Unit One

Force : is defined as the effect of a natural body upon another one.

The effect of any force depends on the following factors:

First: magnitude of a force.

Secondly: Direction of a force
Thirdly: Point of action of the force and its line of action

The resultant of two forces meeting at a point analytically
Case Drawing Resultant Direction
Measure of the
angle between D C tan@ =
Ji>Fpisa "}M F,sina
> — 2 2
A £ B R=JR+F +FFRosa | F+F,cosa
Foand 7, | -
perpendicular R F
Et/;/l R=\/F12+F22 tan0=f2
F. and F, are i a R bisects the
equal in é \R »—7 R =2F COSE angle between
) / the two forces
magnitude A L \
F, B
F, and' T,
i e NG 5 & R=F F R in the same
5. — —
KN 1 + 2 direction of the
two forces
F. and T, in
the opposite | H_ 180  F R with the
directions ° R= ‘Fl - FZ‘ direction of
greatest force
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Example:1 The forces of magnitude 8 , 83 newton act at a

point include an angle of measure 150° Find their
resultant in magnitude and direction

\.

Solution

- ==
F =8 ,  F,=8J3 . a=150°
~*R=F’+F,’+2F,F, cosa

R= \/(8)2+(8J§)2+2x8x8ﬁxcos 150° =64 =8 neWwton

tand— F,sing  _  8sin150° _ 43
F,+F,cosa 8+8/3cos150° .3
m(£8)=30°

the resultant is 8 N. and/make anangle of measure 30°
with the first force

/ N\
ffxamp[e 2 Two forces of magnitude 5, 5Jz newton act at

a point include an angle of measure 45° Find their

L resultant in magnitude and direction )
N 4

Solution

-
E'25 . F,=5{2 . a=45°

»*R=F+F,’+2F,F, cosa

R= \/(5)2 +(542) +2x5x52xc0s45° = {125 =55 newton

F,sine _  5sin45°

tané = =
0 F,+F,cosa 5+5(2c0s45°

=2 =.m(£6)=26°3

the resultant is 55N. and make an angle of
measure 26°35' with the first force
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(fxamp[e :3 Two forces of magnitude 10 , 103 newton act at a

point their resultant is 10 newton find the measure of
the angle between the two forces and direction

\ Y
Solution
=
F,=10 ,  F,=1043 ,  R=10
_ R*-F’-F’ _ (10)°-(10)*-(10y3)?
Sa = ——rF = 2x10x1043
cosa = § =>M(La)=150°
7 )

Example: 4 Two forces of magnitude F , J3F newton act at a

point their resultant is 2F newton find the measure of
the angle between the two forces and direction

Solution
==

F,=F 7\ F,=3F . R

2F
R?=F?+F,’42F,F,cosa

(2F)? =(F)?*+(J3F)? + 2XF x/3F xcosa

4F24F2+3F2+243F2cosa = 0=2\3F2cosa

cosa=0 | Sm(La)=90

"Exampl: 5 Two forces of magnitude 4 ,F newton act at a point the

measure of the angle between them 135 If the direction of their
resultant inclend to the force F by angle of measure 45° find the value of F

N

Solution
R =




4
F=4 , F,=F , a=135 , ¢=45
__ F;sine .__ 4sinl135°
CNO=rF cosa = @M = E 4005135
4x£
:>1=—22 SF-22=202 =F=42
F+4x—=
2
<
Example: 6 Two forces one of them twice the other and having a)

resultant. If the larger force is dubeled and the smaller
force increased by 4 gm.wt. then the resultant will be in the

same direction. find the two forces y
Solution
==
first Let: F=F , F,=2F=tang, \ 2Fsina
F+2F cosa
_ \ _ AF sina
Second F =F+4 , [F,z4FR=tané,= (F+8+4F cosa
F,sina 4sin13%°
== 415° =
@N0= g F cosa A% = acos1as

-+ The direction i§ constant = tang, =tané,

2E sina A Esima

F+2Fcosa (F+4)+4Fcosa

1 2
F+2Fcosa (F +4)+4F cosa

F 44+ 4Eeosa =2F + 4Eeosa

~F=4 - The two forces are 4 and 8

Example: 7 Two forces of magnitude 7, 14 newton act at a point

their resultant perpendicular to the first force. find the
measure of the angle between the two forces and resultant

Solution
==
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I:1=7 ’ F2=14 y 0=900

F sina 14sing 1
tan@=——2""_ tan90° = —> % _ -~
F,+F,cosa = 7+14cosa O

-~ T+14C05a=0 :>C0$a=_71 = m(La) =120

R=\F +F, +2FF, cosa

R= \/(7)2 +(14)° +2x7x14xc0s120° = /147 = 7/3 newton

< 6+Fcos120° =0 :>Fx_7l=—6 —~F=12 N.

