vﬂ&lﬂ at helght 2m above

B Aam/s Cﬁiﬁr@{tyg.) D. 78 mh

B. Powsr c. Fmgi\‘ a D None

by burning of 1 liter of petrol: <<‘i;>*
B, Tx10") ,<E5%10") D, 4x10']
ﬂr hhl'llltr of lﬂlll' energy reaghilfig sarth su rflul ls about:
N~ € 1.2 kwm* 2. 1.6 kwm"
hﬂy Il dmhlr.l then, ntum becomes:

\ C. 3 tmes D, 4 times
of conservative fores:

W, Propultion force of rocket

D. Rastoring forve in comprersed lﬂrh[
velocity, to escape from the gravitational pull of th

AN C.5 km/s D104 kmis
s 1K :__MIl'ﬂiHll'llﬂniﬂ'Ilmh 'l

3 m.abo ﬂwm ground. What
C.Tmh Dl2ms

ALl S ikee




n

187
X gn. horse power Is equal to: -_IF:II|_H1_|||.
A, 746 Joules B. 746 Kw C. 746 N D, 746 Want
An sxample of non-conservatiye force Ia; (FBinE 2014
A, Blectrie force B, Magnetle foree C. Gravitational force D, Prictional foree
The expression for escape velocity Is glven by: (FBISE 2010)

. 2gR

A 2R B, \2gR C "‘?-]




(8) 748 kw C) 748 MW \
ummmlmr:;um \{ggﬁ mm“

3 (B) 55% C) B8%
thﬁun:;mmmﬂ e
) joule xilo-watt
'Ihlrllnﬂumﬂhlhpnﬂawlr }wm.whﬂiﬂ?ilhu”

0) 880 J

(B) 77%

R

haight, which Breaks inta pleces.
. Huﬂhh“ﬂdlmm

8 VAt .:g_n'_-mm-hu u.-,g -

-
! L




ROTATIONAL & CIRCULAR MOTIO@
%’@%
O
R
| D)
arning Objectives '
' —|'=* fineé angular displacement, angular velocity and angular acceleration and express angular

q- placement in radians.
Solve problems by using S=rdand v = ro.
ale '!nd use of equations of angular motion to solve problems involving rotational motions,
sDescribe qualitatively motion in a curved path due 1o perpendicular force.

F 2
B o ¥ ¥
*Derive and use centripetal acceleration a = r o’ a® .
mv?

pm-m-mn using centripetal force F ¥mrw’, F=——.

ribe situations in which the u&n&lpa‘tﬂl acceleration |s caused by a tension. Force, a frictional
' 1grn~.r1tuﬁunal force, nran%@ﬁ force.

whan a vehicle trav&ll d a banked curve at the specified speed for the banking angls,
yrizontal component of @ﬁnm‘mi force on the vehicle causes the centripatal acceleration.

--‘E relating banking angle @ fo the speed v of the vehicle and the

ribe the equation

of curvature,,
at sateliités can be put into orbits round the earth because of the gravitational force

artfrand the satellite.

ihe objects in orbiing sateliites appear to be welghtless.

\érm orbital velocity and derive relationship between orbital velocity, the gravitational

ss and the radius of the orbit,
 be used to send information bﬂwunplwmnnm-ﬂmm ﬁt
"Mu including the weather, and to observe the universa w



Chapter 5 (Rotational And Clreular
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ﬂlhﬂmrfnmﬂlbymmdun:wm&n
ned inoa given time |y mi'!m'mm

OR

ﬂ rigld body rotates about a fixed axis, the angular displacement Is
’“ ﬂh mlpl Ol by a line passing through any polnt on the body and
Inte the axis of rotation pérpendicularly.

ar small value of A, the angular displacement Iy a vector quantity,

his angle @ = ZAOB is the angul \
1‘;\?;11 § the angular displacement of wheel after given "I“;\ [Flg: 1. Right hand rula.

Convention: b
’Fﬁ‘ anticlockwise rotation of a body between two points on \ :
'ﬁﬂﬂﬂfhlﬂlﬂu the angular displacement AD is positive, '
J !nrﬂw elock-wise rotation, the angular displacement A0 is negative. rotation'
.,_ml'l-nﬂun of Angular Displacement:

- - In order to determine the direction of angulay displacement,
‘we use the ‘right hand rule'

‘Right hand Rule:

“Grasp the axis of rotation in right hand with fingers curling
s f‘h‘l the direction of rotation then the erect thumb indicates the direction

- of angular displacement.”

Units:
Angular displacement is measured in degrees, or revolutions or radians.

hn. The S1 unit of angulardisplacement is radian,
“ 1l 1hl angle luhum%gg:l are at the center of the circle whose length is equal to the radius of

'l.'--

Couniar elaeiwiss rotstian of the dise

1 " o1 its ﬁmnu;@h are degrees and revolution,

w“‘h subtended at centre of clrcle by TLI'.h pl.ﬂufitl nlmumm

10T



rent units of angular displacement, radian,
nt relations between them.

oy
Uf the length of the arc is equal to the radius of the circle \g“rﬁ? the angle subtended at the cen
_ af the circle is one vadian (from F Ig. 3J, ir is seen that: /\\ i
s Are AB = AQ = BO = r = radius of circle, R \ail

. Thusengle ZAOB=0 X
v ‘,B}'ﬂﬂﬁlﬂuﬂnﬂﬂ'; = M:L:l radia /'(\ i

r r
» <&
o 4

imber of radians in one revul.utiurk\i)r‘} Sireumfberence S Zn rad
n between radian and dn@p

"
i

e e
radius of circle F




is a vector quantity. Its direction is along
d rule.

e SI 'E‘t of angular velocity is rad/s (radian pec>second). it is also |
ninute and degree/second. The dimension of angulag e mqus['['] :

' 8=12rev = 12 x 2m
t=4r




S
_':;-___ :-‘*‘* unit of angular acceleration is rad/s’. Its dimension are [T"] .

n Past Board Papers
J In equal to one radian? Q
(B) 80" (C) 67.%* @ (D) 180*

'.-ﬂ.'-F-:-'r "I=. e i e o
] +] I [

: T | h
® 3 ¥
#qual to
® % rev ©F oo
subtended at the center by circumference of a =Ir:1§‘iq\"\ .
(B) n radian {ﬂ]‘-is redian

(B) 572¢ X () 51300
’dhfﬂlﬂ‘llm are the dimensions of lﬂRﬁﬁEHli—l‘i“ﬂl‘l?

(8) [LT? c
L mnm:hnﬁymwuh & - s

(8) Angular ation (C) Anguiar dis ant
mﬂ:MHQﬁEMHmiLWW e
@5 O ©3

- PR L 0 80" (C) 180"
: -k “I..: o m}w . Ir
: s Q/ Dimensioniess? WGy ar
(C) Centripetal force

““ uimmmmﬂ!i?-ﬁ“h tangeniial distance
By 4 m mm{ﬂ?ﬂﬂm e

.- MH&' {C) 75.3°
oleration is always along: :
_®

‘sl 1:._

g —

il il

T _Tee_Jec [ Tos [o5 Tws Tws




¢ motion, 8 = 90° ¢, r is perpendicular to v)

el fu)mmmumntmlspnpundlcularmﬂuplmufmnﬁ mﬂur (it is always along
¢ = verosin90=ro(l)=ro
Angular and Linear accelerations:

B ﬂuﬁﬂtinn of acceleration of the body is:
e
] (il |
A= "

E T
rule whe -aa-'.'-,:‘ i -;r R
jliggit EN I and (& arn

AR R AL et g




motion hold only if axis of rotation is fixed. In this case all the angular vec
0 they can be treated as scalars, |

(B) verlo (C) v =rm
, whae Hﬂ:lmﬂ cm having the angular spaed of 5 rad/s will have linear speed In mis:
w15 (825 (C) 3.5

(8) 5 rad s’
ﬂlmll‘ll-hnl- of angular velocity are: QO
¥ . (8) [LT'] CHLTRES
rate of change of angular velocity Is called: : N
Anguiar velocis B) Angular accelerartion ) fAngular displacement

=tal Force and Centripetal /{@dmtinn

L "
ree which bends the norma %}ﬂigh! path of a particle inro
ir path is called ceniripetalforce.

- ce v compels aéfp lo move in a circular path is called

v ng in a circle or along the arc of a circle, - g’
s that the dircction of motion is "e 39 the direction

Tt . i u
i ¥ H -.:-%-_..- e EN R Lo 1 3 ,-
By ¥ f-?__;-;;ﬂ_;‘_,__e;.;5_.”;,:;,.'4,,-1 ant and at |
LT« B i i *‘




Tﬁ-f::mﬂ, el
| ra-:-i-?‘?‘h-r Efnh “--.II ..e :
il o Ll -

ER ' E
=2 x10=20ms?

neant by banking of road? Why hlnhm:[ roads
cat rr at turns? Derive the formula for
sary centripetal force and angle of banking?
ng of road: \
edge of the road is higher than inner edge of the road &l(:)
itis called banking of road".
,fﬂr Birl!tlnrn of Road:
If & car is traveling round a circular path (bend) with
uniform | speed on horizontal road, the resultant force adii g on it
i directed to the centre of its circular path, thm a%i must be
al force. This force arises from the @aw,lmn of the
h air and the ground.
direction of the force exerted h}rﬂf’he;m: on the car will

more or less opposite to the g»jj,)l taneous direction of f gicion ‘breaks the car mﬁm

mcnmerand more import; orizontal force is the FIGURE 5. 10

b I‘--': p—

ictional force inward @ ound on the tyres of
ar, fig (5.10). The é@unt of these two forces is

road is not sufficient to provide
i tﬂ] fum: than ?ehmk will slud on




mv

= ——)

r

©

v are the mass and speed respectively of the car and ‘r' is thie rediug of ¢

Feos@= mg
& by division equation (1) by (2)

mv!
FSing  r
FCosD mg

tan = -
g sho o orrect

dation WS that for a given radius of banked roud T A
Ay : 5 of be &o9d, the angle of bank ; T ane
o From Eq: (3) we can write & . anking o0 e -
¥ =rg tang X/ |

s = v=\rgwhd

ws that for a given radius and ;J;ngl’{}%ﬁu speed is caleul

Je ated for the safe turn of vehicle.

. speed (in km/h) is a h{@ ngle of 45° required for an aeroplane to turn on a el




icular distance from axis of rotation r.

ctically, it also depends upon distribution of mass from position of axis of . %IL
@ formula of torque in term of moment of inertia. O
‘Moment of Inertia ‘» !

FliURE 513

the bike wheel as shown, on which we apply the force to

Lﬂ force F is applied on the wheel at a point which is at .
1 from its axle,

ewton’s 2™ |aw o Q
W that this rotating wheel has angular acceleration o, \22&
Put A=r \(\
e F=mra \'e
(\ \

g by r on both sides
rF=mra

Since - t=rF
5 Thus r=(mri)a A (1)
 In this equation, during rotatory motidn"m’ and *r' remain constant and we put mr® = I, which fs
lled moment of inertia or rotational i;l.fi@izt/nf a body,
r::{h'.!- ke T=la {2}
- The produict of moment of (grtia 'I' and angular acceleration ‘@' of bady gives the magnitude of
acling on it - __
t formula for Moment of Inertia of Rigid Body.
f inertia of arigid body

 the bgdies have non-uniform mass distribution. Consider a rigid body made up of ‘n’
‘msses my, my......at distance ry, 13 ....... from axis of rotation O i l”':'-g
BT : i .







{C) mrn’

illh g {C) Prossure

ayn the samo role [n angular motion as that of mass In Ilnlfmwnn'

(A] angular mcceleration (B Tro
3 The ratle of mamant of inertia ni' dl.ﬂ'nﬂ hoop Is: {C) Momant of inartia D) Angules mi
- w3 ®)3 ©4
g 4 o 3
| A |26 a8, (4G  |hA o0
; LU nt 506G — /Q\o
| L ‘*
A belt Is wrapped around the ed N
ge of a pullay that Is 40 em In dlameter. The pulley Totat
gonstant angular acceleration of 3,50 rlu:lm:'i‘:r At t = 0, the rotational speed .E E;):;r w::ttu?h:

angular displacement and angular veloc|

of the pulley 2 & later?

,ﬂh"“ ﬂlll: I'f ] i”] cm
?- ¢ = 3,50 rad/s’
w, = 2 rad/s
t=2y
{ﬂj l'-l-l_r m !
_ (b} g=1
Bolution: () we= w + afl
o wy = &+ (150) 2
= wym 2+7=9 rad/s
(b) g= olt +%at?
-~ = 2(2)4 14 (3.50)(2) @ %7
. = =11 rad A o
)44 (a) What |s angular momentum?What are its formulae? Write its units,
(b) Darlve angular momentum 6ha spinning rigld body?
momentum of a body is equal to applied torque

~ [

(c) Show that rate of change of angular
!- on It7? .
| (a} Defination: :
Mion In d hody 18 called angular

r Quantity aof anguiler,
memeniim.
< (N

If a body changes ifs angular position wrd 1§
' i it has angular mameniim,

l'lllnf.'gj?\

B J@' momenium { I‘J Ix the cross produci of posiifon vecior

.mﬂﬂﬂﬁnmr momentiin 7 ”
B .[T--r*x“]? — (1)
Magnitude of angular momentutt s

i {wrFaind — @

spe al case of motion in u ci
e 0 = 90°.

reference axis

cle where 18

serpendicular to p 1.e.

"
L]

-I'Ii parpend|cular
to the ay-plang

-

Tand 7 ore
in the xy-plane




......

Angular momentum s veetor quantity and its direction is along axis of mtgﬂ oo
plane containing vectors 7 and F) O
ingular momentum is kg m* s~ or Js.

A Pl G

-
= -———

3id body s constrained to rotate around the z-axis. The rigid body Is|
rical aboul the z-axis. (b) A mass segment m, is located at position|
akes angle 6 with respect to the z-axis. : :




of the body is equal fo Itdrurqnmrﬁﬂm%

'.111 hw ﬂ conservation of angular
body. Give some examples to explain

ns: rvation of Angular Momentum Ve
rvalion of angular momentum which states that: \&12\ ’

sence of any external torque, the angular momentum of
m constant, " Spring board

If t=10 then QE&S?“
Then -i‘—:nu =5 L =Constant <‘:?“

ated system in which no force and no_ordle acts on '8 51918k ”‘“"'
-ihn'ufurﬂ., angular momentum of an m\nlited system is

O B

!p.n-ﬂun used by circus nmnb&&:ﬁhﬂm. ballet dancers, ice skaters and other to ]:lcrfurm breath-

] [ l diﬂu' Iu'mfnu th Qb{:ard with his arms and legs extended and a small angular speed
centre of gravity. When he pulls his arms and legs in, his moment of

r to keep his angular momentum ‘L = oo’ constant, his angular velocity
ne or two extra somersaults,

.19
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N

i

due to its

LA

. he orersy 1 50

KEqw '% lo?

‘Where ‘I" is the moment
angular velocity of body,
Roational K.E. of A Irregular Rigid Body

Let we apply some force F on a rigid bod ;
<l : y as shown. We have
divided the whole body into & number, of small pieces of masses,

N To PHYSICS - x| (Subject
angular motion, 5 called rotational kinetic energy and is given

of inertia of body and ‘o’ stands for

mi, M, ..., My having distances from C.G. pointas 1y, 1y, 13, ..
Iy respectively,
The total K.E of body will be: K.E=K.E, + K.E; +... K.E,
1 -
Or KE; ==m,v] +-l—ﬂ1,v + fevrini + =V
E - E nn
Using equation v = rw, then:
1 s 3 ;- .
":'E.-_l = =My 0 "'}-ﬂ'l , [0 = -.'-Er-': I‘_:'[Z"E
-2 ] 1 I : 40

Here, each piece of bod

; PR
thus KE, =—w lm.r.
i 5

LRSS

—

. L F
K.Es =5 lw” |

B
L&

Or

y moves with same angular velocity)

E:E'r'." Compare the equations of motions for linear motion and angular motion.

[frp Comparing angular and linear motions
|

Equations for linear motion

Equation for angular motion

0 s=v i) 0=o
Vi= v, +at (i) or=o+aot
(i) of-o'=200g
v) B=ot +%ml
(v)  Moment of inertia [ = mr*
(vi) Torque=t=la X .
— — e o K- o
p=mv : (vif) Angularmomentum L =rxp orL=lo
1
(vill) KB =7 10°
——————— = —————




mﬂiﬂummmmplm.mmrﬁ of the
mmt?mufﬁnuﬂnumﬁaithuunﬂrlE
Lmli.E = % mv” and it has rotational K.E. due to

I o', So, total K.E. of the body is the sum of its
,__.prnﬂ Hnuﬁnmglul.

‘%&M'Kﬂum"‘mw

P.Ex p = (K Efinew *+ K.E porations) ot
rotational K E of hoop, disc and sphere?

ns i ational K.E. of a Hoop:
. .!um know
(KB = 4le?
“As moment of inertia of a hoop is
| = me’
‘So, (K.E}wi= % (mr') o’
(K.E)o= 4 mr? ?
K.Ep = %4 m (1)’
AE.E)y™ Yo m
Rotational K.E, of a Disk
~ As we know
: (KB} = 44 loo?
- As moment of inertia of a disc is | = ‘.rimxl
'| 80 (KE=%(4m)o® ¢ N
'y mEh- % mir o®) OQ“

Al
L i

i pﬂtphmilfu-mr
Fvﬁm 'i(.*""‘







ght ..m ? 3
ight is equal and opposite w0 th:é;@ required to stop it from falling in the f
Ihe reaction ee which prﬂvcmalhebc@mm falling on ground is called apparent wei
tis the » it of the weight of the body by any device. ,

FIGURE 5.23 §

a spring balznce attached to a

o :'(Rwﬁtiun Force applied by balance to stop
. is Apparent weight of the person




upwards mmmmn.
2. Tension in string is greater than downward

ﬁ:-maie&nnﬂnﬂmhnd:.rm
T-W=F,
1ii!.n"»rrmﬂT
T=W+ma

_“nt weight = Real weight + ma

_'--Ehuw-s that the apparent
i o

weight of object is increased by an
mit’ than its actual weight,

Abo ': equation can be written as; o
i T=mg +ma e
T=mig+a) 1

Whan the Iift accelarates
upward, the spring scale
reads a value greater than

the weight of the fish.

. When the lift is moving downward with acceleration"'a’,
N the lift is moving downwards with an accelesatién a. So, the

Th the net force acting on the body is

W—=T=F,u
W-T=ma A
SR, -
T=W-ma A\
L=/ma

rent weight = Real wei

&?znt weight is less than the actual weight by

1|,I|I'|‘;|'[‘!E!I1 A5

g that the
"equal to




weighs a fish with a spring balance attached to a ceiling of lift. Let suddenly lif} f
ts in it falls freely, then the spring balance shows zero newton weight ofthefish e |
s weightless in this situation because tension in the string of the balance disappeats,’
fal ﬁnﬂ}rfhmu acting the body i.e. fish is force of gravity which is nun-@?thl&cl force,

ravity can only be felt by an opposing contact force (e.g. tension in g o balance). +
e fall of lift, tension in string disappears, therefore body i.¢. fish appears in stie of weightlessness, =
ie feelings of weightlessness are common at amusement parks for rid;rs;:f{%d ler coasters and oher

which riders are momentarily airborne and lifted out of their hulsi\\

158 weightlessness in satellites, -
s free fall in satellites.

3ssness in Satellite (Free Fall in Satellite)

jon' gave law of universal gravitation. Soon after fhat he
2d working on the situation in which any object could\revolve

FIGURE 5.24

'_;::- idea that place a cannon at the top of mduptain and fire

& cannon ball shot parallel to the iqu@ﬁaa] surface of the

‘the top of the mountain ignoring ai; friction. While moving

the earth, the force of gravity, will pull the cannon ball

-itﬂifl follows path A. Singe the speed of cannon ball was

1at it eventually falls to earth. 'E
‘cainnon ball is fired Yaster than the carlier it will follow | ©2nnon ball shot paralel to 8-

> down furtheraivdy as illustrated in the Figure. horizontal surface of the SHIAEN

ﬂtﬂn@ of the earth that its surface drops a vertical height of Sm for every :'
pit the earth, it should drop a vertical height of Sm for every 8000m distance along
n ball fired with a speed of about 8000ms™ will be capable of orbiting the eath @

g

¢ object is thrown fast enough paralle] o the earth, the curvature of its path matchéd
ih, it will circle round the earth. Iis radial acceleration is simply *g, the free i

Is 8000ms it overshoots a circular path and travels an elliptical orbit
: ' 'm'-.:-p-'--'-_----#---l---—.u

e



3 n the lift is statio s bag on the lﬂ“’l_ _
; hlthlm:lln i tha g:whgmf;tmwmwmm-n col

W - 48
== m-?nﬁqskg (2)%% :
and  a=5m/s? (b’%
SWhen 1Rt moves downward: .\Q
: T=m(g-a) ?SX
& T=5(038-5)=5(4.8) i
& T=24N /\\;:“"

1) mrdﬁm',r. are the man- made obfecis that m;m wmm:f fie
__J.:gn be !aunchcd from earth's surface to -tjjI'EF:: the r.‘uﬂh by

rm of eaﬂh The q.ate!illns which are/néar 1|:!|E ea.t't]'l. have the
ion 9.8 mfs] Other-wise they u.nuh:l My off in the straight line

\”<

i velocity reqrmred 100U ﬂ' su!eh’mr into an orbit close (o
th is called critical mi‘ar@

Fug:5.23 Artificial Saledlita

fer a (ﬁ‘ is moving with velocity v close to the earth in & circle of radius R.
i ;’Hal far!:c acting on the satellite is provided by gravitational force acting on satellite by earth.

ion of the orbiting satellite is:
4 (1)

=R




1-% -. L
(@) Hairs will not fall in space station, i :
E}Emm space station is a freely falling n::tgact. s0 it wit
be in weightlessness, therefore any thing in it will appeak,
welghtless. That's why, hair will not fall on the foe.3
f'-‘ ce station.

I , “Artificial Gravity"? Derive expressi r:; ‘

 of spaceship required to provide the a

o

r
B

cial Gravity N\

der 1o have a spaceship in space, we have 1o pﬁﬁ. gravity
cupants of the spaceship. Such providedgravity is known
il gravity, because it does nof exist paigpally.

OR
gravity is the gravity like cjﬁs{‘ggdmma’ in an arbiting
fnning it about its own g

%@c& craft or in a gravity free space or

; of weightlessness. This weightlessness

f problesNor astronauts present in the spaceship. To
1 ’ii) artificial gravity is created in the spaceship.

spaceship spins about its own axis, due to which

ceship or satellite is acted upon by an outward

| !hﬂpalwmg 'R' as its outer radius.
is mﬂlml.m'mud'w Then its




| P
vy

ﬁ;’r f‘

b.‘-"'l “-_“

.ﬂﬁﬂul:h" satellite rotates with this frequency, then artific
on thpwmk m:ly.

MI'MEIIT‘E In places with mécrogravity, like on
the 1SS, are weightiess; they can sleep of
reslin any oripntation,

. l'h:ﬂ!l-\lm when il's lime for them to sleep,

| they have to atiach themselves so they don't
float around and bump
nto samething. 1533 asiranauls usually sleep
in sleéping bags located in small craw ~ 8
cabing. | ) :
Each crew cabén is just big enough Tor ong \}

| person. .
Mwﬁ_u.rts al=o attach themselvss o v-.alb\ﬂt

73 o’

'“'1 {snrhit.ll velocity of a satelite? Derive its formula.

er plarmts revolve round the sun in nearly circular orbits. This type of motion is
o A:tlﬁr;lal satellites also revolve around the sun.




losér to earth revolve with fast speed and vice versa, ‘é

"“'".".ﬂ‘

L Board Papers 0;{..

of artificial satellita is given by:

(8) 2urv {c‘;g\«é\?m

oen the sscape veloclly v and the orbita) Velstity v, is:
" {H.'F“n:’:\ﬁ“u 't Venc = Wa {D}?ﬂnﬂzﬁl
T

ving Is the 5.1 units of angular mom

(B8t (C) Js (D) Mone
ular momentum of body m n circke 21
@ (B} Perpendicular 1o the plane of circle
& (D) Radially inward
f critical welocity becomes:

(C) V2 v




jJ:..',_'. e, i e L .. :
bital motion is synchronized with the rotation
awn axis is called geo-stationary sarellite.
I8 the one whose orbital motion becomes
d of rotation of earth. So the satellite remains
Same point on the equator as the earth spins on its
¢ satellites which remain stationary w.r.t, earth.

satellites are used in communication system, weather obseryaiion and other

8 _..',:'.ﬁ'nr'hll_ll radius of geo-stationary satellite: ﬁ
aebital speed necessary for circular orbit is given I:%Q?»

- M - /
T T T ”Q/%

e,
8 speed must be equal to avernge speed o Qlt:li'n: in one day. So,

&

. satellite that is equal to one day. So
pation in exactly one day,




orbits around another object. Moons are nel a3

L *"F"hﬂﬂ-ﬂ artificial satellites are humandk
nets in the Solar System NG

purpose.
the Earth.

in a geostationary orbit above the

provid iigunlnhiﬂ of Australia and

(XX

LWL
i

L X
ATAT AT .-f'-.




| (T} Infinite {'ﬁj 198N
m'ﬂﬂﬂﬁh an acceleration of 9.8 ms~.its -ppmwﬂfhlh obse
o (8) 8.8 nawion (C) 19.8 newlon (D) 100 ne
mﬁln an lift descending with an acceleration of 4.9ms~ will become: (5
(B) Half (C) Zaro
it W is standing en the elevatar which In ascending with an lnﬁlllflllﬂ-l‘l\
(B} W= ma Gy W %} ma
wartia of two equal masses of cylinders, but one has larger diameter N@&
(8) Larger (C) Same N~ (D) None of these
pmﬂnt In describlng the satellite’s orbit?

j Distance of satoliite from aarth'e cantar (8) Gravitationakganstant G
¢ £ Hnuﬂllu (D) Mass of
of sacape velocity to the eritical orbital velocity Is: &

E (@13 (@) '\{Q\{\ (@2

e ap e ﬁhlfln al the bottom af an inclined plane is; CA

w/
h
8 v=f2gh ":}\*fCJ Ve fr% () Nane of these

mm 2 kg is suspended from the cmm of an alevator moving up with an acceleration g, Its apparent
the slevator will be; Q"

(B)B.8 N (G) 186 N Oy 382N




.. Je on a particle rotating
_about a fixed point

| Moment of inertia of a thin
fod of length L

Th. 9. TN

Siwctmoti
T MY W el
2



_Wght of an object
up with uniform

- —
pparent weight of an object o)
Pving down with uniform | T=mg-ma \'a

Heraticon a i
e = %
. t weight of an object Te O
1 N ‘\)M.
velocity of a satellite V= 1Iirllr-ﬂ ,\A
r  §
ing frequency of a ol 1{? :
llite about its own axis VR &
dital radius of a geo- 167 Ml E
satellite R o7
@ +0eCe

A

o _t by BquEIlinn

He*_.r Fﬂmts
angl'a forms at the centre of a circle when a bo hudy moves in nm It h



= 41 9rad's x 4s = 167.6 rad

| ﬁ;‘iinmlﬂl ride, the pas ,ﬂr travel in a circle of radius 5.0m, making one ;
; ' ; sleration?




i)

-f'q;s mmm-m

{ﬂﬁkgm}[zﬁmdfs )

Find Earth's angular momentum using Earth-Sun disla@)\nnd mass of Earth,
Earth - Sun distance 149.6 x 10° m §{"

Mass of the Earth 5.9742 x 10 kg W

"Mean distance from Earth to Sun = 149.6 = 10" km
‘Mass of the Earth M, 5.9742 = 10™ kg

,,, hgular momentum L =7
Fo ra :in:ular orbit, angular momentum is
: x M. '.-'
'i.' - mmgﬂ angular momentum is M '*F 4reating the Earth as if it were a point mass,
“Earth takes 365 days to go onc cuu@[cfc circle around Sun
5 _2nr Kv,
=y O
N L ENLE x 10’
365 % 3600

- angular éﬂlﬂﬂ

. I&SS‘HE :u: Iﬂ" kg = 2.98 x 10°ms™" = 149.6 % 10° m
1863 « Iﬂmlr. r—
ngnla mamnmmhlﬁﬂ x l'l'.l m” 8
«of moment of inertia 0.80kgm’ about a fixed axis, rotates with w
y of -lun rad s”'. Calculate:

=208 x 10'ms”’

]
TR




s at the edge of a rotating llt.'l.'!ﬂi‘l'l‘l N s
. s:htl:l on it rotates wﬂh II‘I-= n¢ >

":m-,iﬁﬂim'r-'dﬂm
6.2rads

nf E‘H-I'n- interacting ﬂhjﬂhéﬂﬂantr




e 36 &
G = 6673 % 10" Nm? kg TR0 0
M. = 6x10™ kg
Orbital speed v, =7 '
¥, = JGM* = J 6.67x107%" Nm’kg ¥ (5210 kg) ~O

f, (6.3610°m +4.00% 107k O~

E =7.67 x Iﬂ'!'mfg

What should be th A
the surface of the :aﬁ:!;m speed to launch a satellite in a circular orbit 900 km above

ren Data:

Height above the surface of earth is: b o0 km=9=10"
Radius of earth = R, 64+ 10" m, '
So radius of orbit will be: r_ = R h73x10%m
Here G 6.673%10™%9 ym* kgt
And mass of earth = M, = 6= 10 * kg

Required: i

Orbital speed v, =7

Solution:

& I_-\.v--
Using the formula: v, = .'E‘
r

o

Ifﬁ_ﬁ?-i:l 10™ 610"
¥ 73x10°
Or Vo= T4 I_ﬂ'nw"'

bee = 7.4 x 10'msY

Weget: v_=

+¢+mﬂ:ﬁimm

:E'!_ Select the correct answer of the following questions.
':;l_._, The angular @EE in radians/hours for daily retation of our carth is?
{8) 2n A (b) 4n * (e)nl6 (& iz
Mr'@;nﬂnn
3 O (b) 180° (c) 360° (d) 90°
| moment of inertia of a sphere
" : 2
{a) MR? (b} %MR {c) EMR* (d) %M’R

Apirticle is acted upon by a force of constant magnitude which is always perpendicular to the velocity of
i liele. The motion of the particle takes place in a horizontal plane. It follows

ar momentum is constant (b) Velocity is constant

na eircular path (d) particle move in straight line
ng in a circular path with constant speed has
icce (b) Constant retardation

R (d) Variable speed and constant velocity




T o
a™ox r=xrSinfn

a=crSin 907 = ce ¢ (1) =ecr =rec

e e e

Centripetal force is always perpendicular to motion i ie
it moves body in circle. '

When body moves in nIr:cI‘s,';.it has centripetal acce
-. stant magnitude (a; = =) and it is directed alwa

'\. =R l_. r'\-u-\.-'\-'\s-\..‘ij-l'-ﬁill




-ﬂ-'.-i- E'"ﬂ[‘ R‘. Eﬁ

H. E‘l‘nlﬂl = ﬁpE.tmmﬂml‘I‘ H" E‘rllﬂl'h"'l-ﬂl
For solid cylinder or dics

18 ‘

K.E. = -
fokal :‘];. m-p? I :]i.'.mpﬂ % mui(2+ 1}

4 1
H'E-mr ; mu? . é muy?

] =

*C’M#:i Pecete

4. Whyis the fly wheel of an engine made heavy in the rim?

m The rim of fly wheel of an engine is made heavy to concentrate more and qigfe mass at greater perpendicular
distance from axis of rotation i.e, at edges, Due to which momeni of inertia intréases.
It has large moment of inertia, due to which it rotates with unifo n rotational speed.
Reason: As we know that moment of inertia of hoop is greater s cipared to dise, its reason is that it is-hollow
from middle and all its mass is concentrated at periphery (rim), $Cincreases its moment of inetia, therefore its
gpposition o any change in uniform rotatory motion is larget Bue to which it maintains its uniform rotaticnal
maotion.

Why is a rifle barrel 'rifled'?

2
' m Rifling of & rifle barrel means cutting spiral like grodve in the
I interior of the barrel. The barrel of a rifle is gifled to keep the

bullet along the required direction
Explanation:
When a rifle is fired the bullet moves thrpugh the barrel and has
iranslational motion as well as rotational motion about i1s own
axis. This rotational motion helgs the bullet to keep it along the
tequired direction with aerpdynimic shape. The total ki_m:tin:
energy of the bullet is the shdyof translational K-b and rotational

K-E.
i K.E = {K-F-.!'um: r [}".r-li}'-"
L A | p S
: K.E - Fmv 5 | oy Tongestt btk
r This m h& of the bullet gives the directional stability to the bullet so that it could preserve its direction for
_ largerg and hits the target with less chance af missing the target.

E5
sssible for a person to distinguish between a raw egg and a hard boiled one by spinning

planation: ; ne ‘ ;
oot st e ovh u rotate it the centrifugal force will act nnllhc liquid and pus_h it
] shall ‘?;?.,L‘:‘;L'i.f}:i;‘.ﬂnt‘;“f ineitia of raw ¢gg Is greater and sagRa Aoy wmﬂf*ﬂ”‘ﬁ
oy ting, The moment of inertia of hard-boiled egg is smaller and its angu
el nﬁ-l,f ._hﬂ'_d}'g, ﬂ'ﬂt& fﬂg will spin faster than raw egg when same torque is applied in bath the

F



g&»

mtes then centrifugal force acts on the inscct whinh! tries to move away from the axis af rotatics

eps it in contact mlh the wheel. But the | Q?:r will fly away, as rotational speed of the'y
: e an friction between insect and wheel. .

