= V. = [JO-63 410" | m/sec= 063270

—

=

(OR) |v., = 2-5km / sec

‘F'

[ [6673x70" 6 x10° g
10 x6-% x70° i

r
6:3x10° ] m/sec = 2-5 x10° m/sec

L

2:5x70°m / sec

+++

"Chp-5 Rotational & Circular Motion - 231 '

3 5 ROTATIONAL &
[I CIRCULAR MOTION

s rotational motion, angular displacement, angular veloci-

a—
— ; pgﬁﬂ )
10° = kilo| & lar acceleration?

g and NI

jona Motion:
5 Rataf:gq_ ,fz novivii
5 (I)t'an of a body about its axis of rotation is known as rota-
The movi

sional motion or angu

- ar Dis lacement: ,
v % arc at the centre during angular motion

lar motion’

" f‘ : “up w
i ? :m::n os angular displacement: In given figure, 0" represents
the angular displacement, such that, U=1 radius 2
.1 rad- The units of ungular displacement are =
‘ degree, revolution and radian [rad]- L :
1 revolution= 360"
1 revolution=2n radian &
360° = 2n radian [frad = 57-3 | -
NOTE: If the length of an arc is equal to the radius of the circle,
then the angle subtended at the centre of the circle is equal to T
redian-
e (iii) Anqular Velocity: f
| APl s The rate of ch lar displacement is known as angular ve-
(!%'.-"dnu/,k,’,,,_]&;g”;ﬂ-#»i_hﬁ . - G? thange of angu a: isp -
=) e wsd L Hostigid f‘}kd‘-,,; " locity: 1t is represented by “w™ and is given by,
’ g wsrlagdic
i . l.'I-l=-—_.
(=@ )'zl-{; =/ Lfilr?;_.f;' 2 ..:.-7|J/u.r::f . I' At
a {5""*f}-f%uﬁﬁc?fdw'ﬁni.g!’%dtyfdmé.gﬂ ; The units of angular velocity are rad/sec, rev/sec and degree/sec:
. Lrage Angular Velocity:
(Jéﬁ)-?qJ?ﬁff:}Ijﬂékd’uﬁf . :’I ﬂvtrﬂge ﬂngu.\'ar Vﬂfﬂﬂity sk abtﬂ'fﬂtd .!?y d!"l.-’fdr'ﬂg total jﬂiu'
W= - iidv Ll *”?L"}I—-.-’JF‘ - " displacement by total time taken: i-e
(U' -—'-'/")-I.ﬁ, -:a‘«'Jf/.::..:d;f L - <@H>= _i_ﬂ_
s 1, ) S :
- ) = e ———

e
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[nstantaneous Angular Velocity:

The angular velocity at any particular
instantaneous angular velocity:  (OR)
The angular velocity for which time intervals a
known as instantaneous anqular velocity: j-e-

-5: Rotational & Circulgr Motion
e 07 Motion

instant of time ;s known
&

pproaches ¢g zerg

Dimension of anqular velocity:

AQ - rad _ rad ” [T‘,]
At sec  time

(iv) Anqular Acceleration:

The rate of change of angular velocity is known as angular accelers

tion: It is represented by “x” and js given by,
aa
At

As o =

x=

The units of angular acceleration are

fiverage Anqular ﬁcu[grqtfgg:

~ The average anqular acceleration can be obtained by dividing totd

change in angular velocity by total time taken- i-e
S >= ﬂ_EJ.
At

Q:gagtagep_u_rs Angular Acceleration:

:ﬂu-. anqgular acceleration of a body at any particular instant of time
is known as instantaneous angular accelerction: j-..

, rad/sec, rev/sec, degree/sed

u:;ml ﬁm ﬂ_ﬂ-}
At=0 Ag
Dimension of anqular acceleration: (ETEA 2007)
As o= DO _ rad >
NG
At cec?

@2: Discuss the relation ::f:-w;n linear di;;faum:nt and angqular
displacement- (OR) Show that, S = rg

‘ BISE Malakand 20719

[ _'ﬁ-_ e — — ‘-—-—---;
Ans: Consider a body of mass “m" s moving along a circular path 0
radius “r" as shown in the &

ure:
Let “AB" and "Ac” raprese:t:s the two arc making an anjle 'l
and <AOC with the centre respectively: Now we have,

<AOB = Arc AB » <AOB = constant arc AB (1)
Similarly, <Ap¢ = constant arc AC (2) "

'=F=FE (3)

e —

= tion (1) by equation (2), we get
. Iﬂf ‘q Arc ﬁB

B
<A0B . _—— 2 '
= Arc AR=S
<aoc  AreAC A )

Here < A0B = O c A
¢ ﬁac = f,rﬂ'J.fﬂn

Arc AB = 2

pe AC= T 5
6o equation (3) becomes,

B = §- — 5 = re (q)
IL_. ; (4) represents the relation between linear a'ispf?ument
Equatio

and angular displacement-

&

Q3: Discuss the relation between linear velocity and angular veloci-
ty- (OR) Show that ¥ = ® X7

Ans- We know that,
5=rb (7)

We also know that, '
: 5=vt (2) Comparing equations (1), (2), we get,

vt = r0 }\\
)

- — — s i
—

t
As %, angular velocity= w

S0 equation (3) becomes,

VEro (4) e
In vector form equation (%) can be written as,
V=a0xrF (5)

Equations (4), (5) represent the relation between linear velocity

2nd angular velocity-
-H - _H##

: Discuss the relation between linear acceleration and angular
—Zeleration- (OR) Show that, & = & x T

T e
Ans. By deﬁnitian, we have,
Linear acceleration = (Ve " %7
_‘ t
::i.gl",‘h;') 4>
S () PR

- H:r
'--..f___l"f': hﬂ"il":,

—H_
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Rotational & Circular Frommea |
V, =0, Xr and v =0 xr B
S0 equation (1) becomes,
. _ (v, ~0) .
a = XF
: (2)
We know that,
('—’_}; = {1:[) ”
: = rate of change of angular acceleration
(0, -0) _
= . = x (3)
PutF;ng equation (3) in equation (2), we get,
@ = x F’ (%)
Equation (%) represents the relation between
anqular acceleration-

linear acceleration ¢nd

@S5: Discuss the linear kinematic equation ;'n- ratat;an-m“ .cquﬁtfan
form-

LINEAR MOTION ROTATORY MOTION
I S=wt S 0= ot
2 W, =y +ab — W, =0 *tuct
3 <y>= (v:;“} > {ﬂ:}={mr+b}’}

2

4. 2a5 = vi -v* — 2ax0 =0 -0
S5 5=v_t+%at; — ﬂ-‘-tr:‘t:-*ifft'?

Q6: (a) Define circular motion- (b) Define centripetal force and
centripetal acceleration: Derive mathematical relations for centri-
petal force and centripetal acceleration-

il

BISE Peshawar 20{?

Ans- (a) Circular Motion: The motion of a body along a circulé
path s known as circular motion-

(b) Centripetal Force and Centripetal Acceleration: (ETEA 2006-8)

Centripetal Force: The force which compels the body to move i circle
is known as centripetal force: It is also hnown as centre seeking foree’
F‘_n_crfPEEﬂ_fnﬁiicqup{qg: The acceleration of the bﬂd'y during ﬁ;rfu-"ﬂr
motion is known as centripetal acceleration It is always directed
towards the centre of the circle:

I

dy of mass “m” moving along a circular path of radius

w» gs shown in the figure:
f wcm and “V," represents the velocity
I

Let

the body
. . Here changes occur in velocity due to

at points “A" and “B" respec-

tivel i
c!mn:£ in its direction, which is given by,
Av = (‘}z . Ef ) (7)

We also know that,
o o (2)

Here we Put-
S=Av,r=v,0=A0

S0 equation (2) becomes,

Av = vAB (3)
Dividing both sides of equation (3) by “Mt" and taking the limit
e lim we get,

a=0
. [Av -
!:Ta(E] (v) ﬂTﬂ[.ﬁt] = -!
> la=vo (4) lim(i—‘]=a
< Al -»l) -
We also know that, v = ro so equation (4) f :]
a=ro'mw = |a=ro’ (S) lim &—]“{“
_u_-rH\ At
Asv=rw = o= 1, so equation (4) becomes,
r
v 2
= iy -
e=v-= =l A (6)

Equations (4), (5), (6) represent the magnitude of centripetal acce-
leration In vector form, equations (4), (5). (6) can be written as,

d=-vor (7)

d = -rp?f (8)
2
&. ﬁ:-L"‘
= r y (3)-

The negative sign shows that the acceleration is directed towards
the centre of the circle-

E;?ﬂi@ﬁi—@ﬁ:ﬁﬁﬁiﬂ?gt:ﬂ,&r__@: (ETEA 2007)

= fnow that, F = ma (10)
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e~ —— r'-ﬂ"luh‘
Putting equations (%), (5), (6) in equation (10) one by one, \p ,
F=mvo (71) Get.
F=mro® - (12)
-?'I
4 1*" - (13)
l r

Equations (11), (12), (13) represent the magnitude

Of centripesy
force: In vector form, equations (77), (12), (13) can

: . be written o,
!F = vV QF| (14)
F = -mro¥ (75)
j- mv? .
& iF = - - r (76)

Q7: Define and explain centrifugal force or reactr'ar; force-
Ans: Centrifugal Force ( or) Reaction Force: 3
Definition: The force which is equal in magnitude but opposite in

direction to the centripetal force is known as centrifugal force:
Explanation: F

Consider a piece of stone —
is tied to a string as
shown in the figure:-

Now if we whirl the
stone, then we provide
centripetal force to the
stone: During this
process, our hands expe-
rience a push in the outwards direction Such outwards push or forc
(s known as centrifugal force- Its magnitude is equal to thet of centrr
petal force but opposite in direction: Mathematically, we have,

mv*

— Cenminipetal
Reacthion Force
Force

Path travelled by ball

The El-'l'lll'lfugul force acts in a direction paoanbng
away from the centre of the cindle

cantrfugel

r

—"

_— =

_Q8: Explain the “bending m‘.‘ ram:.'" or curved road? —

Ans- Consider a car is moving along a circular path [banked curve] ©

radius “r" as shown in the figure-

During the turn, the following forces are acting on the car

- —

ear h

E‘ctnﬂnnnl &_Lnrculﬂr H:{hc}n - 237 E

the car “w" iIs ﬂﬂta"ﬂg dﬂwnwards.
al force “F," is acting at angle “0 " with normal in

tal force “F." is acting towards the centre:
i e . ts :ampﬂ'
Ive F,” into 1
,.‘ﬁa “F, cos b" and

B n then WE see thaot "Fu cosO"”
t:‘m weight “y" of the car

he component “F,sinB "™ is _ﬂct-.
the centre: S0 “F,sin®

So we have,

haiance

While €

7 powards |

gts 05 centripetal force
p-» E sin©

. ™ . Fsin0 _ (1)

.
= F,cos 0 )
; :’=:”5950 (-2) F; =mvi/rws= mgl
=
Now dividing equation (1) by equation (2), we get,
m? F,sin0 _ sin®
mg Fypeos® cos 0

2 s =tanﬁl+
2 L =tand > vi = rgtﬂﬂ{j cos bt | _|_
4.
— i{w=\frgtmﬂ (3)

Equation (3) shows that for given values of r, 9 and O we can de-
temine the speed of the car during the turn

@9: What is moment of inertia? Discuss the importance of mo-
Jent of inertia-

\ETEA 2015

s Moment of Inertia: o
The reluctance of q rotating body to change its anguiar velocicy is
Yown as moment of inertia- (OR)
¢ Property of q rotating body which maintains its state of rest
#’* “-‘T"ﬁ:'rm rotational motion is called momsent of inertia
M,n g:gﬂu_am:;_ig:ggﬁ Inertia: S
e -w that the =osc of 2 body plays an important role ml it
" In the same way, the tnoment of inertia plays an 1mpor-

~2% i rotatory motion- The moment of inertia is the reluc

—
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tance of @ rotating body to change its angular velocity-
the angular acceleration of a rotating bady* It depends
distribution of mass from the axis of rotation: The mome
ertia is represented by “I" and is given by,

I = mr? (7)

In equation (7), “m" represents the mass of the rotating

i _ y &ady ﬂnd
r' represents the distance of the body from the axis of rotation.