[](1) If F1,F: are equa[‘] in magnitude F,=F.=F and

thier,[ines ofsactions not on the same S.line then

2

R =2F cos& 0=%

Remark: a— is the angle between F, , F,
0 — is the angle betweenR , F,

[ Example: 8 Two forces 6 and F meet at a point and the b
angle between them 120. If the (ine of resultant
| perpendicular to the first force find the value of F )
Solution
= =
Solution F=6 , F=F a=120 , 6=90°
_ F,sina . 6sind200 1
@nd=£2'F cosa tan 0= & Feos120" ~ o
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2. If F1,F. are perpendicular : then

F,

R = [F2+F, , tan49=|:—1

3. If F1,F, are in the same direction : tﬁen1

R =F, +F, and the direction of the resultant/is
the same of the two forces (the resultant is maximum)

4. If F1,F. are in opposite directions : tﬁenj
R = |F,-F,| and the direction of the resultant is the same
of the greatest forces (the resultant is minimum)

Ex 9 Two perpendicular forces of magnitude

30, 40 gm.wt. find its resultant perfectelly

Solution 1

R =«/F12+F22

R=/(80)"+(40)° = /2500 =50 gm.wt
tanf = b %04

F, 30 3
m(£8)=53°8'

F1=3O , F2=4O : a=90°




Two forces of magnitude 10 , 20 gm.wt act at a point
thier [ine of action on the same st.line find its resultant

if : (1) the two forces in the same direction
(2) the two forces in opposite directions

“ Solutionl F =10 , F,=20

(1) the two forces in the same direction
R=F +F,=10+20=30
and the direction of the resultant is the same of two'forces
(2) the two forces in opposite dirvéctions
R = |F,-F,|=R = [10-20/=10
and the direction of the resultant.is the same of greatest forces

Two forces of magnitude 10 , 15 act at a point,
thier (ine of action on thesame st.line find

(1) the maximum resultant and its direction
(2) the minimum resultant and its direction

”Solution | /=10 . F,=15

(1) the maximum resultant
R=F +F,=10+15=25 gmwt
and the direction of the resultant is the same of two forces
(2)'the minimum resultant
R = |F,—F,|=R = [10-15=5 gmwt
and the direction of the resultant is the same of greatest
forces




2| Two forces of magnitude 10, 10 gmwt act at a point, and

he angle between them 120° find thier resultant and
direction

[] Solution 1 F, =10 , F,=10

R =2F cos%= 2x10c0s60° =% gm wt

and the direction of the resultant bisects the angle between the two
forces

Three forces of magnitude 5 , 10 , 47 9mwt\actat a poin

and the angle between the first and second 60" find the max
and min. value of the resultant of forces

|¥olution |

First find the resultant of fixstyand second forces
R = F?+F,2+2F,F, cosa = (5)? +(10)? +2x5x10c0s 60° = V175 = S\E
second : find the resultant of-two forces 47 and 57
The max. limit =R =F,+F, =47+ 5J7=9J7
The min. (imit AR =|F,~F|, =‘4\/7—5\/7‘=\/7

Two forces of magnitude F , 2F act at a point, and the
angle between them its tangent =-1, thier resultant = 4 N.

Find : (1)'the norm of F

(2) measure of the angle between the resultant and the first force

” Solutionl F,=F ,  F,=\2F tang =-1= a =135’

R2=F2+F,2+2F,F,cosa=(F)? +(ﬁF ¥ +2xF x\2F c0s135°

16=F2+2F2+2)ﬁF2x%=F2 =[F =4

Fsing_ 442sin135 4 mz8) =90
F,+F,cosa 4+42cos135° 0

tan@ =




The ratio between magnitude of two forces is1:z , and
the line of action of the resultant inclined the greatest force

by 45° Find the measure of the angle between the two forces
then find the value of each force, given that thier resultant

Solution
Let the two forces F and FJ2

F,sina
F,+F,cosa
~o>tands = sina fol=__FSine

J2F +F cosa J2F +F cosa
- Fsing=+2F +F cosa L=>sina=+2+cosa
c.sin@—cosg =2 — M, - sin ¢ +cos’ @ — 2sin@eosa =2
=1 =sin2a

~sin2a=-1 S=>mQ2a)=270° S=>mfa)=135°

w0 =45° L=>tanf=

RZ=F?2+F,}+2FF,cosa

(2¥3)?=F 2+ 2F 2+ 2xF x2F c0s135°
18=3F 2 -2F 2

F2=18 =>F =32

~.The two forces are 3J2 and 62

If the angle between two forces is right then thier resultant
will be (10 N. and if thefmeasure of the angle between them is
60° then thier resultant will be V13 N. find the value of these

orces
Solution |In the first case a=90°
R&=F+F, n=10=F*+F,> > (1)
In the second case a=60
R2L I:12 4 |:22 +2F,F,cosa S.=13= F12 + F22 +2F,F, cos 60°
ﬁ_/
=10 ‘from1"
#13=10+ ZFF, x% ~=>FF,=3-(2)

from(1) & (2) F,=3or 1 & F,=1lor 3




17] Two prependicular forces one of them % the other, and thier

resultant =20N. find the two forces then find the angle between
them if the resultant became 413

||| Solution | Let the two forces F, =3F, F,=4F

-+ Two forces are prependicular
R2=F?+F? .= 400=9F 2 + 16F 2
=400=25F° . .= F =4
F,=3x4=12N. , F,=4x4=16N.