Y many mlnlmmh number cf :
T-!-' transmission. &

\ fory -
rbit may covers 120° of fongitude so for whole populated surface’
correctly positioned geo-stationary satellites o provide the coverge!

ant of inertia in rotatory motion.

the property of body to maintain its state of rest or state of uniform : .'
nt of inertia or rotational inertia of a body. angular mo

' hmmﬂurﬁlgmm which mass ‘m’ plays in linear motion i.e. l.h:tufm
inertia.




v I ':.'._.' =, I-.L-Ilm L‘"“- ':' :
a\‘;ﬂttﬁ:ﬂm is falling freely under gravity. Thena = g
e S

_ _ﬁ-{.ﬁ ki

~ So, the apparent weight of object shown i i ject seems %
e ! the spring balance is zero. The object
Thus it is in state of weightlessness, i: e , AR

- N
v ‘a tractor moves with uniform velocity, its heavier wheel rotates slowly thamits lighter
vheel, why? Explain. o)

re tyre has _|E1'gt moment of inertia so its angular velocity is small ‘
s why heavier Lyre rotates slower then its lighter tyre, .
‘Reason: The moment of inertia is: | = mr’.

Where m = mass of the body
M rn_Distum:E from the axis of the rotation.
e mass and 5!“ (r) _ﬂr_th_ﬂ heavier wheel is large value, due to which it
has large m':ﬂ'ﬂﬂﬂﬂl Ineriia. So when a tractor moves with uniform
- veloeity, its heavier wheel rotales slowly than its lighter wheel, Lighte®
wheel have smaller moment of inertia and their speed of rotatigins

SR

= E

mmitxiftﬂm-r

Comprehensive Questions

: _:I-I‘i":i 3. Give a shart response to the followingQuestions.,

i What are centripetal acceleration and gentripetal force? Derive their equations.
.- - T .i" U -:Nnr E

I _'ﬂ 14(a) R
how that role pm{c@wh}r mass in linear motion is playing by moment of inertial in rotatory
TN

0 yo ‘%an by ‘INTELSAT'. At what frequency it operates. For how many T.V. stations
lenyis used?
DOrganization (INTELSAT):
; ﬁtﬁliﬂ: !}'Stém. managed by 126 countries is called INTELSAT V1 “INTELSAT’ means international

nication, satellite organization.

the microwave frequencies of 4, 6, 11 and 14 GHz and has the capacity of 30,000 two-way telephone
three T.V channels.

- —

' }.pmm, centripetal acceleration is: _:: =—w'r.

- e\ = i el .-h
- Show that angular momentdoyin magnitude is given by | L|=|r = T;] =mr' @ = mvr




-nf the orbit above from the equator
wersely proportional 1o the distance from the cenire 0

face of tyre. When tyre rotates then centrifugal force acts on it. When centril
anvhe adhesive (attractive) force between mud and tyre then it will fiy off 1o the R
vt dimnllnn of velocity. So the mud may strike the vehicles coming from behin s
S .ﬂﬂﬂnmhrﬂiﬂgmewhchs.*

caLProtlems _
b ™




i lﬁ'kﬂlfrémﬂm at 400 revolut
_m’ﬂhﬂ‘l:mgmﬂnﬂuﬂﬂnnmﬂ mmqm

i ""lar.-ﬂlﬁnclw = ;= 400rev/min _ﬂﬁ,gjz ara o)
Q

rum comes 1o resft, 50 pul oy =
D
AS
T N ) &
{ \:ulucs in equation (1), we get, V:\/

| 2xax314=0°—(41.866) = ﬁiﬂn=—1?5}ﬁ'ﬁ
in["?ﬂ ?ﬁ]mﬂﬂ'uu =-2. :rgradrs\\e’
; 628
-"— 2.79rad / sec] OQ“’

= know that, &‘

_lmmnquahm @




Final velocity = ve = 100km/h = 100 x s?li;
7.77m/sec = 27 8misec

n=t=2.5 scc Q:)

wheel =r= m@ 170 x 107°m = 0.17m




(AR
o o R I' 2_

. L l ! {b
) '-':Ml"‘i'(_ﬁlr'"iﬁi}'t é\% i
ﬁ‘“lﬂ#kiﬂ+"(ﬁ—]ﬂﬂqlum \2\?” 2
i 0=1884x20+(-1884)% 10 = 3768 — 1884 Q\&
8= 1884 rad %\3?“

8= 1884 rad in eq (1), we get, \}2&
- N=188472n = [N =300 rev |/ <
jhthe moment of inertia of a 100 kg 5pha@whmﬂ radius is 50 cm.

'\\/

-H-In of sphere = m = 100 kg, <\\'

Rﬂdms af sphere = R = 50 cm = (.5 mr

| _i-tnm:nt of inertia = | =7

w that the moment of inertia nF’Q\—rihd sphere is given by,
| == 2 O

e <>O

=  [I= 10kgm |

Bral times around a cylinder of radius 0.2 m and mass 30 kg. What is the
uf ﬂm_rilndnr if the tension in the rope is 40 N and it turns wiﬂlnmfrﬁqﬂm




bli“-ﬁ.ﬁ=:-
it & rolling body posses both linear K.E a@mﬂliﬂnu] K.E, soits total KE is

}l-u = (KB e F (KB} \2\%




|

r L

v 30
) = — = — = =1
05 40 rad s

ﬂ'e'f“”"’.ﬂdﬁ'“l = 40 x E revs™! = 637 revs™?

dditional Conceptual Shnrt Quen‘.tmns With Answers

< V
@ 15 moving in circular path then ce uﬁﬁ:[al force is
2 P y
ul_lrl:-ndrsplancm:ntﬂ o «'\w/
& by centripetal force is &
g N
AR - ;
= F.d Cos 98 O ~
=Fd(0)
"liln" =10 (:)
= by centripels @: It only changes the direction of the
tin circular py
ationa }., E. of two bodies of moment of inertia 9 kgm® and 1 kgm’® are same, Find

gula omentum?







ﬁf a hudr moving in uniform clrcular motion s doubled lﬂ
alved, What happens to the centripetal force?

furﬂl’. = E-j;'l- §W
- -'--' 2u and r becomes 12, th.m \2%%
EUL mv’ O
MIF = ml / {
r/2 T &S
FI - ﬂ F: - \ ,

gl lp tal foree, increnses 8 times thin its origing enfue
d angl lar momentum of the earth uhuut 8 bWn axis?

w " }
w 4

T el {:}
bl 10 (6.4 % 10°)
| ;'-. 10 x (6.4 1 O‘f.)

i&“ kg m’ .
| M Is: [For poe sdmplete rotatlon [n one day 0 =2 and T= 86400 &]




Kpﬂnm Weight of freely falling. b’&dy

Y - B, Romain nchanged
od of circular motion is given by: (FBISE 2018 supply)
C,T=2%0

C.Ns
.-]ﬂﬁud;nl pendulum in lift moving upward with constant veloc igb
. B. decrease C. remains conslanty D. None
an between the orbital speed v, of a planet and its umjilhl rndlua re 18:

459,}/_‘!— E.mnm/ C. v, S D. vor,

Ahﬂﬂrnf mass 2kg is suspended In an lift by mean&of a spring balance. The hllnnn!.ﬂ
wtinhtwhm the lift moves up with an acceleratiopyaf 5ms™ as

s&EHN B.206N 965N D.9EN E

The rotational kinetic energy of a hoop of méss m moving down an inclined plane with veio
v will be

El 5 1 f £ |:
ﬁ.ymv’ B, /.'m" ef %rrrl" D r-,r_‘ i

%ﬂﬂlﬂi B. dec C, Zerd D, remains same
1 of following is not a antnr

i |
. | : ull[ velocik B |||'||:||]| ir |"1L'LL|L| arLon iJ r entr :pﬂﬂ! rlﬂ“
l' | I'I'I-III'I'I'II'IIHII'I E .

Pc 1. ;ﬂlm along ar nngth “1" and radius "r" in time "t", its angular velocity.is nhﬁli'l i

EE ..1.""."'
O
Q’ E' It :

ge clock |I- 2m long, What is its an nular speed approximately.
B, 1.7% 107 rad/ s C.3x 107 rad/ D, ::.-:xm"rm*
tellites form GPS in geostationary orbit
- B9 bl |+
ry satellites above equator is:
CB.36X10m C.36%107m

D. 24

D.42%10"m






_ nertl _“ of disc and I'Inﬂ#kil.‘:.
' ¥

ol it g dl gﬁ h & hnrlunm

D fIHHl 16 ky Is attached to a string 144 m long and 18 W

m Hnllnll‘!ithl string ean Wiﬂlltlgﬂ is 16N, the mulnum hluciw of revolution

n to the stone without bresking It, will be; N | p

: (B) 20 ms™' (C) 18 ms™" - Q{" () 14 ms

e I8 constant for & satallite In orbit? N 1
(B) K.E u:',} hnpﬁmr T'.'Iumenlu-'ﬂ (D) Potential Energy

(D) Bacoms 2era

raaking. If It s 8ot swinging, i breaks. Why?
'lluw dowh as water drops Inio the beakar?

d'oh the wheels of cycles, motar cars and other driving uhllﬂlﬂ'
ganess in salelltes?

jank angle of 45° required for aero-plane to tum y
Al d in Bf .u.m“? E!Flln‘l urn &M a radius of Hlﬁ j

a;bn of geoetationary aalslites,
I cornes to rest | pcglaf
A o 408, I the angular
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el
| -

-‘ ) P _,'_'__ﬁ'—'-rql_mr.'] Wiﬁi'—-ﬂ{ihﬁjﬁﬂﬁj . .‘:.Ii

. '_'!*:"i':.'. which can flaw from one Place to another is called a

.' d gases are classified as fuids,

Muid
id

¢ branch of physics which deals with the study of (uids in motion

15 called fluid dynamics.

[ bE-"l.'l-"r'E: i & v -
fe e n differentdayers of o flowing fluid is called viscosity.
scosity of a Hwid 1s the measuore of jis resistance to flow {%)Q}
messures that frow much f ¢e is requi : i
5 ity is the rﬂislnm:: rl.::i = 'F':Illf;n:d 10 slide one layer of the liquid over another layer. ("\Q}
SR horer=re ol ow of a fluid. Honey S S ., :
”!Im hasa low viscosity. ¥ has & high viscosity at room temperature, :qr\zgjﬁwly flowing
= y - s ' .. " ".\A\.o"}”
?_i‘?_“""_ml' the stronger the 1|1FLI'mﬂ|EEI.IFﬂr forces of attraction, the more viscous is the liquids>0
v sity causes part of the kineric energy s X

e i _ of a ﬂuilnj _t:: be converted o inlm_rnal energy. )

| SHTHAR i the one by which an objeet sliding on a rough herizontal surface Jases kinetic energy.

» The num:n-r:lvalm- of resistance to Now of fluid (viscosity) is called coefficient of 'n.-ismc-;ﬁ}- mh

-:iiﬁ:mﬂﬁ like honey Svrup | engine oil and thick far have large coefficieny bfWiscosity so they can not flow

b Substance like water and air has smull coefficient of viscosity n

. So they cap How easily.

depends upon

':‘i' B fure of Duid DO YOU KNOW*?

_ ) Drag force acls opposite to
* Cohesive force the direction of motion of

» Temperature of fluid cbject, through fuid.

of liquids and gases
Eiguids and pases have mon-zere viscosity .08
‘B A : £ e L - 150 Vizd6 d ie i
BEWEReOsy of pases fncreases with  increase Ag ::3 0.07 "1'\ i b L]
s iemperature (due to random motion of molecules) S T \
ol T ; ; 3 ; ) = 005 — :
BNThe Wiscosity of liquid deceases withSdse in 5 D.; ' Tk
plemperature (Cohesive force decreascs gt rise in W el N
L : = L
slemperature of liquid) TR o
e x i = " g 1 u E
ESThe 81 unil of cocfficient of viscosity is kgm''s” or E 0,01 +— s
:_'E-_.i:ur Pa s & 000 — : 2 _‘H‘-‘"—-‘
WBimiensions  of  cocffigient o viscosity 0O 20 40 60 80 100 120 140
)= ML T ) Temperature ["C]

& The most common upit Of viscosity is the dyne second per square centimeter (dyne second/cm’), which is given
::il-_ L -h:.m p-l.'lii-l: {Fmﬁ;f the French |JI]}'Eiﬂ'LDEj$| Jesn Louis Poisenille {]?99-] S-l&'_i:l_
1 poise = 1dy( |y Tem’

| pase

seconth= 110 poise

lipoiss= | millipascal second
Table: COEFFICIENT OF VISCOSITY OF VARIOUS SUBSTANCES

Viscosity {Pa s) Material Viscosity (Pa s)
1.8 % 10 Ethanol 1.00 =10
2.9 % 10" Blood 1.6x10°
_ gix10" Honey 1.42
28 = 4 ; 't!'-_ oS Lh A )
e - 4:00.730 Blood (at body temperature) | 4.0x10”
il «ﬁ-ﬂiﬂﬂf‘ :

S

l-l-. =




1 '. »f the window of a fast-moving car, we feel a force

s a force on the fluid 1o push it out of the way, B sL vion's third lmr the f
e b ._:r with an equal and opposite force.

POMT TO POMHDER

'ﬁ
— q’\\u.é}lj

F- anhng on a small sphere of I'Eldl'l.l‘-l’g M:?m"mb S

e i
elocity v in a fluid of viscosity 1 is "ﬂ-el{ by
~\

_ the constant of ﬁ::ﬂmna!m and its
i _J-:I:t:rmmm value .s&s(h A=6n :mpb, allow:1g them to cantiol

and direclion of mation,
=hanrv % Qs-. (1)

i set forth hg\ﬁ British scientist Sir George G. Stokes in 1851 is termed as: = !

: :_-nppl' on in several areas, particularly with regard to the settling of
surements of the viscosity of fluids.

fing has the maximum viscosity?
(B) Waler (C) Acetone (D) Glycarin

through viscous medium (G} Bodies of all shapes (D) All mediums
throug iﬂull:l increases, the upward drag force experienced byt
P (C) Remains sama (D) Becomes
lowing are tlhdinmﬂmafm-alﬂnhm ni'vhnuug



'ﬁﬁi? attained and maintained - v-,.;'{'-':l -
ﬂtmugh a resistive medium is mﬂﬁ

oricerne Ihé terminal velocity for the simplest
is the uniform density spherical object falling
con mntm:rlmmaaahmmf’lgur:

"hm apply for all objects, whether freely falling or
“'II:E- prcs&ncc of resistive forces. The accelerations, Y\;
are quite different, due to difference in net force., ?" ;
Yfﬁ!
oci

cuum the net force is the weight because it is the only

. ‘\\% l.|.'l
2r, in the presence of air resistance, the net force \2&“\ reached
wan the weight, it is the weight minus drag force. | 2 l, O

- Net force = Weight — Drag force &S .
s i Vv
Fret = mg—o6mnrv \&;&'
ma= mg— banr v /Q»:}'Jj
(Fg =W =mg) , velocity v
7 drag force becomes equal ‘%’ e weight of (sl
s niform velocity, 4

T . Terminal
4#,.4:'“" velocity *v,'

ea=0)

e -ﬂ.f'm .tm'j"ﬂu !:';:. "
vy T,




_ra i

.__:: P - ABaiT s St
ML ﬁ,, lwﬁ' FmPnrhunal to the sguare of the radius of droplet i

FIGURE

?t:l‘nclty depends on size, € |'||. and orie

1 ntation of the abject and density of object, -
“alse ,-: Ch _upun the -;u;fﬁ:.@\hfmmm of the medium and speed, therefore there i IEIH'-

Qgh the air on Earth reaches terminal velocity

after about 12 seco
30 meters. Table shows the terminal velocities o

[ various objects n

TERMINAL E;F"'EDS FOR VARIOUS OBJECT FALLING THROUGH AIR




Yrlocity-time graph
Tor P ||r'_|ur_.|-1
Terminal
Erod Bicl B sas i, 1 e
Vo= 54 m/ss
| I
] : Steady Terminal
b 1 -l 5'.:”: = L velocity 2
i 1 E Vo= 11 mis
Jumps |
f L Lirme "It" 5]

MEER0S 0 05 10 15 20 25 30 35 40 45 50 55 60 &5 70 75 &0

Me1 att = 0 s — after just j Jumping from the plane the skydiver is not movingwery fast — weight is a bigger

Jorce than air resistance, so he accelerate downwards

M Zatt= 19 s — eventually the force of the air resistance has increased so much that it is the same size as
&Sh'dl't’t'r 5 'lr'-.“l:’:ll_.h[ the forces are balanced and the ~.|'_u_._\'r remains consiant (this i1s terminal velocity 1)
Stage 3 a1 = 34 s — when the parachute opens air resistance increaseSdramatically: the air resistance force is

Fl;l:h greater than the we Ij:hl force, so the HL‘,; iver slows down.,

Stage 4 at t = 585 — as the skydiver slows, the air resistance forge from the parachute is reduced, until 1t 15 the

same s1ze as the weight force

the forces are balanced and thégpeed remains constant (this is terminal veloeity 2)

;'E-L'-.i!'.f!'lJ'l'lE:.r:IT-E-.-'in:-
A certain globular protein particle has a density of 1246 kg m>
“coefficient of viscosity 8.91x 10" Pa s) with'a terminal speed of 8.33x 10" ms™.
of the particle.

fi"ﬂiﬂ Data: Density of protein particle = p =(1246kgm ;
Co— efficient of viscosity =1 = 8.91x10 *Pas

) Terminal velocity = 8.33:810°°

!ﬁ.ﬂﬂd Radius of particle = 5 %
¢
diculations: As = v,=2ET0

El“rj.

\.?r|~.

2pg

«Q} gxg.91x 10" xB.33%x107°
¥ o

0 ?%1246%9.8
P =2735% 1014

Putting values, we get

r=1.65%10 " m

at is the difference between steady and turbulent flow?

. It falls through water (having

Find the radius

FOENT TO PONDER

Animalg living undgr walor, (ke fishag
dolphing, and sven massive whalss &m
sirearmiingd in ghppae o reduce dag foroes
Birds ane shreamiingd o medice & crag
and migrmiory species thigl By lamga
diwisncas ofien have panicular Replunes
gusch e long Pocks.

onsider the flow of the fluid through the pipes. It may be either streamline or turbulent.

is d to be streamline, steady, or laminar, 1!' every particle of a fluid that passes tltmu;ha:-
 moves. nlnng exactly the same path, as followed by particles that have passed that point.



Stream-tub "
>

. a-h'pamllnain a line everywhere A straam-_tulg\mnshts of a
ngent to the velocity vector. 2 of streamlines

dar ar unsteady flow of the fluid is called tur ﬁu{gr} flow.
speed of flowing fluid exceeds a certain griffenl value, the flow  RESEES
xtremely irregular and complex and itegbanges continuously
,&N
zonsider the figure 6.6, close lt_g,{@‘\:;‘iﬁc::ﬂic. the smoke's flow
' smooth, or laminar. N, e
he smoke rises higher and highcrr’i(;’gﬁcf’:ds up due to the lower density | Shows [aminaciowrei
arin air compared (o the surrourding air (natural convection). Since it ?;J:HTH;M heie
' up as it rises, it will gfepiually reach a speed at which its flow :
tic, or turbulent,
flow the speed nf the fluid at a point is continuously
es inbpth magnitude and direction. Turbulent
e at higher velocities and low viscosity;
dg’o! fluid flow are wrbulent,
ent flow include blood flow in arteries, oil
lava flow, atmosphere and ocean currents,
~and turbines, and the flow in boat wakes

: Turbulent Flow
riicle of fluid moves along a smooth path
wil time.

W I

kS
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e X (Byy SUllvy) 249
.'_TIL-‘J"."'.'-'“ of an I‘“‘ n“iﬂ? — —— e
on of Mk flow cun by impl(fied by CONticlering 1hy T —
Wil flow. In our model of an idval
lony

Now, g "ube (he ,qu-m-rnn

H s mllllﬂll In [} NONViggo i, Muig I

. An object moving through

1 . ﬂl‘l‘h Is stendy: In Mendy [lnmin‘” Mow, the
.,;."- Point remadne constant.

I8 Incompressible; T, denaity

Yelogity of e Muid

o .' 'L
Now I irrotational; In rrotational Now, the iy hng

'
momentum about any polnt, 1f 4 'mall paddle whee Slaced l:u Tnl
J1‘ ll?:m II:HI Not rotate about the wheel'y Cenier of mags, then l:: n:::- |I:
E'.","; i perature does not vary, Phenomens ek

L In which o lquid in the bottom of

a8 the Conveciion | ?;1.,.. S
i Venol |y hemted, ey, coaly ‘3\ 1—;:-"'—- --=
alls It 8 elreulating « tern will not g ¢ ’

|
l-‘ M
e

w _.,l, « 3
AUATIC N -
ld flowing through a pipe, i1 | "
£5 x4 ﬁ:m of the pipe ::d the fluid :p::f“ﬂq?\ !
i along the pipe remalns constans” : =.
.‘mﬂm,mﬁmﬂawm nd af gy ——
{t‘ ﬂrﬂ-ﬂl rate) always remg uml'lnr":t lhh '
ry polnt In u pipe. “ N oot s T e ¢
A = Ay o ey T A e
. i
| ﬂf mll'"lﬂllﬂ‘l'lj _\_
Bh & plpe of non-uniform size, a3 shows in Figure.
Wreamlines in steady flow.
aw ation of masy,
5 no sourds ﬂnl:lnlluplpuuﬂumurllqmdlhn nto the battom of the pipe
J I Ye-At must be equa) 10 mas of the liquid (g flows out through Ay In the same time
f .; _r“,.- -:'f - P, “}
LT LI ﬂ]
ALY LTI u}
fon (3)
1 wanserens (4)
“dh#ﬂh time At ha 0 nass given by equation (3)

i (6) s
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: ,-ﬂm mnmmivt
‘equals the ﬁa?“g: in the total
¢ energy plus gravitational £ (o i,
) associated with the fluid element, I‘.‘ﬁ?.ﬁﬁu finJolume of the sha

n the right.

i
Cranial Barmouail |

Bernoulll, & Swiss ph]llf-ﬂll:l; and
mathamaticlan, mada Lmﬂﬂln

mark In physies, Bl-mnulll‘l

famous. work, Hym'ﬂl!rnlﬂ'llﬂ
publishad In 'H*EH: ll s

aquilibrium, pr‘ua.u‘m l‘l'Hi
fiuids. He lw 'ﬂ'l-ﬂ! ll

.l




1et ch inge :':, 5_.*-_. i Iﬂﬂﬂh}’uﬁ-ﬂ is ALl = ﬁmlih! - ﬁm!ihl
B W = AK + AU

¢ value quation (10), equation (11)and (12) in equation (13) A

A -L‘:-h o £ Ay}~ Ay} + am,gh, = Amgh, Q-\ s m}

ince for ideal m;lnun should flow across both ends, therefl ura\)

ing '?W‘ 1, = Am, =AM | equation (13) we get 3 \'

' . pAm 1 | N For understanding statement el
iy —

: 'Pi;"—“ﬁm'*': == Amv| + Amgh, > digh, Bernoulll's equation

I == ] X
L= p 3 2 7' 3 i
P ﬁ(r b e fheiie Q P+%pv:+pghhclﬂ-ﬂﬂlﬁt
ol - - H g A i .
" ki |:1 &

vy
1 for {den]

] Putting p == ﬂ . i
| p+-{--]u’
g both Py @%'“F“L*Pﬂhl peh, av

1ﬂu..r’

s 1 P . -
5 # v 4 pghy = Iy + 20y ,{@%: S————T P4 Mf '-:E;- = eonuast

K=E P=8__
1 .“‘- ' fﬂ' po——_ Y by Volume = Volume

H s Hemoulli's equations, Bernoulll's equations s based on conservation
fble and nonsviscous fluld, the total mechanical energy nchhl flud

through a closed pipe system.
™ hghar, the spesd s ",




L R
.ig 1000(Y - 4%) - 1000 x 9.8 3

0000 + S00(9 - 16) - 29400
D000 + 4500 - 8000 - 29400 « 34500 - 17400

$.1x10' Po
A .- 4:_"'
' application of Bernoulli's squation in -miter [® =
rand engine carburetor, o
TIﬂHE OF BERNOULLI'S EQUATION

ﬂf devices operate by means of the nrp‘!{w difference | water
ﬂ'm changes in a fluid's speed, \>~’

- pumy consists of a tube with 1‘5!@{5 r:hcd o it, in which
3 from the tube mwnrﬂ the | own in Figure 6.9
‘ 7 its speed increases, as a
drop in pressure allows air to
the vessel is connected.
at the bottom of the filter pump.

emitting water, perfume, or other liquids as a

m of air passing over one end of an open tube, the
: huMMﬁlmMﬁl

Tﬂﬂi- {.Iﬂ-" -
g *-ﬁ-*i ;i‘. __ﬁ l m'
P gine ca

1'_ F i "'1-1-.-




B elocit 0 be determined (1 ) lﬁ:ﬁlﬂLﬁm 3_ v

‘quinn B +-p!-" +pgh =P, ++=m' ) +pah, \;:,\2\
oprinte values nnd rearranging <>

.r!+-' F{I,'I;l +ph, .'F+ =pv -I-[."ﬂh

1
% ﬁ!'-bnnh. ~ pgh, -—nw S

pa(h -h,) Lo {@\? :
- ' {h]--p'-r Cb\igh-v‘

ngmnnbnt) v/ = (f2gh
lw 2 waseasinnnananes (1)
a3 the vertical velocity which n body gain
ough a height 'I'. The cquation (1) is termed
) 'hlpwd of fluid emerging from water




"ﬁﬁhﬁmlﬂﬁ ml#;hﬂnmhﬂﬂﬂﬂ. ias e
‘the tube respectively, O

pulli*s equation can be written as

hoas” t ] %
'..]"‘|'+Ep\'1' +pgh = P, +2PY; +pgh

1 I
FI -Pi = Ep\l'i -'EF“":.
quation of continuity
! :i,,lvln .:l,v: or Vs N, ]
e oftrs from equation ( quation (1)
IR 1
i -@@‘ it
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Spollers: Al cars are designed to
dvoid lift and slick o the ground ai an
tmes. Because whan cars suddenty
fise up dua ta kigh vislocity, tha drivar
loses ils control. So scianiisls

designod carg complitety opposile to
that of an airplane

A face car amploys Bemoulli's principle 1o keep its wheels ophig'ground while traveling

4 at high speeds. A race car's spoller—shaped (ke an upsice-Omkn wing, with the curved
% Surface al the bottom—produces negative kit (or ﬂuwrﬁdu%ﬂ'}l\!u pusah tham down against

Ihe track surface go they can taka turns quickly withoytsiding out into tha track wall,

ain the blood flow?

1lli’s equation ignores viscosity (fluidfriction).
d-viscous fluid could flow through @-evel tube or pipe without a force being applied.
sty acts like a sort of friction (bétween fluid layers moving at slightly different speeds).

¥olume flow rate AV/At for daminar flow of a viscous m
through a horizontal, cyﬁ!\@,‘q‘m&l pipe depends on its
' 9,

is the case of h
body' depends

radius of darteries is reduced as a result of
clerosis {thickening and hardening of artery walls)
. 1 hulldup.thﬂpmmm'mbﬂ increased o
' wﬂwrﬂm' half, the heart would have to
5 reduced by halt, th would have
e by a factor of about 2'=16 in order to

u@@md&s i-¢ *blood flow in the
the radius of its arteries as shown

i




=

(b (C) Bermoull's theoram (D} Stokes
to Sem. For a fluld flowing from larger dii

"rq'- L

b

(B) The velocity increases and presstre decreas

[C} Bicod pressure
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roach To Federal PHYSICS - X| Subjective) 259
" - fHRSWnE &% the o pressure becomes equal to prossure is
Li.l'ﬂ mlvan pe; P PITOMANOmAter () Baromater (P} Bisttoscope
yug v’ (B) Py Py md o2 = I
' ] (Cym 208l thy = - ey =
_ IEI'IEI far narmal hoalthy persan dlastolic prossure [s: J =
(8] 110 torr {C) 100 torr {D) 78-80 torr
; 3,
= teC 18 A T8 174 o8 oA [10¢ .6 [12C
) 2 : : 17.B | 18.B 19.A° |20.B | 21.C 22.C 23, 24
(RS
IFURM ULAEI 5
| Drag force F= Gamv
| Terminal velocity of fog mg 2y
droplet L E‘: Vi< "q%?' ¥
= S5 v
Equation of continuity —= gonstant Av = constant A v =AY,
| | 43
1 7 I 1 1 ¥
. ._Hernnulll s equation Py+=pv; +pgh, =P, ; pvy HPRh, P 71 pv” +pgh=constant
Boricelli'a Theorem e = 3
[speed of efflux) vy =y 2g(hy-h, ) =/ 2N
[ oh 7
: || FA L |
Venturi's relation ; ,_\\ [ - A I
[ X7
k.| L Kho

""'f'luld Flow: The basic property pf\afiuid is lhat_ it can flow. The fluid does not have any resislance to
chiange of its shape. Thus, the(sfiape of a fluid is governed by the shape of its container.
WWiscosity: the resistance fa flow of a fiuid.

B“H force; retarding farbe-experlrznced by an object moving through a fluid
inal velocity: thé maximum velocity attained and maintained by an object while falling through a

\/
ly, or

ule

laminar flow; every particle of a fluid moving along exactly the same path, as

ine, 5 i
by p(%fas that have passed that point earlier.
] : irregular flow characterized by small whirlpool-like regions.

sationtof Continuity: The volume of an incompressible fluid passing any point in a pipe of non

ion is the same in the steady flow.

t (v is the velocity and

A is the area of cross-section)
ation for ideal flow,

in is due to mass consernv

that as we move along a streamline, the sum of the

Ili's Equation:

Bernoull's principle states

(P}, the kinetic energy per un
 constant. |
pgh = constant (p is

it volume 2 (pv 12) and the

potential energy per unit volume (pgh)

due to energy conservation for

g
o

tha density and g is acceleration due to garvity)

ideal flow.




Solved Examples

Tt 1o ba 6.1+ 10° m. the coefliclant

: { small droplet In air Is
The radius of small fog drop ttiing speed of the droplet in alr,

viscosity of alr Is 1.9x10° kgm's", Find out the se

Given: Radius ‘v =51 % 107%m
Coclliclent of viscosity 'n = 1.9% 107 kgm"s™
Dengity 'p ' 100 kg/m'
Acceleration due to gravity ‘g’ = 9.8 ms™
Terminal velocity ‘v'=?
pr’
n

=

x

WO | ki

Solution:  The terminal velocity is vy =

2 (1000kgm 1:|w1_5_| «107*m ]I x| 9.8ms )

Putting values Ve ==X : .
¥ AR 1.9% 10 kgm™'s™
Hence vy =2198x]0 'ms” | y r—

The Fog droplet will settle with speed of 0.00298 m/s in air.

A garden hose of inner radius 1.25 cm carries water
has radius 0.30 cm. How fast does the waleremerge out t

at 2.60 m/s. The nozzle at the end
hrough the nozzle?

*Example 6.2:

Ghvan: Radius of garden hose ‘ry’ = 1.25 em = 0.0123 m
Radius of the nozzle 'r;” = 0.30 cm = 0,003 BRI 0123 m Nozzie
Speed though garden hose “vy 2.60 m's __* ﬁ :1 .,.!,';-
Reguited:  Speed out of nozzle *v2'=" V= 2.60mis . 0,0030 m

Solution: The Equation of continuity is Ay = Aa v
The area of cirele is A = mr?

therefore, Equation of cortimdity can also be writien as &I, V, = HV,

oF Y= LV, aph\~ V;= f't—'
I
SfU0125m) %2 |
’ puiting values K{E;Iﬂ 0125m) = -'[ir-'mﬂ
Q N (0.0030m)
hence T -
. ﬁi e I Answer
fhe speed of the water from the nozzle is 45.14 m/s.

Water is flowing smoothly through a pipe. At one poi i L

: point the pressure is 33.2kPa and
speed of water is 2 m/s. While at another point 2.3 m higher the pressure is 3. L
what speed is the water flowing through this point?

Pressure ‘P;"=33.2 kPa=33.2x 10" Nm *
Pressure ‘Py'=3.7 kPa =3.7% 10° Nm *

Speed of water 'vi' =2 ms”
lﬁﬂlﬂ"hl' =0m - Height ‘hy'=23m
Density of waler *p" =1000 kgm™
1 ‘wwﬂfﬁ'ﬂﬂr‘h*‘? 7




.
.i_—-l

“R)+Vi +2g(h, -h,) I

&
"I":",E[P,-h?,h?hii{hph,_] . Q;" - -.

%)

2
v, = [T00kger (33 200kgmm s - 3700kgm s ) (2ms ) 05

in ._.;_.".':-;-.'l:“l,.l:_ _.. o . B > : |
e ¥ F

Square root on both sides

+2x9.8ms™ Dﬁ‘éj\mj :
Vy = 4ms ! Answer \E'\b
waiter will flow at 4 mJs in the upper part of the pipe. Q

(A cylindrical water storage tank has a horn —
m beneath the water surface. (a) When the ot Tﬂn::;fhmﬁ;.m
- ﬂhﬂ out? (b) If the radius of spigot is 6.0 X Jﬁti?‘ m, what will be the volume flow rate?
deight of water in tank ‘b’ =12 m <
 Radius of spigot 'A'=6.0x 10" m X

Acceleration duc to gravity ‘g'= 9.0 ms? 0~
‘Speed of water *v'=7 &w/

o

lume flow rate * AV /AL’ =7 N\

“Torricelli's thmrtm. V= \%Q‘

 v=42x98ms” xT2m
. y=485ms" Answer
[} ‘-
zontinuity th flow rate is ﬂ=ﬁ\'
i < : At
i ODtherefore - =7 xy
£304x(6.0x107m)’ x4.85ms”

s



Text Book Exer es

1"

- 4 n ™ =
% T T AT : Y/ - =1
T- - - - i
3 | b LFH 1 B i
i
R

not flow :uII} (tike honey] fwfe the  value for the cocfficient of ¥ sensif)

_ B. high &Y Cozero D. negative
Ih Muﬁpnhn, is tqu@}hich of the following?