¢ OPPoses
Upon the
e of -

=
———

Q10: Discuss the relation between torque and moment of inertiq
of a rotating body- (OR) Show that t=lq .
- - i

Ans- Consider a body of mass “m” attached to the end of 4 light

rod, as shown in the figure-
/ m

Now if some force is applied on the body,
then the body begins to rotate about the

LU

origin “o"- In this way, torque is produced

which is given by, r
1=F xF

= T=rFsinBn= 1 =rfsini (7)

Now if the force “F " js perpendicular to “r", then we put 0 =90,
so equation (1)

= 0 = rF 5in 90" 5in90° = 7
B & Bl (2) Torque produces angular
We also know that, ;g;;;ag;?é?;;) &
F = ma (3)
Putting equation (3 ) in equation (2), we get,
T = rma (%) ’
We also know that,
a=ru (S5)

Putting equation (5) in equation (%), we get,
T=rmxra

- P . S i
= T & mra [m!‘; = moment of inertia = ’:l

= W G (6)
Equation (6) represents the relation between torque and moment of

inertia during rotatory motion- Equation (6) shows that the product
of moment of inertia and anguler acceleration is equal to torque

o Chp-5 Rotational & Curcular Motion - 239}

1d_Moment_of Inertia_of a Non-Uniform Rigid Body:
¢ oNd ===

W”# gid body, we suppose the whole body to be consists of

mfﬂ re

jp co5€ ver oF small parts having masses m, m, m, m,,.......,
rge Mmtdnﬂ £ Fay Eipomiei -*,r, from the axis of rotation respec-
§ . z T moos .

R ¢ iaw the torque acting on “m,” is given by,
pvely T

g *mh

1, * MS %

F 4
(.=mra

Now the total torque is given by,
t1=tl'+ri+13+”-“+tn

2 2 -
3 = mefat myrya + myrya t et mra

= 2 2 - Y e + 2) x

s [): m,.f]u (A)

In equation (A), we have,
Lmr? = total inertia = |

% equation (A ) becomes,
|1', = la (3)

E . . . -2
flation (8) represents the torque and moment of inertia of a ri
yid body- '
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Ans’ k?um of a body due to rotatory motion is known as an-

lgr momentum (OR) : -
or t of moment arm and linear momentum is known

Ring or thin walled
Cylinder 1= MR’

Dhsc or sohd
Cylinder 1= ;MR‘

um
Axis Axis o 'ﬂ’u,ﬂ" moment
anation: e e
m is represented by “L " and is given by,
*.,-"""'al The _ln!ua‘ar_mﬂm*’”t” P po J
| L=rxp
- L = rpﬂln 0n
:Lirpilﬂﬂ (2) ' I.
S:Td:s:;::: Smhdr;:uiu:* r'::;:rulck :tn:tllﬂ ull:'ph:-c fqultf.ﬂ" (2) rcprcuﬂts the ﬂ'{ﬂgﬂlt”dﬂ
5 12 -:uhi[: +bY) 'r :n,ui’dr momentum- Equat,an (2)
— — . — shows that for given values of r, p, the m
H.CT?WT}/; mgular momentum depends upon 07"
Find the torque acting on bike wheel of the given fig.ire- The anqular momentum is a vector quan- 3
Ans: Let “F" represents the applied bty Its unit is kg-m’/sect It is always
force on the wheel which rotates wih (oot T perpendicular to the plane determined by “r ™ and “p "
with angular acceleration “o™ as producing angula .
acccleranon e Mau Hn Hlﬂr_mlﬂm!ﬂﬁﬂm:
shown in the figure- Then the tor | | n_of Ang Fo e

. Bs L=kg-m?/sec
que produced is given by, S Dimension of angular momentum and Plank's

t = rF (1) o Lo Messlength® | onstant are, same- (ETEA 2009, 10)

- , time £
Also F = ma (2) > L= [T Hinks:L = 2 op e 28 2 20V BTy o[y
Putting equation (2) in equation | J 2n n n e
: ‘-————-_____-_—__

(1), we get, ‘ " Q2 —

. D‘f!:u;; e i S ———————
B g (3) the relation between anqular momentum and moment

of | ;
Also a = ra (%) ~rtla: (OR Show that:_, L=l

ﬂﬂ’* c - — e — = —
ﬂn!'dﬁr “ pﬂrtiﬂ!ﬂ i e . * ii = "

. j ‘ . of mass “m” having linear momentum

Putting equation (4) in equation (3), we get Moving along 9 e

T a circular th of - " - :
=hm iy = o2 N Path of radius “r" as shown in the figure
T=rmra=rmaoq (5) W_th: nngufar mam:ﬂtum

; 1 : uL' " rle i ven b A
';” “f“"t:”” (2- mr = moment of inertia = | ' H y E' rxp W e Pl wghee By
0 equation (5) becomes * TPsin0A
= : F = L =prpgj
|1. la (6) b:;m""'mum angular mP sin 0 (7) n |
i‘i""‘t‘z” () represents the magnitude of torque acting on the Mes, omentum, we put 0=90" so equation (1)
ke wheel of radius “r” and having angular acceleration “a " % "Psin90r

[smgo' = r]
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- L=rp (2) .

— — e

We know that, \A,
p = mv (3) |

Putting equation (3) in equation (2), we get, :
L = rmv (%)

We also know that,
VEro (S)

Putting equation (5) in equation (4), we get,

L=rmxro

= L=mio

[mri = moment of inertig = f}
= |IL=]o (5)

Equation (6) represents the relation between an
and moment of inertia-

fingular Momentum of a Rotating Rigid Body:

In case of rigid body, we suppose the body to be consist of large
number of parts having masses m, m, m; m

qular momentyr

He—— :m_ at ds
- - '
tance r, ry ri....., r, from axis of rotation “0" respectively: Nou
the angular momentum of “m," is given by,
L = mrle
5r'mffarfy,

- 2
Lj = myrio

s 2
a“.-:j myr; o

L 2
L = mrew

Now the total angular momentum of the rigid body is given by.

L‘ — ‘.} + L._? + LJ + llllllll . + Lﬂ
- 2 2 2
= L = mrfe+mrio+ M@ + eeeveennn, 4 m.rio
- < 2
= L =(mn® +mp? 4., £ mr? o
A
= 'L'r. - {Z m'-'l"?}m
iaf
4 T a - L 2s]
= 8 (A) Zmr:‘? = total moment of IN€r
aaf _________"cl"

T—— - , Year _ ~5.Ec~atn£rttar Moticn -
= Phgsics Notes _ . ——— —

t.an A represents the angular momentum of q rotating rigid body-
Fquati :

?E' Discuss the relation between torque and angular momentum-
. ) f'\L i
(0R) 5‘“?” thﬂ'tr T éf«'

‘EEE Malakand 2019, DI Khan 2019, BISE Pe;ﬁrrawar 2019

We know that the angular momentum is given by,
Hﬂsi -fxp = L=rpsindi = L =rpsino

x rpsin90° = rp x1 [put 6 = 90°]
> Lap = Ab=nrdp _(7) .
Dividing both sides of equation ( 1) by “AL", we get,
.':"—L- = F(E] (2)
At At
According to Newton's 2™ law, we get,
'ﬁ_E = (3)
At _
Putting equation (3) in equation (2), we get,
AL .
— = rF 4
i -
As rF = torque, so equation (%) becomes
| it: o — . & — |t = :E_L. (5)
e At At

Equation (5) represents the relation between torque and angular
Momentum: Equation (5) shows that the torque is equal to the
rate of change of angular momentum- | ' |
Q1% What d y f

Ans-

quant
For

0 Jou mean by conservation of a physical quantity?
The tonservation of a physical quantity means that a physical
ity remains conserved during any change of an isolated system-
qunn::f”Pfﬂ. a.mass. charge, energy, momentum etc are the physical

'S Which remain constant or conserved during any change

tak -
.._fé’"i Place in an isolated system-
3: "= )

tum >tate and explain the law of

"'l-..._____““fth Hnmpfﬂf‘
ETEA 2005
A

ﬂf- ‘_Sit_gt-emgnt: ___'-—l—-. : = —

is =L4 -

q .
‘ﬂﬂ:tant; - that, the angular momentum of a system remains

n s

— - e
conservation of anqular momen-
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Explanation: We know that,

AL
w2 (1)
At
Now in the absence of external torque, we have,
1=0 (2)
Putting equation (2) in equation (1), we get,
At At

Equation (3) shows that change in angular momentum ;s equal ¢
zero* In other words, we can say that, there is no change n ﬁ‘“iuﬁ:
momentum i-e: the angular momentum remains constant- 50 eque-
tion (2) can be written as,

L = constant (‘F}

Equation (4) represents the mathematical form of law of conserve-
tion of angular momentum-

Examples: The examples of law of conservation of angular momen-
tum are:

I Motion of planets around the sun:

2+  Motion of moon and artificial satellites around the earth:
3+ Orbital motion of electrons around the nucleus-
&+ maf:ian of divers, ice skaters, dancers etc:

_Q?S: D:'sfuss the KE of a rotating ;ffd bar.f.l,g
[ 815€ Bannu 2017 s S

Ans: Consider a rigid body which consists of large number of parts

having masses m, m,, m,,........ ym, at distance r;, ry e

from fixed origin “0" as shown in the figure: Now the K-E of “m,"
Is given by,

=

7 i
(K-E) = Emﬂ’: [v = rm] —
= (KE) = %m,rf w?
5'Illm'ﬂﬂr!y* (H*E-)i = %m;r: lfl]"rLI
7
(H'E.)g 5 E m_ir; w°

ey Rotat.

-- ultinf Hﬂn—?iﬁ

(KED. ~ _;_m_rf:-:"'
(KE), = %fﬂ_fﬁf
otal K-E of the rotating rigid body is given by,

Hﬂw(:fr;)f: (KE), + (K-E), + e + (F‘;-E)ﬂ

L, (KE), = (KE)* (K-E); * ;28" + —mrio’

L (KE), ® %m’ ;m,rf + mr? o +mr] ﬂ
o (KE), = :;-m*’ gm,rf] );m_r;" = total moment of inertia = |
o (KE), = 507

- |(KE), = -j;?-!m‘ (1)

Equation (1) represents the K-E of a rotating rigid body-

— —= — —

Q17: Discuss the K-E of a rolling body- ] i s
Ans- w}mn an object rolls down on an inclined plane, it posses linear
motion as well as rotational motion: Thus the body posses transla-

-

tional K-E due to linear velocity "V
and rotational K-E due to rotational

=

velocity “w"-
Thus the total K-E of the rolling body
is given by,

{K‘E):uw < (KIE)hu-r v (K’E)m-t-w,!

= |(K-E) = %mv:" + %z'm'E (7)

L

w

Equation (J? r:p_iresentf_the E'EM{WJ&F o -dawn.
Q18: A disc and a hoop of the same radius stfrts m:_:h? & 2
from the top of an inclined plane at the same time: Which wi

_noving faster on reaching the bottom of the inclined? - "
BISE Mardan 20719
fns A piece of hollow sphere is known as hoop or v

hin ring: While a
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Nayab Ph sius r 3
piece of solid cylinder is known as disc-
Consider a hoop aend disc of the

same radius start moving down Hoop
from the top of an inclined plane
at the same time as shown in
the figure: At the top, the hoop
and disc posses P-E- At the bot-
tom of the inclined plane, their
P-E is ‘totally converted into

translational K-E and rotational K-E- S,
0 w.
PE = (KE) + (RE) e have,

i 7 = _ v
2r? . () ["' ro,ow = :}

For Disc: For disc, the moment
7

I = —mr?