To find the angle :

R2=F’+F2+2FF,cosa .= (4J13)? =(12)? + (16)* + 2x 12X 16 COs
208 =400+ 384cosa L= m(La)=120°

F. » F. are two forces act at a point. their resultant is R gm.wt
when the angle between them jis 120 and their resultant becomes

R\3 gm.wt., when F, becomes in the opposite direction. prove that
F. = F, and the resultantdn the first case is perp. to the resultant

in the second case.
[Solution

R?=F?+F,’+2F F cosa
in cses 1. .= R =F’+F#+2FF,cos120°
~=>R*=F:+F+FF, —=%>
~=3R2=3F?+3F+3F,F,— (1)
in csesi. .= R?=F’+F,”+2FF,cos60°
= 3R*=F’+F+FF,——(2)
Jfrom (1) & (2) by subtraction
OF 24 2F, 2 —4FF,=0 —25F?+F—2FF,=0
~(F,-F,)!=0 =F-F,=0 =F=F,
. the two forces are equal .. the resultant bisects the angle
between them in the two cases
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[ Homework

[1] Complete :
" (1) The action of a force on a body determined by ........ (

(2) The resultant force of two forces F, , F, ewuals .........

(3) The maximum falue of the resultant of two\forcesd , 6
newton meeting at a point equals ..........

(4) The minimum falue of the resultant of two forces 4, 6
newton meeting at a point equals ..........

(5) 2, 3 newton two forces if the angle between them 60 ,
then the resultant of two'forces = .4......

[5)

[2] Choose

(1) The resultant'of two forces 3 , 5 newton and the angle
between them 60° = ...\.. (2 , 6 , 7 ,8 )newton

(2) Two forces of magnitude 3 , 4 newton and their
resultant = 5 newton , then the measure of the angle
between them = ....... (30° , 45° , 60° , 90°)

(3) Two forces are equal in magnitude of 6 newton for
each’and their resultant = 6 newton , then the measure
of the angle between them = (30° , 60°, 120° , 150°)

(4) Two forces of magnitude 3, F newton , the measure
of the angle between them = 120 , if their resultant is
perpendicular to the first force , then the value of F = ...

(1 2 QA/; A ) nowtaon
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[5)

[3] Answer the following questions :

(1) Two forces of magnitude 5, 10 newton act at a partical.
and included between them angle of 120 , Find their resultant and
the measure of angle between the resultant and the first force

(2) Two forces of magnitude 3,32 kg.wt act at d partical
and included between them angle of 120 , Find their resultant
and its direction

(3) Two forces of magnitude 15, 8 kg.wt act ata partical
and their resultant = 13 kg.wt , Find. measure of the angle
between these two forces

(4) Two forces of magnitude 8,, F newton act at a partical
the measure of the angle'the angle betwwen them 120° , if their

resultant = F'3 newton Find falue of F

(5) Two forces of magnitude 4 , F newton act at a partical
the measure of the' angle betwwen them 135° , if their resultant

inclined to the force F by angle of measure 45°. Find value of F

(6) Two forces of magnitude 4 , F newton act at a partical
the measure of the angle the angle betwwen them 120° , if their
resultant perpendicular to the first force, Find falue of F

(7)Two forces of magnitude F, F+/3 newton act at a partical
if itheir resultant = 2.F newton Find the measure of the angle
between thes two forces.

(8) Two forces of magnitude 12 , 15 newton act at a partical

the angle betwwen them of cosine 4 | Find their resultant
5
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(9) Two equal forces of magnitude F kg.wt. and included an
angle of measure 120. If the two forces are doubled and the
angle between them became 60 . the resultant will increase
by 11 kg.wt. than the first case Find the value of F

(10) Two forces of magnitude 12 , F kg.wt. act at a point, and.
the first act in east direction , the other act at 60,in the
direction south of west. Find the value of Fand the
resultant of two forces if the line of action'of the resultant
act at 30 in the direction south of east

(11) F,,F, are two forces act at a point and include angle of

measure 120° between them , and their resultant = \19
newton. If the angle between them became 60° , Then the
resultant became 7 newton Find each of F, , ¥,

(12) Two forces of magnitude F , 2F kg.wt. act at a point, If
the second forcelis doubled and the first force increased by
15 kg.wt. Then the direction of the resultant not change
Find the valueof F

Creative thinking:

23) Two forces of equal magnitude meeting at a point and the magnitude of their resultant equals
12 kg.wt. If the direction of one of them is reversed, then the magnitude of the resultant
becomes 6 kg.wt. Find the magnitude of each force.