B. 107" Ns C. 10" N «m” D 10° N sim?
able only if 2 l@\h moving through a liquid with slow speed and has

B. @ rical C. a rough D. any
agd » ¥ fulling object, when it encounters 4 N of air resistance is d
L &m0 G D107

in) __!Iﬂh:npl!nn Before reaching terminal velocity, her aceelera 5

C. remain the same D. is zero b

neily. the acce 1 of n;l‘allhg object is:

B ~ C.-98ms D+ 9.8ms

ation af co uit fﬂi"-nﬂnﬂﬂlﬂpﬂh constant is equal to - peiE i'. i)
B - Tmass of | t'luui -

@
sation of continuity it follows that,

-'|4 WA

s _:_::,:;_1-'




D. 10.0001 m’ /g

| ‘The water in the tank iy 1 m above the |ea) el aols D turbulent
© AlOms B.lamis ot The speed with which the water emerge from
‘When the radius of the arte i /1% mh D. 0.1 my i
A. increased E dl reduced, the blood pressure - <
. decre X
2sed C. remains the same D.iszero o ’&

EXPLANATION

:.I'r:
| bl 1d
| poise= Y(15)

But IN = 10° dy potting ldy =107 N

lems
1073N(1s)  10~SN(18)
(1%10™2m)2  1x10-Syn2
Ipoise = 107" Ns/m?

| poise =

10"1Ns fm*=

| centipoise = :
: 100
I centipoise =10 Ns/m/
B spherical :
e 1€ 6N =w—Fp
L F H =0
15 B Decreases Fra = Wl
ma =mg = Fp
Fp
g — —
m
| when drag force increases then net force decregses and acceleration
decreases
B, A 7ero Foes = W —Fpy

Fiu=0 anda=0

volume flow' cate Awv = constant
i [ ]'|"|_-'R_:| ma's 1t 15 unit of violume flow per unit Lirme

’&Q) 4, < A ! _.____,_ﬂbf v,
E 2 . :.
1 G‘j E I
t':!i" - 1?1 EIm
. Increases 1.-11 v, = .qz £
Ay
1’ —
2 A
A; = Ay
When area of cross-section of pipe increases then speed of liquid
decreases. '

Where speed of liquid is low the pressure will be high




S [2x98( 1) =11

The h:ight of water level is maximum from !
above from the base therefore speed of liqui
O

———
hﬂld!nn. you drop two table-te '
‘rni:hu terminal wluni-lyr first ::;twl;:!-? one filled with air and the 0



Lorgo surface aron s exponed
2 dragging

eof a ILlen being may break when he falls on the ground.

268 the terminal speed of a parachutist before
j parachute compare to the terminal speed ‘
rd1 is there a difference? N
' i'lll-t"ﬂ'ﬂibﬂil}" of a parachutist before opening the parachute s /-f\“jk

gk from its terminal velocity after opening the parachute, , -

Lxplanation:

Bing force depends upon the expose surface arca g{:mE'i’alting
£, greater the exposed surface area of the body, gréater will be
ing force and low will be its terminal W!lm@l&j}pﬂ vice versa,

the parachutist is filling down without opéging parachute, the

surface of parachutist to air resistgmpe is small, So he
ges less drag foree than his weight agd fills with high terminal

G parachutist is falling do ;éwith open parachute, large
ea is exposed to air resis o

It the paratrooper ex r{Ehee large drag force and his terminal

‘squirt water quer a greater distance by placing your thumb over the end of a garden
an by leaving it completely uncovered. Explain how this works?

1 with greate ﬁhﬁnm by placing a. thumb on the end of garden hose than by leaving it completely




.........

lnlﬂln the chimney.
pus tH!-!H'H'IlI from high pressure

| o riges sl ':In L
o boats movl q’In paraliol paths closo to one another
k colliding, W 3
: ' :.I'I'I:ﬂl.i"lll relation e i “ = -':fj .
' .Hpﬁ .,}ﬂ:- of fluid s high, ifs pressure will be low and Wik Frrd
"’5 'mur&rﬂupmm will be high", QK bk b

‘water and air between the two bantlw 5:- re ' S
e two boats will be fow. Hﬁ " -
od of Muld 1 low on outer side and pressure will :
lntl on the bonts from high pressure towar Qn
sollide.

cket ball moves past an observer @ laft to
1! :mwlll the ball tend to duﬂlnt? £

pmlurn "|'r|'lll.|'| pulls the boals Iﬂw"ﬁl

Fastar pir,

n j Lo Bernoulll's relation: é lower preasure

exxira will be law and
sure will be high

m‘lul F ced of air on its one side becomes plgh and the

'ul‘ll the speed of alr is low and pressure will be

. f ._..T_,‘_,__;o_ hct -m‘hﬂl {rom high p:l'llll:l'-l'l towards low pressure which
s apextra curvature o the ball
5 1_1 M{!I "I.]l]



while figure () represents a ball with

passes smoothly with greater spesd and d
quickly and covers smaller dimn“li p rag force is greater. Due to larger
felte a thin turbui .

) e Hnundnlnr Inyer of air that clings fo the ball's surface and n@
B to reduction grfidmhnni::n:n;nuhum a e orag ofa smoot ball, ' “-

CAT ree, the golf ball cannot be slowed down easily, As "oyl
H“' alr easily and travel larger distonce as compare to a ball without dlmm'lc'u. i qui;o\ﬁt%?m'n o

w
L flow H
Bdparation o™X

Laminar boundary layer  Turbulent boundary layes

— e R

" -:--I f , B — - [ T - i - = il

RHb How by using wind dofloctors on the top truck cabs reduds fuel consumption?
k¥ Reason :

b -_;Thl' portion of the lJiI_I]Er extending above the mof of hé

:;.ﬁ‘“"ﬁ have & large surfice area vertical and perpendicular o

the motion of the truck

. é:w"hﬂrhﬂ B wind deflector, this shape encountegalinrge nir

*ﬁhﬂﬂﬂ from wind passing over the top of (Re Sruck and

. hhﬁﬂﬂ the vertical froni fce of the taller, Exergyis 108t due

L o friction and fue! consumption is grosteg,

BAWind deflector Is o device that changée tht airflow around a vehicle

PRAN effective wind deflector will gadude alr friction while the vehicle is in motion, and conpequently increases

b stabilityand fucl eMclency. \odd \

® Due o low friction the apl:'nl\ﬁf}ﬂﬂk will be high,

&\5\ -¢+¢-i¢¢:¢0m+¢+

e
High Conrsgmisan

Comprehensive Questions

. 2 N e T
Bive n shor response to the following quostions.

drag? State and explain Stokes Law.

2 equation of continuity, and relato It to the time rat "of valume floy

I R YR

i d = Tim I N ﬁ |



i .- ht equa of oll are falling through air with s
| Hnlr w- single drop, what should be thumiw terminal veloc

( \
&
i Y
m combine and terminal w!nqﬂl;\gf ong big drop = v' =7
n: ,&\w/

e of one small dreplet -]'

Hnmﬂﬂdmpln%j\@n :*j‘m“

Mﬂ@ﬂﬂdﬁplu-w on — (1)
scohlésoe 1o form a big drop then volume of big drop is-

287




173 OUt of the nozzle? (b) What diameter nozzte Is requirec
Dlametr o 1 boso = D =5 6~ v S
e nfmzlr::r;;ﬂl-éi":;:h_umsm . égéb

o
a) Speed of water ot other end = vy’ = 21 o)
=0 %}' Diameter of nozzle = ) = 7 : : &Q

on of continuity, we have, A= Agvy
v =ary
] D,

seandry = 3 50 nbove equation becomes,

D
-EL ikl

-D;

."1'21
i

vy -EDL;;I-I ; Putting value “'"’;5/{}

(0.096)" % 1.3 Ny
"1"[ (0.025) ] {&Q
L =192 QO)
.

s ﬁ: L %» Putting the values, we get,

b l." b h l” 3]




'1# 1.# ugn It thl pressure tlll'ﬁlrlnnr
ater entering the venturl throat? :

I .:. o Zﬁ! I“rlm
Pressun I:M'F; Py=18 {1 mm of Hg = 133.3 Pa)
Pressure difference =P, - :wlg,‘\h-*awn Py
Speed of water in pipe = v, =7
ansity of water = p =1
"." | -]t.ﬂ-ﬂxu 7% = "]"} w062 = |0"'m
,_J (=¥ w8 = 3,142 % (0.5 x 10°) = 7,88 % 10"’

i v R . 2 _-'\- |'|-- ¥ y\.i_lll‘-\ll"rl H oL L -u.-'J- i
ER | I ""l'-,, =t '!I e ||| II .|||"I i |=—" aﬁ*
PR S Mnd (al tha




(a) We know thai

Ve WERTTTR) s
 V=166ms

{b) Volume Now nm-%‘f’-: Ay

e

%” 31423 = 107 16,6

%" 4.69 = 10%m's .

%-4.ﬁ9 W 10 m's

%=‘ 0.000469 m/s

What Is the Aero-foll lift (in newtons) due to Bernoull's principle on a paper plane of wing area
0.01m" if the air passes over the top and bottom surfaces at speeds of 9 m/s and 7 mis
rgapectively? (Take the density of air as 1.28 kg/m’.) (0.2 N)

an Data:  Arca of wing = A =0.01m*

] Specd of air below the wing = v; = 7 m/s
l. Speed of air ot top of wing V= 9 m's P
b Dengity of air = 0 =1.28 kg/m’
!,.. h1 = h-_] =h
ToFind: Aero foil lift = F
Caleulation:
B = Toree
Pressure =700
A ¥ \ ¢ Low Veloaity = V,
s P -Py= _-'I;I.- S Y )

| N 1 B
iy EF‘-""E"’ peh<h i peh

Bre=Fy =} (;ﬁ'i - "’i}‘"'"" """"" (2)

.. A, -~
MR -

g equation (2) J{%Hun (1), we get
b%‘“ % plvs= '-’ffr Putting the values

{&Q"num :%x 128 { (9 (T}

F=6.4= 107 (81-49)
F=64=10"* 2N

-

=204.8 * 107

blows across the flat roof of a small home. Find the
J ' mwﬂxlﬂhlﬂtﬂh home and the air just above the roof, assuming
S o e imetows of the house are closed. (The density of ai is 1.28 k/m’)

f air at top of roof = v = 23m/se¢
ofair = p = 1.28 kg/m’

L
Chi | AR
S00Ors anc



I Conce pitl 1 '::hml Oln“-,.ilmh With Answers

| S i

‘?k';l m the balls, then due to high #p
on th IHH. Therefore, high p

 nir uml;‘duﬂﬂhﬂun s very fast, so pressurs is extremely Inw i
sxurg 5 very high. So this pressure difference produces a very high orce of
el roofs are often lified up, Opening the windows results in o smaller
) mgjﬂu hnrr.un and therefore less net force on the roof, This re
ucture of the buisding. 1
s ¥ ...'Inl-'.f.l:l".-l"ﬂ-'ﬁ LIy .

| O, R



whdmnrﬂmhﬂcmmlmﬂmhwﬂwvqu
ndhnm:lhe droplet apgpmsm be suspended inair, ng’
_ ™

: " Q,ni’
[uca s From Past FBISE Paperﬂ N

(FEDERAL BOARD)

all ar

} 1333 Nim'™ (b) 13.33 Nm? (€) 1333 Nm” (d) 1333 Nm®

of the following is the 54 unit of viscosity? \2\
{(byNsm® [% sm’ id) Nm™ s
3 nf mass 1 kg falls through fluid with maxim onstant velocity then drag force is
(b) 49N QS/ (c) 9.8N (d) zero
float in atmosphere beacause of: \ ’
i /
_“,‘Iﬂnsu}f : (b) low viscosity \./ (c) low temperature  (d) low pressure
'i.ls_at two ends of a pipe is in the t\ﬂn 2:3, then the speed of liquid at the two ands is in
of: Q__:/‘
B) 23 (c) 4:9 (d) 9:4

-ﬁfﬂ‘n following rupresa?f’l‘a\%ﬂ“inn of freely falling water droplet?

: -:::-:- ) ' ;
> Q/Qo__ [ : [
B \)Q‘. (b) | : (c) ' (d) ' e

s foll is the expression for terminal velocity?
2gr wa O 2enr’
(b)Y, = s o W=—re

(b) d:nshyﬂﬂh: fuid
(d) viscosity of the fluid
each other, the pressure will be:
(e zZero



iwn muluur- are attracted I8 sald to be:
(¢) Viscosity




S 524818l PHYSICS - XI (Subjectiv

SELF - p SSESSMENT PAPER

Total Mark: 40

aNo1 __ Choose
Guestior the correct answer from the given options, 1x6=¢
| SECTION - A
i 'H“F‘;ﬂ;‘ :’" following is equal to one torr?
YRS m (B) 13.33 Nm*? (C) 133.3 Nm* D) 1333Nm? ¢
! } H!m-ﬂ E- 2 . \?'\*.,/
(A f (B) Nem {C) Nsm' (D) Nm® &%, <
Sphere of mass 0.1 kg falls through fluld with raximum constant velocity then drag force Is:
(A) 88N (B) 46N (C) 9.8N (D) 0.8 N
4 The radius at fwo ends of a pipe Is in the ratio 2:3, then the speed of liquid-at'the two ends Is in
the ratio of
(A) 3:2 (B) 2:3 (C) 4:0 (D) 9:4

Which of the following represent motion of freely falling water droplat?

S
R

L/

{A.:l & 1 -:E" i I:|::| \ i i
§  Barnoulll's equation is based upon law of conservation of
(A) Mass (B) Momentum {CYXEnergy (D) None
s i ings* 3x7=21)
-~ Question.No.2 Give short answers of followings: {
SEGTION - B

fih How does the terminal speed of a parachutist before opening parachute compare 1o the terminal speed
B aftarward? Why is there a difference?

Miil Two boats moving in parallel paths eloge to one another risk colliding. Why? | :
gj A cricket ball moves past an obsérer from left to right, spinning counter clockwise. In which direction

B will the ball tend to deflect? _
Applying Bernoulli's Equatiam, explain the lift of an aero-plane.

olf bails have'dimples?
i ow of fluid.

Differentiate between laminar and turbulent fi | |
Water is flowing sfecthly through a closed pipe system. At one point the speed of waler is 3 ms L
\'ﬂ'ﬁﬁeraltsan{;thg? pﬁ?nt 3 m higher, the speed Is ams’'. At lower point the pressure is B0 kPa. Find the

- sure at the upper end . -
lUestion,No.3 - ~ Extensive Questions.

SECTION-C

iy : (06)
, ] e Equation in detail. :
: e e ) due fo Bernoulli's principle on a paper plane of wing area 0.01m” if

% ui:B the Aemﬁiig ﬂ;‘pr::;mm surfaces at speeds of 8 m/s and 7 m/s respectively? {Tm{éhq‘;

Ihe air passes 2

& i ' 28 kg/m”.) -

*Mmgmfmlﬁ El:lgljltiﬂn Explain the working of Carburetor of car Engine? (03)
¥ . w77 [he @na =™
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OSCILLATIONS

. ! Learning Objectives

$  Describe simple examples of free oscillations.

¢ Describe necessary conditions for execution of simple hammonic motions.

| * Describe that when an object moves in a circle, the motion of its projection on the diameter of
the circles is SHM.

% Define the terms amplitude, period, frequency, angular frequency and phase difference and

express the period in terms of both frequency and angular frequency.

% Identify and use the equation; a ¥ %y as the defining equation of SHM.

Prove that the motion of mass attached to a spring is SHM.

etween kinetic energy and potential energy durnng SHM.

Describe the interchanging b

L3 _ :
*  Analyze that the mafion of a simple pendulum is SHM an

#  Describe graphically how the amplitu

the W@’?@quanw of the system.

o%s}%é prac:ti:.ai examples of damped oscillations with particular reference to the efforts of
the degree of damping and the importance of critical dam
B i i

| tively the factors which

d calculate its time period

de of a forced oscillation changes with frequency near o

ping in casesd guch as a car

harpness of

determine the frequency response and s

e gualita
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i ':- M"ﬂ the system bmt to its stable equilibrium position
1 P

! F --k; \2\
and opposite to the applied force <>\£-

tation can be a periodic motion that repeats itself in a r\agggzym'ﬁ. i
scillation:

pulled away on one side from its equilibrium pdition and then released. The body begins 1o
vibrate) due 10 restoring force. Under the of this restoring force, the body accelerates
25 over the rest position due 1o inertia, Thén floring force pulls it back. Since restoring force
s directed towards the mean position, ﬁ\ﬂ\ﬂll'.‘ acceleration is also directed townrds the mean

&\./

g bodies produce waves. c.g ’Iﬁmalm string produces waves.

3."“'“}' phenomena in nat (gﬁn:h are explained on the concept of vibration and waves. There
¢ large structures such as &[ﬂpﬁls and brnidges, which appears to be rigid, actually vibrate, so
ots and engineers také Wito account these vibrations, while designing and building of certain

cillatory Motign

o J m_g‘u Mnj.'ﬂ.bnr;ut the mean position
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of circular motion. In SHM, it provides an eas
st manmm velocity of body executing SHM.
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nstant i' d'ﬁ““d 8s the foree per unit extension, :
T s !':ig ":id dimension is [MT -, \237‘
Spring opposes t
."ﬁl. licity, spring opposes the applied force, This opposing \i..,

fﬂh brings the body back towards its mean positi ?\mﬂn' elastic restoring force.

toring force represented F, is O :

F =—kx \L\ (1)

2 sign shows that F, is directed opposite, tm;

‘mass is released, it begins to ﬂﬁ:l]lutn,about the equilibrium position as shown in figure, such
sillations are due to restoring force a:{d inertia. This type of oscillatory motion is called simple

icceleration

c Q«"’
sration due lo restoring I‘ur;{?)

i./"\

1 .H'ﬂ

paing Fichs (1) m{//@é:gm
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LN V

: .q-bk__hunn from a vertical spring causes it | tr

| 3 blo sirotch by 20,0 cm, If the 2.0 kg b
repiaced h’l 0.50kg mass, and the spring |s strefc and released, what are the frequ!
period of the osclllations? X
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1:4 ? 1]l ﬂ-';l center of clrcle,
v eircle, its projection Q" vibrates
of vircle about the mean punilEm 0.

dy is at point ‘P, s projection Q" is at
6 ‘%" from mean position, j

I8 the centripetal acceleration of body directing

rds ih mean position O, We have resolved the
petal acceleration into its components.

k™
M)
-~

1§ € (Pulting Q0= a, and PO = q,)

8§ (eross multiplying)
R0l .................... (1) A
 component of a, along the diasmeter ABA

- AN
== tw?, where ‘0" Is the angular velsity of body.

quation (1) becomes, 0&
ERRR(00s0) ....oo i (2)
' P'is a right angle iriangle, So

B 7.2, we see hat
g (3)

'rajmhnnflunh'mm

olioh O any dlameter of the referance
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mﬁﬂﬁ““ﬂ[ﬂﬂlﬂ!‘ﬂ 00 ',_
g

,1 ‘1 CWRT consists of o small ey muisy m.ré wifh
F L3

psiring suspended with a frictionless huy Q/
I ’ dulum Is SHM e
Hﬂhﬂb‘:l of maxd m attached wi 'hé&}rm ol n light e 2 b

dulum &0

.l.tnl simple pendulum (4 :: Cdistance between the
neion and the center & bah, % g il ,,.H} Py

Fig: 7.4 mass m & I’- .:Ia...-.:,-; {

]:nndl.tlum é’flpiu:d from ita meésn: positian r
-,.1 g ased then It starts to oscillate about o . SR




br the aceeleration of almple pendulum,

é\‘?“
e

t"{. = gonulunt]

0 lpn for a body executin I
""mmﬂfsm hn 39
Tlghil | ; WE hive
i ' &0

_' x Q;\

[ﬁ}
ulnr n'lqulnur of simple pendulum,

.'.‘ d mﬁmlﬁlﬂﬂl vibration Is called time period,
for | HA j'ﬁpﬂlﬂdll, j

e ."'-:""-. O T
't . -I.-..%-.I‘\.'C:l':!':ll * i B




il "T""ﬁ;’ time pariod is 2 xecongy iy called second pendidum,

S
e
R ks

\
N
g

XD

;‘/s. )1
3

dulum |s suapended from tMe celling of » stationary elovater, and the |
poriod |8 measurad. If the slovator feves with constant velocity, does the pariod (a)
| Incroase, (b) decreass, or (o) remaly the same? If the elsvator accelerates upward,
{does the perlod (a b)decreass, or (c) remaln the same?

G*la moving upward with acceleration g’ then net acceleration (g + 8) "
elitk) -

S i:r_l',-_ll.:_éj_._,u
i e St




| HH \ D) 2 Hz
ﬁ’ m ()15 oM
 #imp it |8 Increased by 4 times the tme F"f'“' wil 3? :
T by (C) Bame (D) Two times

--'-3;.:’ : Hhhniﬂli‘nl“l‘fﬂﬂﬂmh

il!- (C) Four Tim (D) remains safe
- mmm frequency 0.8 Hz, then its length a.
s {B) 50 em (C) B0 M& (D) 100 em
he following force ls mﬂnllhh for tha vibratory maligh of -meln pendulum?

() mg Tani

}1.8 Mz (D) 2Ha

ow does It change the pariad of ascliiation? (Aol

(B) Tima period is incroased by factor -ﬁ

(D) Time pariod s decrossed by faciory/B
'wIII ba slowest?

) Murres (D) Lakors

hed with a spring of spring constan: ‘' executing S, HH;

Pt : th amplitude x; :
-I;mlupullﬂnnltmrlmlmlufﬁm

mmmw-pm:.




i minimum at extreme position where
Aputting x = xy in equation (1) _

. P s
L, T

estoring force of simple harmonic oscillator at displacement x is
putting k = ma®

ody is at
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Total Energy Equal to maximum K~E_| Equal to maximum P=E
— | OmamumKE | Equallo magimum P-E |

.mjlﬁh.lﬂ! of vibration becomes double, its energy bacomes: @‘E‘

ol (B) 4 times (C) One half 0 (D) remains sama
tached to spring is pulled slowly from mean position to x,. Thqi“thu work done will be:

(B) —:lf-{’-nf 1C) kxag 3 (O s

him“&“ﬂ the SHM. What fraction of Its total an&r@,ﬁii be kinetic energy when its displacement meﬂ\vl
position is half of its amplitude? 0
: P\ ]

B) = R
£lared by a mass spring system al an extenslon.of 2om is 104 Which of the fallowing is the P.E. stored by the same
' ‘extension of dem? ¥ x\\

{ : (B} 20 e 2 (C) 300 (0} 40
fallowing type of energy ﬂm&d@> pressad or sirelched spring?

(B) GraviialiQnl P.E. (C) K.E, (D) Chemical P.E,
%V @t mean position. If its amplitude Is doubled then which of the following will

3
7

(C) 2v (D) 4 v
spring system is independent of:
(8) Amplitude
(D) Nature of material of spring T
shstant 107, after loading the ampliude Is 2m. Which of the following s the maximum P.ET
BBy EnY. (C) 304 D) 404 - G
ollowing s the expression for total energy of a particle exocuting 5.H.M7 7 :

L ©3 kb '

el
Tox [55 [oc_
[rA Jos Joc ]

= = —
tions? Also define driven harmonic oscillator.
«ANRETA LIRRSOR R LR = WTIVEET NArmonic oscilidal
e L L e

-, T
FRREE F d RERR T 1 e
oy i i oveiflafec
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cy of the
rduced. S0 energy ab e is mexinran. Hlence,

# L IR i
reiiel -

psPdue 1o sleps I:m:ﬂmm equal fo the g o g
miun-hmmtucn{hpsuﬂmbndg: ﬂ%

A, B, C, D, Emwmmm




“grﬂr “abml'lﬂ'd ].-,3. t'ht molecules. The

G on can be used to produce a computer

>d and :HHunn nce:

x _'.M'.q:."n, microwave with g frequency similar to the natural
dration of water or fat molecules are used,

‘Which contains water molecules is placed in the oven, the
iles resonates, absorbing energy from the microwaves
ently pets heated up.

¢ or glass containers do not heat up since they do not :nnl@\g\ Parrlat

;}.
of simple harmonic motion N
- XY
g ﬂfEHrﬂ X= Displacem tﬁt\'/\
ement-time (x — 1) graph o\
!.'-r = i i ..1 o/
1 harmonic oscillator 18 O\\’ Period

§ the wave form of SHM, ¢

the wave form of SHM we ;{é\mnmm \ _;__ /\ /\

ﬁi@l the instantancous c’j " : : : 0 =l §
t of SHM is: C.S/\;" 2 \-/ T \/ i

v=peosd & Time

; n.-' ﬂﬂd 8 =wo In @3"-’3 waveform of SHM

on Fig: 7.14




o hmﬂ.T}IE

., e !ams{ %)
- chunETﬂ“'x@:tﬂ
R x =
cillator will be at the mean position.
time L= T,ﬂ'b:nfmmnq[]fk(/

x
xo 008 (=) x ¥
S9E\e)
nﬁmln&ns‘mﬂ“
Xo (1) A
el G\

Eition at initial side.
ues of displacement x and time t is called wave form.

3 f H ué)upmmmully traced when a mass m with a pen is hl-ﬂll rom -'ll'_a.-l

I‘.hl; mass and there is an arrangement to move the paper at a cons
displacement of x, and m ele
pen mllmmﬂmwawcfunnnfﬂﬂm as lhnrwm -







>, and the ﬁﬁbﬂjr'la zero.
, and the velocity is negative.
negative, and the velocity is positive.

for a particle undergoing simple harmonic
-a particular time, the particle’s position is
iha graph,

ior Position of Point "A™: W\ 1
rom .tha ﬁgure that paint "A" is in negative x-direction. T'@' ore, the position of =

y of the particle is F-qual to thE slope of position tl{&‘graph at any peint. So weTm'h, ,

' '_ "Ax" represents the change in pnﬂ{nn and "At" represents the time interval, ]
Fo .: L"A", the slope of the graph is m@me Therefore, the velocity at point "A" '«fl' 3 |
v =1E.

Egative and velocity is positive.

d'direction of motion nf a vibrating body is known as:

srming the SHM indicates ) Frequenay

' (B) Only the magnitude of displacement
e () None
M becor _udnuhln its time period will:

PP 8




Figr.an

' of damped oscj
55 ﬂ_mmm:ﬂhﬂm 18 the shock absorber of a car which pm-mies a @?ﬂg foree to

« - process by which energy is lost by the E ti\
. hﬂl
- which the amplitude remains sa
me o
gr: called un-damped oscillations. i
ded oscillations energy is not dissipated from
ting system as shown in fig 7,19, a:?\ Ampilude decresse dus to
i . nraﬂ B (</<< friction (air resistance elc)
pendulum is the exampl
amped oscillation, g ‘({/ Al
s effect of damping on the :harpnmi,@glnnnn:u?
ness of Hnunanul \:\ Mol ;
Hitude of vibration of a body In@%&l when .
Al -n—:mur O

sence of damping pre@ the ampiituda
-'ﬁtﬂutmﬂ;-rl ’
. ot a frequency




i resonanoe (€) Magriatic resonance
e "ﬂlﬂﬂ P llll‘illlld from mn oscliinting systam callad
L (1) Damping I_l:: Faread vibratiens
hock absarber Ifl carlsa pmlhll example ofi

FORMULAE

Hook's law

Restoring force

Acceleration of mase-spring system

Angular frequency




. 200
1ANBOUS Velocity of masy gpyin | :
of maximum velocity Il:luu n.ﬂbt:m i VY= 'EI'
Acceleration of simpla penduium s [EJ :
f
= JE ‘\A:{}
r
Time perlod of simple pendulum T =2n \F
g
= e e |
Frequency of simple pandulum flo—_ "I
ar \ ¢

Instantaneous P.E, of mags spring

syatam (P.E) i = .}?KRJ
Maximum P.E. of mass spring aystem (P E) 5 k 2 |
“_—_ 2
e e o — pa— ] - l -
Instantaneous K.E, of mass spring system $E=3Kx =3
d KX

Total anergy of mass apring systen

) The to and fro motion of & body.about ts mean paeltion is called cacliations
. Amplitude Is the maximumd@isplacement of particles from their normal positien
* Damping s the dissipatisi of anergy during caclllation, which prevents an object from continuing In

_llmt. harmonle motion and will sveniually force It to step oscliiating altogether Damping e l.-lli.lglﬂlf
Caused by friction,

:-_¢ The angle (0 =-iy1) which specifies the displacement x as wall as the direction of
-~ Callod phasg
* Forap experiencing cecliation, frequency Is the number of cycles that take place during one
" uency |s measured In hertz.
sted movemant of a particle about a posltien of equllibrium s called Harmenis Mation,
® hertz is unit of frequency. It may be expressed in units of aycle 8™,
[ Hﬂnﬂ s the amount of time required for one cycle In osciliating metion.
e that |8 repealed at reguiar niervals s called pariodic motlon,

i noo Is the vibrations of 8 body under ilhl actien of a ferce having frequency equal to the natural

‘ .. of bedy, :*

motion of 8HM I




Solved Examples

alculate the spring constant of the mass when it is given a small displacement.

Solution:
Mass = 0.5 kg
Foree = weight =mg=0.5x98=4.0N
Extension = x = 0.098 m

E mass of 0.5 kg is suspended from a spring. The spring is stretched by l.'l.lmm_l

In ease of spring: k = L
%

9
ks —— = | |
0098 -V Nm

spider's strand of siik?

A spider swings In the breeza from a silk thread with a pericd of 0.6s. How long |;ﬂ
Given: Time period T = 0,604

Gravitational aeceleration, g=08 ms’
Requlired: length &= 7

[
Solution: T In —\J'— =y T = 43 _E

)
{= d?l:'1J;'|"1

BBNOSO) 145293
oI

= 003920

Len——— .

— e _ssfeam

o — e e ——re mn e am —

Example 7,3 A mass at the _i.‘.-nrl of a spring vibrates up and down with & frequer ¢y of 0,800 Ha and)
an amplitude of Scm. Whalis ita displacement 2.86s aftor it reaches a maximum?
Glvan: amplitude % = S¢cm i e s et ettt
Frequency, /= 0.600 Hz
Required: displacemont x = 7

Solution: K= Ng cos(2n £}

= (Scm) coslan (0.6 Hel2.508));

b= 1
=N ' $OH0® ":‘*’iﬁ-iﬂt

Text Book Exercises

Q.1 « Select the corract answer of the following questions. —
(1) Tuning of a radio set Is an example of
() Mechanical resonance  (b) Musical resonance (¢) Electrical resonance  (d) Freo vibrations
(2) The heating and cooking of food evenly by microwave oven is an example of:
2 (r) S HM (b) Resonance (¢) Damped Oscillation  (d) Free osciliotion
(3 The time period of the same pendulum at Karachi and Murree are related as  (FIRISE-2019) ,
' (a) Ty= Tu (b) Ty > Twa (€] Th < Ty (d) 2Tu= 3T -

(4) Ipied sysiem the total energy of vibrating mass and spring s




(c) 8s
! i;’1"‘1“3 ascillation, we have to: :
(b) Quadruple the mass
B d) Half the
: IH'EHli-i ll maximum when pnrﬂ':li,} e

(b} Half way between

T@Z\u«,m spring constant of

(© ikl 1D @ vk
EXPLANATION




£ =3f ]
Putting value from eq (1) & (2)

§
| - L - e = . = g = .

R e o ':.-:“'-':J-':.--;'_r.:':';-:".'i.':ﬁ"';':l Vs 'I’;-._-\. mﬁw — = =

| nWwWhich resonance plays an important role e

l vt Wi i 1 AL |

H 1R 3

*hrll

P e e R T

'CF 1O tune o radus

4 R LAy



L. 'T'-JE[:::E] _ i) é(/((,

; value from equation (1) in (2) \>
- O

T=42T ‘
".'-._:, e |§I’1§ﬂl becomes double, the time i .i.ﬂf‘..l"ﬂ[lﬁl:!i.*qlrz_ dirrsey .
What will be the frequency of a simple pendulum if its length is ‘1 m'.







total distance traveled b i
otal as
S period. The nfamplituduyia AI‘?‘

e covered by the body is 44,

ple harmenic oscillator n ‘:

v
hich the vibrating body murru:fla:l§l round trip.

- ound trip total distance covered by : :
B tn it smplivode, simple hﬂrmﬂm scillator is four times

d is the time during w

" ns to the f"ﬂq'-lﬂl'l:'j of a simp »ndulum as it RS WP -
e 1‘ as it oscillations die mmh

: -:'i'&'“:" small amplitudes, §ay angle less than 5%, it is a good approximation to say that the frequency
£p :nd on the nmpl"rmdnoo ¥ the frquw
! e ]
Fli’ll.tdt' limi Mfrequency is 1=— L4

uﬂmy of simple pmdulum is independent of amplitude.
l‘rnqunnn;r wﬂl be less than that the above equation pm:lrul;t




hmm give three of its applications in our daily life. \};

)7 from book. QL
riv igulﬂh-nlfnr kinetic and potential energy of a hﬂ'ﬂﬁ"«ﬂw“’ m executing S.H.M.
- NN\

plain what is mean by damped oscillations.
1S3 _"ﬂ..‘]ﬂ‘ﬁum book.