2 (2)

Putting equation (2) in equation (1), we get

/ 2
mgh = — 7
> "T"V} j >3 xsmr’"

of inertia is giyen by,

7
= mgh = Emu" +_r.m
g

' 2
= mﬂ“':a"—'—'—ﬂ;v = §h=§.f_
q

h

Ty 2mv? + my?
I

s> PN )
3 39

For hoop, the m, .
: moment .
{2 ﬂf(::;r'tm is given by
Putt; ) —
79 equation (4) jp equation (7
meh = -{-m - 1 (). We get,
g >z X mr?

P —

ing equation (3)., (5), we get,

wmpﬂ} p" e (V)i-—u } (V)ﬁﬂﬂﬂ*

. disc will reach the bottom of inclined plane faster than hoop:
is

ﬂmh
VY

thg il S % 5 . 'y ®
%;;—_—-*(ﬂ) what is an artificial satellite? (b) Discuss the critical

¢ satellite: (¢) Discuss the orbital velocity of satellite:
0 L = = =

Ve locity

- 2006,2009.2010,2013, 2015, BISE Peshawar 2015, srsaJ
fardan 2017 ———
Satellite:

o (a) Artificial 2atel

feial satellites are spacecraft that stay in orbit around the earth-
Artitici

&F;f"tiﬂ’—’sr-f—dﬂ;ﬁﬁ?f Satellites:

1. With the help of artificial satellites, we can take the pictures

of the earth:
2. Artificial satellites relay communications around the earth-

3- Some satellites are used for navigation- The signals they send
out are used by the crews of ships
and aircraft to Keep on course as
they travel around the earth

4 The global positioning system

[GPS] is a system of 24 satel

lites which can tell a person his

or her position on the earth very
accurately:

Some satellites are used to inves-

tigate space-

(b) Critical Velocity of Satellite:

The minimum velocity required to put a satellite into the orbit is

known as critical velocity of satellites:

When a satellite s moving in a circle of radius “R" from centre of

“rch of mass “M,”, it has centripetal acceleration, which is given by,
2

"R [0, = 9]

Satellite

- Jdistance
from carth

5.



https://v3.camscanner.com/user/download

i (7)
Put g =9:8m/sed®, R=64x10°m [radius of earth]

), be $G "N equay,

v=J98x6%x10° = J62.72 x10° m/sec
=> v= 7-9:?03!71{54:

= v = 7:9km / sec

[ro’ = h:'!a]
This is the minimum velocity required to PUt a satellite ;
orbit and is known as critical velocity-

(¢) Orbital Velocity of Satellite:

A satellite of mass “m" moving
around the earth in a circular o
bit due to gravitational force be-
tween earth and satellite: S, this

force acts as centripetal force: So
we have,

Km K
2
_ mv Gﬂ’l;m e o a em
r r r

6Mm
= y= . . (2)
In equation (2) Jam_ - tonstant, so equation (2) becomes,

7
D VL — 3

ya (3)

Equation (2) shows that the
portional to the
lite in

velocity of satellite s inversely pro*
distance of satellite from the planet: i-e+ a satel
orbit will move faster when it is closer to the planet and
slower when it is farther away: UWhen a satellite falls from high altF

tude to lower altitude, it gains speed, and when it rises from low
altitude to higher altitude, it loses speed-

_—

__-—I———-____-_-—

s 5 od is 24 hours and appears stationary as seen from the

[t A o satellites are very useful for world wide communication,
se s ‘ L un
ljﬁk' :}r!ﬂbsgﬂﬂtfﬂns ﬂnd m;";"tﬂry
wﬂhl
Pﬂ’P"“r know that the orbital speed
ﬂw w‘ # [
Nr ﬂﬂl"i’b" 15 ’I'Vlﬁ by:
M, (1)
TS  EmREEEE
We also know that,
v.t — 4 [ J——
N t S = circumference = 2nr
A %’E (2) t = time period = T
. Comparing equations (1), (2), we get,
20, [67,
T Vs

Squaring both sides, we get,

2
21" 4 " Gm'
— T -

P
‘l‘l‘[i rl = 6ml =: r-j = Gm‘: (3)
=/ T 2 r Y

Time Period of Satellite:
From equation (3), we have,

T2 a Gnlr’ = dur N g [GT' 3 ]
6M, GMm, 9 y
r.‘c‘
> TPagel T-EnJ; (4)
9

Equation ( 4) represents the time period of satellite:

Ereq uency of Satellite:

H’f'—r_fl..r_..’_ 5
2n \r (3)

Equation (S) represents the frequency of satellite:
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Radius of Satellite:
From equation (3), we have,

s _ emT? [emr:ré -
— .

r- = qn: qn: (3)

Put G = 6-673 x710"Nm? 7 k¢?, m, = 6 x70* kg

T = 365 days = 365 x 24hr = 365 x 24 x 3600sec
r = 374 in equation (3), we get,

- [5-673;?&'”1 6 x24 x (365 x 24 x 3600 )? /3
4x(314)?
= r=4%23x10'm [70° = kito]

= r=423x70"x70°m = 4-23 x70*km

= |r =423 x70°km (4)

Equation (%) represents the orbital radius for geostationary satellite
which is measured from the centre of the earth- At this height, a
satellite will always stay over a particular point on the surface of
earth- This height above the equator comes to be 36000km- The
whole surface of the earth can be covered by using three geostatio-

nary satellites as shown in the fiqure- Each satellite covers a longr-
tude of 120°-

Q27: (a) What do you mean by real weight and apparent weight?
(b) Discuss the weight of a body in a lift or elevator?

Ans- (a) Real and Apparent Weight:

The earth’s gravitational force on the body represents a real weight
whh:f;' the force needed to support the body against gravity, jrer to
prevent the body from falling represent its apparent weight-

(b) Weight of a Body in_a_Lift or Elevator: “
Let Anmol weight a fish with a spring scale attached to the ceiling

of lift as shown in the figure-

Rotational

: n the lift is at rest: lWhen the
thn the weight of fish is act-
o in at rds direction while the tension in

pwnwa sirg 0 upward direction: Both
; ch other and the net force on

'« Zero
the ﬁ‘f’ : _ m (1)
T wh”; the lift _in_moving upward:
%5 moving upward. then the net
e

th :
fa::: on the fish 15 given by,
L

a T ng= 1 = e ¥ 59 y )
2 mf (2) shows that when the lift is
Equatiol - * | then the spring balance meas-

mnw’ﬂgﬁ up:ight which is greater than actual
ur:_ :;"w"- This increase in weight of the
wei

ih is called apparent weight of thg-ﬁsh-d -
Case-3: When the lift is moving _adown

wards: When the lift is moving downwards

then the net force 0N the fish is given by,
Fig ¢ when e hes BADY i o CHOTRLES

=1 -
F"t - w T S e et ol Ew WpERE Ak et T

- = a- m o vl igan Bsa hie werghe ol e I
-~ ma=mg-T = T=m q

& Circular Motion - 251 |

——

(2) Wig B Whe s (B d - wtos T mlaE

. L E L R B R L

v licel FERaid- ol s el =
wul il Comls

= (T =mg-ma (3)

Equation (3) shows that when the H‘Fi b
spring balance measure the weight Wfﬂf ’f the fish repre
“w" of the fish- This decrease in weight ©

apparent weight of the fish’ i the i
Case-4: When the lift is Fﬂm"q. FFEE;!' bi‘iz:ls.
freely, then we put a=g, 59 equation (3)

T=0 (4

T=mg-mg= chows Zero reading of
Equation (4) shows that the spring balance

: f the
rent W‘!fght .
weight when the lift falls freely’ Thus the I;PP:nder gravity
fish bdtomes zero when the lift is falling free'y
,f

2 |

is moving downwards, the

ss than actual weight
sents the

ft is falling

__.—l-"—-__
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_Q22: Discuss the weightlessness in a satellite-
Ans. Consider a satellite of mass *

so which the body in-
‘tl»m#‘ Hpgf‘fﬂﬂf#i some
a

m"™ movin ‘ p :
around the earth in a circular orbit of Maclius "rg _\ o f;’ | force’ Due 'tﬂ r:ntnfug:"
as shown in the figure: ; - ?ﬁl body Hpﬂ;mu’fﬂ P”fd
: s of rotacion an
Here the weight of satellite IS responsible for ity e from s /6 contact with
providing centripetal force: 5o we have Mf pnally mmﬁ_ 3
w=F my* * alls of satellic :
Al b8 ~ the W way, o artificial accelera-
o T oduced which is equal to
= §® — (?) mﬂ is P - ;gfgr‘dtfﬂﬂ gnd is The spaceship rotates with angular velocity
r ﬂﬂtﬂfﬂﬂ"f ac — I |
Now consider a body of mass “m" suspended by a spring £ N “n by, hm ‘“‘:_" “‘:‘4““‘?“:5 Jr Ve
ot the artificial gravity like ea
cg;,“;ng of satellite: Here two Fﬂf‘fcs o q;t,‘ng o oL b:d fom the ’M vi e aruficial gravity like earth
] . : 5 —
the force of gravity and the other IS the normal reactip Y One s Sl i . .
in the. sovih hich _ : N or tensipy (rm) For producing gravity
pring, Which acts in upwards direction: Thys the net fp, W iigE P equal to earth gravity, we
on t;z body ;'Ts- given by, ¥ N (D) puta =g
met s we 24 2
= F,.=mg-T (2) g bnow Ene A =
: _ o 3 < Tt
This force provides the fecessary centripetal force to keep the bog b ey ) ;
ol N _ n
o ﬂi‘-"fﬂ;ﬂr orbit- 5‘:’ EqUﬂt;ﬂﬂ (‘2) bﬂfﬂMES. ’ Fﬂtt’n’ gquﬂta"ﬂ" (2) in ﬂ‘f”ﬂtfﬂﬂ (?)r we g"t" = =_ _T_
mv
] (3) g=ra(2e) of = 28
Putting equation (?) in equati 3 H%Jrf-: - f2m _i_E «
mv* 2 9 lﬂ'ﬂ(), we get, 24 4’ r :}F.-.I__—.i
- BN . =T 5. : T 2n
r r 2 s — !' (3)
= 1T = 0 (q) 2n \r

fquation (3) represents the frequency of satellite with which u.te
get gravity equal to earth grnw'ty. and as a result the astronaut will

feel no difficulty in performing their duties:

R4: Discuss the various types of artificial satellite’

fins- Types of Satellites:

There are several types of satellite which are given below:

I Navigation Satellites: i
Te GPS (global positioning system) is made up of 24 sakellices
that orbit at an altitude of 20,000km above the surface of Fhe
“th' The difference in time for signals received from four satellites
5 used to calculate the exact location of a GPS receiver on earth:

——

Equation (4) shows that the tension or normal reaction on the
body is zero, which shows that the body inside the satellite Is

weightless: Thus the body inside the satellite will appear in state of
weightlessness:

= = e

Q23: Write a note on ﬂ-"f-‘f??ﬂ'ﬂ; !r;it;;;.
BISE Kohat 2017, 2019 j s > ]

Ans: As we know that the body inside -t:he Iai:;}f:'u is w:f;htfa.ﬂ. 50
the body faces certain problems while working inside the satellite
To overcome these problems, an artificial gravity is produced inside
the satellite: For this purpose, some spin motion is given to the