24) Two forces of magnitudes K, F and the magnitude of their resultant equals 2K, if the measure
of the angle between them equals 0, If the measure of the angle changes and become (180° — )

then the magnitude of their resultant will decreased to its half. Find the ratio between K , E

25) F, 2F are two forces act on a particle and enclose between them an angle of measure . The
magnitude of their resultant equals +'5 F (m + 1) and if the measure of the angle between

them becomes (90° — ), then the magnitude of the resultant will be v'5 F (m - 1).
m -2

Prove that tan O =
) m+ 2
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Tesson (2) || Resolution of a force into two componentsn

It is the inverse operation of the resultant which find the two
forces and with given the resultant R. So we can perform this
operation by infinite number of ways, becaus we can draw an
infinite number of parallelograms which have one diagonal.
But if the direction of the two forces F, F are given. Then the
resultant is unique.

From the sine law _Fl = _F2 =— R
sing, sin@, sin(g, +46,)
_ Rsing, _ Rsing,
L sin(6,+6,) 2 sin(g,+8,)

Resolve a force 100N._in two directions. The first inclines by
30° to the force and the second by 45° in the other directionof force.

\Solution : | R=100 @B,=80 |6,=45 =
= _R sing, zlogslnzts _73bN -
sin(g, +6,) sin75 a5 >
R si : 0 e {0}
= sing,  _ 10(?sm?:O _ 518N
sin(g, + 6,) sin75 F1

Resolution of a force into two perp.directions

640904 1 - "2 R
sin(90° —@) sin@ sin90’
— 90" -6
= Fl = FZ =B FZ R
cos@ sing 1 90° —
F, =R cosé F,=Rsing 0 |_

F
Fsin@ g
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Study Carefully these questions

Resolve a horizontal force 40 newtons into two perp,

directions one of them inclines by 30 with the
horizzontal upwords

ﬂ Solution T

F,40c0s30= 203 N
F,40sin30=20 I

body of weight 20 newtons isglaced on\an inclined plane
of inclination 30° to the horizontal. Find the components of
the weight in the direction’of the plane and the normal to it

[] Solution ]

-+ F, = Rcos@ =20€0s30° = 10,/3 newtons 2

» F, = Rsin@=20sin30¥=10 newtons N
20sin 30° 20cos 30°

A Foree.of magnitude 100 gm.wt acts in the directions
north west. find its components due to north and west.

Solution i
ort]
100 gmt I 100in45

-+ F, = Rcos@=100c0s45° =5042 newtons
-+ F, = Rsin@=100sin45° =502 newtons 5

100c0sdd &

west East

Suth oy
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Homework

[1] Complete :

(1) A force of magnitude 6 newton act in the north
direction resolvrd into two perpendicular components,
then its component in the east direction = ....... newton

(2) A force of magnitude 4/2 newton act in_the east
direction resolved into two perpendicular(components
then its component in the south of east’= ....... newton

(3) In the opposite figure : If the force' R wesolved into two

components F, , F, , F2
IfH?—QH = 12 newton
R
Then F=...... newton 45
F o= eee newton 30

_ F1
(4) In the opposite figuresIf the force R resolved into two

components ., T, F2
If HZ—QH = 18 newton

Then FN= oeeee newton

T Siven. newton
F1

(5)\In the opposite figure : If the force R resolved into two
perpendicular components F, , F, ,
IfHQ—{H = 62 kg.wt.

Then ‘f
‘7'2 = s kRg.wt. «

F2

= e kg.wt.
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(6) In the opposite figure : The force 1242 act in direction
30° south of west then:

the magnitude of its component
in weast direction = ......

the magnitude of its component

in south direction = ......

R

30

A

F1

5]

[2] Answer the following questions :

(1) The magnitude of a force is 600 gm.wt. act at a point
Find the two components in two opposite directions make
two angles of measure 30° , 45°

(2) A force of magnitude 120 newton act in north of east
direction Find the two components in east direction
and north direction

(3) Resolve the force of magnitude 160 gm.wt into two
perpendicular dirvections one of them inclined to the
horizontal by angle of measure 30° upwards

(4) A force of magnitude 18 newton act in south. find the
two two components in two directions 60 east of south
and the other in 30 west of south

(5) A body of weight 42 newton is placed on a smooth
inclined plane by 6o/with the horizontal. Find the two
components of the weight in the direction of the [ine of
the gratest slope and the direction perpendicular to it

Creative thinking:

’i2> An inclined plane of length 130 cm and height 50 cm, a rigid body of weight 390 gm wt. is
placed on it. Find the two components of the weight in the direction of the line of the greatest
slope of the plane and the direction normal to it.

Join with navigation

i:; A cruiser is pulled by two ships B and C using two strings

hanged to a point A on the cruiser ,the angle between the two

strings equals 75° , if the angle between one of the strings and
AD equals 45° and the resultant of the forces used to pull the

cruiser equals 5000 Newton and acts on AD Find the tension in

the two strands.




h@np
aﬁa

Z
—_— =

=( L Fcos6) i +( X F,sin6) 7] :

r=1 r=1 \ 9

Four coplanar forces act at a point, the 1* of magnitude,8N and acts towards
east, the 2™ of magnitude 4N and acts in direction 60° noxthof eastn , the 3™
of magnitude 10N and acts in direction 60° north of'west, and the 4" of
magnitude 63N and acts in direction 30° south of west, find the magnitude
and direction of their resultant.