A ¢

M‘ﬂ#&#{u

Numermal Prnhlems

—_—_ %I”‘

= e ,ﬁ‘;:ﬁ-m of 0.4N is required to d re a body attached to a spring through 0.1m from its mﬂn
osition. Calculate the sprin stant of spring. =

Force = F = 0.4N O°
Displacement = x =
Spring constant = K

: v=d Nm™'

| perfect time at a location where the acceleration due to gra
- "Mﬁﬂm‘h is moved to higher altitude, it loses 80 s per day. I'*'i‘mllIE

'F




4x[3142)7
0.993 m

of mass 'm’, suspended from a spring with(force constant k, vibrates with 'fy'. When its
 cut into half and the same body is susgended from one of the halves, the t‘rlqunhcf Is

0\)
©
OQ*

f-r:n-mpl:tn spring = 1 &
of complete spring <Xy,

000000000004

A
A

| m |
—
b -l

K = '-';.,

ok







9 by 0.16 m from its un-stretche
" same spring. If ﬂhiprlnndr

“fhﬁdr-m-usug ] . ' d
‘lhunﬂﬂud =T=9 ' i

= . N\
# &
= i
\2\
(f?"
@‘5/
&
{%} -
0@

-5 sk













¥
4‘:' =l UIT ‘as.
e B g '} 3 £ -
o e, S i Pt
untain?

tic: period of simple pendulum depends upon gravitational scceleration g
; 4 ]
L T= n = = T'ae
Ve & ©
nerease in height. so pendulum will not keep ﬂaﬂ'e%ﬁli-m# top.

- mplitude of vibration then at which displacement, K.E. and P.E. will be equal in SHM?
ording to the given condition: O

K.E. =PE ('):)b‘
1 Lo ..\‘:}
Ky

0 know that value of g decreases with

EK{RE —,':::_} =

| | .
Eﬁx;-lﬁ.ﬂ:*

B | — b3 | = g3

g
‘s

&

pendulum is 2 second on the earth surface. Then what is its time period at







angth I'is suspended from the roof of a trir

! leration *
pﬂﬂnd nf'peradulum T when the train is at rest is:

T -=2ng
4

trlm moves with horizontal acceleration “a™ 1

mln‘mhn i5: q'|' +g
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Federal PHYSICS -
Sjective 37

h of the following |y ¢ - o
@ s the xpression for Instantaneous velocity <f « body sxecuting SHM?
{h} il \II..T: - xﬂ

(e) oo x* WaJo =%
".| " r
:}“F:ﬂlt of 8ering constant is 8amo as that of;
m [}
(b) pressure
It mass of mass spring 5 (&) flow rate (d) surface teusion
T : :1 :.ltam becomes four times, then its time periud ‘'T' becomex:
Which of the foilowin In () Tr2 {d)aT
(a) Im [ﬂ] m‘? length of second pendulum is approximately?
ull: '1 ' i i '
Which of the followin (o) 4m () Both g and b
{a) Im [l:ng: the length of pendulum having time perlod of 18 7
1 -?SI'II 5 ” "-l.ll'l'l r{ynac
When length of g N AW/ VeV
| g pendulum Is doubled, ratlo of now frequency to old froquandy Te:
(a) = _I o~ |
4 ) ,‘,-"5__ (o) +2 (s
Which of the following is the frequency of 8HM?
(8) 2w (b :U oy £ ”
i " a |
The waves produced in a microwave oven have fraquency:
[I}lﬂﬂ'i[.—' |-!:'|:| 2450 kHz (0) 50 MHz (d) 2450 GHy
Tuning a radio Set Is the best example of: ——
:'l} Mwhﬂﬂiuﬂ reaonance {4} ¢lecirical rosonance
(¢) Magnetic resonance (d) musical tesonance
A simple pendulum Is moved from the Earth to the Moon. How does |t change the perlod of
oscillationa? (Acceleration due to gravity an moon = 1.8 m/s2) Patbbiein! oo
(8) The perfud Is Increased by factor~J6 (b} The perlod is inoreased by facter four I
() The period is decreased by factof A6 (d) The period remains the sime

A simple pendulum on sarth has period of 6.0s. What is the approximate periad of this
pandulum on the moon-where the acceleration due to gravity Is raughll_.r% th of marth's gravity?

[FHISE (OM) - 2047
(r) 155 (b) 1.0 8 ()36 ()24 s 17]
To double the pertod of simple pendulum, Its length must be: | [FRISE (ON) - 2018)
) '"“““9{'%; times  (b) Increased fourtimes () Decreased by y (d) Decredsed =

ol




= L A
_'_'- e T

m the glve .1:.__,,__,_.}._” -

-

a

s
d to imu of force mmﬂi Nn
(D) 0,08 m:S

I L L S
owing Is th m second ulum i
s ﬂfﬁﬁﬁm tam .68 poa
heraby energy is fro osclilating aystem , h
k] By -ﬁmﬁ: @ (C) damping D) reflection
ng systam placed on & smooth horlzontal surface \itlntlng with am _I.
lacament from the mean position its kinetic ener pqual to its el

pendulum has a period T. what will ba the Anu e change In period if the
i d by 6%7 : :

B) 2% qey1.5% (D) N ehange

. N
Ok (©) x, ?9 (D) 2

hat hiappens 1o the time pariod of the giMpe pendulum If its length Is doubled?
now 1 BHM the accelaration I‘fun whan the velocity s greatest.

'_#nmplrl the masgdeof-two bodies by observing thelr frequencies of n.nﬂlﬂm_' Ly

ﬁmu-nnﬁ can shaler o glass. Explain,
forced oscillation,

"lhl celling aimast touches the fioor and that its perlod 1s 12 i.: How fel it



QQ;
%2’
Q’\
C’}a
X
Q:b

Iﬂﬂ ﬂbjﬂctfvas '\
2 what Is.meant by wave motion as illustrated by mb\}ﬁ“ns in ropes, springs and rlpplra

onetrate that mechanical waves require a Ium for thelr propagation while
@ctromagnetic waves do not, i m PIopag

i" - "lE and apply the following terms to the waval mndal medium, displacement, amplituds,
‘period, compression, rarefaction, crest, troughy wmmanqth velocity.

r;- dlve problems by using the equation: v = r\@,’

-.“ scribe that energy is transferred due {0 {:) progressive wave.

that sound waves are vibrations'of particles in a medium.

_PB!"! transverse and |DHEI1U /ﬂl'fl\’ﬂﬂ.

ain that speed of anund,@nds on the properties of medium In which it propagates and
ribe Newton's formula ead of waves.

scribe the Laplace cof tEﬂn in Newton's formula for speed of sound in air
; ch speed of sound in air depends.

of superposition of two waves from coherent sources.

omenon of interference of sound waves,

nomenon of formation of beats due to interference of non -coherent sources,
of stationary waves using mhlunl method,

of vibration of IHI'IHI*
- ﬂWWHMﬂmlmm : ol
L e; l.'lf ] mld'lll'lhll wave mmqu{m_mi oving oblect
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onenm by Which energy s transferrd from one p

e fo g Aou! trensporiing mtr
Fwave ma e o oedium which causes the particles of the medium to oscillate.
: Wm}‘ be but the mechanism by which it transports energy is ﬂum.%
| Ne)

.- Vaves \63%

s which require & material medium for their prapagation are called mechani £
R

L )
o :It {eh propagate by the oscillation of material particles ave called mec ! waves
waves, sound waves, string waves etg. @

romagnetic

aves which are produced due 1o oscillations of electric and ma J‘:&??}]‘:M; and they require no
L Jor their prapagation are called electromagnetic waves. 3\...

;’:5 propagate due to oscillations of electric and magneticfield.

waves, light waves, micro waves, x-mys etc, ”’\2\\‘ *

ler waves /X

e waves, associated with material particles in mmiquif@\miled mater waves or de Broglic waves.
or example ~
-associated with the motion of electron. \\t’Q

 are periodic waves? How they aw@ducud.

dic Waves o\ FIGURE 3
ives witich are produced by comtmifous and
disturbances in a mej{.@ are calfed

' ‘¢én)be produced by a
afly)in a medium. As the




HWing waves,

-_l‘rwqfar energy by moving away {;&}c the source of disturbance are | 1

= two persor s holding the opposite ends agéﬁrmpc PHURE
Stddenly person gives a jerk 1o u? :
sturbar the rope produces a pu%y ch moves

s the other p:maib\ﬁ’ushm his hand




fﬂl':fl'fl Motion p. ; _@%
eonditi -
WHons are necessary for the 4 Ukju U(S]%-% F";H

um must be elastic,

] Miaptacesmaand W
drih ]Bﬁ of the medium should not be
dent of each other, so that they could exert _E_Th ;
n each other. Transverse and longitudinal A \-.,j e~ DA
can be setup in solid, In fluids, however, | b () Tires = =51
vers wave die out very quickly and usually mﬁ,\@? b et R

e produced, &TE% /‘\ :

of progressive waves C\//Q \ v U Baticih
2 two kinds of progressive waves B () Time =T

nsverse waves (1) Longitudinal waves \\tf/""

re transverse waves? Explain with examples.  [ElLS

erse Waves {;‘:}\\

ves, in wlhich purticles e medinm  vibrate
ular te the direction a%@agwﬁm of waves, are

yiliich has small initial length

Em!

m with its one end fixed.

nd is moved from side to side, a pulse of wave
nefit paticen, as shown in figure, will move




fhie ;_;:l-ﬁ Hﬂ“ﬂﬁ pmﬂrtﬂ nf the medium vibrate along the directio

aves, .:im:.t waves.

the spring is moved back and forth, along the
which displacement of the spring is along ln
lled longitudinal waves, as shown in figure..

Wave movat nt

p v.d
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) Elo Matter waves
and adjacent trough |s: © o
® 3 © 2 (D) 22 %‘b
tich transfers ; &
SRR “W:B';‘“m“:rll away from the source of disturbance Is called; N
anese WEVE aveting wave (Clbothadb (D} nona q&u
'@ perlod of wave 0.2 8. Which of the following is its frequancy? Oy
._ (8)3 Hz (€14 Ha )R
83 can interfere only they have: {B
58 coherence (B) Same valacity (C) Different frequenciss 1) Differant waveiength
sder the sound, the greater will be Its: o
Pan (B) Wavelength (C) Speed P\ & {D) Frequancy
Waves pass through a medium In 1 sec. with a speed of 20m/s then the W gth is:
m (B) 400m (C) 40m QO () 1m
/0 that do not need any medium for their propagation are :lihd-@j‘;?*
| Mechanical waves (B} Matier waves (C) E?eﬁmn‘gwﬁeﬁc waves (D) Compressional waves
I wavelength corresponds to:
: (8) 90" (c) 1885\ (D) 380"
waves are distinguistied from longltudinal waves bythe property:
nterfere {B) Diffraction _{Cr Réflection (D} Polarization
profile of pericdic waves generated by a source execOng S.H.M. is represanted by a:
- (B) Sine curve L\ (C) Tangant curve (D) Cosecant curva
‘waves pass through a medium in one mv:nr!;l ﬂdlh spocd of 332 ms—' then wavelength will be: :
: (B) 332m AN () sedm (D) 1m
2

3.¢ |48 [sc(]eD |7.a |sa [sDp J10.c [11c [12D
v N
—

e terms W‘I@mm frequency of waves, time period, wavelength, amplitude

in th
1tens "}'—

¢ is specified-by the following parameters;

uency, lime period, phase, wavelength, amplitude and intensity.
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I:-
W covered by a vibrating particle from its equilibrium position on either sid

: ‘b
f Wa ﬂ”“‘“““‘-‘“‘diﬂplmmmﬂfpoim in a crest or in a trough of the wave, Q:)Q)
; of energy iransmitted per second per unit area placed perpendicular 1 Q}d’:rﬂdﬂﬂ af
ikl n of waves is called imensity of the waves .‘ndwarrdgy‘l I iz @
B o ENETRY "’)
=~ Time X Area | ll@il}f o (amplitude)’ I

_-.'nfinlcnsiry is —J: = W [ =W]
A8

it are the factors on which the speed of sound de \g‘:&h upon? What was Newton's

] i

l?fu-r the speed of sound? What was drawba it, how it was corrected by
o O
2d of Sound in Air <
stance covered by sound waves per unit umm@({c’allcd speed of

waves,

waves are longitudinal waves and their s :pcnds upon

ity of the medium (E) AN

of the medium (p) CA

 the modules of elasticity (reci ..@ar’nrmmmssthmm and p be

sitv of the medium, then the ‘v can be expressed as,

E
V== O
: . ater than in gases. Ewhﬂhﬂﬁ.mmmdﬁ
i of sound in solids greater than in surface of the sun due to

véer in solids than in the gases, so they respond fusion reactions but we
e .lnfaﬁmmrl in gases is smaller than in solids
mmprﬁnlhl:mﬂﬂnﬂm:maﬂﬂmndulus
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Where —— = Yolumelric stress AN o ™
AV volumetric strajmd ™ (modulus of elasticity)

oL — ¥
B Value [rom equation (4) in equation (1) we get *Q/
- RE O
.|_11F-' P-Fm.ﬂh 6»\\\» Fri "I"lllﬂ'|||.||:|1:|r.r!|||-p

iy o Hangi of Hoaring
BTL B ’M OQ.’ Crganlsme =

J 141:13“9.5@ Dolphin { 150. 180,
"* nnmz Cal 0 Ty
Dog 15 . 50,000

'3}310 em/s = A30A0m ¥
his ose to the expe tllﬂluunf!!!ml
‘offect of den y, Moisture, pressure, temperature and wln:l on sp
Ut Hm on Speed of Sound in alr

= sompn Wwwmmwﬁrﬁmlw.nf
o oo

[

m
od of sound?
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'
EI from equation (4) in equation (1)

e nflb'md in o gas is ‘:ndnpmd 1s pressure.
g: For solids and liquids the change | d of sound with temperature is ﬂl!

1 f : change in | Wi temperature s very large.
! of puture in gas is about 0.61 m 5™ for each 19C g
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V= v, +0.611°C
Yo ™ v~0.4]12C

¢ increase in th 5;??.03
__y s © speed of sound for each degree rise in tlemperature is 0.
¢ 1f the air carrying sound waves, js itself moving i.e., there is wind. Q

e H'Hd_ of sound in the direction of wind relative 1o the ground is (v + v 1e8 increases

.-ﬂ“* speed of sound against the wind is (v -
. ﬁﬁ vy ga nd is (v - v,) and decrenses, &@b vy 18 the speed of wind and

~;-,u 0 the speed In sea water, If Its density is 1025 @@ and Elastic modulus Is 2.1 10"

||. .

!

::'." v

0= 1025 kgm™ 4
E=2.1 X 10° Nm® Qﬁv
Spwdnflnundv-" \v:;

The lpuﬂt of sound in water is;
e __ LTI ZAR {&
1023 C:}

- III" lul.lmi in alr depend ﬂ
iy rriehiy (@) Dersity B
p:lluu i then dnu{:laﬂnu tha pressure, the new speed becomos =
g ¥ IH.L.I
wlty nl'nunﬂ In gas falr ls related as: () &

P
iﬁlvlJ: Dyve pE -'k
A

C©Tomgeus (o) Gty

_ﬂmnd I alr
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Cium E
mu than rtupml 8t 10°C ot a tamperature llﬂ

: (C) B5§°C
gtween Mimnﬂ and i’unluh temparstures |a:

= ®Pef ©%
i El".il’lﬁbm () 8130 miu

(B 3ecome’ (C) 3800 m o~ \{g‘
qlshﬂihnh gae fke air s
(8) 130 Gy 1.20 &“
pund la maximum sl 20°C In: A
e J' ) Coppar [1:1‘5\!;!3} (D) Iran

____;:;-q : spend of sound |s grester?
Zf.-’_-‘.:. . (B) Adr é'ﬂlllr () Copper
der the » d; the greater will be It
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| ﬁm Waives arrive ot the same place
_same time, they reinforco sach other and
wrence takes place. j
'_ M Interference of sound waves can be demonstrated with the o RIS a5 shown in fig 8,16,
hahatals _Wﬂlﬂi fork is held above the tube, The sound waves entering J¥ tube splits into wo parts,
e intensity goes through the path ACB to the point B and gh@omaining hatf through the path
the point B, 9,
HETWE parts of sound waves re-unite at gutlet B, which can behahrd by ear,
ﬁ;& A ACBE and ADB are equal, the two waves arrive atf¥ate In phase and constructive Interference
kes place. As a result loud sound is heard, &
Now, If the sliding tube is drawn out and the path ADR/becomes longer than the path ACB, then the
i waves arriving ot B via D will be different cgning from via C,

" plﬂ: difference between the wm‘c;{@ ['a wavelength [-:1] they interfere destructively and

@ result no sound is heard at B, 6‘3\
ruhbel -portion of tube is pinched "C, 80 us 1o stop the sound waves through C, then the ear will
 hear the sound.
nroves that the silence is gue46 destrugtively interference of the two sound waves,
-r 1 I.-' X V' y :




§ :
g fork B will complete 63 vibrutions (Rarefuction)) Fig 8, !{\}E
}?leun nnd rarefaction at the ear will cancel each q{hﬁ?ﬁnd faint sound I8 heard,
rtime 1, = =
ning fork A will complete 128 vibrations (comprossiohy™
g fork B will complete 127 vibrations (comppetgion) Fig 8.17 (c).
0 tl.mln; forks will be sending cnmpreunj\;i/m.\g‘iﬁgulhcr and thus again loud sound will be heard: ,
: i BONE \.J N
fork A will complete 192 #'ihmib@/{}mnpmﬂtun}
Y \ ' ]
-:_-B__.-wili complete 180 vibfidlens (Rarefaction) fig 8,17 (d), 1
npression from A and pavdlaction from B reach the eor at th ol cach
e iihnll'_d,c’} at the same time, ﬂwyudllnnﬁ
@ ', 56 vibrations (compression)
(¢ 254 vibrations (compression) fig 8.17 (e).
i comptession so again loud sound is heard by the car, I
beats are produced while the difference in frequencies of the fbm.ﬁ:"'. 50 W
that the number of beats per second is equal to the i

i
LY
L '."l":'.z'

IMITE 'f."_,_,lj.'.,jff-j:.1.'»_:::“;&}:-.-_'-.1: | are plott

line then necording te |
1 LK




eh or to relate the other. &

T R Seg where N fbea foquency)
here ;= /; = fa beat frequenc

et 1 F‘M TI’ ﬂ'lﬂ ﬁm-ﬂ' mﬂﬁ.

s

s used to tune the musical insiruments,

o m 1o determine unknown frequency of tuning fork.
- Heats are used wo Ffﬂdl.lnﬂ \rm-j:_w in music.

db wyRlw A

use 1_1“15_10 fune a string instrument such as piano or v Jin by beating a note against a note of
ney. The string can then be adjusted to the desired frequisdey by tightening or loosening it until no

is the process of adjusting the pitch of one.apany tones from
struments until they form a desired arrangement. Pitch_is the
requeEncy o

camied out by sounding two piu%‘:\%‘bd adjusting one of them

Tuning & musical Instrument
‘a musical instrum

en wa n@ known frequency.
weies do T % h, beats will be produced.
. -tuned instrument by fightening or loosening the siring,




:_.nﬂtmnv:rup with the crest in same

the string upward, so the wall exert

qlﬂﬂ]ﬂ'llﬂ the siring downward to such an

'Iu-mmmntum cun-les it below the zero line.

!nd n:ﬂl:a.,wd pulses.

-uthl!:r hlnd if the w:d -::m:l of 11}: string igplathed
fs shown

rmg moves down, Q’“ wu.ﬁ:l pulse, is

¢ change in

— " ||||I
() (8) |'
{a) the left end of the (b) left end u'l'thg _

string, which is tied  string is tied toa Ar
to a wall.

:w .?:Iﬁ.‘ when cluc]mnmgmm. waves such as light waves are rtﬂuﬁud From (b

AL

developed for lucnimg the position of objects by reflecting the w
r (radio audio detection and ranging) waves.




/ Mhm-ﬁﬂr‘?_ v

of echoes in public halls and suditoriums which a %&H
. nnoying to ear can be by
n l 5. dimensions and by avoiding continuous fat smooth walls,

'ﬂ_*"ﬂmﬂng surface is at a distance less than 17m away from he soutce of & , then the echo
S, 50 close upon the direct sound that they cannot be distinguished.
is known as reverberation; it causes the general confusion of the sm@mﬂl“ﬂ on the ear.

=
ts can be heard when difference of frequency is not mare man: \2?\
L {B) 10 Hz (C) 4z () 8 Hz
rder to produce beats, the two sound waves should have:
m amplitude (B} slighily diffarent ampliivdes (C) seme fr Sﬁﬁln (D) slightly different frequencies
tuning forks of frequencies 240 Hz and 243Hz are sounded mq?ﬁ.;@ﬂlnu number of beats per second will be:
2 (B) 4 (€13 o (D)2
i .l:'ru used to find unknown: X
- ! (B} Wavelangih ‘Spoad (D) Intensity
-p&rindi-n ingrease and decreasa in loudness of sou ’(‘y’n:llad:
(B} Interfofence W/[E] Beats (D) Polarzation
" of the following changes dus to Inlulfarln sound waves of same frequency ¥
; FWE‘I‘ (B} Time period ) (C) Wave length (D) Amplitude
W gftlw following Is the basic principle of beats? R
(B} Diﬂracm:q; (C) Refiection {D) Refraction
H“ prong of a tuning fork Q x, the frequancy of sound:
; e (C) Incroases (D) First incroases then decreases
nee for constructive interference?
(Cym




een’ nbn:gu].lﬂw nodes is W2, ( where A is wm’ﬂh@
een two consecutive antinode is A/2, \237“
one node and next antinode is A/d4.

these points, That is why stationary wavestare also called standing waves,

-standing in the medium between nodes be @t}w nodes remain at rest, so
% between P.E. and K.E, between nodes. \2\

¢ at their exireme pqsitinns @ghnlc energy is P.E while at pﬂﬁﬂmg

h!tgwwr.s are produced dud1o superposition of a wave traveling down a's Sl
,E."’ in opposite directicp : e ST

string are quantized.
] fnﬂ nfy




ZL —._.__{2} >
Hlunnfvfrumqmnnn{n{n:quumn{i}.maﬂ Q{bb‘
=k Dt

T ‘hﬂu Mass per unit length j.e m =% — then equation (3) can be \Vﬂ{g\z
fl =T L

3L\l \s

-

—— = Lttt
When 1hr.= string is pl

i ﬂsumg plucked from one quarter (1/4) of its &Q\g\lh:n the string vibrates into two loops as
2 b the wave length and £ be the frequency of %ﬁgﬁm m this mode, then

Ay Kk
Loty o°
52, &
L=z o~
A, =2 X
2 A

seed of wave v is V=i 3 |
S ot 18







Mass ofsring = M = 40,0 g = 01 g P
| Mwmhhﬂm'nnr.__“nmwm ?\63‘2}
ension T = 270 N o
$
™
Q°
=
el
\ 9
O
(<§x
e of air Column and O v-,_-vn:_ap-.
y waves can mﬂmpi e air column. kning e~
the open end of a e *r-.
snmdnf nming fork VIS

lpni‘mni'w At a certain -5
":ﬂ;&fmrcnhnnnmlhnmb&mli
' :baingmmiﬂiblthﬂh:hmmg
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‘whistle end, which is simplest
13 nﬁmumlhplu.

w st overtone (L = 1#1« 'ﬁ

’"Ib-ﬂﬂ

‘?* Second overtone (L= 5/44)

_w of fundamental mode KBQ" The air column vibrating in theargm-p{gug ..”

o - be .............. ¥
0 ;

= .-.-.w-.-m- + .‘ \"="'f] .1-1_ «

=

':5 _?!-!i_g - Putting value of A,




8o
iy

~ p This is called secong harmonig

‘rhirg MOGQ OT ViOration:

" p Third mode of vibratign

Il Is the wavelength, ¢

L5
4

[Iltﬂu ‘IE" - f‘IJ

Contains there
1!:11: Infglh of the pipe |s,
=l

ey

] +
L
L sk

£

41,

L =

OR 1Jn5

P If (508 the frequency of sound, then speed becomes,
OR

Lo==s

[ %]

L

-

4175
or fy= S (77)
S0 Ify=5 1} [sifze ﬁ = f}]

 Which is the frequency of third harmonic.

| a If air column vibrates in n loppé-then,

fy= (20 <D
ﬁ-..-nlﬂvl expression for the fundamental

- frequency and. higher harmonics In open

Ll

R ) S

: w811 915 ’Ii*- ppar

® Let us gonsider an organ pipe of length L which is
_ Openat both ends.

* At ends alr molecules have complete

om of motion so |t acts as antinode.

P Lanate gide, the pipe have
e ety ane. it i
Tepresent the displacement and amplitude of

ons of air at various points.
“da ol Bratier
 1hﬁLﬁmunuthﬁHﬂ”hW

RO

nodes and three anti=nodes.

= B(3L/4) 1, = Buldl)
(e)

Blationary longitudingl waves In &
:IH oaloasd &l one end, Only odd
armanios are prassnt

-
t ¥
e O

v =i ;".3

Fundamental tane (L= 1/2X)

First overtone (L «A)

T

Second avertone (L=3/24)

The air column vibratng inthe organ pipe
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h=n(3)=ng

:. ¢ ey f is known as

Rl fundamental froque )
¢ longitudinal stationary quency, and the other are cal or tones,

o iy waves have n discrete set of frequencies {Elﬁ}. 31y, ..o nfy, are known
. ... O

whm ﬂ y tlz|3pq’.j @Hllu

KL UL T

| If you place your lips near the edge of a sofi-dri (( “
bottle, as in figure, and blow !nﬂly ugl?m <r‘

opening, the sound wave reflected from th

?lhl 'bumn Interferes with the Incomi E\'F?q to
a standing wave in the bottle, Sipet the

g b

','t'tl.r fs closed at one end, there ﬁ@“ :
. displacement node at the bottom ﬂha bnt:l.ﬂi.’
~ Once you have heard one m:@dd varyin

o nts of water to raise vel within an
gther ant sound is
natjceabl th . monresonant  spunds,

Hhe Irﬂ column within the
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> 4 'I'hl wavelength of stationary wave wiil be:
: nt 2n
. - {c T
I!tﬂﬂlﬂlli fram boundary of denser maedium then the @ of wave changes by;
(8) 90* (c) 160° x}\ (o) 270" _
ary we ‘ﬁnﬂhl_hfulurﬁﬂutuunndthr '

i () Infinite (e er-nl-Q (D) Zato
h

e ol 1§ Is the wavelangth of o wave for olosod pipe the length L In fundamental l'mllﬂ
e B (B) 4L ()L o)L 4
Arun for organ plpe closad at one ond?

Ry, Xt (D) hm 5 [
i!lmﬂ an a atring nmnnm £ damantal frequanay ls!

e (e} 1 -— () Fl'ul
. _:i'l_.'_ i .' Hm Ina l'h'iﬁﬂ \@h vibrates |n four Ilﬂl'l'lll'lll 8t a fraquancy of 120 Hz e

Cb {C) 30 Mz () 480 Hz
muftip] of Ihfundmnllé}hﬂl.rlnw #re oalied:
Rofiic (G} Nedal requancy Doppler
at e both ands ls vibrating in two numnlm Which of mﬁuumnﬁ h

[
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—— "0 [ws JwaTwc [ac Tan | ~ -

uency or piteh of saund, caved by the relative motion g diher
s is called Doppler q'ﬁym'-". 7 b
g casured frequency of the wave to the relative “I"b the source of
menon {s called Doppler Effect sfer Christian Johaan Do ‘ﬁ 2 that
| ppler whiy'showed in 1842 that
“Shift should be observed for sound and |ight waves due to ulmvﬁ! beiween source and

;’Lﬁ: Dﬂpg!u lEﬂ;am consider a source of sound “§" I
VES ol velocity *v', original frequency "1 and
of “‘“lﬂﬂi’f]’l am Ih“l q y
e the source “S" und listener L are at rest then the Iimnsﬁ
five " A" number of waves in one second. AS
i distance between source "S" and Hstener “L" s 'y &)
8 1" number of waves are compressed In disigpde”v', so the

widing source moves towards the

l.' the stationary listener.

s sodres 8" s moving wih speed " toward he
s, v 'mj!lﬂ‘.ﬁslalt

I Py T
...........




h nmiu; wwny Ihm the mtlnnu'y lillIIQ\ “f* number of w
i}-

Vel 1A' Ingrenses than original “""“"&




| _"'Ilf"h] »1

r r'f'lf,
W the | iﬁmw moves towards p Ililﬂ'ﬂl'lll':f sounding
 then plteh of sound increnses

Ny TG ¢ O ML ™ LU MENG

€N 1he listener moves awny with speed “b" from g

flionary sounding source, the speed of sound rolative
- -_\il Becomes (v = h), As the wavelength
. "2 Hu same In the observed frequency Is

Mutlnn away from !hi Hrl.ll'l:l ﬂiﬂ"lllli

: fr-qum-,ral the obsarver on the left passes

through fewer wave crests
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'f o L A,
 to each other then pitch of sound increases.

| "-u . y fror ch othar: %..' .
of sound and listener are moving away from mh-uthar.th'ﬂq’@.-.. :
Q‘b 1
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will ob amﬁ”“
: sarve the h
observer wilj observe the

frequency? What
ncy observed

s shown below. Which
Ighest frequency? Which

can be said about the
by observer 27

& I g and | hear Dopplar shift ambulance siran, | able to tell when it was
- getting closer and also |

“I'ﬂ : [
fit has passed by. This would help me &j whether | needed to pull
_ over and clear the road for ambulance. A

o

3

an oncoming ambulance moving at 110

Wh frequency is received by a woman watu:hl’j;%\
‘h and emitting a steady BOO Hz sound from<ts siren? The speed of sound on this day is
nis. (b) What frequency does she receive af BPthe ambulance has passed?
8: Speed of source = a = 110 km/hir = 1 10x @-ﬁﬁﬂﬂs = 30.6 m/s

F =800 Hz c\

v =345 mfs OQ:’ ‘
" et rmquﬂ‘]'[ﬁ}' Whﬂ-n Tht&lﬁ;m mmm -Lr'lr.ll o ?

parent frequency when am recedes past the listener = /' = 9

%

= 800 = 878 Hz

345
| 3a5-30.6)

Lle ‘Hﬁ » 800 = T35Hz
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L) Hes between 20 Hz and 20,000 Ha, j
' IE ﬁmﬁmmr The sounds ﬂfﬁ‘m i

l‘nm or beyond sound.
roduced by an object vibrating at a frequency higher than the

M 20 _m Hz 1o any desired ﬁ-'qu.gn::ﬁ but nﬂﬂﬂﬂ-ﬂ}" \'l’{ﬂi ﬂ'&ﬂ £ ik l-I -:
b
deviee has been developed that vibrates at 25 billion Hz. 0}
mic wave of 25 billion hertz has wavelength of about 107 "m 29"“1'1”'3 smaller an the
!.riii'bic; light (10"*m) and comparable to the wavelength of x=tays (10° "m). '
that & wave is affected only by an object which is large n its wavelength, O
e, isa direct relationship between the depth of p:nr:trq‘gL and the wavelength of the wave

.._"ﬁjm §<>‘

f ultrason = Wavies
"':wm:ll carry much more energy than the mum\é&\r of equal amplitude but low ﬁequmy '
! mih: some important uses of ultrasonic way
pnwr.'-f of ultrasonic waves makes them @{m in medicine for diagnostic work and hlmtl =1
&
"i_l.l'ﬁtl an ultrasonic signal is lrun*#ﬁﬁcd through a patient. By the analysis of T-:ﬂﬂcmf iL
ignals, the cysts and tumor in the body can be located.
ultrasonic waves in surgery hafglibwn great importance.