—
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2+ Communication Satellites:

These satellites are used for television,
sions, for example, the Optus D7 satel-
lite is in a geostationary orbit gboye
the equator and has q Coverage fopot-
print to provide signals to all of Aus-
tralia and New Zealand-

Communications satellites allow radio,

television and telephone transmissions

to be sent live anywhere in the world-

Eefore satellites, transmissions Were

difficult or impossible at long distances- The
Straight lines, could not bend around the

destination far away- Becguse satellites aqre in orbit the s nal
[ 19 als can

be sent :‘nstantaneauﬂy into space and then redirected to anot),
OCher

satellite or directly to their destination-
Communications satellites are often |

high orbital altitude of 35,800 kilometers, 4 geostationary satellt,

7 geostationary orpjt. At the

the satellite appears to be
stationary, clways above the same area of the earth- The area to

which it can Eransmit is called o satellite’s footprint-

3 Weather Satellites:

These satellites are used to image clouds and nfeasure temperature
and rainfall- Both geostationary and low earth orbits are used de-

pending on the Cype of weather satellite: lWeather satellites are
used to help with more accurate weather

forecasting-

*Lﬂé,'ﬁu’:d—/:ﬂ.ﬁﬁg;nf{;ggﬁ;n,fjalﬂ' .
4 S& Ble Li S50

|

E

Solution of Examples & Assignments

/_
Wmatﬂr turns at 400rpm- What js the angular velocity

o ﬂk;tﬁf _ I :
cec? What is the angular displacement after 4s?
in ré

Golutior”

= ata:
gﬁg%i:;ﬂﬁfy = @ = 400rev / min, time = ¢ = Ysec
Anquid

Required:

74) Angular Ve a

gj Angular displacement =
ulation:

feu '

locity in rad/sec = o = ?
?

I revolution = 21 radian

2n
= 400x 50

- @
~ I' = 41-9rad / sec
) We hnow that, 0 = ot &)

Putting the values in equation (2), we get,
0=(41"9x%4)rad = |0 =167-6 rad

ASSIGNMENT 5:1:

A rotating pulley completes 12rev in 4s- Determine the avergge
enqular velocity in rev/s, rpm, and in rad/s? (3-00 rev/s, 256

rpm, and 18-8 rad/s)

Solution:

Given data:

Total angular displacement = 0 = 12rev
Total time = ¢ = Y4sec

Eﬂ!@j 60sec = 1mn

(a) Hverag: anqular velocity in rev/sec = 7 S —I-min
(b) Average angular velocity in rev/min = ? 60

(¢) Average angular velocity in rad/sec = 7 Irev = 27 rad

gﬂﬂ’lﬂm

(9 We know that average angular velocity is given by, LN
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_ total angular displacement

total time taken and velocit
e [} .l’\‘

12 . fdﬂﬂ . ‘ ‘
= Q" #:: — I 3rev/'uc ﬂn l‘%‘ ;gntﬂrﬂtﬂf acceleration is fﬂms""- If fiﬂth the vefa.:;ty
(6) 3rev / rev l:Jl the radius Aare doubled, what will be the new acceleration?

o i = 3x60rev / min [ -2
é min ' 20ms -

— A

tion-
Sttt

o, = 180rev / min

(¢) o,, =180rev / min = I&O;E—md / sec
0

..on dat
ﬂ%ﬁﬂﬂfgmﬁpn =qg =10m/ sec’

2 petd
Centrip® d path = R, Velocity of airplane = v

= |o,, = 188rad / sec

Radius © F EuEve

EXAMPLE 5-2:

In a carnival ride, the passen
_Mmaking one complete cycle in 4-Os-

¢ elotity and radius are doubled, then, R = 2R and v = 2y
IF ve

R!!ufrsa’.'

New centripe

o\

ger travel in a circle of rad;

tal acceleration = a =7

us 5-0pm,

Caleulation

What s jts acceleration?

:ﬁ’_h-ftf_ﬂﬂ = — We know that,
Given data: . (1)
R d ] = = £, . - y R
a :uf ﬂF circle r 5 GM. time = ¢t = ‘fﬂ! rol e ﬂﬁf:f#rﬂtfﬂﬂ :qudﬁr}n (?) b!ﬂﬂmti,
Egﬂ : UHI‘!-' 1 v
Acceleration = g = ? g: = -R—I (2)
Calculation: For complex cycle Putting the values of “V' " ;:rnd “R'™ in equation (1), we get,
We know fﬁat, S = 2nr 257 () N a2l
= ¥ : 2R 2R R
o 575 (?) 2
r N v 3
We also know that, > 4=2 [E) (3)
v = é (2) from equation (1),
: F FI V?
Putting cq;:han (2) in equation (1), we get . 10 m/sed = - 10 m/sec . (4)
Q == Putting equation (4) in equation (3), we get,
- 6, = 2x10m/sec = |a. = 20m / sec’
2 2. 2
g (Efr) -2RF 2 |d = 20m / sec’
e ta 'r . —
by s w IER m .
. ¢? ) The curved roadway is designed in such a way that a car will not

Putting the values in equation (3), we get
0 = 3x(314)x5

have to rely on friction to round the curve even when the road is

Covered with ice- Suppose the dg;fgnatgd speed for the road is to
28 12m/s and the radius of the curve is 36-0m- At what _angle

L

e =12:3rad/sec = |a = 12-3rad ¥ sec®

—
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“should_the curve be banked?

Solution:

Given data:
Radius of circle = r = 36:0Om, speed =v = 12m /

Required: Angle of bank = 0 = ?
Calculation: We know that, v = [Jrgtano

Reguiree’ |
W: = Ja (1)
W that, © ~

kno f inertia of a ci .
2 e hat, moment of inertia of a circular hoo
— VZ = p?tgnﬂ = tanh = f__ 0 we kﬁﬂw v p is qiven 59',
.f"'g' ﬁ ﬂ".l'r: (2)
s — ;
v? 72 [ 144 I quation (2) in equation (1), we get,
= 0= tan’ | —|=tan’ =tan’ pytting €4 (3)
rg 36x9-8 | 352-8 s mria — '
= 0= tﬂﬂ"(ﬂ-qgg) =22:7° = 22° = [g = 22 the values in equation (3), we set,

Puti"’f[ 2% (0°5)°x 2-5] N-m = 1-25N-m

ASSIGNMENT 5-3. ' FNe B -

At what speed (in km/h) is a bank angle of 45° A
aeroplane to turn on a radius of 60m? (87-34%km/h) )

Solution:
Given data:

g
4 cord is wrapped around the rim of a cylinder that has a mass of
10ks and a radius of 30cm- If the rope is pulled with a force of
50.:! what is t:hs_ﬂgular acceleration of the ﬂy!fnn'er? (40 rad s?)

——

Bank angle = 0 = 45°, radius of turn = r = 60m

Required: Solution:

Speed of aeroplane = v = ? JOO0Om = 1Km Given data: Mass = m = 10kg, Radius = 30cm = 0-3m
Calculation: —=7Im = Lxm force = F = 60N

e Required:
We Know that, 3600sec = Thr :

Angular acceleration = o =7

Caleulation:

for cylinder, we have,

v = \JrgtanB (7) el

Putting the values in equation (1), we get,
v = /60 x9-8 x tan(%45°) = \[588 x1

hr

3600

= 24-3 m/sec I = %mrf (1)
= |v = 24:3m / sec b R ke 3 = 14 (2)
OR v = 24:3 xS0 km/hr= 87-3 km/hr I 3)
— [Speed = v = 87-3km 7 hr H | | Comparing equation (1), (2), (3), we get,
2 - lxrF = I.-_-i (4)

I
Putting equation (7) in equation (4), we get,
IE_ L2 _ 2F

X = ._?
Sand WP _mir
2l

NEXAMPLE 5-4: |
24l nd of a light

A 2kg mass swings in a circle of radius 50cm at the e
rod- What resu'ant torque is required to give an angu
tion of 2-5 rad/s*- _

Solution: P _

e

lar dﬂ'fﬁfﬁrr
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2F

- Chp-5: Rotationgl & Circular Motion - 28] T
mr ' from earth ¢t S o
_ . Mean distance 0 sun = r = 149, )
Putting the values in equation (3), we get M rth —
’ a
_| 2x60 : 5§ of the € 10%* k Earth complete one rotatio
s {?G X 03Jrnd /$£C2= 4Orad /5!{.'2:} |E = qarﬂd / sgm F £ m‘ = 5'9?42 - 9 around the sun in jﬁg day, 5:
| p Time pertod=T7 = 365 dave
—_— - -, red: i ay
ASSIGNMENT 56 — | B omentum = L = 7 = T= 365124 x 360050
A bek is wrapped around the edge of q pulley that s rg? sion: = 1=31536000sec
ameter- The pulley rotat ‘ '$ 90cm i di- g_-'f_?é'ilf— And distance covered in one
3-50 rad/s? e Crates with a constant angular acceleratipy, e know that -
: rad/s - ‘ﬁt t = 0, the rotational speed is 2radys. What n.f‘ L= mvr_ (7 s =S =circumference
the angular displacement and angular velocity of the pulley 25 | u know that, S =vt = v == =35=2ar
er? (0=238rad, 9-00 radss) * b 4 e also E
- Solution: Given data: ~3 ,.315_5 (<)
Diameter of pulley = d = 40¢m = O0-4m : uation (2) in equation (1), we get,
A / : N Putting eq
nqular acceleration = a = 3-5 rad / sec? anr .
o s = s
Initial speed = & = 2rad / sec, time = t = Deop b= TRET
4
Bgﬂ uire_g": - L= Zﬂ:ﬂ" (3)
. (a) Final angular velocity = ©, = ? Putting the values in equation (3), we get,
() Angular displacement = ¢ = ? 2x314 x5-9742 x10** x (149-6 Jmﬁ)ﬂkgmz K ina
Calculation: g 37536000 ]
(a) We know that, o = +at (7) - (839658:3058 x10** x10" | _ 0-02663 x 10 kgm* / sec
Putting the values in equation (1), we get, L 31536000

O, = (2+ 35x2)rad/sec = 9rad/sec
= |0, = 9rad / sec

(b) We also know that,
o = m,¢+%utf_ 2)

— IL =-2*663.t?0wk9-m" / sec

ASSIGNMENT 5-7:

A DVD disc has a radius of 0-0600m, and a mass of 0-0200kg
The moment of inertia of a solid disc is | = (1/2) MR, where M
s the mass of the disc, and R is the radius: When a DVD in a
tertain machine starts playing, it has an angular velocity of 160-0

reds’s What is the angular momentum of this disc? (0-00576
/s’

iﬂ@g: -~ -

EQE-{LQ_L@:
Rﬂdl‘hj =r= 0.0600’ mass =m= 00200115

Angular velocity = @ = 160rad /sec

Requireg;

A
‘Eﬂﬁ_mamtﬂtum of disc = L =7

——

Putting the values in equation (2), we get,

8 = [212 . %x3-5:22}rad = (4 +7)rad

= |0 = ITrad —

EXAMPLE 5-5:

Find earth angular momentum using earth-sun distance and RS
of earth- Earth-sun distance 149-6 x 10°m, mass of the ¢
5:9742 x 10°%kg b

Solution:

mass
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Calculation:

We know that, L = lo

!
2 r

(2)

Putting equation (2) in equation (1), we get,

7
(3)

L= —mr?
5 mrf xe
Putting the values in equation (3), we get,

_ 17
L = [-2-10-0200.:(0-0600)1: ?Gﬂ}kg-m:" / sec

= L =576x10%kgm? / sec?
= |L = 0-:005763kgm* / sec

e e
|mm o e ——
A body of moment of inertia O-80kgm* about a fixed axis rotat
with constant angular velocity of 100 rads™- Calculate ' .
_lar momentum = L it) Torque
Solution: -

Given data:

Moment of inertia = | = 0-80kg m?