2 X =8+4c0s60° —10c0s60° — 6+/3c0s30° =

A X =8+2-5-9=-41

Y =4sin60° +10sin60° —6+/35in 60°
Y =23+5J3-3/3=2Fsin60 =43 |

R=xi +yj =R =-4 +43]

R=\x2+y’= \/ 4f =8N

the direction of the resu[tcmt

Yy \f

tana=> = "= -8 (forget megative)

a =60 or a =120°
Another Solution by using polar system

Forces lare \(8,0%)., (4,60°) , (10,120°) , (6+/3,210°)
X =8co0s0° +4c0s60° +10c0s120° + 6\/5 c0s210°
X = 247,
Y= 858in 0"+ 45in 60° + 10sin 120" + 6+/35in 210°
Y =4y3f
R'= —4i +43]
R = /(=4)’ + (44/3)’ =..R =8N
43

tan0=%=—4 =3 = a=60" or a=120°

Wwith the positive direction of X-axis
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The forces 5, 10, 153 , 20 newtons act at a partical, the measure of the
angle between the first two forces is 60° , between the second and the third
force is 9o° , between the third and the fourth is 150° , find the resultant
and its direction

Forces are (5,0°), (10,60°), (1543,150°), (20,300°)

*» X =5c0s0° +10cos60° + 15\/5 cos150° +20cos 300° = g i

+Y =5sin0" +10sin 60" + 1543 5in 150" + 20sin 300°

=3Fxﬁ—4Fxl-3Fﬁ=MjA *
2 2 2 2
R=xi+yj :>.'.§=—gf+¥f

2 2
R=yx2+y? =\/(—g] +[¥] =5 newtons

the direction of the resultant

53

Yo 2 -3 o:a=60 lor\ 120

tana==—=
X

N | Uy

ABCDEO is regularihexagon forces of magnitude 2, 3, 4, 5, 6 newtons
act at AB, AC yAD , AFE , AO respectively, find their resultant

Forces are (2,0°), (3,30), A(4,60°), (5,90%), (6,150%)

X =2c0s0" +3c0s30° +4¢0s60° + 5c0s90° + 6¢c0s120°

_2+3\3 S
2
Y. =2sin0° +3sin30° +4sin60° +5sin90° + 6sin120°
134 1043
=21}
2
R=xi +yj =..R= 2+343 iA+13+1O\F i

2 2

2+3V3) (13+1043)
R=«/x2+y2=\/( +2 ] +( +2 J =15.58 newtons
the direction of the resultant

tana=" = [13+1OJ§)+[2+ 3J§] =42 —S-a=766

X 2 2
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ABCD is a rectangle in which AB =7cm, BC =3%m, O e AB,where
AO =3m, four forces of magnitude 2, 5, 3, 6J2 , kg.wt act at the point
O, in the direction of OB, OC, BC, OD respectively, find the magnitude of
the resultant of these forces and prove that it is parallel to BC

X =2+ 50050—6«/500545“

2

.-.X=2+5(g)—6ﬁx72=0i“ )

Y =5sin@° +3+ 6\/§sin 45°

«/ im

=5xg+3+6\5x72=12 i

R=xi +y] = R=0i +12

R ={x7+y? =(0) +(12) =12 kg.wt | | O |

the direction of the resultant

tcma=i=2=—\/§ = a=90"
x 0

~RIIBC

The forces F, 8, k, 5, 83 actat a particle due east, 60 north of east, north,
west, and south. If the resultant is 4N, due 60 north of the east. Find the
value of F and k.

[Solution | first: F »E ,8—>60/N of E
k>N , S>»>W,, 885 s
Forces are (F,0); (8,60°), Ak ,90°), (5,180°), (84/3,270°)
:» X =F cos0’ +8c0s60° +k £0590° +5c05180° + 8+/3 cos 270"

=(F -1
'Y = sin0248sinp0" +k sin90" +5sin 180" + 83 sin 270°

2
Second :
R=4—60° N of E foneo
X = 4¢0s60i < i .:
Y =4sin60j doos 60
R =2i +2J3j > (2)
\ 4

from (1) & (2) we get F =3, k =643
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Jlomewerk

Complete the following:

—_—

(1) If the forces F, =2 i , F, = i -27, F, =6Tthen:
the magnitude of the resultant of the forces= ... and its direction =

(2) Iftheforces F, =2 i -2 , F, =4 i -8 j , R =2a i -3bJj
thenta= ... b=

G)IfF, =37 -2 ,F=ai-j,.,F=4i-bj, R=61-47

\/ | — l - _)J E] F2 =a 1 = J s F3_ 1 - JJ ’ = 1 - J(
thenta= ... , b=

(4) Find the magnitude and the direction of resultant of the forces shown in each of the following

figures:
y 4 @V2) Y A \2)
\2)A ) 4v3)
\ N
< 451, < B0~[600 .,
X O -:j'ﬂ_j X X ) X
3 V3 '. ‘j\ y
Figure Figure
vy
(3)
D 8 cm C

6 an H

zl .