‘application of ultrasonic ive #5non- destructive testing of metals.
es of hi made to travel in a beam with a little spreading.
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can be generated by any object which is capable of mqg@n at a frequency higher

..éf.aFP“GﬂIinn, l.ﬂh‘fmunln waves are generated by applyi a@ctﬁc current to a specialized
it erystal known as Piezoelectric Crystal. This erystal con ectrical energy in to mechanical
Tl m;‘llh the crystal is set to vibrate at high ﬁcqumcy@e}aﬁng ultrasonic waves

V.= T N

nother Technique a magnetic field is applied to a 5§§&l‘ erystal which causing it to oscillate at a
ey higher than 20 K Hz, emitting ultrasonic wﬁ@ =

pr'uﬁﬂnic Waves

! lEntiw

be are so many methods by which uttmm:ﬁn@‘ﬁca can be detected, but here we shall consider only
TS,
zoelectric Detection method: &0

lic waves consisting of comprissions and rarefaction so when they are allowed to fall o
al, a certain Potential diffefenee is produced across the crystal faces.
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tirequency whan
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ent frequency when -
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om stationary source 8 | v A .\“\ \
~ Doppler shift Ad= -
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2nt frequency when
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onary observer(C) - ey
ent frequency when P
) moves away from |-h=l Sy
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Key Points

ve: A disturbance of some F{ln{:!,q eans of which energy is transmitted from one piace to anothar
e, Is called wave. .
hanical Waves: Those

A |
vas which require medium for their propagation are called el

nse waves which do not require medium for their prg Cagaian At

walua in which the particles of the medium vibrate along a line ;
sction of p gatil:!ﬂ of the wave Is called transverse wave. perpendicular to
ot iave: A wave in which the particles of the medium vibrate along a line' paraliel.to: the

1._ a2 ation of the wave is known as longitudinal wave,
s stimulus due to 8 sounding body capable of producing sensation of hearing is known as

of Waves: The effect produced due to the superposition of waves from hﬁu'm}mnn’t.
jation in the loudness of sound which is heard when two notes v ths
: uitaneously is known as beats. of nearly U

opposite direction alon iﬁﬂmmm
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€ % 8314 JIK mol K » 37 ©
20.18 Kg/K . mol =432 ms’ o
V=432 my'|

mr"l':g‘;: sound the same note. If the vibration from one Is 221.5&@&5 that of the
40 Hz. What Is tho beat frequency between tha two no 55 P

o

<
Beat frequency = f, - fy ’@;\ 4
F=221.60 Hz - 221 40 Hz O
f=0.20 Hz Y

g»«
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The speed of a wave on a particular string Is 24 m s?.{FtH"i:he string is 6.0 m long to what
driving frequency will it resonate. A\

1 '-pl:lﬂihh: resonance wavelength are given by
Length of string = L. = 6 m
Speed of the wive=v=24m s’

—jrl.-i | g N\
y M 2\
a Y
TN
. M=12m ds=6m A =4m )
Thius the possible frequencies are {:‘)(“' :
24 A

t: fl=l=----=2 Hz Q

§ A, 12 O

I : . s of 3.0 g. One end of the string is fastened e
 String 4.0 m long has a mass o' 3. g  to a staff and
A ond hangs over a pulley with a 20 kg mass attached. What is the speed af

yWOE=

r'rl_-" E‘,



i 0 'n‘-'sm present. Therefare the frequency of 2

104 =112 Hz

TiCY lii.rlunrnnr-.dhg the ¢

ving at 20 m s~ along a straight road With its 500 Hz horn sounc

~at the road side. What frequ %" do you hear as tl'tl_‘
g you and (b) receding from ynu\ﬁ ms'? Ta ke the speed of s

Iué;;éhm listener, the apparent fi requency heard is
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Mhmunrﬂhﬂhhﬂdﬂhhﬂ speed o

M*Hih'ud (e) Constant (d) One fourth :I' o
"8 propertics is not exhibited by the longitudinal waves? % -
W} Interference () Diffraction (d) Polarization

istener are boty at rest relative to oach other, If wind blows from ﬁ?ﬂim
hich one of the faltowing of sound will change?

- &
o (b) Speed &)
"equency and Spoed (d) Wavelength @

one of the followlng fuctors g 1o effoct on the speed of sound in a gas? ‘:Sb

(b} Pressure {¢) Temperture Density
0 net transfer of energy by partieles of medium In:

dinal wave (b) Transverse wave {¢) Progressive wave i\e\ (d) Statlonary wave
o & could be the frequency of ultraviolet radintl
H,

A (b) 1.0 % 10'H, \(.=11|¢:x1n-fr\g(»~ (d) 1.0x 10"H,
B stationnry wave s formed then its froquency ls: N :
| Same I-thl of the Individual waves (b) Twice il of the indlvidual waves

_ﬂut of the Individual waves (d)4/2

e that of the individual waves

._ amental frequency of o closed organ ptpn\h:)' If both the ends of plpe are opened then |

amental frequoncy will he

; (b) 0.5 f /\\4»1 2f (dy 4r

g amplitude of wave Is toubled, then its | tv iy

lec (b) halved (¢) quadrupled (d} one fourth

| source Is moving towards ;@ury listener with 1/10% of the speed of sound, The

1o uency s

-4 I;HJ'IIJ froquency C)
i o

AN of the individual waves

ratlo of

4
(e) [I?ﬁ.' (d) '1-1:

EXPEAMA FION
It dﬂpmdl upan source which produse it and

it doos not depond
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lur.l nal waves, tl'rl particies p
vibrate purallel 1o the dirmlnn of wigt prog

. H ere |8 a change In the -' thmunhnut the
m— medium,
- ‘ﬂTu[:’“ ”[:'

[88 Wiives cui mm_ "‘

t usaful In tuning musigal Inltrumlnl?
Ir urmullnl Instruments

Jin tune i musica) Instrument;

| MAtrument aguiist o note of known frequency,  meses |
#‘.'I!n!n frequencies do noy misteh, bemts will be ]

tlll fﬂquunuy of the untuned Instrument by
foggning tha string,
| ¥ aro h-ulrd the musical Inurumum&@
"rf' e note of dosired froquency 0
| sald to be tuned. C:’)

uises traveling In oppg [L direction cempletaly nancal vagh oth
ha J.k o the m“ Josssdded by the waves? ST Sithey pass,

mr*u I wave pu i nre fr *"' In opposiie direstion and they superposy m:h ather,

’ then standing
Rg%a and antl- nodes. At node the smplituda of vibration |
moin al reshBCThe nodes, So thers s "T; m:rmfunnnr 'hrwﬂ Ihlr r::d im e ﬂrw‘ =
] mﬂ ‘fhlm onergy potenilal energy “h“ _ I
! h'[‘l‘* Il At medn p Eﬂm K-K is l:imum
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of mediy "'mmmmﬂiﬁfwhhhin.
Wre of medium de

Speed of sound Increases.
ore spead af o "mﬁmm;.fmma“mm .
w ) ;:fu“':" m‘:llﬂ‘ change in mmnrmﬁmim '
1 Vo™ Vg +0.61 ¢ m/s (6lem/s) with 1°C rise in tempe-ature according to the equation
it HIIII:II for
QL WO astronauts 1o talk directly to one another evan if they their
h . AQ” :
"Bl s not possible for Wo astronauts

It is because the 0600 Wavay & to talk directly to ane another if they remove their hrlmﬂz}@

propagation, re longitudinal mechanical waves which require a nw‘)bu medhim for el
there is no materi
ol m
“ﬁm edium between the Iwo astronauts, so they cannot lnllrii}é\j- to one another through
S\
E

A1 Estimate the »
Ios? frequencles at which a test tube 15 cm lang m:nq-gﬁ when you blow across il

[ﬂﬂslhﬂftllhl:'ll_ﬂljnm#ﬂ]jm <

Speed of sound &t 0C° = v = 332 m/y
Fundamental frequency for closed tube is

™ ‘IH
4L
332
f ax015
fi = 551Hz
f; = 3f;m3x3553=|660Hz

fi = §fi=5x9553=2765 Hz ,O

= —r———.

ﬁ“M"' T T — e

— e
" : t by wave motion? Define the terms wavelength and 'ﬂﬂiﬂnnr and derive the

therm.




 temparature and hance show
i of sound Increasos by 0.61 m

R

mmm
-"_'jhlﬂhhnlhﬂm which transmits vision o
Hh ol n 600 n
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;l'ihﬁl:'a:'-:;fun -y

v o= [
v = 0Rx=10

P tlnhlﬁﬁwnnpnmmmunhlurulnpﬂnnn ; sond, If the speed of the wave
me ', then find the wavelength of the waves,

B No. of waves = 500

Time =1= |0a

Speed of wave =v=35ms""'

Wavelength of wave = 3 = 7

Frequency = SO-fLREsst
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R -. . H
Hﬁﬂ:ﬂ 22 Cmym ?

v wa R 220
v = 331‘\,%5- (béb%
Q

v v o= 332(1.0395) B
['h' = J45ms 'QX\
ALTERNATE METHOD X
v o= v+0.6]1 {where t = 22°C) \E("
voom o 3324+ 0,6 (22) O
y v om 3324132 \J;af
F = 3452 m4 X

/o tuning forks P and Q give 4 beats per second. On loading Q lightly with wax, we get 3 beats
scond. What is the frequency of Q before and after loading if the frequency of P is 512 Hz?

i ~
-..'.:-"..- 'Fm“mEf of tuning forkkp=fH= 512 Hz \”\:"w,’

~ Frequency of tuning fork Q =fg =7 O
No. of beats before loading tuning fmkﬁﬂé beats/s
No. of beats after loading tuning fﬂr@@JHaiﬁfﬁ
Before loading «(:}

fq, oad ﬂ:-.‘l: 4 Q

fork Qs 316z whentuing fork Q s loaded with wx s frqu

rk  is $15Hz the it can produce 3 beats per sccond when it is vibrated







nﬁfﬁm overtone of close pipe = f, = 3f;

1 -_L
hi=3C

< f=3x= Evr
ng o given condition
lone of open pipe = First overtone of ¢lose pipe
plues from Equation (1) and (2)
2l Jopen = M1 Jeune
!
;ﬁl'_: =3 %

A
l 0‘3&0
ol

_Loisnm f 7 pipe has th fre

— Tha first harmpnic of an open organ pipe has the same frequency as the
Emlm What is the length of the open organ .{ .
~auency ol first harmonic of closed pipe is




ﬂ.ﬁﬂrhl-u it is clear frurm the relation:




away with a —
iy O h“mh;;fhti::?i:l&ad of sound emitted by a lpﬂ;@i\nf a mosque. Whl?l

| observer move : A
ﬁmhy s away from the source of sound with velocity V, ;hwmm}. of sound observed by

i =[‘h"-"l.’l]r \ﬁ\)@
‘I‘I \2%:.

/‘.\)‘\
3

L
fiere V.is velocity of sound

LN

-f._

Jistant explosion, an observer senses a ground tremor and then hears the
& the time difference? . N hears the




ﬂmmmw
> (¢) Remains the same  (d) #Hnﬂhﬂ

; (&) Im (d} 0. 'Hm 'x
Iﬂlm‘lnn in string Is Increased four times, then speed of waves in
; ib} 4 times (c) 8 times (d) 16 times %Q;
ire of air is increased four times the speed of sound will be: %’\

S (b Atimes (€) constant (@ ‘5“@ p

N wav Lll'lhl'li from one medium to another then which of following 3 ‘
'.'. (b} frequency (¢} speed (d)
sound at 0C Is 332mls at which temperature it will hm:mgﬁ:ﬂﬂnh'u

. -Ii

. (b) 546 ‘¢ (c) 819 ¢ \e\ [d) 1090 "¢
e is 10°C then speed of sound in air will;

(a) 1 .f- (B) 340 ms’’ (¢) 338.1 m@g (d) 339 ms™

pvperat
Speed me waves in stretched strings are ind ent of
_:_ I‘w (b} Tension in the string () Rovg Wwhere 1t i% plucked (d)Botha&k ¢
1 ur.l'i pipe is 10cm [closed at one End), max \Grn wavelength can be ...
S (b 10cm (€) 20¢f {(d) 40em
S § vhic h propagate by oscillations n'l'\?yﬂ(lal particle are known as
1 cwaves  (b) Malcrial waves {c) EM waves (d) Mechanical waves
m flow, ultrasonic waves are used
.; ﬂmh (b) 25 Mz - (c) 9 MHz—-90 MHz  (d) 20 MHz — 200 MHz
end closed its fundamental frequency is ____ (v = mﬂ*‘
(€} 332 Hz (d) 400 Hz
ipe closed at one end is 85Hz next two harmonics are
(c) 170Hz, 340Hz (d}) 255Hz, 425Hz
Wvelocity of sound is two times its velocity at 10°C
) 1213 (e) 132K (d) 123tK

1
L
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‘s Federal PHYSs|Cs X (Subjective)

‘For 1°C rise In temperature s
e : i the »
y il E}h?jl:ﬂ;h - (b) 0,061 my" Peed of sound :[n;;.“" by: . trmsE(on 1
o Whic e following fa c) &lmy (d) 6.1ms"
"7 () Pressure l:} 1::::: has no offect on the spead of sound In a gas? [FBISE 2018)
g, There (s no net transfer of 5 i (¢) Density {d) Humidity
(&) Longitudinal wave (b Tr:ln:.-”n? t_'l'r Particies of medium In: (FRISE (CN) 2019
5 Koy T Wave (e) Progressive wave  (d) Stationary wave
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AT SECTION -
nl' the mld]um have displacement along the ¢

(B} longltudinal waves
aves (D) stationary wave
:fm points 1 m apart. It is plucked near one end. Whi
h nunﬂt on the vibrating wire? O

' ' (B) 1.0 m, ﬂE?mandﬂ.Eﬂméb
| {D}Zﬂm.'iﬂmandﬂﬁ?m‘b
1I=Iuﬁu of a wave becomes double, it energy becomes:
' (B) double (C) four times ,}Q{D‘J six times

(C) 333ms™ i\e\ (D) zero

Wﬁl ;ﬂ;ﬂng along a rope has a velocity of 15\){17 s and a wavelength of 20 m
e perio

i (B) 2000 second (C) 0.2 m-suhd (D) 666 second b
,u_mu Is moving towards statlnnary I-istarm: ‘with 1/10" of the speed of sound. The

10
ml D) §

oduced due to sudden egplesion going on in the sun cannot be heard on the earth?
roduced in increa 16 times then what will be the effect on speed of wave in the

. h,solids than in gases?
lair ﬂmdﬁffﬂrﬂn te between longitudinal and transverse waves.
_ _:1‘ 'which a test tube 15 cm long resonates when you blow across its lips?

n il gth vibrates in three loops. The tension in the string is 270 N, What.



ning Objectives
T "ﬂm waves as a part of slectroma

@ the concept of wave front

HI-IWEH § principle and use it to construct w t aﬂer a time intarval.
ate the necessary conditions to obsarve interfe !@ia of light

:IT?':L:“E s double slit experiment and\lﬁg\éﬂﬂewm that it provides to support the wave
g

gnetic waves spgé}um

n colour pattern due to interferen grr’ihln filma,

) e the parts and working of !@]aun Interferometer and ile uses.
:'Ilé Ir dm-.guqn and idantd}\@n

Expia Interference occurs between waves that have bean

g -'.-_i- t]ﬂt diffraction Iu evidence that light behaves like waves.
: ction al & narrow siil.

diffraction grating lo determine the wavelength of
lH‘I B=nh

of diffraction of X-rays through crystals.
mwm*m‘m“

light and carry out
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i iy "" I-I-": ":'r"i:":'ll w“f‘%— 'E'T* "'"',_—..|-.."-'I- ::— -.___ it o
A i < et

___ﬁtnmﬂunnfvlﬂun.
that can be seen by humans.
“lil'llld through experiments on

tic waves, light can travel

T

, w“{ﬂ i’a“H n propagating wave of electric and magnetic .
-iauplnd | ?vﬁ- predicted the existence of electromagnetic
electric and magnetic flelds traveling ns waves ut a speed

_ '.Hlﬁ'ﬂtﬂ.r & an eminent Duch sclentist, proposed that lipht 15 the
:gf energy which travels in form of waves, i :

e franl ]

Sphurical wive Ironts ll!
and plane wavafronts (b
spaced & wavelangth apart.
Tha arrews roprasent rays,

O You Know?

Eloctromagnetic Wavas \:"':} Sriei wagmants of large spharical

- w o Eimate
Fig: 0.1 0 e T
What Is a wave front?
s o N, EXPLANATION:
Vave Fronts \ The wave frants far away
: ?. "ﬂ' Mﬂﬂ on which clf the - of waves have same from the soures are Wery
) w‘braﬂun Is knows as w i large  sphares, A - small

. portien af the sphere will be
e 'ﬂﬂ light emitted a point source propagates outward in all | the plane wave front,
e

with Hmd n. \ime 1, the waves reach the surface of an

8 I !il er a5 S and radius as 'et”,

puinufrumthu BOUICE |8 Samic [ G e

surface of the sphere bave the same - ERSSE nEl

5 im“mhhﬂwﬂuwnwmm _ B
\.‘l:‘ ::‘_x
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(C) Mew wave front

4. ¢ -
[58 B.C 7.D 8.0 9. A 10. A

' : waves having the same
it phase difference are called coherent s frequency, equal or mmpmbl% n%?itud: and a

u ﬁfost import ; :
| : Portant source of light and life sustaining radiation is the sun.

T &/\j
e most artificial T nl
~ourees of light are the hot bodies which radiate I ght and mﬁ'rt@:f) radiation.

¢ Thus each source of | i i

‘source the phase const ;—5!':'! *-‘ﬂ:lts 3 very large number of waves with randan’g;»ph\ascs. Because in a light
B fer ener ch LY changes, as light is emitted in short bursts wheietectrons in individual atom
: : EY changes that oceur very quickly and randomly. O

':11 HABes “ifc“" abruptly when different atoms come in to actiofi, SThis is true for light coming from
§ - r.lllarts of the same source except laser. To get two cohegent™waves from a point source, ong of
th ﬁ;&llumng_ two methods is HIJI-.PPH.'IJ.

. Division of wave length, as in Young's double slits, Frgsnel's by prism and Lioyld's mirror.
" = Bivision of am plitude by partial reflection and tn'an.‘ia‘r];is,t:fﬁn al a boundary as in Newton's rings.

Do You Know?
Monochromatic or single colour light is specilietd tiy a single wavelength. It is very difficult
to get a truly moncchromatic source of lighl.“However, using filters one can get a source
which gives light within a narrow band of waveienglh.

afine the interference of light, g\i@cﬁss its different types and conditions for detectable
..ﬂEB. £
-

srence of Light Wa O

A ced by the iticer of Hght waves from twa COoerent SOlrees passing through same regicn
e direction fs called fiipferehce af light”,
Types of interference’ :

r_‘i‘hﬂrﬁm L] }I'pﬂﬁ Drlﬂlﬂfmnﬂﬁ

TLert rence




mthﬂﬂ'ﬂuﬂh of the other wave, then
. Such a interference in known as

ghl must be colrereni.
row and very elose to each other.
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. SR & T 5
mﬂll‘dl‘lm pattarn

uging red light,
{a) Photo of the ‘
Interference pattarn on
tho scraen, [
c“‘:?‘lﬂl'l:lhre Interfarance i =‘;2-
produces a high
Intensity of red light (b _/"J"\
on the screen while
destructive 2
interference leaves
y the scraen dark.
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y&tha 'ﬂulet and our eyes respond maore strongly tuhll.ﬂ 1
2 ,thecnlnrvmidentlfﬂshlm, . -J




i LTES

ity ﬂﬂi'li'lnlllphimlm dua to:
Jffraction of light (B} Polarization of () Refraction of Bght
ne hthhnﬂitm-hdjmmﬂgﬁfﬁhn: 2. "
' e (B) 3kLid 1
of colors in thin film is due to:
(B} Dispersion (C) Interferenca

1Sy ALzd

s 10 Interference -pattarn preduced by double slit arrangement by douls

-spacing is doubled

S ARE] J (B) Fringe spacing Is
: Spacing is nol changed

(D} Ints ity increases)

18 produced at points whare the path difference for twe asncchramat
i - (B) 1./4 (C) M2
a for fringe spacing Is:

it
@4 A
distance between two adjacent bright or dark fringes is:
o :
& T

X
(B} 5l separation
{0} Frequency of lig

(D) Ay = Ld




it on & ﬁ.‘m of irvegular thickness at all possible -H-

each spectral colour separately. Ui
film and the mgl: of incidence are such !]m the déghyuctive interfere

oronthe film,

iple 3 Mna'h'untlnn and working
interferometer. How can you find
Ll ﬂfl ht used?

-*.-ris an optical instrument. I
Iht interference of light waves m&@
ciple of Michelson mlﬂﬁ:éﬁ:r 18
on of amplitude, usuallé-py partial
ransmission of light a1 the, dary of the
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difference hﬂ“""“ the two parts of light is either zéro or integral m‘ll\%{g of wavelength “A™
ructive interference will takes place and brightness will be nhsenf

d=0,4,2% 33,
e

_destructive interference <> :
pnth difference hﬂl\l.-e:-n the two parts of light is oddRwegral multiple of half wavelength then
structive interference will oceur and darkness will be seer

m=0, 143
@‘mdjﬂmm from plate “A”, so the two beams travel optically

ate “B" is used to mtrudugg\@ same retardation in beam “2” as introduced in beam “17 by its

through plate “A".
Hd,ﬁ-,mg:ug hemu@ ¢ two beams of light is zero and bright fringe is observed, due to

?#Eﬂtﬂffﬂrﬂﬂﬂﬂ FIGURE
.'“ '- ;; mmfud through a distance 2/4 backward, ﬂm.
g vecn | the mrn]:mms will be equal to 3/2 and dark

ﬁmher mwnd through distance 3/4 then the path
! will l:r. nbs:h%
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“do not always cast sharp shado ?m.h as in Young's double slit

of their straight line path and s into the region beyond the slits whi
_ Th.'.:; effect is common ¢ types of waves, such as sound wave:

bl e ed’gﬂr of @ narrow opening or the .i'pr: E Qf -

P




et ﬁ-'lnrl" s through

ral maiun *wnfilf and very broad s eompared 1o the
| L RBELFE k)
. Sk gt bt Sl koo .n.- irs ""il g
Ll

j-'fﬁiﬂﬂﬁﬁﬂﬂwhmnhﬂ‘ﬂﬂmﬂiﬂdnpuﬁﬁ!i
O light waves round the knife edge inumﬂ:upmw-.#f

m : . diffraction of lig HI through a narrow I"ﬁ'
tion of light

; N
e on of light produced by a narrow sl when p!nm' light waves are incident by on the
waves em erging from the slit are also plane, is called Fraunhofer diffra

in Fig g%hjtul ). through a single slit and record the transmitted light on wgraphic film as

| Fiune o s 3 N

Wiy

Light beam_ _ ph le Flm

(QZ”

Single slit
Here the ceniral bright is considerably wider than Lh&&j,k
er, some other bright bands accur on aau{s):d}: of the central image and these must result from

me sort of interference effect.
__ der plane wave fronts which are mm}LﬂQ n a narrow-slit AB, as shown in fig 9.15(b).

! =







el R
Alng 15 based on the interference and ion of light waves.:
through the grating are allowed o interfere. -

a3

 common diffaction grating and s working io shown in the Fig 9.16 P

Nz Eﬂﬂt’:n .hmhttgh“'? focus on the screen at the point P by a convex lens. (’sb

i andm:": ween the ray number | and number 2 is one wavel then rays interfere
- ¥-and bright fringe will be observed af the point P. ‘

e condition for constructive interference is that the path dif ce rq between the two

. rays should be equal 10 7.,

s AR
inuj Q\Q‘%

3l from the triangle AB» we know that
Sing = £7P_ 2T

Hyp AR Q/Q/
L A,
Sin@ = - &0

d Sing =3 ‘b\“
| there will be other direction side of line OC for which the waves from adjacent slits
n path by 24, 34 etc and for wK'k the EDI'EtﬂpUHdiF'!g bright images will be observed. These are
he second, third order im@@c. The grating equation can thus be written in more general form

Pur ilf-i._'!-' values of A rand AR

Bk e et D)
on of it grating for naxima,

-ind is called the order of the image,
/ :m-.l-ﬂ']ﬂ_:.. yelengin B‘fﬁ!.

r You lnformation




o Fig 9.17 '
ptudtlca mterfnrcn-:rs fringes of X &}, "l"uung 5 double slit &
1% that the fringes spﬁnégwm by L; and unless the slits are

0 £ 107" m, the [t‘ln@:mmﬂd will be so closed together that thf |

ible Hr obtain X-sihs Wiffraction by using sedium chloride (NaCl) ery .
i€ Blon “i.w m““lfﬂi‘mh”tpﬂmdmphmandmmﬂm
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D) None
{3} 10cm

) Refraction equation (D) Bragg equation
to spread out. This phenomena is called:
{C) Diffraction oy *m T
lement will be:

A
N\ (C) 1.0 = 10m Y
om 1 medium to another known aa: m“ﬂﬂﬁ'

.j “uu.i- (C) Diffraction mm
’ h of sound (0} Vielocity of sound % e
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585 that why ordinary figh s nox polarzeds

o i s ey .. ‘
estion, we know that light wave is emitted when an electron orbiting. el
energy level to a n.m:r energy state. Q

L

It is wery effective to dse a
polarized sun glasses than
using ordinary sun glasses.

ur’lii@iabm a horizontal orbit then the light wave emitted is

\
urc ‘fgﬁi“as candle flame, a filament of bulb or the sun is non
& are from different atoms whose electrons experiencing the
different planes in all ditgetion. T
ght waves are e gnetic waves which consist of periodic vibrations of elex e
b mmp&ll]ﬁd by netic field vector “B" at right angled to each other as shown in Fig

& |

= | | L m piehall ‘*’"i‘."“ are confined to a single plane of vibration is called Pﬂlﬂlﬁﬂﬂﬂﬂlh

FIGURE. 9.21
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tnm.mﬂtallmn vibrations parallel to its cry
-'Mmmunly those waves, whose v

pahrmng material is Polaroid,

fﬁthmﬂ: incident on the tourmaline crys 0
ular structure of the tourmaline l..r_','slnl ch that it allows only those
which are paraliel to its crysinllo iz while absorb all remaining vik

it will be plane polarized. If a sheet of Polaroid is placed in such a j,-
Eduu&l, lines drawn on them, are parallel, the |

beam of light, as axis o rotation, the light emerging out
immer and disappears when the axes become mutial

ars on ﬁﬂiﬂf n@n and become brightest when the axes are again

g
i
" It
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5 known as Brewster's law. For glass of refractive index 1.55, um@?\ of incidence iy = 57°
uss the applications of polarized light?

cations of Polarized Light \
g glare N

m by light reflected from o smooth surface 51@1%; roads and lakes can be reduced by using

zing materials as the reflected light is partia Iy o¢ completely polarized. Thus, Polaroid discs,
by oriented are used in sun glasses to avoid 1 arized light.

in photography, the Polaroid discs apa;glamd in front of the camera lens which enabling us 1o
- detail which would be otherwise hidden.by glare.

2l Activits {fm\‘
@aﬁgh certain crystals (Quartz), or liquids, (Sugar solution), the

polarized light is found to be rotated, This phenomenon is
the angle of rotation depends on its concentration, and an

i is used to measure the concentration of the given solution. In sugar
the sugar concentration in the solution obtained from sugar cane,

ﬁmdmamndaw,mmmnrmhnn&mrmnma ﬁmimﬁmﬂl&rﬂﬂhﬂ
mg,mnnumnfl@nwhandmm

' bhfmhurhwmg
-' -|Jr mm -

Do You Know?
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‘“ '._- . Y3ICS - XI (Subjective)
between their waves during emissian
Interference of "’ﬂht Wavag:

401

scurces of light which maintains a constant phase relationship
are called phase coherent sources.

as interference. The irﬂeﬂemze ffect produced by the superposition of two coherent waves is known
The principle of Young's doubie 11 - COnStructive of lestructive

wave front. While the principle Efi'ﬁhﬂmqmem and diffraction grating is based on the division of a
division of amplitude. elson's nterference, thin film and Newton's ring is based on the

Michelson's i i
I“Eﬁﬂ'mn'IBIE‘r Is used for the precise measurament of wavale ngth_

Diffraction: The bang; ;
is'calied diffraction F;’;Elaﬂf Nght waves arsund an obstacle and spreading info its geometrical shadow

e diffraction grating with grating element d and m th order bright image, we
' The diffraction of X- : AN
is Sicino m;_ﬂ'_'ul'ﬁ can be obfainad by means of crystals. For diffraction of X-rays thé Bragg's Law

Polarization of light: The process by which the

; . : slaclric and magnetic vibrations of” light waves are
restricted to a single plane gof vibration is called pol 8 ¢

arization of light.

mﬂ**ﬁzﬁ Pocece

T —————

—l e e e e _—

Solved Examgles

- T - - =

o o

Yellow light fr_nrn a sodium vapour lamp of wavelength 5893 x 107" m is directed upon
two narrow slits c_r.m cm apart of the Young's experiment. Find the position of the first
bright and dark fringes on a screen 100 cm away,

| Example 9.1;

Bolution:

Wavelength of light = 3. = 5893 « 107" m
Separation of slits=d = 0.10 cm = 0,001 m
Distance of slits from the secreen = L = 100 em = Lify
Order of the fringe =m = |
Position of the 1st bright fringe = Yugm =
B Position of the 1st dark fringe = Yau =7
I As for the bright fringe is

|.;|

h.

sy = L—
! Mot d
F. 1% 5893107 d
N T = 5.893x10
- : Teeah 0.001 - v, o
h A\ ” _ 1x5893x107"
- And <™ Yok = Mod  2x0,001
om% "'
Q)\ :":Eh=2953 « 107" m
th 546 nm produces Young's interference pattern, The second order

Cight of wi;mfﬂ;ﬁ
dark fringe is @
to the H?I‘tﬂl maximum.

the direction that makes an angle of 18 min related to the directi
g What Is the distance between the slits? =

length of light _ 3 =546 nm =546 x 107 m
Order of dark fringe =M~ 2 g

‘I-.l == -—-= ﬂl!ﬂn
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_______Text Book Exercises
Select the correct answer of the follo

' wing questions
The principle of ¥ )
(@) J;umd.: oung’s double slits experiment Is based rn the division of:

(b} Frequency () Velocity (d) Wave front
Properties proves the transverse wave nature of light.

Which oue of the following
{a) Interference

Cnlmflfl!"td l'_ring.:, observed [i:},l:; :;m;;:!-hnm e Hn{;jpr::ﬁlir:mtiun {dy Diffraction

E;iﬁn;gr:l::::::“. day w L[b} |nt::‘rt':;r:“,_~,h. {c) Polarzation {d) Reflection

(a) Reflection E;l' |i.E',i1L e {I:}E[:!.Jfli":'j' in “'_f!“! room even whrq all thc_- electric lights are ofl, due !n_

The principle of Michelson infe "r“"""m" ol I|fg|=[ (c) diffraction of light (d) Interfenence of light
rierometer is based on the division of

{a) Wave front (b) Amplitude (c) Frequency (d). Speed of light

In the Young's double siit experiment the separation between the slits is halved and the distance between
the slits and the sereen is doubled. The fringe width is

{E‘J Halved (b) Unchanged {c) Croubled (d) Quadrupled
Signal from a remote control to the deviee aperated by it travels with the speed of:
(a) Sound (b I'Ii:!h: (c) | ‘irasonic (d} Supr:rs-c-n'm:’-u

LiEM 'F'r""""“lz'l'-‘“ﬁ“' A is incident normally on u diffractio - grating for-which the slit spacing is equal to 3.
What is the sine of the angle between the second order maximom‘snd the normal?

S | 9

(@) g (b)3 (©)3 {d) 1

Which of the following gives three regions of the €lctromagnetic spectrum in order of increasing
wavelength, visible radiation.

(8) Gamma rays, microwaves, visible radiation {b) Radio waves, ultraviolet, X-ravs

(¢} Ultraviolet, infra-red microwaves (d) Visible radiation, gamma rays, radio waves

Two monochromatic radiations X and Y are incident normally on a dilfraction grating. The second order
intensity maximum for X coincides with the third order intensity maximum for Y. What is the rafio

wavelength of X ,,

wavelength of ¥ ~
.

2 3
OF M3 2 @

= | o3

The tip of a needle does not give a sharp image. Itisdueto

a) Polarization b Interference (c) Diffraction
Option ANSWER EXPLANATION

The correct option should be * wave front™

YDSE is based on the principle of division of wave front,

d) Refraction

[m:, En-bf from gi'l."-Eﬂ

optignE)

Ll E=d ]

2 arization
3 interference
4 _|c V] Diffraction of light

- | amplitude =
3 i q“ﬂdruplﬂd |"l"|" - F ______________ {_I}

d =+ halved and L— doubled then
. A(ZL)

e

dfz

AL
ﬁ}ul- dq}"... .......... (2)
Putting value from equation | in 2
i ﬁf-ﬂﬂ

N mee g T e



Chapter 9 (Physical w’i

dsnB=m\  putting d=34 and m=2 i
3hsinh =20
. Sin 8 =2/3
9 Je Ultraviolet, infra-red
IMICrOWAVES
10 |e 3 d sin B = m3,
2 For x light wavelength &y, m=2 Rl
B d sinf = 24, G}
For ¥ light wavelength 4;, m=3 .
S0 d sin @ = 3}, (2)
Comparing equations (1) and (2) we have
& 2k = J}‘.:
’ 41 -3
T
21 | diffraction

_Short Answers

S

of the Exercise_

— B —

Q.2 ;ﬂﬁt- short answers of the following questions.

Q.1 A soap bubble looks black when it bursts, why?

When soap bubble Is about to burst then its thickness is very small (aimost zero).

B
difference of 4. 12 |

» While a pant of light
difference.

B Therefore the two reflected rays have path difference 4. /2
bubble looks dark.

AS ane part of light rays is reflected from denser wedium from

upper side of scap bubble and have a path

rays is reflected from rare medium (air) lower side of soap bubble and have no path

due 10 which destructive interference produces and soap

Diffraction
(i) Diffraction is due 1o Waves coming from
different parts of the same wave front.

(n} Diffraction bright bands are of low intensity.

{iil) The dark fringes are not perfectly dark,
(iv) The diffraction fringes are not equally spaced.

Q.2 What is the difference between interference and diffraction?
Iinterference

(1) Interference is due tosuperposition of two waves

_ -I:-_ﬂmlllﬂg ﬁqmm'udm;h: wave fronts, :
(i) Interference bright Tringes are of uniform high
intensity. e

(iii) The dar e are perfectly dark.

(iv) In fringes are equally spaced.
Q.3 InaMic interferometer a second glass plate Is also used, why?

> T

reases speed of light two times.

light two times.

| i &l{hﬂ r Mﬂmﬂmﬂlm plate.

