PRACTICAL CENTRE (KARACHI)
VISIT US AT HTTP://WWW.PHYCITY.COM

Xi-Physics, Chapter# 5, Page# 15
Q:(1) Locate the centre of mass of a system of particles each of mass ‘m’ arranged
to coxrespond in position to the six corner of a regular (Planar) hexagon.
Solutlon* '

Taking X and Y - axis, such that origin O lies at the centre of the hexagon.
We have for the co—ordinates (X¢) and (Y¢) of the centre of mass. s

Xe™
C . I]l +m2+m3 ____________ +m6
‘ ~m(—x)+m:(x)+m(x')+m(>‘()+m(—x)+m(—.~‘x')
BRI 7 m+m+m+m+m+m
. ;—m2+mx+inx+mx'—mx—mx’=_"9_' ‘
Xe v S -6m ST 6m - .
x.=0
o y _ y +m2yz+m3y +_ e -i-rrl6 }76

+m2+m3 __________ .‘!+m6 e

)+ 6)+ i O+ (- y)s ml-s) m0)

Y= _ m+m+m+m+m+m‘
_my+my+0-my-my+0
. y~ 6m . ¢

_ Ob

Y 6m

y.=0

Thus the coordinates of centre of mass = (x. , ye) = (0, O) -
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Self test:(1) ‘ |
Q:(2) Find the position of centre of mass of five equal-mass particles located at the five
' corners of a ~quare -based rlght pyramid with sides of "t length h'and altitude

m (-xy,0)

Q:(3) The mass of the sun is 329 390 tlmes the eanh's mass and the mean distance
from the centre of the sun to the centre of the earth is 1.496x10%km. Treating
the earth and sun as particles with each mass concentrated at the respective
geometric centre, how far from the centre of the sun is the C.M {centre of
mass) of the earth-sun system? Compare this dlstance with the mean radius
of the sun (6.9960 x 105km) :

= 329390 mg _
Xg = 1.496x10° km = 1.496 x 10''m
= 6:9960x10° ke = 6.9960 x 10°m

- The X co-ordinate of centre of mass

M XXstmeXXe ' _ (1496 x 10", 0)
ms+m; - | ' '

_ msx0 +m.x1.496x10 "

Xe 329320, + 1,
1.496x10" 1

Xe =0t osoom,

Xc=4.54x10°m

Xe = 4.54x10°km

Xe . 4.54x10°

6.99960x10°

Lo}

=6.49x107

Ig
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Q:(4)A particle with mass 4 kg moves along the x-axis with a velocity v = 15 t m/ sec.
When t = 0 is the instant that the particle is at the origin.

(a) Att=2sec. what is the angular momentum of the particle about a point P located

on the + y-axis, 6m from the origin? (b) What torque about P acts on the particle?

Given Data:

Mass of particle = m = dkg
Velocity of particle = v = 15t my/s
Point P located on y-axis =y = 6m
(a) = Time = t=2sec.

To Find: ,
- _(a) Angular momentum =1L =?
(b) Torque ' =1 =7

Solution:- » S

(a) The velocity of particle after 2sec.
' V=15x2=30nvs
Angular momentum of the particle
- L=mvrSin0
: ' 6 Sin@ = i3
L=4x30xrx— PQ
T 6

Sind = —

, r

L=720kgm?/S

(b)  We know the torque acting on a Particle is equal to rate of change of its
' angular momentum. . : '

. L
L
- t
720
G ——
2
T=360 N.m
Self test:(2)

A particle of mass 400gm rotates in a circular orbit of radius 20cm with constant
angular speed of 1.5 revolution per second. Calculate’ the magnitude of angula
momentum of particle with respect to centre of the orbit. (2001) ' :

Q:(5) A particle of mass m' is located at the vector positionf and has a linear
momentum vector P. The vectorsr andP are non zero. If the particle moves
only in the xy—plane, prove that ' :

. L,=L,=0andL, =0
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, Given Data:
- Particle moves only in the xy — plane
, ?’ =xi+ y} | |
PPyl Py
Prove that: .~

Lx-='0
Ly=0
A I__.z:tO
Solution:- o
o Therangula;.mor'rientum is given by. ‘
ik
: - Pxp. O] |
> oy 0 Ax 0 Ax
L:1y -] +k 4
- P, O] Tp, 0] Tp, p, !

IxtrLyfrLek=i0)-J0)+k(w, ~yp)
Comparing the coefficient of 1, jandk we get
Lx=0 s : , o
eLy=0 ¢
. Las X, =9p. %0 DR
-.Q}(‘) A light rigid rod 1 m in l’ength‘rotates in thbe X};—planeg about a pivot through
the tod's centre. Two particles of mass 2kg and 3kg are connected to its ends.