(i) its angu-
o sustain this position= 3

e — —

Angular velocity = o = 100rads™'
Required:

(i) Angular momentum =
Calculation:

—— e e
We know that, L = lo

L =72, (ii)) Torque=« = -

caok : (7)
utting the values in equation (1), we get,

L = [0-80 x100] kgm? / sec? — L = 80kgm® / sec
(ii) Also 1=1a (2)

As ] ing wi
the body is rotating with constant angular velocity so angular

acceleration will be zero- So ]
put a=0 in equati -
- [a.gg;a] o 228 equation (2), we get

EXAMPLE 5-7
:‘ ;tﬂjsi}r mass 25kg stands at the edge of a rotating platform of
kg and radius 4-Om- The platform with the child on it

:a:;;j :f't;h Tn angular speed of 6-2 rad/s- The child jumps ofF in
irection: What happens to the angular speed of the plat”

S

= =

= 25#9, mass ﬂf pfﬂtfarm = m} = ISGkg,
initial angular speed = o, = 6. 0rads’ &

- =7
speed = ©Of = ¢

.ﬂ :
Wﬂﬂjﬂﬂat;ﬂn ﬂf angufﬂr‘ MEMEHtum, we hﬂVE,
0

5 I‘,rw'n'tiﬂf angular momentum= Total final angular momentum
Total i1 1o, -
4 L::L'f = 1o = Lo, = o = T——-———-(U L= lw

Here I, = [I.i'"’""" : !'*"'") For platform
! 2 . 1 :
Tt vy R = mr
o] =[lx?50142]+(25x42) For child
r . 2 Icl!ul-:l o mr3
5 | = (1200 + 400 Jkgm

5> | = 1600kgm’

Uhie 1, = 2 myr? = = x150 x 4* = 1200 kgm’

Putting the values of I,, I, and ©®, in equation (1), we get,

i (ISG&JS-Z
1200

> L, =827 rad / sec

Jrad/scc = 8:27rad/sec

L]

---_-'_'*——
EXAMPLE 5.8

'.””"s *mﬂﬂ is standing on a scale in an elevator which is accelerat-
" 45 it heads for the top floor of a building at 4m/s*- What ap-

Iiﬂ‘t weight will show on the scale?

ut

M = 70kg, Acceleration = a = 4m/sec
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For upward motion, we have,
T = mq + ma (T)

Putting the values in equation (1), we get,
T=(90x9:8+70x 4) N = 686N + 280N

= T = 966N

= |Apparent weight on the scale = 966N

—_—
ASSIGNMENT 5-8:

S —
A spring balance is attached to the ceiling of a Iife- A man |,
his bag on the spring and the spring reads 49N, when the f':’.s
stationary- If the lift moves downward 8

with an accel .
Sm/s?, what will be the reading of the Spsn of

il
Take ¢ = 10m/sel? pring balance? (2%N)
Solution:

Given data: Weight of bag = w = 49N,
Acceleration = a = Sm/se?

Required:

Apparent weight of bag = T=7?
Caleulation:

First ‘we calculate th
em .
have. ass of the bag, at stationary condition, we
W=49N = mqg = 49p
49
== s e =
09 = m= 49k i

Now when the life s moving downwards

: th ,
Is given by, en the apparent weight

T=H'Tg-mq=

(49x10 - 4.9 x5)N
= Tp="R0 _ 24.5 —

T = 24N

has a constant acceleration upward, Abdur

€ Same- (a) Find the acceleration of
fibdur-Rahman’s weight- (784N, 2-2ms?) __

Ch

Gvel2"=" pbdur-Rahman = m kg
m

Let | force pefore picking box = Fy = 960N
a

ol % after picking box = F, = 1200N
Norma
red: L
?ﬁi‘gf HbJur-Rahman =m=7 .
‘ — -
: Abdur-Rahman = w = :
ek o

(¢) Acceleration =

leulation:

L 960 = mg+ ma___ (7)

When Abdur-Rahman picks up 20 kg box, then we have,
F;=(m+2{?)9+(m+20)a e\ (2)

from equation (1), we have,
960 = mg + ma = ma = 960 - mg

o g o g (3)

m

Putting equation (3) in equation (2), we get,
£, = (m+20)g + (m + 20){9—53 s 9)
m

- Izoo - 960 = 201960 ®
P4+ 200 + mx=—=- pi§ + 207

m
> l’2ﬂﬂ = 960 2 ?9200 ?9200

o = 1200 - 960 = 240 '
9200 " 19200
= 290 => m = kg => m = 80kg

P~ 240
I__EH of ﬁbdur - Rﬂj‘!fﬂﬂﬂ =m = 30k9

(6) \We;
) @ht of Abdur - Rahman = w = mg = 80 x 98N = 784N
(IJ For upward mﬂtfﬂﬂ,

: we have,
NEMmg+ me ﬂ___F,,-m;

m
. LEELWH x9-8
g0 "] m/SEC;’

\_

p-5: Rotational & Circular Motion - 265 |
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&0

- g:[gso*?aq‘Jﬂ'J/’SEC‘? —="la=22m / sec -
Id be the orbital speed to launch a satellite in a circular

EXAMPLE 5:9:

above the surface of the earth?

Determine the orbital speed for the international s
_(155)- If its orbit 4-O LFOZRm above the earth surfa..

Solution:
Given data:

Height of space station from earth sur
face
=h=4xI07km= 4 x10° x10°m = 4 x10°m

Radius of earth = R = 6:-36 x10°m

Total distance of space station from
centre of earth is given by,

R=R +h = (6-63x10° + 04 x10F )m
= R=70°(6-36+0-4)m = 676 x10°m
Value of gravitational constant

=6 =6-673x10" Nm? / kg?

Mass of earth = M, = 6 x10*"kg
Required:

Orbital speed = v = ?
Calculation:

The orbital speed is given by,

A

R

Putting the values in equation (7), we get,

" 6-673 x10" x6 x70%
676 x10°

Jm/sec

f earth is = h=900km
x10°m=9x10°m

R' = 541?95.\“"
bit will be r, = R, + h
70° )m

¢ carth = wnflen Satellite

Radius 9
adius of OF
- (64x10° +9X ;
: (64 +9)x10°m = 73x10"m

G = 6-673 x10 Nm*kg™

4nd mass of earth = m, = 6 x10*"kg

r,=R.+h

Required: Orbital speed = V, = :

-

Caleulation:
We know that,

{(;m,
) o e
,

Putting the values in equation (1), we get,

6673 x107" x6 x10**
73 x10°

2y, = [JG-S‘FS x10° ] m/sec

2 v, = 0740 x10* m/sec
v = /- Im
1 40 x10 A:r:

== y= [\ufﬁ-gxfﬂ'"*'“'ﬁ]m/n:: [\15'9,:?’0’] m/sec

g e [Jsg-axro‘]m/sc.:: 7-67 x10° m/sec
= v =767 x10°m/sec

U

Orbital speed = =767 x10°m / sec

‘-ﬁ'-l.el.k‘:--,-*tfﬁc.gjmﬁ" Lr:‘-JJT e @
--q-n:-.!?d{ tJA L sde :.-*;.JF e ©
'-w‘!’,f”%#;kflq_.djjyl,f?gf;" .E..J;UU‘ = &
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b K-E

 Velocity

:;‘, Angular momentum d- Potential energy
If the earth suddenly stops rotating the value of “g” at equa-
- Choose the best possible answer: tor would: b R . h
+ Rem
7+  The angular speed in radians / hours for daily rotat; g Decrease . emain unchanged
earth is: otation of ,, /¢ Increase - Become zero
- n gol: If the earth stops rotating then the value of “9" at equator
a* 2n b+ Y4xn g T = 2 . ..ase because when the earth rotates the gravity at
. 6 72 will 1nere : ‘ Y
Sol: As T = <N — m=£ D) every point remains uniform- And when it stops rotating, the
20! . T . gravity increases because the pressure is exerted on only one
Put ;‘: 24 hour in equation (1), we get, point at the equator:
® = ?‘}mdﬁ,aur Vg AR T g If solid sphere and solid cylinder of same mass and density ro-
2+ Linear acceleration a = r; when “0” ; tate about their own axis, the moment of inertia will be
= e is: |
ter for:
a- 0° b- 180° ¢ 360° s d- 90° grea F s
. ok v b- Solid cylind
3. What'is moment of inertia of a sphere? a- Solid sphere b- Soli ﬁy.m er
7 2 y ) ¢ The one that has the largest mass arrives first
a- MR? b EMR" Jﬁ-ng’" d- EMJR d- The one that has the largest radius arrives first
.‘ i 3 2
4. A particle is acted upon by a force of constant magnitude | Soi: For sphere, I ., = E””RE (7)
which is always perpendicular to the velocity of particle: The 1
: ) , ) For cylinder, 1 = — MR? (2)
motion of the particle takes place in a horizontal plane: It foF ol
lows: Dividing equation (2) by equation (1)
a- Linear momentum is constant b+ Velocity is constant T mr?
. wlgy, FON Yio8 ¥ B _B
V¢ It moves in a circular path d- None of these I = g 2= = —— = — K
S+ A body moving in a circular path with constant speed has: g EMR" ¢ 9% 2 =2-4
a- Constant acceleration b- Constant retardation I 5
v ¢+ Variable acceleration & ;M""' = Ny M o (%) - (3)
d- Variable speed and constant velocity fe 5 il
e

g > 1 so equation (3) = Lotnier %% s

S0 opt; .

" %tion (b) is correct:-
The gravitational force exerted on an astronaut on earth's sur-
face is 650N down- When she is in the international space

Sol: The body is moving with constant speed but its directio” A
changes continuously due to which the body posses variable o
celeration-

6 Astronauts appear weightless in space because:

a: There is no gravity in space *tation, is the gravitational force on her:

b- There is no floor pushing upwards  Larger XS o .

v ¢ Satellite is freely falling V¢ Small e tly zero
£ Thae s e s bntic - B er d- Nearly but not exactly Z

\_"‘:EE"H Zero

7-  Which one is constant for a satellite in orbit? R

— -_—
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Sol: Gravitational force is inversely proportion to the
distance between two bodies: The distance of

l‘ﬂttrnm'
station is situated very far from earth, so distance
and force will be smaller:

quare of

77 A solid cylinder of mass “M" and radius “R" pos do

. a : wWn an :
cline without slipping: Its moment of inertia — n i

through its center of mass is MR*/2- At any instane
motion, its rotational kinetic energy about its center
is what fraction of its total kinetic enerqy?