@%4 have to travel through half silvered glass plate two times and it

» The mslnmfrnmth:mpiaunfglm'mﬂ.andisqumin
”.I-I.hu!“_mﬂ.. is introduced in the path of beam 11 10 decrease jts speed of

therefore equalizes the path length of the beam 1 and 11 in glass and s




i

dence, putting this value in Eq. (1)

™ 8in i, = n, sin (90— i)
Ny sin iy =p, cos E

L

n,  cosi,
., .
- nl

Fig: #.34 polsrzation of Bght after raBeciion

This is known as Brewster's law,

ETT
L

Wha is meant by the path difference with reference to thelinterference of two wave motion?
| Interference of Light Waves

effect produced by the superposition of light waves frbnitwo coherent sources passing throu :
isame direction is called interference of light. ‘ passing through same region

¢ two 5 nterfe ;
e S rrencr (Canrie inemmee Pivdeore et

arence -
e ol on the T OfICT e

WLl

T -
.-q""’:‘” as




; el el .FE"-'E-E‘-SaI T : ¥ _91 B e e s gy

for detectablo interference patiorn:

W Wnn must be fulfilled in arder 1o observe the innerfa:r!?ﬁ;hmumunnn;
ril h&ll'm must be menochromatic. 3

'hul'm of light must be caherens.

v ﬂflh: Wo sources be comparahle.
¢ Waves mmmg from the two separate head L'11'np3 d(ﬂﬂ.r in phase. Their phase difference not l:ltiufu-ﬁ
ms of interference,

ﬂ:ﬁ: SOUFCES are nol monochromatic,

Due m‘lhn.:.: reasons, It is not possible to see the interference H‘hﬂ: '
ight beams from the head lamps of a car gulip,

shone pole clear shadow in thﬁ\liqht from a distant head lamp of a car, but no such lﬂ'ﬁ
ced l'nfﬂl.nlnundl.'rnmthn orn, Why?

d'and Tight both are wayes, Qo
WY : ' v@ very large as compared 1o the wave fength of light waves.

the corners of the pole so they are heard,

9 is shorter and not comparable to ﬂ'l: dimensions of the pole.
ot diffracted.

S Lafno 'bmd-al‘mmd the corniers and shadow of pole is observed.

'i“‘i"' ':"}";E'--: W_El-_t

S i P

el
o Tl Ty




p How would you justify that light waves ars tranc
e verse?
. The phenomenon of polarizati : :
" ransverse waves, o on of light proves that light waves are
» The light has electric ang

e d magnetic field component which are

perpendicular 1o each ather : e .
both electric and magnetic “:hr;;l. Propagation of light is perpendicular 1o

p The transverse w i
P ;:'El.m There I:::*p:l.m be polarized b longitudinal waves cannot be

. : enomenon of polsrizat] ' g
Jight waves are transverse waves, polarization of light confirms that

PR 4
E ¢ parirmmrind nﬂng [y
that light waves Se-imhiverss, The
s with ardee ndicaieas electric
wabsrmlions of BN A i

\
--1— _._|
= | T il
L Elactramagnetic
A1 e IR Fhon
— M
I| ...
N

AS the wave propagates in (say) the 2- direction, the electric fieldig oscillating in (say) the ¥ - direction and the
magnetic field is oscillating in the x -direction.
since the x and y- axes are perpendicular to the z- axis, lighyis M fransverse wave

S ———————

' Cnmprehensjge Questions

e e ——

B Give a short response to the following questions.

‘What is meant by the dual nature aflight? Discuss the history about the nature of light in detall.
BB Sec Theory.

" Explain the diffraction of X<ays by crystal and derive an expression for Bragg's law to find the
— Wavelength of light used?

B Se:0.11 from book. .
g Describe the ex
— double slits met|
B Se Q.5 from ks Sk,
| " ane ‘;‘iphln Huygen's

-- }intal arrangement for the production of interference fringes by Young's
6d, and get an expression for the fringes space.

principle. What is the difference between spherical and plane

rom book.
in the interfere
b from book.

— Hect produced by thin film.

I m-lflﬂ"."“ of light? Discuss the necessary condition for interference

o tho wavelongih of @ boam of light b measured with t7_

il s T L
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Chapter 9 [Physical 0@’
one can determin:
8. Describe the construction and working of Michelson's interferometer. How MMing
the wmllr_wth of ll_ght used by this instrument? —
See Q.7 from book.

9. What is meant by plane polarized light? How does this phenomenon decide that light wayes are
transverse in nature.

See Q.12 from book.

mmﬂ:#ﬁw

__Numerical Problems

In a young double slit experiment, the Separation of the slits is 1 mm and(red light of wavelangth

620 nm is falling on it. Determine the distance between the central bright band and the fifih
bright fringe on the screen which is

“—

3m away from the slit.
Data: Separation between twa slits - d '

=1lmm=1% 10
Wavelength of red light=3 =52
For fifth bright fringe=m=35
Distance between slits and streen = |
Distance of
Solution:

nm =620« 107" m

m
5" bright fringe from center of screen Y

|
Formula Y = s

Putting values

5 - |_12|| o e . |
W —_— e

I = -.l-!_'l":'
¥ =93x107"m

|"&" =03 I'n."nl Answer

2. Two parallel slits are lluminatad by light of two wavelengths, cne of which is 5.8 » 10~ m. On
the screen the fourth dark line of the known wavelength coincides with the fifth bright line of the
light of unknown wavelength. Find the urknown wavelength.

Data: wavelength of 1° light=%)= 5.8 « |- m

For 4" dark fringe = >3
Wavelength of 2% light = 3, = 2
For 5" bright finge = m = 3
Solution: Z

Position.df dark fringe is

3

4+
:;l

=

I
( 38 [Pur:ingm=3f‘ur4"‘dark line)
Q Yot = (347
§ (02
2 d
L
(Vouh =5 =
Position of brigh fringe is .
L
(Yoig) ==

puiting m = 5 for 5 bright fringe.



.,%  Putingvalueof A, o
_1x58x10” O T

n oL S

L_._ -‘I '_u Answer & r

the movable mirror of a Michelson interferometer is moved EIJI\&-“ How many dark i

1ass through the reference point, if | ﬁtufmvnlungﬂtﬁﬁﬂ"mw.__ 1

i:
naved by movable mirror=P=0.1 mm=0.1 x 10~ m

avelength of light = & = 580nm = 580 » 10"
2 S0 0\@2\

P=m
2 5.
Im e
j.. Y 4
3 Q/</
2x0.1 % 10"

2x0.01x 107 N\
mo= =N

:_ _ _ m = 345 fring Answer
- S ——
oap film has a refractive index c - How thick must the film be, if it appears black, when
v light of waveleng 545,_1,@ lls on it normally?

4







il "a.: "I'-:-Il.--: ..

= 2X28xi0 s s
L = |
3 = 2X28x 107" (0,087

1
A = 0488 « 1910 {
A = 0.49 x 110

B — Answer
-ray beam of A
| m’:f 20° Fo. th'::l:::!‘:glt:rl::a % 107" m is used to get Bragg reflection from a
0 this maximum? aximum. What are the possible layer plane spaci ich give
Wavelength of x
-rays =X =[.48 x 10" 3
Angle of diffraction = f=29° : F y ‘Sg}
For 1" order maximum = m= \\;)

Crystal plane spacing=d =7

2d Sin B=mj,
mh.
28inbH

":_=; values
| = 0.48 x 10~"
—— e

d = =S
e 0.48 = 107"
~ 2(0.342)

d = 0,70 = m-'“ﬂ Answer

-, spacing of one set of crystal planeg in NaCl (table salt) is d= 0,282nm.A OOOR

beam of x-rays produces a Bragg maximum when its glancing angle with these planes is § = 79
suming that this is a first order ?laﬁ‘fmum {n=1) .Find the wavelength of x-ray. '

Order of maximum = n =1 {/\‘“” I

Crystal inm-planarﬁpacin@di: 0.282 x 107" m

Angle=0="7° <>

Wavelength =4 = ? <&

2dsinB=nk &

o HSinH@Qﬂ.Eﬂx 10 xsin T
= 3 I

e -1"":.- N = ! : iy =
1I2STIONS L'rluln tjr ) A Nnswers

ung s doubie shl experiment?

—rm—“-_____. =
A L P e e —ee
s dou t9:_ i O
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{ii) by increasing the distance between the coherent source L and
(iii) by decreas

ing the distance between the coherent source d. R
- B The Young's double slit experiment apparatus is taken from air in to water. PPen i
the interference pattern?

The fringe width is

AL
&:rl ra '-d-

When Young's double slit apparatus is brought from nir into water then wavelength A of light decreasts and th,
fringe width AY decreases.

3 What changes would you expect if monochromatic light is replaced by white lightin "inﬂhﬂ

diffraction experiment?

- - : : : Nt | s R
EXER The diffraction pattern is coloured. In higher order spectra due to higher dispersion theré.Wrll be overiapping of
colours and a diffused pattern is obtained.

How can we obtain the plane wave fronts (Parallel Rays) of light?
Ans: BU As the wave fronts are the parts of spheres of very large radii. Then for Jarge distances from the source, 3

4.

part of the spherical wave front can be regarded as a plane wave frond fpar allel rays of light).
(i) IF the source of light is at the focus of convex lens. Then the rays toming out the lens will constitute the
pIa.ne wiave (ronts

If a class room door is open even just a small amount ym.{ can hear sounds coming from the
hallway. Yet you cannot see what is going on in the halfway. Why is there this difference?
lAns) The space between the slightly open door and the wall & acting as a sl

a slit for waves. The sound waves haye
wavelengths comparable with the slit width, so soundiddliTracted effectively by the opening and sound spread
out in the whole room. Light wavelengths are mugh Sofaller than the slit width, so there is a very little orno
diffraction for the light. So they do not spread out Wwhe room and we are not able to see whal is going on in the
hallway,

b. Why does a diamond sparkle more than a glass of the same shape and size?

B o ) W i - L "

(Ans:] he refractive index of diamond is veryhugh and its critical angle is small (ie.. 247 W hen a beam of light enters
i, it is totally reflected number of Uimes Insides it and it emerges in random directions causing the sparkling of e

dmmnndl. But in case of glass sefrective index is less and critical angle greater than diamond. so it doce i

sparkle like a diamond.

[‘Mﬂﬂ's From Past FBISE Papers

(FEDERAL BOARD)

1. By using the transmitted light, the central spot of Newton's ring appears to be:
(a) Bright ) {b) dark :

(<) coloured dY all of the.
2. Lungllu:l@‘ll waves do not exhibit: e buaicdic
(a) clion (b) refraction (c) diffraction d -
1, Th change of 180° is equal to the path difference of: mlseon

% () %5 (¢) 24

(d) ransverse wave.

: (d) 34

4, é\-aandinn of light around edges of an obstacle is called:

(a) Refraction (b} polarization (c) interf: v |
5. 115000 lines per cm are ruled on diffraction grating, then slit spacing 1nl'-'::ll I:E?':lmn

(a) sx107 A® (b} 0.02 m (€)2 % 107 A e |
E. condition of l:nnulﬂlﬂﬂ'ﬂ: lrl:ﬂarnnuu for first order image for dify iction graiing fa .

dﬁlﬂ&*‘-ﬂ (b) @asnd/=0 (<) dﬂiﬂﬂz!j g S i
- iﬁlﬁmh one of the following wave cannot be polarized? (d) dsing =34
T  (a) Radio wave (b) X-ray () longitudingl waye

..
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b
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(c) Disappear @Noefteet
FRISE (ON) 2013)
(¢) refraction of light () dispersionof light
} ] gl
tian of light (b) reflection of lighy :

: (¢) polarization of ling (d) scattering of light
lly active substances are those b i A
uce Polarized light substances which: (FRISE. 2017)

: (b) Produce double refraction o .
tate the plane of polarization of polarized light ,
nvert a plane polarized light into circulatory polarized light 63%
The refractive index of rarer madium with respect to a denser medium ls: QFBISE (ON) 2011)
(b} 1 (c) Greater than | {(d) Smnllextida |

Biffraction grating has 5000 lines per cm, Its grating slement is: AaX” (EIsE 20w
(02 % 107 em (8) 0.2 % 107 ¢m " (e) 200 %107 em (d) ""IQ;T)D" cm :

B Bragg equation Is given as: Y\“‘\' (FBISE|ON) 2011,
(8) 2dsinG = nj, (b) 2nsinG = di, (c) 2sind = ni ) sinfl = di
in Michelson's Interferometer, a fringe is shifted, each time the mif¥or is displaced through:
(DL (b) % () "E (d) 5 (FBISE(ON) 2018)




chapter 9 (Physical Opt \

SELF - ASSESSMENT PAPER

Total Mark: 4
- 'ﬁ'
Question.No.1 Choose the correct answer from the given options. {M
SECTION - A
1. The fringe spacing varles inversely with the: =~ P
(A) distance between slits and scraen (B) separation batween the Siils O
(C) wavelength of light (D) none of these O

2, The blue colour of sky is due to:
(A) diffraction of light

(B) reflection of light  (C) polarization of ling (D) scatteing of light
- Soap film in sunlight appears coloured due to:
(A)scattering of ligh! (B) Interference of white light
(C) refraction of light (D)disperaion of light
4, If 5000 lines per cm are ruled on a diffraction grating, the slit spacing or grating ﬂl_ﬂmnntwl.il be:
(A) 2%10°% cm (B) 2%10" em (C) 22107 cm (0) 2%10°" cm
. Two monochromatic radlations X and Y are incident normally ow-a diffraction ':_!fi'“ﬁE- The
second order intensity maximum for X coincides with the third otder intensity maximum for Y,
- wavelangth of X
What is the ratio —'”—p— -1
wavelangth of ¥
1 "
(A 2 (B) 5 (C) 5
6. The ﬂp of a needla does not give a sharp image. It ja dis to
(A) Diffraction of light  (B) Interference of light _{C) Polarization ) Refraction of light
Question.No.2 Give short answers of F1:-'.!.'_:uwi|1g_a: (2 x 7 =21)
SECTION - B
(i) Why is the flv wheel of an angine made heavy in tha rim?
(iiy A Ball is just supporied by a siring withebl breaking. If it is sal swinging regks \
(il Why does the coasting rotating systém €'ow down as water draps into the beakar?
{iv]) Explain why mud guards are used on the wheels of cycles, motor cars and other driving vehiclag?
(v} Explain, why is there weightlsdsness in salellitea? :

(vi) At what speed (in km/h) is abank angle of 45° required for aero-plane to turn on a radius of 80 m?
{vil) How arlificial gravity is praduced in spaceships? Explain

Question.No.3 E:tnn;l&l{h'huuatluna_

{13
) SECTION-C
(a)  Describe the {n\oﬁﬁ’g'u double siit experiment for demonstration of interference of

|'.| |t I
an expre rfringe spacing. ght in detali. Darive

(Bl
(o) Two puniﬂ slits are (luminated by light of twa wavelangths, one of which is 5.8 1077 m. On the

soreefdthe fourth dark line of the known wavelength coincides with ihe fifth & ' :
ur@ wavelength. Find the unknown wavelength, right line of the light :‘

\§>

Cal Lrﬂh, nd"'“ -




Objectives

Hﬁinbﬂ th m

e at tharmal

, ol energy s transferrad from H m n of lowe
om a region of Hiphér lemperature to a |

| reglon of lower

Describe that reg
E DR gions of equal tempearat N
“ﬁibﬂ that heat flow and work fmrf_'w""”“ are In thermaheguilibrium
mh'llﬂﬁ ransferred o forms of enarg¥ Transfer betwe
. ne thermodynamics and variou & en systems and calculate heat
b Relate a rise in temperature of 8 Dnﬁdiﬂrms associated with it
> Describe the mechanical R ROCY o an '”}ﬂf'_ﬂﬂﬁé in its internal
problem equivalent of hpah Breay
8 Involving work being done and pab.eoncept, as it was historical
I_Eiq:raln that Internal energy Is determ) lemperature change orically developed, and solve
" the sum of the random distrio minad by the state of the syste
Iul.u wark done by a thamrqi!ynami: system duri iated with the molacules of
AR I:ﬂlha first law of tharmodynamics IElI_I:F'lm‘l"-lll":jr'l;iir‘l.sl':l:uh.lrr‘:an change.
RLLL-E- b N
Eur lniﬂm the system and work done on the system. fma of the change in internal e
g at first law ofAhesmodynamics expresses he ¢ nergy, the
aiing the terms, SREK ¢ heat and molar onservation of energy.
first law of .:f; odynamics to deri ip;l:lﬁl:'r lonn atnam
e o 4 arive Cp ~ Cv=R g
e the workidg.principle of heat anging :
"a the concept of reversible and Irreversible proces
nd _Illn sacend law of thermodynamics. A
he w;;'rh:;“n pﬂﬂﬂp;: ufncan'mt'l. engine.
" s efficiency a Carnot angine is independe
n the res of hot and cold 'I"H!I"uﬂp:‘. nt of the nature of the working substance and
,,_Whlhﬂl.ﬂhnﬂmﬁmhmmummm. :
oo the caefficient of performance of a refrigerator nidoal heat engine,
e In entropy s posiive when heat Is addad fid ¥ sl

Lt |
B g
.- ]

-
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ll_'ldml PHYSICS - ¥ l:El.lh]ir.u'u}

odynamics: s
~ "Thermodynamics |y a’

~ “dymamics”. The worg therm
- related to the mation of p, :
Therefore, we define the by . textbock was written in 1850
._wrlhll mlh-‘.- tmnsfunnntmnn::?dgmmm s the branch of physics that deals | by Wiliam Ranking. originalty

. : cal into other f ; . | lrained 88 a physicist and a
mechanical, chemical ang elect orms of energy such as

; . civll and machanical
' ?ﬁnﬂipﬂ"}r itis Sy s hm:;ﬂ BnEt'FI:}' and vice Virsa, angineering professor (el ihe
' X YO laws of thermodyn ics i.e. the £ University of Glasgow)-’
second laws of thermodynamies. ynamics i.e. the first and y GOy

P Itis a practical subject that ex
Role of Thermodynamics

P li plays a central role i technology,
& P All the raw energy

lon of twg words, “thermo® and

@ [y ral :
,—“".f”--l ﬂﬂ‘-'d F¥] l&fﬂf wl"”f I'-'l‘l-'?‘lﬁ'n"ﬂllf.F iy The firal MHmm'hrnamb:

plaing the working of heat engines, refrigerators and heat g'gi]mp‘:i etc.

available for our yse i liberated in the form of heat
@1 Whatis thermal equilibrium? \

8 Thermal Equilibrium

P When two objects at different lemperatures are brought inte ¢omtact with each other. encrgy 1s
transferred from the hoter 1o the colder object until the bodiesréateh thermal equilibrium (that iy, they
are at the same temperatuse

® These observations revzal that heat is encrgy transferred spontancously ) :
due 11_:} d temperature difference. Figure 10.1 shows af example of heat Q. Iﬁ:li':";';ﬂ fnll-:: :‘:'E
ransfer, ' kepl in vacuum. What
will happen 1o -the
I | temperature of the hot
: ' | ! hody after some time?
] A, Due to thermal
- | il i radiation, after some
X ; 1 v = time the cold body will
:- S /Q d gain heat, and the hot
- - body '-:I!I lose heat,
nen t I arn
4 !I!JI caft dfink has a higher temperature than the ice, so they are not :;FF!M < :::p nu'::llal:
Fl‘gure 10.1 {a) Here, the am the soft drink and ice are allowed o interact, heat is VBl Fi LR
in thermat &w:‘lib:urTj .”inb'g m ice due o the difference in temperatures until they bo du:-s arees: d to el
Ham#re:;d Irul’r:;m'?g‘fmm-er T, achieving equilibrium. themodynamic
hm;hz srlam:‘ ﬂ.:; o7 drink and ice are both in contact with the equilibrium
aet, since

. su dineaifand the bench, the ultimate equilibrium temperature will
rrounding. air- i
be the sa &’ that of the surroundings m ;

- In ds. if two objects are in thermal equilibrium, they have the
N I r s‘ I

r‘l-; F-E[E.I.'Lil'e-
Sain work done in thermodynamics.

ork W is defined as F. Ifi <aid to be done by a system when the system
l“ L] F]ﬂ.'l'ﬂi.m,- mr

the syste m,fmnnthﬁswmundiuﬁ

¥ the cntie boundary of the system is the work | work done by a system




Chapter 10

-,:_n.. L S ofs mkiﬁdﬂﬂﬁnnmsmmhyiu SUTTOLY 2s
e work done by a system is considered positive and the work done on the syste

| ofadead person?
| A. It depends on how long the person has been dead. Tenl'l.parﬁlure of dead body slowly |
|  approaches that of the surrounding place (surrounding air).

2 and explain internal energy. w:f":)

~ The sum of all the forms of molecular energies (such as kinetic and potential griergy) of a s ubstance
is called internal energy. (OR)
“The sum of the kinetic and potential energies associated with the randomnotion of the atoms of the
~ substance is the mtemal energy of the subsiance,
:_ “The kinetic energy may be in the form of translational, rotational or vibgational kinetic energy.
= Atoms in solids vibrate back and forth about their equilibrium pogitions
?‘ﬂMﬂ’iﬁcmﬁ in a liguid wander around among the other moleculd@ having frequent collisions with them
e .-—wiw thus exchanging encrgy.
;rg ~ B In pases the molecules travel about at high speeds andShave frequent elastic collisions with their
~ neighbors,
S When we heat a substance, the random motion afd™he energy associated with it are increased: heat
" energy is converted into the internal energy of the-substance.
¥ :u.'i_li'ﬁ_’mﬂj, work can be performed on a subsiance in such a way as to increase the random motion of the
- atoms.
- Since Temperature o <K.L.> K%
P "Mnm internal energy of an ideddgras is directly proportional to its temperature.

Sy increase in t:mpﬂ’ntm‘c of uﬁjc:l indicates an increase in the internal energy.
& _.h a state funntlun{:)
§ amics, IIHE“’E".E}" is function of state, Consequently, it does not depend on the path
initial and final states of the system,

P
-

‘temperature of a normal healthy old man is less than tha ]

ealt vmmn? Hor el
mp’.pgm very old, blood circulation often becomes poor, resulting in cold |

| . W’ﬂﬂ- The mean body temperatures of old man lower than tmnrifamrﬂ:

mﬂ*hwn melts.
hﬂnmm

e L =
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a substance and
difference only.

e
LRy
'

.-.A; i i:jufisjwln.ﬂmlther common unit used for heat is calorie, : o
ally 1 e heat energy required to change the temperature of one gram of water by 1€
cally 14.5°C to 15,5 o ©
5 : i?!f::: mi::‘g? needed to change the temperature of 1 kg of water by 15C Q)%
A L p YN heal o a body there is another very general method of raising perature
L g) of 2 body. The method is 1o perform work on the body. A few examples are a m‘}m:

-:.. It :s'pnsmh!}e 10 warm up your hands by rubbing them together ; A S
1|.-. ; Whnnlw: hit a nail with a hammer intg wood, the nail gets hot. {Sb

. Pumping up a tyre with a hangd pump heats up the pump.
- all these examples work is done on a bod

- ; y which warms up without h@y.
= Ihe conclusion is that heat and work both can increase the temperatuze0Fa body but they are mutually
-.-ﬁﬂﬂﬂl:l forms of energy. |

f_:j difference between heat and work is that work can bui,e_a:ﬁ'féngm between an object and its
strroundings by the over all displacement of the ohject withoutsequiring the dilference of temperature

B Whereas transfer of heat encrgy can be brought about by a iefiperature difference between two bodies.

Bore with a small drill into a hard board,The drill becomes hot to touch. Why?
What happens if hard board is replaced by a soft board?

A large amount of work has to be.dgne in making the bore which produces & large
amount of heat and the drill be€omes too hot to touch. In case of the soft board,

the friction is less, small wafkt\has to be done in making the bore. Hence heat
produced is also small, @:}\ li
- O”\

e F 4
. What is mechanical equivalent of heat?
iER Equivalence of Heat and |
B The equivalence beiween ;@and work was established by Count Rumford, James Joule and others. .1'
: In 1798, Count Rumfi artillery engineer observed that a great deal of heat was given off in the
ss of boring a elal, e y '
Gl ihﬂ%\hs could be produced by friction, i.e. work done against friction converts in to heat

Runildrd 1o convinee that heat is a form of energy. '
A —iad out “pm-m[s-m medasure very ptﬂﬂiSe]_;,r the quantity of heat Ffﬂd'llﬂﬂl-
B work (mechanical energy) and observed that there is a definite relationship by

Ty




ture !ﬁi normal healthy old man is less than that of a normal h 2alth
t very old, blood circulation often bacomes poor, resulting in colg-e
res of old man lower than the reference temperature.

S
‘ Y{'r;!n liquid, so when the ice me
e same volume as it was

\amic system
ie system includes m;ﬁing@%ﬁmndymmiq propertics are of interest.

Sed in its surroundings or enyigbaiment; it can exchange heat with, and do work

h

through a boundary, wth

hio . s the imagined wall thal scparates the system
shown Figure, -
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Q.An empty polythene |
flame of a stove,
However we can make
x g _ a few cups of tea by
e quanuity of matter of region of space under observation is called placing water filled

ne
.- .-“ﬂ“flﬁ A gas enclosed in g ¢ vlinder efe, ﬂ:::g:l a X <
oundings of the system: , A. The meiNfg” point of
Everything other than the sysiem in (e universe is called the surroundings |  polyti@ae* bag s higher
_'ﬂ}!! e, t ter i.e. {100 °C)
gy of the s ‘“Em §«€§J\é}n water is inside
WHNE SYStem 1s separated from the surroundings by its boundary. \}\ e polythene bag, then
=_|'."-’ thermodynamics, the ex

> . change of energy between the svstem and the \;\. oy heating the
surroundings can lql:u place through the bound: ry by the performance R bt L
work or the flow of heat, Iig.. There

are several kinds of syStems (N> transfers heat to water
ad system: ~ and polythene bag does
g . . . i N not k enough hea
-Thl: 5}"5[{-"“’] m '..-'..'hl'-..]'l. ]'||."i.||. 'L'JIL'FE:“_- CAan ﬂu“' in o o |-||_|!_ oift |-I'3:".%.2?-7'.L‘Ii1 but o r:il:'teu E t
MAass cannot enter or leave it is called closed system \<\ '
FIGURE. 10.3 iV

] Ponil to Ponde

Q. An ink dot on a white
porcelain dish appears
dark. When the dish is

raised to a very large
b G . temperature the dot

\ i appears brighter than
= o= ~/ bl the surroundings.
This bofling tea kettle is an o ,Wma.rnl: gystem, It tranafers heat WH';'-. :
. te its surround | A pressure cooer 15 a good appraximation A. When temperature of
-‘Hm (stewm) ithrough thee top valve Lo prevent explosion. Y - .
QR A Hyvtem. A lttie P dish is raised to very
QY high then It begin to
ave 1L, i5 ¢ it radiation of
~ nerey and mass can enter or leave it is called em
B differant wavelengths.
the transfer of heat energy can take place from the Due to this reason the
nding or vice versa, Plants and animals are examples ink dot start to Sppear
te ur::;ausegmey exchange materials (food, oxygen, waste |  brighter  than its |
BlEem i | -Eul'l'l:lmtﬂllﬁ - oy
‘with the surroundings. ~
. e and heat energy across its ary is
1 in which there is no transfer of mass = i
HE GBS :



lubricarits g on the-
heels? )
. When the sensitive skin |

on the bottom of
S process, the working substance passes throyg & same feet and heels be

lﬂlﬁ:‘l process, but thermal and mechanice cls at each oo dry

deficiency of mois ,
] AL m thE dlfe:i Pracess, “. W |“ b %gg;ur 1mn th,:l- eV ETEe it can SFIH- npen; i el

- painful cracks
e by the substunce in the djrenlﬁ‘g(:qs wark will be dane fissures on your
. in the reverse process. The  application

whslame is re-rt{w:)(\@w original conditions. lubricants decreases the
driness of skin,

ts which hm@ stem back 1o its initial state is called acvele.

ﬂ &1:1 the evaporation of a substance p::rfunm& slowly m'n
‘ :u:t a eylinder is reversible process as the compression m
he Pmsamc on the pi;tﬂu [[4] rn‘u'ersn the « operation, h




o 4

A 15 initial internal ¢

; : nergy of svstem

o U_n 15 final internal cnergy of system é\
FIom equation (1) ¥

_ - A= AQ - AW |

] W r {3J ‘,“\Ch
rutting values from equation (2} in (3) J‘\>

B Us—Ux =AQ-AW ... B\

1 "I}Tﬁiem under goes cyclic process then Us=UyoX

""#.-."' g Ug = U, in equation (4)

Us—Us =AQ - AW

0=A0 - AW )

AQ =AW P\
e

essed together,combine to form single piece.Explain |

| Q. Two blocks of ice when
' how this happen?

A = When fwo bl are pressed together little, heat is generated due to pressure |
and of frictiar, which just melts the outer layers and friction decreases. '
When prasspre is decreased and due to the low temperature of both the ice
blocks, dhe“water just refreezes and blocks combine to form single piece. It's
called.Regelation, .
Regefation is the phenomenaon of melting under pressure and freezing again
vhen (he pres 5 FQ]E reduced. = _

\ ¥
e X4

pl _m_w‘ of first law of thermodynamics.
' >f First law of thermodynamics




jon shows that in an isochoric process the entire amount of heat supplied o the gag ig
niernal energy of the gas. The pressure and temperature of the gas will increase, -

(A

~removal of heat from a system under isochoric condition will cause .:".i' aleny
ternal energy. The system will cool down and the pressure will fall. B -

- -

&

horic process is called an “isochor, which is a straight line, parallel %{%ﬁi ITESSUre axiy
N

i

iP,. V.. T NS
T

N (b}
&

Fig10.4 = X
\{\

Fic expansion of a system is ofien used to 6my¥Tt heat into work,
| '_'I_Il"hml engines depend on the Ir{:ﬁfmmmi[m of heat into work.
der the gas contained in a cylifider having a conducting base and non-conducting walls and
pistor of cross-sectional %m ) as shown in the Fig (10.5a), -
d ture and pressure of the gas.

it ﬂ.‘;lhn the volume, €
ergy (AQ) is E}@&m into the system at constant pressure then gas mﬂm

I .-u:‘?‘i .'vi tﬂ?; [V;::\-’.]
L-:n..-n-. from Ty1o Ta (T:>T))




(4)
iquﬂun[!]lnlhanulﬁun 4 jet
ﬂq-wwﬂ ..( 32;;‘“

by the expanding or mnl:mﬂng Bas comes from one or both sources: heat my%\u[ "
ternal energy of the s, |

raph of isobaric process is called an “igobar® ‘ .
W lll the Fig (10.5b), sobar", which is a straight line, parallel o the vol as

--iﬂd 'II'H in

im) 'Lk\
Work done in mobaric axpansion of o ium ‘)

Fig: 10.5 \2\
L@ il

s I which the temperature of the system rpmﬂ{!}m onstani is called isothermal process.

us consider the ideal gas is filled in o r::r]mdc:;:ﬁvfnu a conducting bas
i With a movable piston at the end as shown m\:@ ig. (10.6a),

¢ base of the eylinder is placed on a heat N\Eﬁmr at temperature (T,
‘ﬂﬂﬁmr is & body of large heat :ﬂpuglmhu: maintains the temperature of the gas at (T).
FIGURE. 10.6"

i¢ and non-conducting walls

FI
A
(P,V.T}
\§r PV, T)
&
® v
i tsothermal expansion of a gas.
e %
P muﬂmﬁﬁmh ol (Py<Py)

-\.-Il-

_“T.f‘_ e

Lo o ! . - ¥

—

§
W ALy

s ey  fll b heat m;u d from the heat
e w‘.- 'H*-. S i

o e .
j !

W=l



' * it lt‘tl'm ﬂnl expands and does external work, an equal amount of I‘Ic
ain its temperature constant,

. f the gas contracts, work is being done on it and equal amount @nt has to be af

al process the condition for the application of Bayle's Law tt@‘}kd.
PVy= PV,

: i
| JATI RS

prﬂm in which no heat enters or leaves the system is m{{&ﬂgﬁm.ﬁnﬂc process,
1 (OR)

N
I € process in heat energy of the system remuaing mm{gg\u called adinbaric process,

lanation 4
' i hatic process the walls base and piston u{éy}gﬁdcr arc insulating so that no heat can HIH
1.

in adiabatic process no heat enters or lecﬁ the system i.e., AQ = 0

&
sording to first law of thmmud@ﬂi
X .ﬁa- AU + AW &O

1 .‘I_ Kpove ﬂqﬂ-ﬁﬂﬂ“ “'IW'- ﬂ]lt "!'I'ﬂl'k i! d.n-l'.l.ﬂ b}" 'I,hg system at the . ﬂf f--:_:.f I.
Ietule ..mdhmu thnmwmmmnfﬂr: gas falls, . CRPREE Wt
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5 the : o e e e ;,-_ﬂ‘l "
1 Lo b Tk L = ..-:' niiag ! -,“_- ¥ "-'..' &

T

mhﬂ;m 'ﬂ“’:_ 1 A saiidle Dottt RN
lated cyliner, T O 18 compressed rapidly. Paniculary when the gas s
| I'ﬁn i oy

‘milume i.:rﬂ“ molar specifie heat of the £0s al constant pressure to the molar

C
-l
R . G ' é}?’b
t Thnnurvn representing an adiabatic process is called an adiabat. (’Sb
. An adiabat is steeper than an isotherm, N
ples of Adiabatic Process é

pid escape of air from a burst tyre, \égs?\

pid expansion and compression of air thro ugh which a sound u\@e IS passing,
formation in the atmosphere, e

5 || Q- The rate of formation of ice on ponds decreasag gradually as more and more ice ||
oy Il s formed. Why? . X)»\

s ,_1| A. When ice forms on the water surface then at;'ﬂﬂy 1o cool the water beneath decreases
il @sfce is insulator \'\J\ '

. IFthe ice sheel continues to grow thickgr M will act more and more as 8 heat insulator
* for the water. Water below the ice ganhobt transfer heat to the outer cool atmosphere.
o That's why temperature of densepdysier at 4"C does not further decrease |.e. it mmnln

M water.