&)

A
A (19 B
Isosceles triangle Rectangle it's dimensions are A ® B
6cm, 8cm Regular hexagon
Figure (4 . .
gure (4) Figure (5) Figure (6)

(5) The forces 3, 6, 9+3 and 12 kg.wt act on a particle and the measure of the angle between
the first and the second is 60° , between the second and the third is 90° and between the third
and the fourth is 150°. Find the magnitude and the direction of resultant of these forces.
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(6) Three forces of magnitudes 10, 20, 30 newton act at a particle. The first acts towards the east
and the second makes an angle of measure 30° west of the north and the third makes an angle of

measure 60° South of the west. Find the magnitude and the direction of resultant of these forces.

(7) Four forces of magnitudes 10, 20, 30 43 and 40 gm.wt act on a particle, the first acts in

the east direction and the second acts in the direction 60° north of the east and the third acts
in the direction 30° north of the west and the fourth acts in the direction making an angle of

60° South of the east. Find the magnitude and direction of resultant of these forces.

(8, AB Cis an equilateral triangle . M is the point of intersection of its medians. The forces of
magnitudes 15, 20, 25 newton act on a particle in the directions of MC , MB , MA . Find

the magnitude and the direction of the resultant of these forces.

(9) ABCD is a square of side length 12cm, H e BC so BH = Scm. Forces of magnitudes 2 ,

—_— — —

13, 442 and 9 gm.wt act in directions of AB , AH, CA, AD respectively. Find the

magnitude of the resultant of these forces.

ﬁ@ From the data represented in the opposite figure Find the magnitude and the direction of
the resultant

120
A Newton b
150
Newton 80
\ Newton
35 f 35°A\ 35°
200 100
Newton 30° Newton
150
Newton
61) It FT =577 +3T . F; =ai +6T and F;.= 14 7 +bT are three coplanar
forces meeting at a point and their resultant R = (1042, 135°) Find the values of a, b
4 ; . Y
(12) In the opposite figure :
If the magnitude of the resultant of the forces equals 3+/2 2//3) 3:3
Newton, then find the value of F and the measure of the /
angle between the line of action of the resultant and the * =< — : 35 > x

first force

ﬁ?D In the opposite figure :
If the magnitude of the resultant of the forces equals
20 Kg.wt and acts in the direction of AD Find the

values of F and K.
X

Creative thinking: F
@E The opposite figure : shows four coplanar forces act jn

at the point (O) in the directions shown in the figure, R qv

X == T >

where sin 6 = % and the resultant of these forces equals /% “ *

8 +/2 newton and makes an angle of measure 135° with (3P &)

&', then find the values of F, K. -

v
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Lesson (4)
Equilibrium of coplanar forces meeting at a point

(1) Equilibrium of a body under action of two forces

If a body is equilibrium under the action of two forces then
(i) The two forces are equal in magnitude

(ii) The two forces are in opposite directions

(iii) The (ines of actions of the two forces on the same, st. {ine

(1) Equilibrium of a body under action of three forces:

Rule(1)
If three forces are acting at a point
and can be representedby sides of a
triangle taken in the same cyclic order,

then theforces are in equilibrium

Rule(2)| (Triangle of forces Rule) F2
If three forces acting at a point be in equilibrium

and a triangle is drawn whose sides are parallel
to the lines of dctionof the forces and taken in the *
same cyclic orderthendtdhe lengths of the

sides of the triangle are proportional to
the the magnitudes of the corresponding

fortes A F = _F |
AB,. BC CA

Rule(3)| (Lami's Rule)

If three forces meeting at a point
and acting upon aparticle are in
equilibrium, then the magnitude of
each force is proportional to sine of
the angle between the other two forces ?

Fl —_ I:2 —_ FB
sing, sin@, siné, A g
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Types of questions

(1) Body and two strings

(2) Body , string and horizontal force
(3) Body string and perpendicular force
(4) Smooth inclined plane

(5) Sphere (6) Rod

Study Carefully these questions

A weight 100 gm.wt is suspended by two strings of lengths 30 cm.,
and 40 cm., from two points on the same horizontal [ine with 50 cm.
a part. find the tension in each string.

2+ (50)*=(30)*+(40)*
- AOC is right angled triangle at O
s.m(£6,)+m(£6,)=90" - (1)
InADOC :
m(£LA)+m(£86,)=90" — (2)
from(1) & (2) = m(£86,)+ m(£LA)
Similar = m(£8,)+m(£B)
By using Lami's Rule :

Fl —_ FZ _ F3
sing, sin@, sing,

L _ T 100

sin(180-6,) sin(180-4,) sin90°

"’ sin(180-64)=sin@d

fromAAOB = sing, = E—SE = %

:sin@zz%;gzg

T, =100sin g, =100x%= 60 gm.wt

T,=100sing, = 100x%= 80 gm.wt

Another solution: by using the triangle of forces :
+ODC is the triangle of forces