OF by Ser

4 < € None of thes,

Sol:According to the question, the fraction of rotational K-g and

total K-E is given by,

(K-E) NE
= .2 H-E = # -+ .
(K-E).,.. K-E, + KE,, = - Em sl
7 2 7
(KE) -‘_-E—fm ) -Z-Imz .
("t Li2slm Lis?+lmrie? : )
2 2 2 b
_ (KE) i % lo? For :;yh‘nd:r
: - 2
rHE)tum 1 !mi + fﬁ]} g - EMR
(E). s e 18
H' +
( Eu}ut-r 1 m: [f + 2] 7/ 2 X |

S0 option (¢) is correct-

RO 1 CF S d}a:;,rq_,y;rd,ﬁ =7 P, {_JF{J_.:, » ©
"-'{-:-:"hyd}dﬂ'l:fljiﬂQHWM?H" :;F.J;"I’J‘:.-)" ®
"-{-L?L"/-ii,h-uf':.-r" :;;..J;IIU'.:-}" ®

__-—.—'_..-""

o Paee
= o eot,,

an axjs
While i

Chp-5: Rotational & Circular Motion - 271

Conceptual Questions

Lort answers to the following questions:
sho

%H the fly wheel of an engine made heavy in the rim?
‘Q’E"'ﬁfny whe_gf .ﬂF an :ﬂgfﬂa s mﬂdﬂ hﬂﬂvy
ﬂﬂrh im for fn;rgﬂil*ﬂg the moment of iner-
in the

sia of fly wheel® =3
Reasons and Explanation:
[:j,m a fly wheel is put into motion, torque is
scting on it which is given by,
T

! ; . Fly wheel 1s made
We also know that the moment of inertia is il i i vidh
given by,
I = m? (2)

When the engine is started, the crank gets enerqy from the engine

» the form of jerks: The crank is connected to the heavy flywheel:
Now to control the jerky motion, the flywheel is needed to rotate
with steady angular acceleration “a ™

Now according to equation (1), for getting smaller value of angular '’
wceleration, we need greater moment of inertia: Equation (2)

shows that keeping radius “r” constant, we need greater mass for
jekting more moment of inertia-

Thus for getting more moment
of inertia the flywheel is made
"“?5\‘ or massive in the rim:
Suth heavy flywheel posses large
Moment of inertia which avoid
the Jerky motion of the crank:
n this

Heavy flv wheel
Yy 11} ﬂ‘

Crank shaft
Y N

wWay the engine remains

wWork; o'y
. k'”? conditions and re-
Mains ¢

wus damages-
X Wy is 4

ns- rifle _barrel "J_‘iﬂ:d i
- ke barres of a rifle is rifled to keep the bullet along the re-
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quired direction and to hit the target accurately-
Reasons_and_Explanation: —_ 3
Rifling is the process if which heli- o @
cal groves are made inside the bar- C_;_J Q&Q
rel of a rifler When the rifle is

; = Fig a: Rifled bore fi
fired, the helical groves provide o stable coerr, 1ITES Spinning proeeyy,
spin to the bullet around its long

axis- The spin motion improves the Q g@
projectile motion of the bullet: It

also improves the aerodynamic sta- g i Sononth bore Pres napti™
bility and accuracy of the bullet: L a

on unstable course.
The bullet fired from rifled rifle

———

posses rotational K-E as well as translation K-E- Thus the totyf
energy of the bullet is given by,
(KE),,, = (KE),.,. *(KE),

7
= (K'E)mu = Emv; ¥ l lo*

Now due to rotational and translational K-E, the bullet posses both
spin angular momentum as well as linear momentum- Both momen-
tums are parallel to each other and as result the bullet gain large
momentum- As a result the bullet travel fast and can hit the tar

get with accuracy- Such bullet imparts greater momentum to the
target:

Q3: Is it possible for a person to distinguish between a raw ¢jj

_and a_hard boiled one by spinning each on a table? Explain- 5
Ans- Yes, it is possible for a person to distinguish between @ raw

eqg [uncooked] and a hard boil one by spinning each on a table:
Reasons_and Explanation:

We know that the anqular momentum of a spinning body is given by,
L

L=l = ws= 7 (1)

. : i 3 I
Equation (1) shows the angular speed of spinning object 15 ;nﬂrﬁf:
proportional to the moment of inertia of the spinning object !

. e o
greater the moment of inertia of the object, smaller will be its ¢
gular velocity and vice versa:

= __—._—.--.-

Lilp-2: KULAUONal & Lircular Motion - 273 '

an distinguish between a raw egg and boiled hard eqq o
of their moment of inertia and angular velocities:
s

the blﬂ5 :nning_of raw_eqq [uncooked eqq]:

gﬁ' -i';:;; is allowed to spin, the

Jhen @ ecules inside the shell moves D

Eﬂ“‘d (‘::m the axis of rotation towards o

nl"'!". - surface of the shell as shown o8- ) Rawege
the inne . As a result the mass dis- |
n ﬁ’ur: (ﬂ) b _ !
n vion i disturbed and the eqq be

i more massive near the shell as

;amﬂ the i'.':ﬂﬁ.l"ﬂn‘ ragfan- w: also Fig a: The liquid molecules move
wmpdl'# to A V- away from the axis of rotation
inow that the moment of inertia in during spinning.

ses with increase in mass: 50 the
ant of inertia of raw egg increases due to non-uniform distribu-
mo i
tion of the mass of liquid inside the shell-

Now according €O equation (1), the angular velocity of the raw egg
will decreases due to greater moment of inertia- Thus the raw eq3
Jill rotate slowly and will comes to rest sooner:

Case2: Spinning of hard boil eqq: )

The liquid inside the shell appears in solid state after boiling the
eggr Now when the egg is allowed to spin, the solid molecule does
not move towards the shell- As a result
mass distribution remains the same: Due
to same mass distribution, the moment

of inertia of the boiled egg remains low
¢ tompare to raw egqg-

Now according to equation (1), the an-
yular speed of the boiled egq will be

jreater due to its low moment of iner- .

tia* j-o. ; 3 Fig b: Molecules does not move
87 the bmkd €99 will rotate Wlth towards the shell during spinning

r

greater angular speed and will comes to

rest later g¢ tompare to raw egq9:

5" the gbove discussion, it is clear that boiled egg will posses

il
"¢ angular velocity and will comes to rest later as compare to
e ——

____-__-—'_I-—

_——- = ———

—————
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o

-

raw egg: Thus we ¢an distinguish between a raw ia ;,,:

W o '-d g
eq9 due to difference in moment of inertia and angular o bay

two eggs-

Q4: Why is the acceleration of a body J:r?avfngr uniformly ,-n:"_::-;-..
directed towards the centre? e,

Ans- The acceleration of a body moving uniformly in q ff‘ru.;:':_“
ways directed towards the centre of the circle-

Reasons and_Explanation:
a_};:s_ﬂ 2 body of mass “m” is moving along a circle unéformly, then &
magnitude of the velocity of the body (ie: speed) remains consty,

while the direction of its velocity =
changes at each point- '
- mass “m"
mosing u!,rs
" acwcular path
. of radius "

Now when the magnitude of velocity
remains constant, then there will be
no tangential acceleration in the
motion of the body- Only radial ac- .

-

celeration is produced due to change

in the direction of velocity-

The change in the direction of velocity is due to centripetal force
50 the radial acceleration is produced due to action of centripetd
force: Thus the radial acceleration is also known as centripetal acce
leration- As the centripetal force is directed towards the centre of

the circular path, so the centripetal acceleration is also directed to
wards the centre of the circle-

Mathematical Form:
(e know that,

Fu"thutﬂ | - (?)

r

We also know that,

F.-;l.ﬂtﬂpf!-l’ < ma: (2)
Comparing equation (1) and equation (2), we get,
o 2 V.‘:‘
ma = =m — - i —
: p = |a : (3)

: ; ‘ le
The negative sign in equation (3) shows that the centripetal <"
ration “a " is directed towards the centre of the circular path’

__.---""""-..-

= _ 1" Year _ _Chp-5: Rotational & Circular Motion - 275 |

e just supported by a string without breaking: -IF it is
®: .. it breaks: Why?

%9 ball can break the string due to the
wing!

as elastic limit and hence remains un-breaking |

Len the string is set swinging, then centripetal and centrifug-
TZ:H exist: The tension in the string acts as centripetal force:
e centrifugal force is acting in opposite direction of centripetal
torce: So centrifugal force is added to the weight: 5o equation (1)
becomes,

T=w + centripetal force (2)

Equation (2) shows that the tension in the swinging string increas-
e Such increases in tension cross the elastic limit of the string
which causes the string to break:

- —

§
Ans’ ﬂﬂ of ;;ntriTugﬂf force*

e P
ol and Explanation il
E‘;‘E""‘ﬁb:" js just 5uppﬂlrt=¢f by a string without T
when ¢ then under such condition, the weight “w”
iruhrﬂ!}? | is acting in downward direction while the
of the : the string “T” js acting in upward direc- v
gension !

; have,

on Sa Wwe
ﬂ f= w__ (f) . = h . . = h, :
Fquation (1) shows that the tension in the string remains within

@6: An insect is sitting close to the axis of a wheel- If the friction
between the insect and the wheel is very small, describe the mo-
tion of the insect when the wheel starts rotating-

fns- When the wheel starts rotation, the insect will fly away from

the 0xis of rotation due to lack of necessary cgntr‘ipe.taf force:*
&EEMJLExp!aqatiag:

= s e e

hf the insect s sitting on the wheel near the
::n":n;atatian*'rdaw if the wheel starts rota-
hut:-.n Smrf::;"m= is sufficient force of friction be-
of fr ¢ of wheel and insect, then the force

this case will act as centripetal force

as
iuhfuﬂen:ﬂuk the insect will remain stick to the
""'"'--a-th‘ wheel dun'ng rotation-

)

0
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But here we are given that the force of friction
between the insect and wheel is very very smaj.

" Ch

(2)
: .'u--_-:? ), we can explain various phenomenon related ¢,
oquet' In equation (1), ‘m’ represents the mass which

i
50 when the wheel begins to rotate, the smaller ot sor mahj “measure Of inertia”: Equation (1) shows that
force of friction will be unable to provide neces- ¥ | ',.'n! hnow? sses more reluctance and greater force will be re-
sary centripetal force to the insect: As q result Iﬂﬂ'ﬂ ﬂf’j“fﬂ Pih: state of rest or motion of a that ﬂbjﬂft' Equ-
the insect will not remain stick to the surf r- to change leration produced in a body s i .
the wheel and will mo fi - Wy (1) gl o shat acce EF%L 'P bod b 5’; ':”;";
e wheel a wi ve away from The axis of . gl ‘t¢ mass i‘e* heavier body can be accelerate y
b . to 1ts
rotation of the wheel due to centrifugal force: The ins;;;:,;;‘“ *p-'ﬂF"mﬂﬂﬂ force and lighter body can be accelerated by applying
: A . 0 : F : .
a spiral motion and-will fall off the rotating wheel tang:ntfaﬂy ': oy f’qf Equation (1) can be used to explain various phenome-
a short period of time- ? {arﬂm entum, energy, weight, and many other interaction
= — - — E*‘ fﬂﬂ d
Q7: Explain how many minimum number of geo-stationar gl bjects
Y sate various 09) _ - o
are required for global coverage of T-V transmission? " :’:M came way, in equation (2) ‘I' represents the moment of in

Ans: At least three geo-stationary satellites are re
global coverage of T-V transmission-

Reasons and Explanation:
We know that the geo-stationary satellites

move around the earth from west to east in ﬂ
the equatorial plane at the same rate @s that

of the rotation of the earth about its own axis: ‘h
A single geo-stationary satellite covers a longi- 0

tude of 120° [360°/3=120°] so at least three
geo-stationary satellites will be required to the

whole earth longitude: These satellites are placed at three prope
position in such a way that they can transmit T-V signals from any
part of the world: These satellite have made the whole world ©
global village- |

quired for the

QS: Explain the significance of moment of inertia in rotatory mo
tion?