———————

{C) Entropy {0} Temperature
(EY Q=W (D) None of thass
diabatic expo RS afiororienion s oM R,
-. j (@BW=0 AC)W = ~al (D)W= a0 -
B & madynamics the quantity which |s conserved fs: I~



o)Ak
w‘lh.tuﬁud dﬂhdﬂumh

()00 4 : © -0

®

SN Bnargy -..-ﬂ]!ﬂ“hﬂrﬂ (C) Vibrationsi energy only (D) All of these
g, | Mmmmmrhmmm <‘§>
' @ Fha N

(8) Zero (€)% hoes

W.ﬂﬂli‘lﬂl‘nll anergy is directly proportional te: " 'Q) -
(8) Volurme {C) Mass ) @m

] HﬂI‘Iﬂﬂ conditions s bast far easking purpose?
na | (B) Isabaric (C} Isachoria Q) Aeiabatic
" _hhﬂfﬂhﬁhmlm Q‘
] BiG=0 (CiQ=0 Yy Dy al=0

et 10T

g & constant pressure process. [|:| l:u he change In the internal energy of the

essure process at 1.01 x 10° Pa.

Amount of heat energy supplied 1o Aahten =500 % 16" 1
Waork done by the system = ..‘Mq)\ 0x 10"
@) Change In interal enzrgy MQ‘.
’H- “Chunge in volume = 4V
P=101x10"Pa C)
Bl =450 % 10 0
\ .' a0 1;:::1!1’()
Ising the first law f adynamics,

'.'7-*‘.*.’ %""ﬂ" % 10%] = 2.00 % 10 .
A ALE ,m_:,qn)u 10%) = 3.00 % 107
L% u - | “F adyn Im

o 4 ae lﬂJ:F t‘*’hﬁﬂ % ﬂl_.\‘]
1& |

"An Ideal has absorbs 5.00 x 10°J of energy whilgdiding 2.00 x 10°J of work on the anviran

1%? nd 7.50 x 10°J Is sxpelled from the w:umj




Figure (a) The first law of 'y e AN\
. the body (Q) andrf-.-c:-iw-;ju e soilen mmmahu“im'ma} G figbi et
- R i, (o 1'n.rm¢:1:. by the body (W) remave intermal energy, WiePeas foad intake
k. &Y be constdered work doné on the byt Tb) Plants convert
part of the radiant energy In sunlight into stored chemical ey, a process eallsd
photosynthes!s, V"
Life ftself depends on the biological transfer of ensggy.’ Through photosynthesis,
E plants absorb solar energy from the sun and use'\Phis energy to convert carbon
dioxide and water into glucose and oxygen, Phdosynthesis takes In one form of
energy-light—and converts it into angier, form-chemical patential energy
(Riucose and ather carbohydrates). Ffﬂlﬂﬂﬁ-”nilet.ﬂbﬁfl'srn I5 the conversion of faod
Into energy glven off by heat, wopk-lofe by the body's cells, and stored fat.
Metabolism 15 an interesting examﬁji‘.*:rl the first law of thermadynamics In actian.
Eating increases the internalgnscgy of the bedy by adding chemical potential
anergy. Ve -

— o —— . v
f— o

Define the following tbrms:
1) molar specifis-heat
(i)  molar sogvlfic heat at constant volume (C,)
(i) molargpecific heat at constant preasure (G,)

b) _ Prove thatGy-Cy=R

ic he
. gnergy required to raise the temperature of one kilogram of a substance up o one

nile utﬂﬂ heat.
o of different substances contains different number of molecules, Sometimes it is
ol :.P-fw_nﬂll:umﬂl‘- One mole of any substance contains same number of

|||||



Thermody

s hw of volume and hence work done
T m m a change of temperature is negligibly |

mmiumuwﬂl as in volume with the rise in
ture. | :r the effect of heating the gases, either
iﬂi"ﬁﬂum Is hﬁt constant
I-'lnt at constant wium.

of heat energy required 1o raise the temperature of one

mol, -ﬁ' gas ﬂmligﬁ IK at constant volume is called molar specific
i '| | ﬂfﬁﬂﬂﬂf violume,

! AQy =¢, nAT %
b :'S'-'ﬁa:'e C, is molar specific heat at constant volume and its SI unit is ! Bﬁnmﬁ heat capacity “‘
11 Mﬁl K’ D

constant volumae

Molar specific haat at constant pressure
i‘h

' A€ amount of heat energy required to raise the temperature of pae-mole of the gas through 1K d
) _‘- constan! pressure is called molar specific heat af constant pressudec

_ AQp = cp nAT -
% Where C_ is molar specific heat at constant pressure and itg&INinit is J mol” K

i Derivation of Cp - Gy = R < M—i
1f n moles of an ides Bas arc heated at constant P

(2
"
#

Y truluim 8o that its temperature ! o
~ rises by AT then the heat transferred AQ, is givels ’a}' q ) I
BT CAT g g 1) A
- Applying first law of thermodynamics, .
AQ, = AU + AW O
hmlng value of AQ, from nquu.t:ur\{ﬁ
nC,AT = AUl + a
‘Since volume remains cons -: AV=0), so work done by the
~ system is zero, Thus the uation becomes

nC,ATS ’ +0 [ AW = PAV = P(0) = 0 ]
oN

nCAT = AU
,2;3 = nC,AT )|

FIGHRE 90 Y5

bt e heat tri ﬂQullﬂlmb?




s from equations (2),(3 :
Ad) and (6
nC_ AT = 0l AT + nﬂﬁ'js PR @

nC, AT =p AT(C, +R)
C,- C.+R

€, ~C = R_]

It is clear that C > ‘-'.Z,, by an am

o

&

A%’\ :
{;}‘35

ount equal to universal gns constant R
- - - - ;‘\ .

o RAT

Bl R et
LI

Wk s g
prehere: V= \olume, n=no. of moles of gas, R =

- na i i
g Ersmr:’g.::r; ;asl: On coid day but the pressure of ths xif¥ kept constant then

- :.;'lﬁ'lﬁl'll in infl m < ' & w o
A ToC ated in a w ro o\
~ ball, Why? 8 om. It is used out of door on a caid\day. What happened
8 The volume of gas in the baj will de \
; !l decrea
ﬁmﬂdlng fo ideal dueto gas law, F-“-.fs:'nHT :

Gas consiapl™T = Temperature of gas, P = Prassure

the velume of gas in

.
:I,ul difference betwean C, and C, is equal to:

‘:’-1\- Flln-h;l consian (8) Universul pis tonaign!
:I%'-- ia the molar hest caps city at conatant volumg and’AT is the tomperature then Cv AT glves:
A Araa - |E]En!rgg.- ' (G Voluma :

ek o (D) Dansity
T ":r:!uj'ﬁ ol le—=JI for a diatomic gas |s equatia:
167 @ 160} (€) 1.40 (D) 1.29
diatemic gas C, i T u“n(jl;émﬁll "o for this gas |8
i an
: @ﬁ L 1 LI:H-‘,‘E
1§ tha example of Ible process?
osic (B) Evaporation (C) Slow compreasion (D) Liguafadlion.-
Is an expmple of reversible process:
dane ggdiam friction (B) Heat produced by current (G} Melting of ice {0 None

ble grocess the entropy of system:

N RS TiE e e
o) Ml gas conatend (L) Baoltgman constan)

Jnonl {B) Decranses (C) Increases —{M—-—.__L R DD, .

LR Yol B



- i ﬂ low temperature Ty into which heat is n:juclud. I is I:IISD»

5 used as working substance in heat engine .
stnce is taken through a cyclic process.

: is made cyclic to provide a continuous supply of work.
g substance absorbs heat () from heat source, converts some of it
vork W by expansion and rejects the rest of the heat Q; to co
EVOlf o sink. N
t one complete cycle the change in internal energy is zero. <)
AU=0

& T

ing walues of 4Q and AU
Qi =Q:=0+ AW
AW =0, - O
Lt LT RIEal engene
ciency of heat engine i
10 the heat supplied(in

LA

H TH e R
HMaa! Bouoa)




tiom 90" Of $park plug in a petrol engine? | :
from an gnitie, L2 UG 15 10 ignite the airfuel misture, deikvere electric. cunaritl
bl i ..!'ltlrnu“tn he combustion chamber of a spark-ignition engi 2 toignite ||
through the spark plug. jumaire,yY 2" lectric spark. Electrical energy is transmitied ||

is high Eﬁ:ﬂ'. Ij|||l--ll‘ﬂ||-'lfﬂiil the gap in the plugs firing end if the voltage supplied to
By -vation chambey © " 'T'® electrical spark ignites the gasolinefair mixture in the
pirin engier® PIUg in diesel engine then how does fuel burn in it?

Park plugs are not needed. The air from the atmosphere is |

Into the eylinder of the engine and then [ %
‘ of

diese|

the air is compressed to high pressu
eventually leads to the increas i 5 supplied
of
COMPression stroje & of temperature. when the diesel is suppli ?

i . the temperature developed is more encugh to ignit
This high temperature m 5 ug ig hé
akes the fi r
from where the pa uel to burn and then expansion of gaséde'iskes place

wer stroke is obtained. D~ |

N
\J

went 10,2
- A \

J One cycle, an engine extracts 2.00x Hot reservoir and nsfers

0% 103 J to 3 cold g c 103 J of energy from a ‘Wot reservoir and tra

Feservoir. (a) Find the thermal efficiency of jhﬁngine. (b) How much work

does this engine do in one cycle? (c) What average power dogs the engine generate if it goes
through four cycles in 2,50 57 ‘)

pData: Heat supplicd 1o the system=0Q); =2.00x 10°J

| Heat Energy rejected from the system = 0y = 1.50 x 1071
Fime for four cyclés = 2.50s

Hence time for one cyele is t = 2.50/4 = 0,625s
Thermal efficiency of the engine = n =7

Work done by the system in each cycle = A=)
Average power delivered =P =7 \

] . 7 1.50#10° 5
Using the equation n =i ﬁ= ' Zhoie® = {,25
n% = 0.25%100= 25% _
4 Work done 15 AW =-'.I';l'35¢. i, =_|ﬂ.35 % 2.00 x 10%) = 5,00 % 102]
o ; A 5.00 x 107 _ )
Power delivered is: P === §.00 X 10" wan
‘State and explain Sec:ﬂp@ﬁéw of Thermodynamics.
ond Law of Thermadynamics ‘
arding to Lord in’s statement for working of heat engine,

is impossible {o~construct a heat engine operating in cycle which absorbs heat from a hot
Gl S Rl ithout refecting any het to sink™,
eV t5 it completely into work wit
rvoir amf.iQ r P OR
e,

.. ’ : -'ng
B v rfe:t hLii;nﬁni.:g is a generalization of law of conservation of energy. :
;n“ :’;’;}mmﬁm tells us how heat energy can be converted in to useful work
% ' of second law of thermodynamics two bodies at different wmw for
+ of heat cnergy into Work. e A o i
e iere s . i et s, soovs some s i R

T =

I ':'I" o

e e L T
s



{ low K1 "
: w rking and calculate its efficiency. A

18 a hypothetical engine that operates on the
eyele. Sadi Camot in 1824 proposed this ideal engine
_HOWed that o heat engine operating in an ideal reversible cycle

WO heat reservoirs at different temperatures would be the most

o

1gine works on the same princi ple as that of cyclic heat engine,

{
at from hot body, conven a part of it into work and reject K\\

Fianch Engineer Sadl Camat |
Carmi |8 pronbunced as Kama

! M 10 cold body. \

. 1
o _{I:_yplt_using an ideal gas as a working substance s ?<§{M
‘I_‘_‘-_"J diagram. It consists of following four steps ‘\\7”

Xpansiol \2\ "
! dl,'-ti'ctﬂ! from F| 5] PE <
& increases from V10 V,

«¥
gas I8 allowed 1o expand isothermally Q/%énslant T
: P

(1

ture T (high) absorbing heat Q,
I The process is represented by curva A

I \Y,
creases from Ps to Py M'{S
mereases from Vi to vV, ™

e

the hot

‘F@w

S B E L B R R

15 then allowed 1o ex “adiabatically until its O
“drop 10 Ta(low). | rocess is represented by

- i ] al




AU i ﬂlﬁﬂl‘m m. we get
...n+aw
| W= -0;
siency 1 (eta) of heat engine is defined as | 5
= Sutput (work) %b
- Input(energy) .
-5, o |

4 ez I-Q_. 2 ° »33”

transfer in an isothermal expansion or compression lé;uu‘t to be proportional to Kelvin

i and Q are proportional io Kelvin temperature T, and{;fkspectively.

2
én For Your Information
\’w/
“\\/ The first successful
/'\\../ peirol enging Was
{~,j\, invented by Nikolaus
», Otto in the r 1876
e efficiency is usually taken in Pﬂmﬂ@'flé s 6 Ditat Gouk
was invenied by Rudofph
Pere Ing-:efﬁclﬂﬂl'-‘}“"l :-@ I{]D% Diesel in 1882,

depends on the temperature of hot & cold reservoir.

ure of the working substance.

difference of the two reservoirs, the greater is the efficiency.

»s the cold reservoir is near room temperature. So the efficiency can be increased b]_r
ture of hol reservoir

:jgnmnn be ‘Imﬁ? ¥
. BJ' mmuniﬁgmldrmwmrm at absolute zero t:mp::atm mwwm o




\ .

'u:mlu in such a way that some amount of heat fQ:} ls@o\rﬂ'

: (1),

ied by thr. compressor of the refrigerator on the working} mnnc{ .
cat (Q)) is rejected 1o the high temperature source mtmo{ﬁhcm} al lempers

: back side of the refrigerator and Q, is given by,
‘W +0Qy

% 1
'gunuurism extract as much heat ( (Q:)a ?@uhh from the cold reservoir wil
as little work as possible, %
nance or energy ratio of refrigerator
ormance is defined as the ratio crf 1]IJ]1t of

W _ ihuhmt sink to the work requi é&y 0 20,

FIGURE. 10.14

nance for cooling or mnh £y ratio is

LR TAND IS pivads e
SR A LY

E




ction in which warm air {less denser) rises up and oo
e - Freezeris the source for the refrigeralor’s coldne:
d air being de . the cold air produced from it is denser than the warmer aif in the bottars.

] . -“'-ﬂ-ﬂt keep bananas in the I'Efrigaramﬂ Lz .-,_ .
a8 grow in hot climates, so they are unused to the cord. I they're kept at a cold mﬁﬁ
use

25 that enable them o inhibi become j other
arew are inhibited. And as anTYMm
Nes operate more efficient I i (b %’ﬂ“}l“

ly. S .
skin to blacken y. Some cause cell damage, while others {mn%

. ’ﬂm refrigerator is trying to maintain temperature. It does that by fo
thermostat, ON when called for, OFF when satisfied

» The noise is due to the turning ON and luining OFF the compressorsAlSo noise is typically caused
when the refrigerator enters the defrost cycle and the compressor shuts off. The compresser is under
load at that point and will come to an abrupt stop that causes the Totor to vibrate momentarily as it
__powers down. O

.15 Define and explain the term entropy. N

§ Entropy

S Entropy is the measure of the molecular disorder, or ragdomness, of a system.

> Entro py is state variable of thermodynamically systody

4 was introduced by Rudolph Claudius in 1858

_ _"s. gives quantitative basis or mathematical Yormula for second law of thermodynamics.

Change in eniropy is denoted by AS ) '

I If AQ is the amount of heat absorbed by the system at temperature T. Then change in entropy (state
‘wariable) of the system is, U

P ‘\' +A
as= 22 e 5=

hd potential energy, it is change in entropy various
its absolute value. ey

I

tafa system. i sidiiagid
- ’%’ of change of entropy of entropy 1s Jﬂ?l&fxelm (K™, =
£ T, are the temperature of hot reservoir and cold reservoir e

el L



ufhﬁ oy
L due to a natural Fﬂ]ﬂﬂl ﬁ c. ﬁﬂw
his i tﬁhﬁmu:!';nuthr statement of second law 0 “’“’w

of Entropy .
t[r“m:tl:;f?:um it will go in the direction that causes the entropyCof

ii‘illurul process tends to proceed towards a state of greater dtsnrden\
T "'la@ilmrmihiehcuﬂuws t‘rnnfa hot body to a cold body to ‘““mﬂ‘{.;\%% disorder. Sq
 enfropy is increased. ™~ '
of heal increases the disorder: hence the entropy is also increased. .
Xpansion of gas increases its disorder because molecules have B@f randomness of pog
sion than before. N
rocess in which entropy remains constant is a reversible pmr:cs{% Ve
| flﬂﬂmbh process entropy of system increases, k
il LY of Mechanical Work (i.e., Degradation o 2nerc
; mﬂu two waler tank of different temperature, soyihe average K.E of molecules in |
ralure water is greater than lower temperature. The nio"water tanks can be used as source 8 .._
L ﬂngm: which could be operated, belween theg)\,ﬁl}d mechanical work can be obtained,

R, «

these two tanks are connected with a Lr;l.rm'hv(n’hg rod then heat starts to flow from hot ba b
ds the cold body until thermal wrm!n':'rrurﬁp tached. So no mechanical work is done die ﬁ&r'

£ qrh!'ﬂl' E-HE-EHE which resulis unavai i gf,r;l;l,w_:f_,fm,r];cgf Wk

abserved that in all natural pro »errerg;p tends to pass from more useful form io le
€. increase in :nlmp}r means zradation of energy.

ﬂ! #ﬁnunmus increase in cnlr% d state of disorder of the universe
ading for doing useful work. Q"

Q

: will reach at maximum valye, everything will be at same
udlogical process will have cease

of affairs is refered heat death

Ihc enﬂ:‘]’ﬂ ]I_S O ‘".

d and there will be no way to convert hesl
of the universe,




336 %10 g

s R N,
eycla can be shown by whih graph O A L LEL TR
- V-Taorm s,
L sty S e s P © -V ran © PV~ g
| 1S0DAC process )1 :
Wnch o th tlcuing s the Sluntotumroeyr (O Adsbotcpocas e &
o (8 ' ;
% _ i 2;‘?- following are 'd-umm“wjrm of entrapy? (C) JK oy 'R %‘Q}
L A ) MLT"k) e :
Fi i antng nf“uuﬂumnl{:;tl;m.m;ulumﬂn it 1 Ll ’\6:>
o qﬁ-lhm'ﬂ ecreasin constan| uru‘@?a.u_
i - Which “":;H"“'"'“ﬂ is the Tripla polnt of water? L il o)
Ok R (B) 273.16 °¢
- ; ‘ Cl27T318 K : :
a.m change in entropy of a system after one complete c..-..uml. s ED}«} s
() zero b R B
3 ometimes posa a3 Ll
inizh of the f“"“"'l':":"ﬂ & the E;ﬂgﬂluu scale |s lnd-pﬁnﬁm of nature of substa } S
BCale nbigrade scakes G} Fahrenheit scale A} (BNR ull soale
What would be the approximate afficiency of a Camot engine opaerating with' bailing w:LrTum reservoir and &
freezing mixture of ice and water as the other reservoir?
(A) BO0% (B) 26.8 % {C) 20 % (D) 12%
Change in entropy of roversible process is:
{A) Positive {B) Negative 0 {5 Maximum
The increase in-entropy means the increase in:
(A} Disorder (B} Unavailability of energy [CY R@ndomnass {0} Al of thesa
In reversible process, entropy of a system: ?
A) Remains conslant (B} Decreases graduslly {C) Increaszes (¥ First decreassas fhen incregses

—

v

2. A .0 4.8 5.A |&'¢ .¢ |ea |sc |

10.c [1na Ji2zc |

14.C 15.C 16. A 17. 8 18.C 19. 0O 20. A

. {FOR YOU INFORMATION
:ﬁlﬂ evaporates more slowly because 1t is heavier,

108 joules (147,

alent gasoling ehgines.

98 more carbon atoms in loggar-chains than gascline does (gascline is typically COHZD, while diesel fuel is

less refining to create diggel fuel, which is why il used 1o be cheaper than gasoline.
5| has a higher a@“ﬂ'm’ than gascline. On average, 1 galion (3.8 L) of diesel fuel contains approximately
000'B T, while 1 gallon of gasoline containg 132x106 joules (125,000 BT,

Jthe Jimproved efficiency of diesel engines. explains why diesel engines get better mileage than

CRENe

nment 10.3:

m=3.00 x 10°g =03

¥ - -
L T T e SR

pARSRROI RS f T

of 3.00 x 102g of lead when it melts at 327° C. Lead has a latent heat

m;ﬂi: :ﬂm {b) Suppose the same amount of energy is used to melt part of a

iiht;ar which is already at its melting point of 961° C. Find the change in the entropy of |
LAl _ |

kg i i e
ﬂmﬁﬁ#ﬂﬂﬂ% diver, T=3961°C = (9614 273K = 1234K

3
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Chapter 10 (Therm

 Heat absorbod by the leads  4Q = mH,= 0.3k x 2.45 x 10° 1 kg™ = 7350)
54l .

Change in entropy of lead:  ASy.s™ ir'!%'?ﬂ—nf = 12.25 IK

Change in entropy of silver for same amount of heat 1s:

o A0 _73s0) _ K =596 K™
ﬂs‘l.ll'hll 2 ? 1234 K 5:"5‘3

|F'I‘J RMU LAEI

Work done W= PAV
First law of AQ=ALl + W Uy +W
thermodynamics Apmiiaztl
Isothermal process AQ =W
A‘diﬂhﬂ“ﬂ process W o=aAll |:_l:?'l|:|ﬁrl"1'i|.?|'|;' W= AL |L'|."'II'I|'ITL'-\.:-|E|'\-|I:I
Relation between and ¢ = o)
C,and C, p =Ly SR S
Efficiency of heat el ST i Q n=1- 9
engine 0 ' Ch Q,
Efficiency of carnot's FET: 1,
engine oo N
I-. ——
Entropy g E
+5804 ﬂ:-pﬁqup

%@
A

Key Points
Thermodynamics: The branch of ph'yica which deals with the laws of transformation of heat into olhes
forms of energy and vice versa Is-galléd thermodynamics.
Internal energy: The sum of the'kinetic and potential energies associated with the random motion o
the atoms of the substance i8 called the internal energy of the substance
First law of thermodynamics: This law states that if an amount of heat energy AQ is supplied to 3
system a pan of it may\intrease in internal energy by an amount AU while the remaining part may be
used up as the axtgrn:.u work AW by the system. AQ = AU + AW
Molar specific «l%éM The quantity of heat required to raise the tem
X _ perature of one mole of the
substance (gag))by 1°C or 1 K is called molar specific heat o molar specifi i
R acific h tha
Giibtinon . pecific heat capacity of
Reversi rocess: A process is said to be reversible if
without ing any change in the surroundings.
IrreVersible Process: A process which cannol be r
;%‘olring factors is said Lo ireversible.
_Heat engine: A heal engine is a device for converting heat energy into ical work
: Rl s mechanical : =
Reversible heat engine: The engine in which the process can b retraced af am.E'I stage of its operab®
by reversing the boundary conditions is called a reversible heat engine. Y stage 'y
eat Source: A body of infinite heat capacity which is capable of o :  unlimed.
:whmy of heat with out any change in its temperature is calleg heat s ;L’:’ﬁ';!; E;;‘?lrﬁf:'lﬂ ans
Principle of increase of entropy: Any process taking place within 3 .t isolated syste
the system either increases or remains constany ¥ i
entropy of The conversion of heat 2 hi
Degradation of energy: e energy from high ordereq state 10 a léss orde

is called degradation of energy. "

t can be retraced exactly in reverse oré!

elraced in the backward direction by rgmmrrqﬂ!
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A heat engine operates with & - |
5.
g : o k?:al of heat supplied and exhausts 40.0 kcal of heat.

Given: Heal mput Qy = 65.0 keal
Heat rejected QL = 40.0 keal

Mechanical equivalent of
HCE valent of heat | keal=4. 18,
Hﬂqullﬂd! Work done = W =2 GRELC

lution: The relationelin be : s
S0 .ﬁ“l nship between these quantities 15 found in equation,
W= O, - 0

Putting values

= 4,184 (Mkeal) 65.0 keal - 40.0 kealy
%, 184 (Jkeal) (25.0 kealy
4, 184 = 25.0 (J. kealfkeal
104,600 ] = 105 k]

'||1_

105 kJ

| .
fl a certain process, 400J of heat energy 1s supplied 10 a system and at the same time

15':'-\..' of work is dc_p.ﬁ L-| 1h % r :
- e system. W\
system? y ystem. What is the increase in internal energy of the

Glven: Heat energy supphed to the svste \
Work done by the system, AW = 1 50)
H.qUITEd: Increase in interhal energy of the svstem Al
Solution: Using the first law of thermodynamics
A AQ = AL + AW
r
Illl L f --.II
Al a0 50 1 = 250

bt
= Ty 1 |
| sl .
e b

|':t.."u.'nillﬂ 10.3;

| What is the E:Imng: iy internal energy of 200g of nitrogen as it Is heat - 1
; 5 heatad from 1
EU-C Et CL‘."I‘IETHI“Il "«"olunlﬂ? [F'l:lr nltf’ﬂﬂf_’:h F_!-HE" E"l' = 20.515 -J :I'I'ICI-IP" H .II 'u I': tﬂ

Given: Vass of nitrogen gas m = 200g
Initial temperatup€atniitrogen gas Ti= |{PC
Final termperature Of nitrogen gas L= 30°C

Change ingémperature AT = 1~ 1= 30°C - 10°C
= 0°C = 20K
_quulr.u; Change in internal energy AL =7
Solution: Mblecular mass of nitrogen gas M = 28g per mole
v im 2003
Number of moles, n =3, = 38z per mole = 7.143 mole

\{; The heat added in converted entirely into the internal energy of the nitrogen gas,

AU = AC AT
AU = 7.143 mole x 20,815 J mole” K x 20K

A reversible engine works between two temparatures whose difference Is 100 *C. If It
absorbs 746 J of heat from the source and rejects 546 J to the sink, calculate the

temperature of the source and the sink.

Temperature of the source = T; =7
Temperature of the sink = Ty =7




....... m.]ilmﬁluﬂ in the above equation, we get:
4 _ 746) -546] 100K
746) T
200] - 100K
M6l T,

Ty = 20K 313K =(373-2720RN
2 -
= |00 *C
since, T, - T, = 100°C >
= Ty=T,- mu-*-.:-muc\{ doeC
T_l =0 °C ;e
A Carnot heat engine has a maximu r.lum::.r of 55%. It takes certain amount of heat

from a source, converts a part of {t-into work and rejects the remaining heat to

the heat sink. If the hmp-irlturl@jﬂm heat source is 600 K then find the temg
of the heat sink.

Temperature of the heat source !-\g 0K
Maximum efficiency of Carn -:ngn:

()'n =55%=0.55
~ Temperature of the Ty=?
i ullu;dwqulﬂm
L] Qg/o
T.
= S
& s
Ty=600 K x 045 =270 K
r hat -ihﬁﬂmnu

B
o atwhich it r .,..5" ""“’""’"""‘
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TI - 250 = 1]15 443

Ty =281.25 K=328]25 =1Tim
What is the chan -

I
Take the late 99 In entropy of 30 g of water at 0

nt heat of fusion of jep = 336000 J kg C as it is changed into lce at o "C?
Mass of water: m = 10 g=0.03 k“

Constant temperature oy fusion point T = 0 o¢ = MK

Latent heat ui‘l’usinn of fce Hy= ]3500““1 I'I'E--I '\,;‘(\,/

L &
o0
Heat removed from water = A() = mHe=0.03 » 336000 1 = 10080 J AP
Change in entropy: AS = Ag=—0Q _~10080)

r MK
*0000 4636 Be0000

==36.92 JK*'

o Text Book 'E'xe_r'i:iat_a-.s___

——— e,

LA Select the correct answer of the following questions.
i  Assume we can change the equilibrium state of a system via two different process. Assume that the
initial and the final state are the same, Which of the quantifies AU, AQ, AW and AT must be the
same for the two process?
{l]ﬂ'ﬂ}' AQ and AW (bB) Only AU and AT (2) ORWAD and AT (d) Only AU and 4W
i Inany process the maximum amount of mechanical enerfy that can be converted to heat:
{2) can be converted 1o heat
(b) Depends upon the amount of friction
{e) Depends upon the intake and exhaust temperaise
{6) Depends upon whether kinetic or potentinkeneriy is involved
(&) Is 10054
@ Inan isothermal chunge, internal enprgvs

(a) Decrenses (b) Increases (¢) Becomes zerp (d) Bemains constant
W A thermos bottle containing hiok, coffee s vigorously shaken, Consider coffee as the system, then its
temperature: | 1
{l] Increnses () Decreases below than 0°C
T T e—
(e) Remalins the =ame (d) Decreases
L Maximum work canbeobtained in the process called: : |
. {n) Cyelic {b) Isothermal (&) Adiabatic (d) lsochorie

A heat lngintlhkﬂi Inrlﬂl}EI'.] of heat at 1000K and exhausts 6000 of heat at 400 K. What s the actual
“Hﬂﬂcj’ f ne?
S B e R 10k ity G T
] ) If th serature of the heat source is Increased, the [cb} E:,:n._.'“ej 2
4 4 nuin:;mnﬂ.m (d} First increases and then becomes constant
ple polnt of water Is:

(b) 372,16 K (¢) 273.16 °F () 273.16 K .
A real ideal gas at: P
w1 S san by .Fpmﬂm{f‘j.eﬁligl-pnmlurti () High density (d) Low temperature
1t th Hlm. of the gas Is to be increased by 4 times, then:
emperature and pressure must be double

: perature must be inoreased by four times
e ;m:;‘:"mmupthimmh}'h“'ﬂ"_
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Chapter 10 (Therm

In which of the system listed below is the entropy decreasing?

{E:l.ﬁ. gas is cooled (b) A plate 15 shattered

{€) An egg is scrambled - (d) A drop of dye diffuses in & cup of Water :
- (12)  If the temperature of source and sink of a Carnot engine having efficiency i 47 ———
then the efMiciency

(a) Remain constant (b) Become | (c) Increascs
Mo, Dption ANSWER EHFL&H'&TIDH .
1 (hi Only AU and AT U T RN
When final state of system 15 equal -it initial sigten then final
temperature of system is equ 1o initial |._-|||]:cr?£a.iil.r|.' rtr!-:! Firal
imternal energy of system s equal 19 fitial - internal
energy Therefore only ."'-_'". ] AT I_I:-_'| )
2 (b} Depends  upon  the

amount of friction

(d} Decreases

A ld'] Remiins constlant Internal energy iz directly prop :"l,,-‘l..‘ to lemperaiure.
| nal process tempochily i wmstant therefong
iernal enen 15 conKlant
4 |..|1'| INErERSEs b i_-
Whale shaking <K . R sascs and temperaiore
5 ‘b oo T hiaa L aa S Y aeial o +
v ] |!~l.'|l|'|-:. Tl wren of P BraMN =0 £ W ¥ [g Swvald&mLin TivVEn
i =
I oot rag o 1Y, saeier than other
l- o ion
3 (o) 5% R Sy e ————
| R S\ - ;
: | S . IT — . —— !
7 {a) increases B
B (dy M6 K e -
q Lk} Lovi' dleiialiy gt = e . —m ——m e ——
4 e ———
I" L) LY coOnstant : l'i'.,: e wesly WS Of - T ey AT e ——
i 1 e = 1 ropartiongl 1o
IEImMpErmRure Zimust  Be | tThe nbhaoute ldrmmer e 1 . "
L i ) N Il.'_l'|_ I
increpsed /NN four |V e T el
Lirmas

il (i) .-".ﬁ“'\ﬂ)bi.":-.'-i-:nl e e

12 {e) hudseeiises R [ T T s ——
\} 3 e K

3 Since ne].l

‘f(\/ S -] ao | === (5
"‘," "l=omR = S0
When temperan APy
’<2> n= E_JE'I, res are decreased by 100 K, then;
100

Q?w =l =033I=f87

The twio objects a7¢

thee hey are at th -
demmmmﬂhmﬂﬂ!muwhlﬂ.ﬁmﬂlhh T
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S The earth is not in thermal cquilibrium  with sun  because whil 'lmrud-
- absorbing radiant energy, it is also losing heat in various m;-:s eg m-:mlﬂiun:f mﬂnl:. - ié

P The Earth and the Sun are not in contact with cach other. U A
B carticles can diroctly interact with cach otha: er. Usually things reach thermal equilibrivm if their

> But the only way for energy to move from the Sun to the Earth is via EM radiat - :
Earth and the Sun is mostly a vacuum, = VAL iation, because tie space between the

e > Also very small percentage of sun energy can reach earth,
T
@.2 When a block with a hole in it Is heated, why does not the material around the hole “P"}g’.’ﬂ‘“
o X

- the hole and make it small?

# Ifyou heat the ring it expands, making the circumference bigger. When a block is heated its
| lemperaiure increases | :

» The block will expand on heating and its all dimensions increase .