Given Data: o
- ‘Mass of particle A=2kg - .
Mass of particle B=3kg -
Velocity of each particle = 5 m/s
Length ofrod =L = 1. »
Distance of each particle from the pivot =r = 0:5m
To Find: R | |

Angular momentum of the system =L =9 .
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Solution: |
The total angular momentum of thﬂ
system is - ~ ‘
I_ L, +L, T o > Sm - 0.5m (—__900.
~ L=mvr; Sin Q*mjv rl Sin 0 ot oo

(L =2x 5 x0.5x Sin 90° + 3x5 x0.5 Sin 90° ||
L=5+75 |
[L=12.57s |

+Sin90°=1 .

Q:(7) A uniform beam of mass 'M' supports two masses m, and m. If the kmfe edge’
of the support is under the beam's centre of gravity and.m, is at a di stance 'd’
.. from the centre, determme the posmon of mz such that the system is balam,ed

leen Data:’ o I g
Mass of beam =M ' I o
Mass of body A = m;
Mass of body B =m; L -
Dlstance of body A from the centre =d_

To Find:

_Distance of body B from the centre =D=7
Solution: '

: "iSmce system is balance therefore
Apply se_co_nd condition of equilibrium.

T =0 about 'C'
mgxd + (- m»fzxﬁ}+ Mg (O) 0
.mgd - mygd=0.
“mygd = mpgd>

m, d
m,

D =

Q {(8) A uniform ladder of length/ and weight W=50N rests against a smooth
¢ vertical wall. If the coefficient of friction between the ladder and the ground
is 0 40, find the mlmmum angle 9 _such that the ladder may. not slip. "

' . (2011 2010)
leen Data.

Length of ladder=L -
Weight of Ladder = W = 50N
Coefficient of friction = p = 0.4
To Find:

The minimum angle made by ladder with horizontal = Gm;,; =9
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Solution:
In the figure :
R= Reaction of the wall -

H and V = Horizontal and vertical

Components of reaction of ground

.- H

. ,‘u v
pactl

\%

H=04V (1)

Applyk ﬁrstvéopditidn of equilibrium

XI-Physics, Chapter# 5, Page# 20

YFx=0 YFy=0 )
H+(-R)=0 V+(-W)=0

- H-R=0, .  V-Ww=0

 H=R | v=w=350N

‘Fromeq.l H=0.4x50=20N; R=20N

: Now apply second condition of equxhbnum

ST=0 about A
’"‘Rch W x AE = 0
. _cénsider AADC.

DC =LSin8

ZOXLSmG 50x 5 CosG 0

2OLSm6 25LC059» ’
Sin0 _ 25 '
Cos® 20
tan® = 125

0= tan (1.25) -

|

Cosf =

Consider A AEB

Cosh =

%l &l

/

I/Cose

["‘
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Self test:(3 ) ‘ 2

A uniform ladder of length '¢' and weight 60N rest against a smooth vertical wall
If the Coefficient of friction between the ladder and ground is 0.40, Find the minimum
angle such that the ladder may not slip. : (2003 P.M)

Q}:(9) A ladder with a uniform density and a mass 'm' rests against a frictionless

vertical wall at an angle of 60°. The lower end rests on a flat surface where
the coefficient of friction (static) is 0.40. A student with a mass (M=2m)
-attempts to climb the ladder. What fraction of the length 'L' of the ladder will
the student have reached when the ladder begins to slip?

Given Data:
-~ Mass of Ladder = m
Weight of Ladder = mg
" Length of Ladder =L
Mass of student = 2m
* Weight of Student = 2mg

0 =60
p =040
To Find: : X
Fraction of length reached =—="7
- L
Solution:
In figure

- R = Reaction of the wall
Hand V= Horlzontal and vertical components of reactlon of ground

A1

H v

H=pv

H=0.40V (1)

Apply ﬁrst condmon of equlhbrlum '
H+(_—R)=O V+(»2mg)+(—mg) 0-
H-R=0 V-2mg-mg=0
H=R S V-3mg=0

V =3mg

From eq.(1) .

H=0.4x3mg
H=1.2mg

R=12me e H =

It
X3
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‘Now apply second condition of equilibrium. -
~¥T=0  about 'A’

RkVED—~2mng'G~mngF=O -

-Conélidjet AAED 1 C on51der AAGB vCohsider A AFC

Sin60°=t2 00560"—59 'Cos60°="—
T AD" ‘ AB | AC
0. 5= A6
\ X
' - __AF
O&m—%?- 05246 05=§7
ED =0.866 L X 72
| - AG = 05X AF =0.25 L

1.2mg x 0.866L — 2mg x 0.5x — mgx 0.25L=0 .
1. 039"’ mg L -mgx—-025mgL =0
0£9¢$L ¢¢K ’