R_FR_F _ T._T, _100

"oCc DC OD OoC DC OD
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AT, =100x 2 But S —sing, = 2P 30
oD oD hyp 50

T, = 100x£ =60 gm.wt
50

T, =100x 2 But 2 _sing, =P 20
oD oD hyp 50
T, = 100x@ =80 gm.wt
50

If the three forces Fi=2i+5] ,F.=i-8] ,Fs=mi+nj meeting at
a point and in equilibrium, find the value of "'m" and "n'"

" The system is in equilibrium

~R=0 =>F.:+F.+F;=0

(2+1+m)i+(5-8+n)j=0 =(m+3)i+(n=3)j=0i+0]

~m+3=0 =[m=-3] and ~n-3=0 =[n=3

Three coplanayr forces 8, 10, and 12newtons act at a partical, if the
forces are in equilibrium, find the measure of the angle between the last
two forces.

.+ the required is the angle between the two
forces 10 and 12 , then we need to find the “

resultant of the two forces 10.and 12

'+ The forces are'in equilibrium

Then this resultant = 8 @ a
R?=F +F,*+2F F,cosa
(8)2 = (10)2 +(12)2 +2x10x 12x CoS &

240cosa ==180=".cosa = "

=L m(La)=138°35"

EI A body of weight 300 gm.wt is tide to an end of a string and the
other end of the string is fixed at a vertical wall. If the body is
pulled by a horizontal force until the string makes an angle of

measure 60’ with the wall in the state of equilibrium, Find the
magnitude of the force and the tension in the string.
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By using Lami's rule :
F T _ 300
sin120°  sin90° _ sin150° .@
= 300x8INS0" _ o) gm.wt
sin150°
= 300xsin120" _ 0 13 gm.wt
sin150°

A body of weight 10 kg.wt is tide to an end of a st¥ing of lengtlvi7o cm.,
the other end of the string is fixed at a vertical wall, the body is pulled
way of the wall by a horizontal force until it becomes 150 em. apart from

the wall in the state of equilibrium, Find the magnitude of F and T

In AOAB is rigth at A
(OA)? = (0B)? - (AB)? = (170)? — (150)?
..OA=80 cm.

AOAB is the triangle of forces
10 T F

'"80 170 150

10x170 85

80 4
_10x150 75

80 4

6] A light string of length 24 cm, its end A is fixed to a fixed point. a body
of weight100 gm.wt is hung at the other end B. Find the magnitude of the

~T=

~F

force required to keep the weight at a distance 12 cm from the horizontal
straight line through A in the following cases :
first : If the effective force is horizontal

second : If the direction of the force is perpendicular to AB.
find the tension in the string in each case

first : the effective force is horizontal

(AC)> =(24)? - (12)’ = . AC =123 cm
By using Lami's rule :
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F T 100
sin(180°—@) sin90° sin(90° + ) A
F T _ 100
sind 1 cosé@
"’ sin(180° - @) =sin @
**sin(90" + @) =cos@
L= fromAAOB:sin0=M=%
hyp 24
:>c050=a—dJ=E
hyp 24
100 100 :
=——=—+-=200 gm.wt c
cosd 12 g A 2 i
24
= :100xsm0=100\/§ gm.wt

cosé@
second : If the direction of the force is L AB.

By using Lami's rule :
F T _ 100

sin120°  sin150°  sin90’

~. T =100%sin150" =50 gm.wt

. F =100xsin120° = 50/3 gm.wt

A body of mass 6 kg.wt is plased on smoth inclined plane 30° with the
horizontal, is supported by'force, Find this force and the reaction of the
plane in each of the following cases.

first: the force is horizontal

seconid: the force is inclined by 30° to the plane

first: the force is horizontal

By using Lami's rule :
F* r 6
§in150° sin90°"  sin120°

_ 6sin150°

= = 2+/3 kg.wt
sin120° \/_ g

_ 6sin90°

r= =443 kg.wt
sin120° \F g
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second: the force is inclined by 30° to the plane
By using Lami's rule :

F 3 r 3 6
sin150°  sin150°  sin60°

E_ 6sin150

= 24/3 kg.wt
sin60° f g

r= M = 2\/§ kg.wt
sin60°

A body of weight "w" newtons is suspended by two stringth, the first
inclines by angle of measure 0 to the vertical pdssing over a smooth

pulley and carries at its other end a body of weight 12 newtons, the
other string form with the vertical 30°, passing over asmooth pulley
and carries at its other end a body of weight 8 newtons. Find 6 and F

By using Lami's rule :
w 12 8

sin(30°+6) sin150°  sin(180°— @)

. 8sin150° 1
s.sin@ = ==
12 3
m(£6)=19" 28'
. w 12
U sin(300#19° 28')  sin150° ¢
. 3 \
w= M =18 newtons @
sin150°

9] A'body of weight 60 newtons is placed on a smooth inclined plane to
the horizontal by 30. it is pulled up the plane by a stringwhich coincides
the [ine of the greatest slope. Find the tension in the string and the
reaction of the plane on the body

By using Lami's rule :