~ P Therefore diameter (size) of hole also increases. neis Het
.;I
]
k 8 A
- i : "".'.i"'-

'@.3 A thermometer Is piaced in direct sunlight. Will It read the temperature of the air, or of the sun,
e or of something else?

® When thermometer is placed in direct sunlight it #ill read the temperature of its surroundings or temperature of
air surrounding the glass bulb.
P when the temperature of the thermometric-sbbstance becomes equal to the temperature of surrounding then
thermal equilibrium is reached.
P A normal thermometer cannot be used to-measure temperature of sun.
B Temperature of sun can be estimated by studying its spectrum.
- Q4 The pressure in a gas cylinder containing hydrogen will leak more quickly than if it is containlng
oxygen. Why?
BB According to Graham's law of diffusion, the rate of diffusion of a certain gas is inversely proportional to square
M2

root of its molecular mass. :-: i 1T
The smaller the molecular mass of a gas the greater will be the rate of diffusion and vice versa.
: As the hxdf:;ﬁn is lighter than oxygen i-¢ its molecular mass and density is less than that of oxygen therefore rare

of deﬁf hydrogen gas is greater than oxygen. _
a) the pressure in a gas cylinder containing hydrogen will leak more quickly than the gas cylinder

Qs at happens to the temperature of a room In which an alr conditioner is left running on a table
__In the middle of the room? -
BB The temperature of the room will not decrease but it increases slightly .

absorbs heat from the room as well as rejects heat in the same room at the same rate.
gf.iumhmilpnduoddlntuﬁmﬁmhmmmm .This heat is also expelled in

.



fing -ﬁu 'I-'Il'u"l the air escaping !rqm a cycle tube cool. Why?
wside cycle tube is at high pressure and high temperature,
the valve is removed the air rushes out from the tube,
.. ﬂl'l'l'ﬂl‘llhﬁﬂt pressure is less than the air pressure inside the tube.

ore adiabatic expansion produces which causes cooling,
| -1* the temperature of air falls down and hence becomes cool.

the limitations of first law of thermodynamics.

irs aﬂ“’ﬂ'ﬁhﬂm:ﬂd}'nlmma does not provide a clear idea about l|1.¢ li?:m'rn of ahsorption or evolution of heat:
does not tells that under what condition and in which direction sformation of heat and work takes plage. .
bes not tell about the entropy of system. IF all energy Is ¢ ed, entropy can never be achieved; if entropy is* =
ved., conservation has failed. A5

]h‘.lllihln. according to the second law of mnrlﬁod';rnl mics, to construct a heat engine that Is 4
@ from thermal poliution?

Ans ﬂ} NG, i1 is not possible to construct & heat engine thik 1.:711 not expel heat into the atmosphere. 3
- ¥ _.'- H' 5 "\wj

‘iﬂimrﬂhgm 2nd law of thtmmd}-mmm;«LQ Kelvin's statement ‘It is impossible o construct o heat engin e
erating in cycle which absorbs heat QLM hot reservoir and convents it completely into work without rejecting

v _ \ huun,ﬁnu expels heat engrp thr. surrounding and produce thermal polution,
ble, then it will b ption of second law of thermodynamics,

' 2ero or Infinity? Can specific heat be negative?
prbe zero in adianbatic process,




t engine, wo
et : V7 rking betes,,
oy T;"ET C‘IEH-E'?}-;MH
T C=27427 =300k
T. %Q)
-] . 308 N~
i Tt | oy o.)
= 1=-06=04 {f}{f‘)}\
- N %= 0.4x 100 = 4004 :“;f“j
> 1_11! inventor of engine claimed g efficiency 459 therefore his elaim s n i valid, O N’
e 1T A% N {1 ‘\
= *0200 9030 o000+

a - --—._._.. e ——— -.,-"“ e s et g
S Comprehensive Questions

o ————

e SV8 & short response to the following questions,

-
I
|

R Explain, briefly, the following term T les: |
sl Etaltu e a & used in thermOdynamics: Systemn, Surroundings, Boundary

h BUEF Sce 0.5 from book
3 Dlﬂlngulah among the
; See 0.2 and 0.4 from book

State and expiain the first law of thermodynamics,

three forms ﬂfﬂner-y: work; heat and Intarnal energy,

. See Q.6 from baok
v

In the light of the first law of thermodynamics degcribe the processas:
- {a) Isochoric process (b) Isobaric process
(c) Isothermal proce§sand  (d)  Adiabatlc process
See Q.7 from book, :
% Define the molar Q{n“clpa:itlﬁn Cpand C, for a gas, Show that, for a mole of an ldeal gas, C. -
b _1_ C.=R ,&\.}
SUEB See Q.8 frons badk,
. Explain with examples reversible and irreversibie processes,

WUEE See (3G book,
b m* s meant by a heat engine? What is its main purpose? How is its efficlency defined?
Ske Q.10 from book,
Stal Iﬂ':. second law of thermodynamics In its alternative forms. Discuss the assertions of the
‘and second laws about heat and work energic ——:
.. lmm mk‘ ﬂ-’? -_ _. ... R _--:’E.I
“wore the basic questions that led Carnot to Invent Carnot engine : :




r‘- ﬂa Chapter 10 lTharmud]rm.%
" 11.. State Carnot Theorem about the characteristics of a Carnot engine. 1

. See 0.12 from book. . e L,
412. What do you mean by a refrigerator? How does it function? Derive an expression for the
Coefficient of performance of a refrigerator.

m See 0.13 from book. : = e
13.  Explain the concept of entropy. Mention its major properties. How is the second law of

"

thermodynamics expressed in terms of entropy? o 8
See Q.14 from book,
wtc}i*#:i#ww'*

_ _IfIHl_hﬁrical F'_ruhle_rps

1. Water at 20°C falls from a height of 854 m. If the whole energy Js\used in increasing the
ey temperature, find out the final temperature. Specific heat of water is Q200 JK- kg™
Data: Initial temperature of water =T, =20 "C=20+ 273 =203 K
Final temperature of water = T; = 7
Height from which water falls = h = 854 m
Specific heat of water = ¢ = 4200 J kg™ k !
Solution:
When water falls on ground then its P.E
Converts into heal energy.

Loss of P.E = gain of heat energ
mgh = AQ
migh = AT
gh = CAT
: _ B
- ©
gh
T= - TI - 'E'."
T; - T| - %
T, \!‘ T+ E'[._TT" Putting values
&\/ 9.8 = 854
BN = N TeRg
T3 = 20342=295K
< = 295-2m=2°%

te method:
6 Final velocity of water just before hitting the ground is v =+/2 gh

\3@ v = [2%98x854

v = 1294 m's

K_E of water converts into heat energy on hitting the ground 2ph=vi-} g
Loss of K.E of water = Hent energy : i -
lpy = omaT _ vi=2gh

v ve=+[2gh or
vy ST vey/Tgh
v
B=N" %




_fi'*: law of thermodynamics
AQ =AU + AW

AU = AQ — AW
AU = 25200 = 6000 = 19200 J :
gy of the gas and Work done by the gas.

L
- Change in internal encrgy = AL =7 \>
b}  Work done by Pt AW =7

o &

ta: Heat supplied at constant pressure = AQ, = IE

ting AQ,=1801)
( Cp=yCy )

(Putting Cyn AT = AU)




Trom the source of heat engine at 227

) sink. Calculate efficiency of engine.

"

.éi-'\.. 'II L

N . Iwﬂrk"d‘ﬁm = d.w = ?

2000 — 1200
2000
800
2000
0.4 |
0.4 % 100 = 40% :

= - | - .I




136

AW =T %&
[aW = 45547 ] \Q
AW = Oy =0
h - ﬂ“""Qg ?ﬂk@
= 45.54 + 336 i
K = 38154 ] <}\{~

Calculate the change in entropy when 10 kg of water Ia\’“ ted from 90 °C to 100 °C?
(Specific heat of water is 4180 J mol™' K™')

en Data: mass=m= [0 kg RAS
Initial temperature =T, = 90°C = 90 + 273 = 36¥
Final temperature = T, = [00°C = 100 + 273.5473 K
Change in temperature = AT =373 — H-ﬁ,_'-t\é{ﬁ'l K
Specific heat of water=C=4180] mzﬂ"\lf "
. ) \/
Change in entropy = AS =17

- P
Solution: )
== . RO 5
~ Average temperature = T j&g‘:} 3
363 +373
L r (o i
= 368 K . Y .

Heat supplied to wal %‘

- AQ = C
. . ' = A180'x 10= 10
s |§§\Jmnum |
s - W




AQ ~ AW
1176 — 352.8
- 8232

AL+ AW
AQ - AW
1050 — &4
966 J|

AU+ AW
A, — AW
=210 = 0

=210 J ;
‘ﬂ_‘llll!ﬂs-ﬂ‘l: Iﬂdllll'l'lll.l‘:l" of 1. 10°Pals i ——
nine the number of I'I'mlla of N a container having a volume of 1.00

_ ﬁy n the container.
i.“‘ H“‘“ against the piston, expanding to twic i
eric p I'Hm.lm Find the final Ilﬂ'lpn | “.ﬂm original volume, while presst
- L'Eammﬂnfﬂmm TS 20°C =273 + 20 = 203K
.. -?l-iﬂu L
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40. A block of ice at 273K is put in thermal contact with contal e
of ice to water at 273 K while condensing some of the lt:a::'-'truﬂufn.r:ﬂfr:t Eﬁrﬁ K, converting 25 g

(a) Find the change in entropy of the ice.
(b) Find the change in entropy of the steam.
{c) Find the changg in entropy of the universe.
_ﬁﬁuﬂ Data: Temperature of ice =T, = 273K
Temperature of stream = Taam=3T1 K

453

Mass of ice block = m = 25.0g = = kg = 0.025kg
1000 % '

Latent heat of fusion of ice is H, = 136000 kg
Change in the entropy of ice = AS.=T7

Change in the entropy of stream = AS . =
Change in the entropy of ice = AS !

T Ve

s

Solution:

The heat absorbed from the stream js:
AQ = mH, = 0.025kg x 336000 Jkg = 8400)
I'he change in the entropy of ice AS...:

ASie=—==2=30.76 J/K = 30.8 JIK
e 273 -

Change in the entropy of ice AS,,,..,

DS = === _HU __ 54 50 /K =226 08

e 173

INegative sign shows a decrease in the entropy of the(stéam
Change in the entropy of ice AS e

A8 pniverse ™ A8+ AS s = 30.8 JK 400275 1K)

AS gmiverse ™ ~22.5 WK = 827 MK = 83K

+~::~¢¢+4i:+§+{:m

I I.  Why the food is cooked quicker in pressure cooker? '

_@ In pressure cooker, due to increase in pressure the boiling point of the food rises so the foed is cooked quicker.

BT A person is painting the ceiling, and drop of paint from the brush falls onto an operating
incandescent light bulb. The bulb breaks. Why?

m An incandescent dight bulb has glass that reccives light from the bulb filament. The glass heats up by radiations of
filament and by convection through gas filled in glass. Thus, glass becomes very hot.

When drop of paint falls onto the glass, that portion of glass suddenly becomes cold, and the contraction of this
region creatés thermal stresses that causes the glass to break,

Write down values of molar specific heat at constant volume and at constant pressure and find
m&»{nﬂu constant y for mono, di and polyatomic gases?

A

C
1
cv Cp Y C;
Mono-atomic gas (Ideal gas) 3r 3 ;= 1.67
2 2_
b Tr AT
2 2 -
A OR/2 [ — .







r—e
3
Tllll =]

2

|

_‘__:', 1= constant, prove that TV~ 7 o constant

PVY = Constant s}
PY =nRT

:;.'.E"" 1 : .

For one mole n = |

PV =RT
RT

“Fy P lv
Futting value from eq, (2)in (1)
RTYY

-_l-'_- = CEII'IELBITI

RTVY ! =Constant
Tyr-1 _ Constant
R

AsR _is also a constant Q’/
TVY1 =Constant K%

gt Explain why adiabatic is steeper than an igotherm?

the isotherm. This sicepness
the cost of its own internal vn;ﬁ@gf. While in an isothermal ¢
reservoir,

- Adiabatic process is I@?ﬁn isothermal process,

5
Lhue to these reasons adiabat i steeper than isotherm.

(Alternate Method)
¥ /& - o=k/V'
d
B sl = — (kiV"
A
.- _ : dV

If' an isotherm and an adiabatic are -n‘ﬁ@-hj on the same graph, it
13 m@h«me reason that in an adia

can be seen that adiabatic is steeper n‘llps i
batic expansion, the system does work al
xpansion energy is supplied by the heat

T

T =




isothermal process = ;:?: — L —(2)

T
'lh.&l:r'?l

1) and (2) it is clear that the slope of the umnh@f}:rw:w.. is ¥ times more than the slope of the
wmﬂthfumadlnhat is more steeper than isé .

"nflﬂnfhm:muudtu ,
'ufhm;smedm ‘ through 1K

all the heat absorbed is used to ncrease temperature

R e 1.;;.,-\. ""~‘Q.=,_ 'h_.l
W I
=

G o LA U T | Tem, L PR
ire falls, i IEmperature of the systeim cha
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+=3R/2, therefore gamma ‘y' for this gas is:

457

1. For a mono atomic gas C

y .
: mﬂ: 5 ’ {h) 573 () 4/15 (d) 15/4
2 In thermodynamic process the equation AQ=AU represents process:
(a) Isothermal (b} Isobaric () Adiabatic (d) lsochoric
3, An isothermal process is represented by:
(a) Charles' law (b} Gay-Lussac law (
: L& ['\.} [d'v.-;ll L.d'J Jl:l"-'l 'd I;':"-I :
d. In an isothermal process, internal energy of the system: R
(8) Increases {(b) Decreases then increase
(¢) Decreases (d) Remains constant
5. If the temperature of the source increases, the efficiency of a Carnot engine. v
(a) Decreases (b} Increases |I1nn decre; 1563 (c) Increases {d) Remains same

respectively is given by: g g and lower temperatures T, & Ts

T T r_r 0 e

== L R "*'“‘L"-;.i fo) n=—1i_
: ! 1. e

T. Thae EEDFEE.EH]T'I for pressure exertad b':l" the gas on Cﬂl”ﬂlﬂﬂr gn.any side Is

(8) P == I'-""‘ - (b) P = " b <y (ci P i p <> (d)P %p-’.’t':-
2 ) .

8. Mlxlmum afficiency of Carnot Eng ne is always
{a) greater than one (b) less than one (c) equel to one (d) none of these

9. In reversible process, the -Entrup].-'
(o) remains constant 1] iNCreases Gy decreases  (d) initially increases then decreases

10.  The triple point of w :uter s
() O ) 100K (c]373,16K (d) 273.16K

11. What would be the Ef‘fltiﬂnl:.'_',-' of a Carpot engine operating with boiling water as one reservoir
and a freezing mixture of Ice and wat6ras the other resery oir? (FBISE- 2017}
(@) 27% (b) 67% {c) 12% (d) 100%

12.  In a reversible cvcle, lhn} 1:.1"'n|w of the system: (FBISE. 2017)
(a) First increases and then decreages (b) Increases
{c) Decreases (d} Does not change

13. A frictioniess heat engine ¢an be 100% efficient only if its exhnunttamperaturn Is: (FBISE (ON) 2017
(&) Zero kelvin (b) E .,-.-i.. ta its input temperature
() Kelvin temperature {(d) Zero "C temperatumne

14,  The temperatura at which a system undergoes a reversible isothermal process without transfor
of heat is called as; (FBISE{ON) 2017}
{a) Reversiblelemperature (o) Critical temperature
(c) Kelvin temperature (d) Absclute zero temperature

15.  The entropy of universe always: (FBISE - 2018)
(&) Increases and decreases simultaneously EE; Et‘rﬂ&iﬂﬁ constant

Increases ecreases
18. j&:ir:ﬂf:hnny of diesel engine Is about: g o
- (b) 25% to 30% {c) 45% to 50% (d) 35% to 40%

(a) 30% to 35%
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SELF - ASSESSMENT PAPER
1

Total Mark: 4g
e — ——
Question.No.1 Choose the correct answer from the given options, {Lx8 25
SECTION - A
1. For a mono-atomic gas Cy -% then y Is:
i o
(A) 2 (8) 2 ) 2 (D) —
5 3 15 .
2 Which of following Is correct for 1 calorie = 7
(A) 420 J (B) 10 J (C) 40 J (D) 4.2 J
3. Efficiency of carnot engine can be:
(A) 100% (B} Maximum (C) Infinita (D) Zero
4, Temperature would be same on °F and °C at =
(A) - 40° (B} 40° (C) 3¢ (D) -30
§. In an Isothermal change, internal energy:
(A) Decreases (B} Increases (C) Becomeg\2ero (D) Remains constant
6. A real gas can be approximated to an ideal gas at: (FBISE-201%)
{A) Low density (B) High prassure (C) High tansity (D) Low temperatura
Question. No.2 Give short answers of followings: (3 x 7 =21)
SECTION ~B
Hh Why does the pressure of gas in a car tyre ingrease when it is driven through some distance?
(1) prove that area of P-V graph is equal to work done by the system
(i)  Canspecific heat of a gas be zero or Infinkty? Can specific heat be negative?
(v}  An inventor claims to have devaloped &-heat engine, working between 27 ' and 227 o having an
efficlency of 45%. s the claim valig? Why?

middle of the room?

{vl) Differentiate betwesn reversible and ireversible Process

{vil)  During one cycle, an engine extracts 2.00 x10° J of energy from a hot reservoir and transfers 1 50 x 10°
J 10 @ cold reservoir, (@) Find the thermal efficiency of the engine. (o) How much work does this engine
do In one cycle? (c) VWhat average power does the engine generata if It goes

57 through four cycles in 2.50
 Question.No.3 Extensive Questions. T
- T — ——
i SECTION - C :
(a)  Whalis Camot's Engine? Explain its working and calculate its efficiency. Alsq state Garnot's theorerm.
| @
b A.Carnot heat engine absorbs 2000 J of heat from the source of heat angine at 2 aatd
(b) ’t\-li'bn J of haat during each cycle to sink. Calculate efficiency of engine ’-Efﬁngnrmu?ﬂ ﬁﬂlnf:nndd;n:]ﬂ#ﬂ .
“af work done during each cycle. 4
of wo {
(c) Whatls mechanical egquivalent of heat? ) 19
Fx e Buv=~

.

THE END
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25 Minutes SECTION-A

. Isory. All parts of this seciion
Note:  Section-A is compulsory p are to be answered on

Do not use lead pencil,

Marks: 17
itsell. It should be
iting is not allowed,

@1 Choose the correct answer le. A/B/C/D by filling the relevant bubble
Answer Sheet Il':ﬁﬂl’dllﬂ to the instructions given there. Each part ﬂull’-ri:l :'::;ii:k?uuﬂﬂn gt
1. Inacricket match 500 spectators are counted one by one. How many significant figures will be there in

. Minal result?

A3 B. | e 3 D. 0
The SI unit of solid angle is:
A, degree B. radian C. steradian D, revaldtion
"E B= ﬁ I the sealar prodoet s;
A. additive B. associative C. commutative 1Y, multiplicative
The rectangular components of a force of 5N are:
A. 3 and 4N B. 2.5and 25N C. 1and2N D. 2and 3N
Distance covered by free falling body in 2 second is:
A, 49m B. 19.6m C. 39.2m D. 441 m
If momentum Is increased by 20% then K.E increases by:
A, 44% 3, §5% C. 668 D. 7%
The consumption of energy of 60 watt bulb is:
A 30) B. &) CaM2] D 18]
81 unit of moment of inertia is:
A, Kg/m B, Kg/m' C. Kgm' 0. Kgm
Who gave the inverse square law for gravity?
A. Einstein B. Galileo C. Newion D, Plank
Pressure will be low where the speed of the Muid Is:
A, Zero B. High C. Low [}, Constant
The displacement of particle having amplitude 'a’ in SIIM in one time period is:
A, zero B¢ 8 C. 22 D, 4a
The distance covered hy  body in one complete linear vibration is 20 em. What is the amplitude of body®
A, 10em B. 5em C. l5cm D. Tem
" Which waves are used in Sonography? _
A. microwaves B. X-rays C. ultrasonic waves D. Material waves
‘optically active?
:_rhl;: Il':n‘u‘ BRIty B. Tartaric acid C, Water D. Milk
T& ]: point of water ; = S e
A beat engine absorbs 507 of cnergy and give 45J of work. Its efficiency will be:
A, 60% B. 70% C. 80% D>l
Velocity of the efflux is mensured by the relation: -
1 D. /38

A NG B. \2gh G\



65 12 and questions

H' 21) (Chapters 1 to 5)

D

fthe two vectors is a mull vector or vector A and B are @(}21 to each other. Prove ji,
helmet while riding?

| N\
8 moving abject have impulse? Explain, o
 the varion i X

ME The varlous non-conventional sources of energy and write dowrn theipghniacteristics.
1y are energy savers used instead of normal bulbs? i

L T Q\V\W
mﬂﬁ"ﬂ'[%t] of geostationary satellite. s ” 3

Why does the coasting rotating system slowdown as water dr

opg into the breaker?
o SECTION - C (Marks 21 Wapters 6 to 10

r any SEVEN parts. All parts carry equal i,
‘What is an aerofoil? Explain its working
‘When water falls from a tap, w

in accordancegyith Bernoulli's equation,

hy does the cross-seclional area of dro
mhmﬂﬂ t by damped Oseillation? Show s

is m irmimphically,
In relation to SHM, explain the cquations: ALY = A Sin(wt + )
W&mdm the applications of Doppler Effect,

~ How can you gencrate ultrasonic waves-gnidhow can you detect them?
~ What do you know about grating s meter?
 Why is ordinary light not polorized?

F'wo blocks of ice are pressed er in order to form a single piece Explain how this happens,

What is the function of s in 4 petrol engine?
— SECTION - D (Marks 26)
ywar any T questions. All parts carry equal marks.
for the time period of a simple pendulum s

' ng dimensional analysis, The
s on which the time period 'T" may depend are: stonal analysis Th:
' pendulum

the bab

angle O which the thread makes with the vertical

piet decreas™s as it comes down?

b, a == wiy




Time allowed: 25 Minutes

Physics Model Questio
SECTION - A

n Paper

NOTE: Section-A is compulsory, All

Parts of this section are tg he answered g

n the separaicly g
Answer Sheet which shouig be comp e

| Version Nnm@DDDD

leted in the first 25 mj t d hand or 1 o O
minutes an anded gyvee©
Superintendent, Dﬁlnﬁnj@nm;mlng is not allowed, Do not use lead pencil, A % the Center
QI Choose the correct answer A/B/C/D by filling the relevant bubble for each question an the OMR
Answer sheet according 1o the instructions given there, Each part carries one mark,
1. What is to ratio lum/1Gm? »
(A) 107 (®) 10~ (C) 1077 (D) 10-"
& Forwhich angle the cquation |3 ., 7] IA % B is correet?
(A) 30° (B) 45° (C) 60" (D) 90°
3 What is the angle between 'r‘.l. and ﬁ for which |I- I_]'. = |I - I_ijll'-Ii
(A)30° (B) 45° (C) 60~ (D) 90°
4. 2 What does NOT change when force is applicd on a body?
(A) Mass (B) Velocity (S Position (D} Acceleration
- A projectile is thrown so that it travels a maximum range of 100m, How high will it rise?
(A) 500 m (B)250 m {C) 400 m (D) 1000 m
6. If momentum is increased by 20% then K.F incragses by:
(A) 44% (B) 55% (T BEY, (D) 77%
7. The atmosphere is held to the earth by:
(A) winds (B) gravity (C) elouds (D) rotation of earth is
8. The angular speed in rad/hrs for dailyrotation of our earth is:
(A) 2n (B) An ©% O3
9. Artificial satellite moves around:
(A) Moon (B) Sun (C) Stars (D) Earth
10.  The pressure will be low.where the speed of the fuid js:
(A) Zero (B) High (C) Low {D) Constant
. The periods of the pendulum at Karachi (T,) and at Murree (T} are related as:
(A Ty>T, (B)Ty <T, (C) Tu=T, (D) 2Ty = 3Ta
12, Which ongof the following factors has no effect on the speed of sound in a gas?
(A) HunEdA]E}' (B) Pressure (C) Temperature () Density
Wh m of the following properties Is NOT exhibited by the longitudinal waves?
ion (B) Interference (C) Diffraction () Polarization
tp of u needle does NOT give a sharp Image, It Is due to
) Polarization (B) Interferance (C) Diffraction (D) Refraction
The Prineiple of Michelson Interferometer is based on the division ofy of light
(A) Wave front (B) Amplitude (C) Frequency (D) Speed
In an lsothermal change, internal energy of u system: : Const
ecren (H) Increases (C) Becomes Zero (D) Remains
Vet d U I Mm.16K
(B)372.16 K (€)273.16°C ©) _

L



L
\
¥

" .i;::’; :Mpf;ny SEVEN parts. All parts cargy

' " e puges 1-2 and questions therein are to be answered on the s parately
K. Use supplementary answer sheet Le., sheet B if required. Wrile your answery neatl

()

"SECTION — B (Marks 21) P "

I (Chapters 1 to 5)
ny SEVEN parts, All parts carry cqual marks.

b h famous Einstein's equations E = me’ is is dimensionally consistent.

e 1o use the period of pendulum as a time standard. *i\

‘Which circumstances would a vector shall have components of same magrjftheT

El"hﬂywhy buses and heavy trucks have large stecring wheels? §
Head-on Collision? Explain briefly with an example.

What is the angle of projection for a projectile for which the mn:-cimu&ﬂ?e. ht reached and corresponding ra
ﬁ,Il hydrogen-filled balloon possess P E? Explain briefly

* A bucket is taken 10 bottom of a well; does the bucket possess Q‘?@ E? Explain briefly.

:., . hy the fly wheel of an engine is made heavy at the rim?
,ﬁr_‘hﬂ is just supported by a siring without breakin B IT i GAsT swinging, it breaks. Why?
SECTION — GfMarks 21)

(Ch Q;-' 6 to 10)
. qual marks,
Niiy 8 sports car has oblong shape design? ()™
Jescribe the working of an engine m&r

kﬂumﬁhﬂmt from daily liy henomenen in which resonance plavs an i
Wi pendulum if its length is 1m? Ty e
ive and destrugtive interference?
pogition of nodes and anti-nodes in a vibrating string?
cr1s PAGSIDIe to radar waves? Explain briefly,

lain Br€Wster's Law of Polarization?

itiima for a process to be reversible?
g galled as “times arrow”. Explain briefly,







=[E] = (ML'T) ... (1)
=me’ = [MILT!
= [MUTY .o (2)
I LHS=RHS e
e Iﬁnn. we use electromagnetic waves, called microwaves, to heat*!\ Micro means smail, =
waves are smaller in wavelength than other radio waves. It does “@ ow that its wavelengthis

\%}.; 2450 MHz. . iix\!!i_’.l.Jll

e resultant vector.
ents of all the vectors to find the y- curr-pcun of the resultant vector,

nmmmgufresu-!lant vector R by using Q/
,E-.. +R,’ 0%

which lowers its C.G. and they are constructed such that their li
area (their base area is made large), That is why the cranes mostly du 1

lacity as that of the aero-plane when it is dropped. If the bomb is d
"__ﬂumggt,hwumﬂkeapuintammufthetargatduetum:musf::: iz
: the bomb misses the target. The bomb moves like '
g i a projectile a_s!hwgnl




Q} r
il cases, the force is not constant, but it varies in magnitude or direction or in bot @
d '4: ont e of pwbtv acting on a rocket moving away from earth. f‘b L
. yﬁ" exerted by spring increases by the amount of stretch. Q

mmﬂdur the path of particle in xy-plane from point a to b as shown in ﬁg&@:\

m;thhhﬂanshnnlntervalsnfdlmlacemm 5 hd. -‘n:h Q?N

fm:es acting during these intervals are I 5 ]" 2 s E~ respectws@v

‘I:qunme is considered to be approximately constan: for each lnlenta’t of displacement.

suwmi done for the first interval is,
AW, = F| _.'].d| = FcosB, Ad,

Similarly,

L AW, =Fr.Ad; = F,cosb,Ad,

< imd up to nth interval

e v

AW =F..,4!;d =F cosf Ad_
ﬁq\w the total work done In moving lh! hoalﬂi from point a to b is.

W= [AW+ AW, + ...+ AW L
W =(Fcos Ad, + F,m!ﬂ_ e+ F cos0 Ad )
4

O 3
W= grrma,m‘ g

1

N4

o - - —
i e

.:_EI'IPHI:'II Meth
5

he padiant llg.lh and heat from the Sun. Solar radiation along with secondary solar resou
#ye power, hydroelectricity and biomass account for most of the available renewab

-thod: ‘turn:n-snlu-m:rmr depending on the way they capture, convert and distribt :
! th:wc -:rfphm:wn]:me-mh and solar thermal collectors (wit
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b 8 A 63 i
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s Q“’
ﬂ;ﬂul\'ﬂnthr

of mass m, moving with orbital velocity v around the earth ﬂrlﬂﬂ&*" is the radius of the
ipetal force F can be expressed as ‘

oy
r

-'Wll-. -

| — X~
h"]ﬁﬂﬂdld by pravitational force of altraction between cu&\ﬂﬁi}ld

e x
R F=G ﬂ“ﬁ (2) ?.\2\
g equation (1) and (2), we uﬂ

<
s my ?"14:1. </</

: s SECTION (C) ,
i re is not compulsory]

, (01 40
o the effect, where speed of fluid ix high, '

';ymﬂwwwt A Ry

her above ﬁhngﬂmhwﬂsiﬂu J’ur 4—_.7-;’!,’%




d2Bends ony upon the fengh of

y is said to be executing forced vibrations If it osciliates with the interference ofan

A Sl external force,
For example :
If the mass of vibrating pendulum is struck repeatedly, then forced vibrations are produced,
~ The vibrations of factory floor caused by the running of heavy machinery is another example.
iv)  Applications of Rescnance (any two applications)

o a, Radic and Resonance {gb (03)
b. Magnetic Resonance Image (M.R.I) ,\<’,}
(¥} IFE be the elastic modulus and p be the density of the medium then speed of sound waves "‘C)% J
1o 5 E {/\
W e N
J; cﬁ@%
Although the density of solids is greater than that of gases but the modulus of elnsidit " of solids is mmuch gregter
than that of gases (Eyse>> E .,.,). \
e e
Therefore | — lsolids > '—'} goses
, i 5
Also molecules are closer in solids than in the gases, 5o they respond more quickly to a disturbance.
h- . That is why speed of sound is greater in solids than the gases. (03)
ate I’lﬂ Any THREE diffarences.
- Progressive waves . Stationary waves

1. | The disturbance produced in the medium | % KThere is ne anward motion of the disturbance as no
travels onward, it being handed cver from particle transfers its motion to-the next. Each
s one particle to the next. Each particie-d particle has its own characteristic vibration.

i gxecutes the same type of vibration as'the

- .
i’ preceding one, though not at the \same
time,
2. The amplitude of each particleisthe same | 2. | The amplitudes of the different particles are
but the phase changes continuously, different, ranging from zero at the nodes to

maximum al the antinodes. All the partiches in a
given segment vibrate In phase but in opposite
phase relative to the particles in the adlacant
& segment.
3. | No particle’is permanently at rest, | 3. | The particles at the nodes are permanently at rest
Different < particles attain the state of but other particles attain their position of
momentary rest at different instants, momentary rest simultangously. ]
All the particles attain the same maximum | 4, | All the particles attaln thelr own maximum velogity
jeiocity when they pass through thelr at the same time when they pass through their
piean positions. mean positions, "
e Fay '8 10 travel through half silvergd glass plate two times and It decreases spee nfl:httmu“m
plate G, cut from the same plece of glass as Gy and Is equal In thickness to Gy Is Intreduced sty
11 to decrease Its sperd of light twa times. G, therefore equalizes the path length of the beam [and &
I8 called “ﬁllﬂ!ﬂﬂlﬁ;#m plate or compensator plate.

Imes It behaves like a particle (called a photan), which explains how light t
it 'mlh.l_m!mnmmnmmhun::i-_tnntﬂtuui_-

| mumwfu:ggmmm ght m. NS
# _ - ¥
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=
L m 5

X _ ’i&ﬂ' lﬁﬂdlnh or which involve friction or dissipation of energy through ¢
tdndml-nri are irreversible. Qﬁ)
>
N

5 an iﬂmﬂ: of highly irreversible process '®)
aw of thermodynamics does not provide a clear idea about the direction of a lon or

-f-i ¥ lnfnrmmun: provided by the first law of thermodynamics are not emug@}bﬂmdlﬁ: the spo

- faﬁ'ihmty of a process.

€ _.' tt'dn-ﬁs not tell about the entropy of system. If all energy is Enniﬂmdxﬁi\ﬁ’w can never be ‘ﬂ’m
' mﬂ‘nw Is achieved, conservatlon has falled. i ‘ﬂ’

SECTION (D) ib{“ !

\$ (01+01)

num height + time of Might + range of proj n.lo< (02 + 02 +.3
r V™

erical: (0.5+1.5+15+
Data: Hmant‘hallﬂmﬂlﬂt}gm—ﬂjkg \
' Speed of ball = v = 25 m/sec. </
(8) Height to which the ball would rea;n}n = (ans : 31.9 m)
(b) If height = h' = 25m, then
(i) work done =7 (6.7 1) nnrﬁgaffnmmﬁﬂmaw;

ation ui'.ﬂmﬂr,and Potential En \fnt:rms of 5.H.M and also draw graph
i&’“/\
Ipare cy when the car approaches =1 =17 f’:[ ¥ ]f

V=2

cy when receding the car= " =7 f*-[ ];
v+a
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