= 0.789{

Self test:(4) ‘
(i) A1S metre ladder wexghmg 350N, rests agamst a smooth wall at a pomt 12m :
'above the ground The centre of- grav1ty of the ladder is one thlrd the way up. .
A body 420N climbs half way up the Ladder, calculate the reactlon of the wall
and the ground. o : o (2002 P. M)
(ii) A ladder of length L’ and welght 200N re::t ‘againsta smooth vemcal wall at an
- «;‘;:*angle 50° the cmtre of gravuy of the ladder is 0.4L from the base. How large a
- force'of fncnon must exist at the base of the Ladder if it i5 not shp7 What is theh
. nﬁcexsary cocfﬁczent of statlc friction. o (2003 P.E)
CQa(1 0) A pamcle of mass 0. .akg moves in the xy—plane At the mstant its - coordinates _
’ *{:}E‘\. -i )m 1ts Velocﬁy is (3i+ 43) m/sec. At thxs instant determme the angular

momenmm of the pamcle relatwe to the ong,n ~

Given Data: _ | . o o1y
 Mass of particle=m = 0.3 kg S S

‘Position of particle = (2,4) m
l Velocity of,par»ticl'e'= V= (3 P4 ; )m /s
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To Find: ’
© Angular momentum =, =?

Solution:

Position Vector=r=Xi+ v
r :(2 ;+4j)m

The angular momentum is given by
e

L=rxP
- - - - -
L=rxmV - “P=mV
L=mrxV

f=0.3r(2 e })x(}?m}ﬂ

|

240 |

—_

—.>
>

i
|

o

e

340

cenffil- ]

L= 03[ - o) %0~ O)+k(é~12)J :

40

40 30

L=0.3[~4kJ IL=-=12kJS
Self test.(S) T eaE ) . |
“A pamcle of mass O 2kg moves is xy—plane at an mstant the coordmates are (1 ,2)

m, its veloc:ty is (2| + 2j) m/s. At this instant determine the angular momentum of the

.partxcle with respect to the origin. (2005 Fallures)
} Q (i l) A umform honzontal beam oflength 8 m and wexghmg 200N is prvoted at the

“ wall with 1ts far end supported by a cab]e that makes an angle of 53° with the

horxzontal If a person weighing 600N stands 2m from the wall find the

tensxon and the reaction force at the pivot.
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Given Data:
"+ Length of beam =L = 8m %
. , . z
Weight of beam = W, = 200N ?
Z
v : Z
“Weight of person = W, = 600N ‘ é
: L z
. : - Z
Angle of cable with beam = 53° g
Sy | Be
* Distance of person from wall = 2m 'f
T . ’4
' - Z
Centre of beam = 4m I% —am
To Find:
. Tension in cable =T=7
Horizontal reaction=H = ?
Vertical reaction=V.=?
Solution: _ ,
Apply first condition of equilibrium
SFx=0 | ZFy=0
HtCT=0 | V+Ty+(EW)+ (W) =0
H-TCos53°=0 ~ | V+T Sin53°-200-600=0
H-Tx 0.602=0 V + Tx0.799 — 800 = 0
H=0.602T=6 .= | V+0.799T=800—2(2)
 H=0.602T > ()

" Apply second condition of eciuilibrium
- 2t=0 about'C'

TyxAC-W, x"EC-szch—:o N
ISinS3x8-200x4— 600x2=0
| 'T(O.‘799)é 800~ 1200 =0

6.385T - 2000 = 0o

6.388T = 2000
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_ 2000
" 6.388

T =313.05N

Putting the value of T in Eq. (1) and (2) we get
H=0602T ° =
. H =0.602 x313.05

- {H =188'4N

V+0.799T=800

- V+0.799x313.05=800
| V =800 - 250 o
- [v=550N

i There for Resultant reaction R is

. R'_\/(188.4)2+(550)2

o B399
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| Self test: (§) '
A umform honzontal rod weighing 98N is plvoted at a vertical wall. Its for end is .
supported by a strmg whose other end is tied to a point on the wall above ‘the pivot. A
~ boy of mass 20kg stands at the centre of the rod. Find only the vemcal component of thc .

‘ tension in the string and only vertxcal component of the reaction at the prOt Length of
the horizontal rod is 4 metre. ' ' (2 000)

Self test: (7) ,

A 12 metre ladder welghtmg 400N rest against a verm,al wall ata pomt 10 metre
above the grownd The centre of grav1ty of the ladder is on half the way up. A man
wexghtmg 200N climbs three forth up the ladder. Assummu that the wall is smooth, ﬁnd

the redction of the ground and the wall. . e (2009 1992) -

Self test: (8)

A ladder rests against a smooth vertical wall at an angle of 60° with the ground and
its centre of grav1ty isat (g—of its length from the base. Determine () the frictional form
whlch prevents the ladder from shppmg (b) The coefﬁment of static friction. ) .
(1996)