Ans- The moment of inertia play the same role in rotary motion #
the mass perform in the translatory motion-
Reasons and Explanation:
The Newton, 2™ Law for translatory motion is given by,

F = ma (7)
The Newton's 2™ law for rotatory motion is given by,

ptis of rotating opjects: 7_"?* moment of fﬂfrf;r'a :F van’m: Tgting
s depends upon their mass, gjzametnca shape and distance
:: the axis of rotation Heavier objects posses greater moment of
: ce versas

;ﬂ:aﬁfn:c:}' inertia plays an important role in daily life: Their
gplications are use in vehicles for comfortable journey- We can ex-
pess the torque, angu.’ar velocity, angufar acceleration, angular mo-
surtum, rotational K-E of various objects in terms of moment cfrF
tertia- These parameters are used to explain various phenomenon in
use of satellite and planetary motion-

® Why does the coasting rotating system slow down as water
Srops into the beaker? _ -
fs- The coasting rotating system becomes slowed down when water
Sedded to the beaker- It is because the moment of inertia of the
Wating system increases which opposes the rotation of system-

s and Explanation:
Ue know that the angu!ar-}namentum of a system having moment

o inertiq " rotating with certain angular velocity ‘o’ is given by,

Efla 5 gl (1)

I
W , n
¢ 050 knoy that the moment of inertia of a rotating system de

 UPon its mass- i*e* greater the mass, greater will be the its

.‘*"‘--...__

R: Circular Motion < 277 |
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moment of inertia and vice versa:
Now when water is added into the beaker, the mass

. _ of oy
system increases: Due to increase in mass of the rotat at;

ks moment of inertia “I" increases- ”Tg ’ff!tu,,_.
Mow according to equation (1), when moment of inertiq ’I”m-

then the angular velocity ‘o' of the system decreases: Thy by 15!:,
ing water into the beaker, the angular velocity of coasting rat,:d.
system decreases and becomes slowed down- 4k

Q10: A body _w:'h' be weightless when the efevat-:ar Fm?s-_d'awn_;;
_like_a free falling body' Explain- =

Ans- A body will be weightless when the elevator falls d;wn just like
a free falling body- '

Reasons and Explanation: X
Let a fish is hanged from the ceiling of
a lift with the help of spring balance:
Let a man is standing on the floor of
lift and observe the weight of the fish
with the help of the spring balances-

We know E}';ft when the lift is moving
acceleration

downwards with certain
“a", then the_tension in spring balance
is given by,

T =mg-ma (1)

In equation (1), the tension in the i € Wi tha cles b pucrieras

i w ale e wgn Ut

ai: wher ﬂl, than its lighter wheel, why? Explain-

%.;Ety of lighter wheel and "I, "0,
o

spring represents the apparent weight :h;::;::;.-n
of the fish: Equation (1) shows that

the apparent weight of the fish decreases when the lift
down with certdin acceleration “a”: %

Now when the elevator is falling freely, then we put a
tion (1) becomes, y

T=mg-mg=> |T =0 (2)

Equation (2) shows that the spring balance will read zero ¢ ,
the lift is falling freely: In other words we can say that the “
becomes wef‘ghtfcs's under the influence of free fall motion’
body will be weightless when the elevator (lift) falls down ]

L i_-fl of the fish

is fa lling

= g 50 equar

ension I'F

ust i'rkl

—

Thus tht :

tor Mmoves with uniform velocity, its heavier wheel

—

jon:
gxplanation
and “w, " represents the moment of inertia and

L1

represents the

¢ inertia and angular velocity of heavier wheel respectively: -
I

0
mﬂm;ﬂ: anqular momentum of lighter wheel is given by,
Now ¥he
e ()
1y the angular momentum of heavier wheel is given by,
S;fﬂ'l.'ﬂryr (2)

by ® [0,
Now by law of ¢cons

L=L= Lo, = 1,0,

crvation of momentum we have,

L.\, [iz.}m,, (3)

I,
Bs the heavier wheel has

moment of inertia “I;" will
vtia “1" of the lighter wheel: 50 we

I

have, -2 > 1

I
S0 equation (3) becomes, © >0, or
o, <0,
This shows that due to greater mass
ind greater moment of inertia, the

greater mass than lighter wheel, so its
be also greater than the moment of in-

"eavier wheel will rotate slowly as com-
pare to the lighter wheel

%ond Answer: Let “r” represents the ra
- represents the radius of heavier wheel
ﬁmud by the lighter wheel during one revolution is €
nr:um&rgﬂcg, s0 we have,

sl' . 23]" (I)

Now the distance
qual to the

dius of the lighter whee.fl
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Similarly, distance covered by the heavier wheel during One

FOtos-
is given by, %Cion
5, = 2nr (2)

£

Dividing equation (1) by equation (2), we get,
5’ = 2nr i = i
5, 2=R 5 R
[ r
= 5+ (5)s: (3)

As R > r, so —%f 1, so equation (3) shows that 5% S,

This shows that the distance covered by lighter wheel during one
rotation is less than the distance covered by heay

er Whl!ﬂf durfn’
one rotation Now for covering the same distance in Same time the

lighter wheel needs to make more rotation than the heavier whe,|.
_i*e* the lighter wheel will rotate more quickly as compare to heavier
wheel- In other words we can say that, when a tractor movyes with

a uniform velocity, its heavier wheel rotates slowly than its lighter

wheel-
Comprehensive Questions

Give extended response to the following questions:

=

Q7: What are centripetal acceleration and centripetu: i.rce? Derive
their equations-

Ans: See answer of question no 6 part-b in text:

—

Q2: Show that angular momentum in magnitude is given by,
‘L| =|Fxp| = mvr = mrie

Ans: The cross product of moment arm “7F " and linear momentum
i = By

p" is known as angqular momentum- i-e-

L=raxp (7)

In magnitude form, equation (1) can be written as,
L] =lFxp (2)

As p = mv, so equation (2) becomes,
‘£:|=|Fxmﬁ| =) Iﬁ’ﬂmw- (3)

As V=IW, so equation (3) becomes,

Chp-5: Rotational & Circular Maotion - 281

2 mrlw-- g
|f= (3)' (4) represent the magnitude form of anqular

r of short question no* &-

. See answe

ﬂ;‘t do yg;_msan by “INTELSAT”- At what frequencies it

For how many T-V stations this system is used?
ﬂf‘s;zsﬁrr means international telecommunication satellite
“IN

fos: T it is the largest satellite system which is managed by
M‘”jﬂmn It operates at microwaves of frequencies 4, 6, 11 and
5

126 :auntn’; .},gg a capacity of 30000 two way telephone circuits
|4 GHz an

T-V channels* . .
g 200 earth stations which transmit the signals to satel-
There are

4 receive signals via satellites from other countries: We can
ites an

pick up the signals from the satellite using a dish antenna on our
o up

houses* T = -

06 Show that in angular form, centripetal acceleration ':'s a-w'r

Proof: We know that,
L0 ; .
Rt (1)
r

We also know that, v =iro (2)

Putting equation (2) in equation (1), we get,

W . i 24
e t——r=-ror
r |
S 4= -mi(rF) (3)
The unit vector “r" can be expressed as,
« F :
r. P RPNy S e (4)

Putting tquation (4) in equation (3), we get,
i = -MIF

wjlfth is thl .rﬁ
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Q7: Show that the centripetal force is also shown by,

]
£ = _mFJF = —m: Fr = 'mWEF
£ r r —
Ans: We know that, e
2
i = i (7)
»
We also know that,
f, = mé (<)
Putting equation (1) in equation (2), we get,
x 2
F: = +m.E_F (3)
r
We know that,
F=z (%)
r
Putting equation (4) in equation (3), we get,
2
P
F; - MFF (5)
We also know that, ro (6) - .
Putting equation (6) in equation (5), we get,
F'.'. Il mrimi & - 5 _
A r = F =-mo‘r ()
Comparing equations (3), (5), (7), we get,
] 2 2
F =_m:' F=—m: F = -mo’F
r

Which is the required proof

—

_Q85: Show that a satellite near the earth will have greater yvelocity

HHSI Cﬂf?ii‘dﬂr a sﬂtlﬂlj'tﬂ ﬂF Mmass "m" "s mav,'ng araund thg .ﬂﬂf:thm
a circular orbit of radius *“r”

tional force between earth and satellite
£ - Gm_m

.2 (7)

Due to this gravitational force, the satellite performs circular ™7

is given by,

tion around the earth, so this force acts as centripetal force 50 ¥t
have, s n. . '
2 \
F ol : -
g D (2)
Comparing eqtiations (), ?2)’ we get,
— j_ LY = __---"'"""-——‘

%
as shown in the figure- The gravits,.

[Gm. = ';anstt]

X e =
= v J; -
Relation (3) shows that the orbital
:

speed of satellite is inversely proportion-

| 4o the distance “r” of satellite from
¢

she centre Of earth- That is, the higher the satellite, the slower
will be its orbital velocity and will take longer time to complete one
revolution around the earth- In other words, we can say that a sa-
tellite near the earth will have greater velocity:-

.EQ: What do you mean by weight of a body? Using examples to
distinquish between real weight and the apparent weight of a body-

Ans: Weight: The gravitational force exerted on the body due to
wrth or other planet is known as weight of that body: Weight is a
vector quantity- Its Sl unit is Newton-

Dimensions of Weight: As weight = Newton = kg-m/sec
> Weight = T2 = Ijngth = Weight = [mt.‘r""] |
time J

Real Weight and Apparent Weight:

jnu weight of an object due to the gravitational pull of the earth

r.HuM:d real WEfght:- While the Wc;‘gﬁt measured by a gprfﬂg balance

l:r.ﬂffr.d apparent weight- The weight of a person, ball, stone etc

: :a earth's gravity represents While the
% of a person in a pond of water, and in moving elevator

their real weight:

.._r;r“‘ﬂtf their apparent weights-

0: : i : ) -

;;:-;EEE"‘"” how gravity is provided to the occupants of the space ship? :
"‘*--f.f."”’”‘f__ﬂf question 23 in the text-

qn: 6fv= - - o

tion- o three examples to illustrate the phenomenon of conserva-
q

n
Wﬂmentum-

e of question 15 in the tevt:

—
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a — —

C

e — e —

c — =" -. - . _ l Cir

okt 2) in equation
. gquﬂt!ﬂ” (

Pe T (3)

o the values in equation (3), we get,

puttsr”z (015 x0°628 x 7120|m = S = 11-3m

. appram'mat:fy
0

@g travelled by fly = 5 = 11m

m - ‘EES

Q;é_- E;P,Jgn; wh; mud gquards are used on the whees o

(7)., we get,
motor cars and other driving vehicles:

CYcles

Ans: The mud guards are used on the wheels of drivin

prevent the falling of mud on the surrounding parts of
the wheels:

g Vehicles oo
vehicles Near

When the tyre rotates, each point on the tyre, including mud cling-
ing to the tyre has a tangential velocity “v" as well gs angular y,.
locity “w "+ There is adhesivre force [=7 s .-_E;] between the tyre
and mud- When the tyre rotates, a centripetal force acts On the
mud which is equal to the adhesive force between tyre and mud-

- circular drum of radius 40cm is initially rotating at 406-
Q,;ajutiaﬂ / min- It is brought to stop after making 50 revolutions-
::h#t is the angular acceleration and the stopping time? (2-79

rﬂdfsz. TS'OIL_ —

i i .
When the angular speed of the tyre increases, the centripetal foree -—-—égf ution: Radius af‘ drum = r = 40cm = 0-4m
on the mud also increases: (When the centripetal force becomes Initial angular velocity . BdieD
greater than adhesive force, the mud leaves the tyre and fly off = o, = 400rev / min = 6; ﬂrnd/scc
imbly the rastion o the. comrienet toer et fore whth i | .o <4186 radse
mud guard and thus the other parts of the vehicle is prevr_ntg:' Hﬂ’fﬂ;;ff_;:i:Tgnt " B = 30 mailoiged
from falling of mud on them-

: = 0 = 31%rad, final angular velocity = o, = O

TR, | Regquired: “ - o

(¢) Angular acceleration = o = ? s;u::t E;mf Ota e
.8 _ . . - & (b) Stopping time = ¢t = ? "4
Q7: If the plate microwave oven has a radius of O-15m and rotates _f#f,t,!liatg'an: 5 3
at 6:0 rev/min, calculate the total distance travelled by the fly (¢) We know that, 2as = vp - v,
_during a 2:0m cooking period- (11m) i 208 = ? - @3 (1) 2x0 = o] - ©?
Solution: ) - Putting the 3 ' —

N

- values in equation (1), we get,
Radius = r = 0-15m 2xax314 = 02 - (41-866 ) - 628a = -1752-76
> o= |77752-76

R [ 638 ]rad/sec" = =2:79rad/sec \a = -2-79rad / sec?

(b) wﬂ kngw thﬂ't.

Angular velocity = o = Grey / min = 6 x ég_rad/sgc = 0-628rad/sec

2x60 sec = 120 sec

Time period = T = 2 mipn =

Required:

Distance travelled = S5S= 7

rTQ +at (2) The negative sign shows

that the drum becomes

= 47 quation (2), we get, slowed down-
We know that, S = rg (1) - 866 - 2:-79¢
W | 2'?9t - "QI.&S
e, e (2) St |¥1-866 6
j il - - [ 279 ]sﬂ: = |€ = 75-0 sec
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&

Etapp:’ng time = 15-0 sec

©3: A string 1m long is used to whirl a 100q stone jpn H;;—«-.\
tal circle at a speed of 2ms’s Find the tension in ¢4, st::ﬂ.
ﬂ,,

(T=0-4N) _ _

Solution:
Length of string = ( =T = Im
Mass of stone = m = 1009m = 0-Tkg

.

Speed of stone = v = 2m/sec
Required:

Tension in the string = T = 7
Calculation:

Here the tension in the string must be equsl to the centripety

force i-e- y »
2

T=F=> T === (1)

r

Putting the values in equation (1), we ge.
2 .
T=[0'r:2 ]M-‘-G-#N‘::- T = 04N

Tension in the string = T = O-4N

Q4: The moon revolves around the earth in almost a circle of re
dius 382400 km in 27-3 days- What is the centripetal accelere

tion?

Solution:

—=—— e ——

Radius of circle = r = 382400km — r = 382400 x 10°m
Time period = T = 27-3 day = 27-3 x 24 x 3600 = 2358720s¢ect

Required: Centripetal acceleration a, = ?

232
Calculation: We know that, a = -Vi - _ =
" r r ‘ 21
2 S s
w5 w wrat=se e 2E| =T Y B
: : T T'? : 2;1
4n’r =0 *§r
= a = = (1) 57 ruf
ol
-—-—-'—l/

Putting the values in equation (1), we get,

r Motion - 287 |

-5: Rﬂtntrml & CI.IG

e
—

' 3-?4: x 382400 x 10’7
—(2358720)"

1
= 1

J m/sec

h ‘ ;
ﬁaﬂﬁm;-;m; wheels? (6517 racfs:_) -

Given Data:

e =
il velocity = V. = Om/3eC 10°m Tkm = 10°m
el velocity = v, = 100km 7 b = 100 %3055 7 hr = 3600sec

= 27-8m / sec
v;=2?‘7?m/ﬂc 27-8m / se

rre token = t = 2°55€C

Redius of wheel = r = 170mm =_??0x?0'3m = 0-1770m

=

fngular acceleration = @ = ?
Caleulation:
We know that,
o, =0 tat = at = 0, - o, (7)
fsov=roov =ro = m‘=i (2)
r
51m j.'d'n'y' mr = v_F " | : (3)
r
Putting equation (2) and equation (3) in equation (1), we get,
b= < Yrw N
F " r {v" V' .)
!
:u=-_(v,-y') (4)

rt
?"mﬂﬂ the values in equation (4), we get,

as e [ = 654rad / se

;;ﬂ electric motor s running at 1800rev/m- It comes to rest

Fevol T- s angular acceleration is uniform, find the number of
S

;""'--._"_"1”5 1t Mi'ldﬂ bﬂfﬂrﬂ ftﬂppfﬂg?

in

lution: 7o
%ﬂ:ﬁtlﬂf angufar Spg.gd - mr = F&OGFEV/W-'.”
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1800
= WO = 60 rev/sec = 30rev/sec Al
Final angular speed = o, = O, time taken = t = 20sec
Required: '

Number of revolutions =0 =7

Calculation:
We know that,
0=aont+ -E?-ut?
B T
=4 B=mt+1(mr ©,0¢
" ¢
e El'-‘-mlt'\"%(m;-mt)t 1)

Putting the values in equation (1), we get,
0 = 30x20 +-‘-;-(o - 30)20

= 0 =600 - —6%2 = 600 -300 = 300rev

Number of revolution = 0 = 300rev

Q7: What is the moment of inertia of a 100kq sphere whas-e-nﬁi
is S0ecm?

Solution:

Mass of sphere = M = 100kg

Radius of sphere = R = 50em = 0-5m

- Required:

Moment of inertia = | = 7

Calculation:

We know that the moment of inertia of a solid sphere is §'Vé’ 2

o
] = = MR?
5 (1) .

Putting the values in equation (1), we get, -

5
= |l = 10kg:m*

R —— — ——

is wrapped several times around o ,

@: nd mass 30kg- What is the angular

: the tension in the rope is 40N an
(133 rads™).

v Radius of cylinder = r = 0-2m, mass of cylinder=

ylinder of radius
acceleration of 4, cy-

d it turns without fric-

—

m= 30#5

?
e
ol (1)
e also know that,
A (2)
(samparing equation (1) and equation (2), we get,
rF
Ja=rF = a= 53 (3)
fie moment of inertia of cylinder is given by,
I = %mr’ 55
Putting equation (%) in equation (3), we get,
rF _ 2rF _ 2F = e
““To?) me? mr o mr (=)
2
Putting the values in equation (5), we get,
| 2x%0 3
ey [3&10-.‘?] rad/sec — l{I = 13-3rad / sec™ |

B: What is the kinetic enerqy of a 5-0Okg solid ball whose diame-
t:;; ISm if it rolls across a level surface with a speed of 2ms’'?
%ﬁﬁ?ﬂ: Given_Data:

Ii of solid ball = m = Skg, diameter of ball
5 *D=175m = 0.15m

4Ws f solid payf

sR=2 015
¢ = ““5-- = 0:075m
Peed of ball =

\"*-...____ . il Qm‘fsgc
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S at _ -« rolling down from top to bottom, so accord-
R:quira_d: \ sy '@E“ﬂs h cyf';nd':r s T d tion of ener wiin Yiitae
fneqri . = KE=? ‘) he law of conservati 9Y. '
K-E of rolling ba W ( ing ©9 e Gain in KE
lation: p-E = ain 1
ﬁ:‘::;?a:vrthat rolling body posses both ( i Lﬁ: f(K E Jreer * (KE e
linear K-E and rotational K-E, so its —— A agry ST _f.-fma (7)
total K-E is qiven by, 3 mgh * E <
(98 d = O Py - ar solid eylin gty won; NEVS:
= (H'E)uu- < imv; ’ -;_ Im! (?) G —*MRJ-_ (2)
lid sph Ear ball, we have r v=Rn=> o= 3 (3)
For soh 25P e . ' isg we know that, R
] = EMR-’ (2) ting equations (2), (3) in cq::atfan (1), we get,
v 7 B ¥
Also v=Ro= o= — (3) h==mv: + x5 mR" x5
R my 2 2 R
Putting equations (2), (3) in equation (1), we get, : . . 2 N o = _3_{ - igh
(2. _a) o » $h*35 g & 3
K.E=%Mr:+-_l?xL§MR')Hﬁ-_: ﬁ y .
Lo » VENSY .

= KE= Mx"‘+%hh‘: (1)

2 utting the values in equation (4), we get,
[4.: 9-8 x 0-294%
\ 3

s+ v=196m/ sec

b) As v = R = o=t =
R

Putting the values in equation (4), we get,

= KE = 1#5.:2‘1 +-§_—15x22
2 o)

= Kt = (1O +4)] :}[H-E = 14 joules

m/sec = 1-96m/sec

l.!=

1-96
G 0-25
A: A disc without slipping rolls down a hill of vertical height of
{ﬂﬂﬂcm- If the disc starts from rest at the top of the hill, what
2 it magnitude of velocity at the bottom?

= | = 7-8%rad / sza

QI0: A cylinder of 50cm diameter at the top of an incline
294cm high and 10m long is released and rolls down the incline
_F'.tl'?a' its linear and anqular speed at the bottom: Neglect friction
Solution: Given Data:

== - N —

Diameter of cylinder

Solution: " B

=D = 50cm = 0-5m Mﬂf | W =
Radius of solid cylinder Height, of hill = h = 1000¢m . '
b Lo D = 0-5 > h =
=R=—=—"320.25n '0m
2 2 Required:
:“S‘ht ‘;h = 29%m = 0-294m 5pua‘:. the b "
Required:; ¢ bottom = y = ? T
; = ‘tﬂrd]n . ‘
?:’) L;enr speed = y = ? therg, 1=1 the law of conservation of N
.J ngufﬂr 5p¢¢d =w =7 Lﬂ a ave, l
- Hin PE 2 g

&»
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= mgh'—'EmF:*Ehﬂ: (7)
7
For disc, we have, | = Ef"f‘: (2)
Also, v=rn = o= " (3)
r

Putting equations (2), (3) in equation (1), we get,

? > ? I 3 ’ﬁ"a
magh = —my* + —x—mr x —
g 2 r.‘é‘
v v 3v° 3V Yah
- gh = + = e R e "'=-_.§
2T e F m
& J‘FJS‘*S:?Q
— _9},:
\3 3

= (v = 11-9m / sec

Q12: A motor car is travelling at a speed of QG;m/sc.:- If its wheel hes
a diameter of 1-5m, find its angular speed in rad/sec and in rev/sec

Solution:
Speed of the car = v = 30m/sec, diameter of wheel = d = 1-5m

Radius of wheel = r = = = —2_— = 0-75m

Required:
(a) Angular speed in rad/sec = o = ?
(0) Angular speed in rev/sec = ¢ = ?

Calculation:
(a) We know that, v = ro
_v _ 30 =
— e = |® = 40rad / sec¢
/
b) o = 40rad / = e
(b) ra sec Trev = 2nrad —»7Trad g_-r_iJ

» i = 40 x — rev / sec

2n
= 6:369 rev/sec = | = 6-37rev / SEEJ
+++
“ ;

DR IR

s IR ATA LS WA 4 *E*’«_{j_.:-
__——-"'-.FF‘.-

I]E FLUID DYNAMICS

ﬂ:}; the following terms: (a) Fluid dynamics, hydrostatics,
> fluid frictior, (d) Ideal fluid
(:!

() Fluid:
B b(Znu which can flow is known as fluid- For example, oil, milk,
A sups -

gas etc are fluids- |

() Hydrostatics ‘and Fluid Dynamics: | |

e study of fAuid at rest is called hydrostatic: w'hn".-.: the stu‘dy of
properties and effect of moving fluids is known as fluid dynr.l-m:..fs- {n
fuid dynamics, ‘hydrodynamics’ deals with the study of hq[_"ds in
motion, while ‘aerodynamics’ deals with the study of gases in mo-

\ CHAPTER

waters

kion-
(¢) Fluid Friction:

When a body moves through a fluid, then an opposing force acts on
the body- This opposing force is known as fluid friction or dragging
force- This force depends upon the:

» Size of the body

r Geometric shape of the body —*

+ Direction of velocity of the body and

r Viscosity of the fluid
(d) ldeal Fluid: (ETEA 2016)
An incompressible, non-viscous fluid having constant density at any

Pressure, is called an ideal Fluid-

Q2 What is 4 fluid? Discuss briefly, the viscosity of a fluid and
LXplain_how the flow of a fluid is characterized by viscosity:
s Fluid:

A | k
“bstance which flows is known as fluid- For example, oil, water
iﬂs ttc.

"'--..____-_'—-__ e
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