T B r B 60
sin150°  sin120°  sin90°
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T= M =30 newtons
sin90°

r= M =303 newtons
sin90

The ball of a pandulum of weight "1" newton is plased until theistring
made 30 with the vertical under the action of a force perpendicular to
the string. Find the magnitude of the force and the tension inthe string

By using Lami's rule :
F 1T 1 30 @
sin150°  sin120°  sin90°

1sin150° 1
F="— =— newtons
sin90° 2

T 1xsin120" _ {3

——— =— newtons
sin90° 2 @

A body of 72 gm.wt, is suspended at one end of a string, its other end
of the string is fixed at a point "A" on a vertical wall. another string is
attached to the first one at.a point "B" 25 cm. a part of "A" and pulled
horizontally until the point B becomes 7 cm. a part the wall. Find the
tension in the horizontal string and in each part of the second string

In A ABC
(AC)? =(25)°—(7)*=576
- AC =24cm
ACAB is the triangle of forces
LW V2
™ 25 24

To 72x 25
24

2" part=72 gm.wt

_12x7
- 24

=75 gmwt

S F

=21 gm.wt
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A body weight 400 gm.wt, is suspended by a string at a point A, from
a point B on the string, another string is attached and pulled horizontally
by second string BC passing over a smooth fixed pulley and carries at its
other end a body 300 gm.wt, find the inclination of AB with vertical and
the tension in each of the two strings AB, BC

By using triangle of forces :
AADB is the triangle of forces
T, _ T, _ W

BD AB AD

300_ T, _400_ . 300 _ 400
BD AB AD 'BD AD
.30 _BD_3

400 AD 4

stan A= % =.. m(ZLA) =36°52'

-.angle of inclination =36°52'

By using Lami's rule

.30 T,

"sin36°52'  sin90°
. 300xsin90’
© 2 sin36°52

A body weight 8 km.wt, isiplaced on a smooth plane inclined to the
horizontal at an angle of measure 30° , find the magnitude of the horizontal

=500 gm.wt

force that act on the body to keep it in equilibrium, and also find the
reactiomof the plane.

By using Lami's rule :
F R 8

" 5in150°  Sin90°  sin120°

. 8xsin150° 843

" sin1200 3

. 8xsin90 _ 163 _—
sin120° 3

kg.wt
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A body weight 5.3 gm.wt, is placed on a smooth plane inclined to the

horizontal by an angle of measure 6 if the body is kept in equilibrium by
53 gm.wt, a force inclined to the (ine of greatest of slope of the plane at

an angle of measure 6 upeards, find 0 and the reaction of the plane.

By using Lami's rule

) W B F B R
sin(90° — @) sin(180° —0) sin(90° + 26)
53 _ 5 R
""cos® sin@ cos20
. sin@ 5 _i
“cos® B3 B3

1
stanf=—=. ..=>m£0)=30°

73 (£6)
_5 = R = R=5 kg.wt
sin30° cos60’

A body is in equilibrium on a smooth inclined plane under the action of
a force acting up the plane, its magnitude equals falf the weight of the body
find angle of inclination of the plane to the horizontal and the reaction

of the plane.
By using Lami's rule’:
) F B W . R
"sin(180°— @) sin90°  sin(90° +8)

1

2V W R

sind A1 " cos@

1
: siné’—g—1 kg.wt
. W2 e
ﬁw

S R=W cos30=7
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Study Carefully these questions

From a point on the surface of a homogenous sphere, a light
string is tied whose other end is attached to a point in a
vertical smooth wall. if the sphere is stable on the wall, find
the tension in the string and the reaction of the wall if the

weight of the sphere is ' W newtons and acts at its center and’
the string inclined to the vertical by 30°

In this problem we find that the sphere is in
equilibrium state under the action of three forces :

(1) The weight (W) act at M

(2) The reaction of the wall (R)

» the wall is smooth, then the reaction is perpendicularito the
plane , therefore it passes through the cénter of the sphere M

(3) The tension in the string (T)

Since the line of the action of the weight and the reaction of
the wall passes through the center M, then the line of action
of the third force ( the tension ) must' beypass through the
point M

~.By using Lami's Rule :

w _ T _ R
sin120" sin90°  sin150°
_W xsin90' _ 243,
sin120° 3

W >_<sm150 = \ﬁw newtons
sin120° 3

Anotherssolution : By analizing
By taking two perp. axis passing
tArough the center M one of them

is horizontal and the other is vertical
X =Ry-T cos60° =0

newtons

AR -T cos60’=0=.R ==T |——(1)

Y =T sin60°-w =0

243

W = Tsin60 = |-.T = 3 W »(2)

From (1) & (2)
243, V3

T =TW newtons , R =?W newtons
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A smooth sphere of weight 15 newtons is on a smooth vertical

wall and suspended by a light string from a point on its surface
the other end of the string is attached to a point on the wall
above the point of contact between the wall and the sphere, if
the length of the string equals the radius of the sphere, find the
pressure on the wall and the tension in the string

~.By using Lami's Rule :
15 P T

sin120° _ sin150°  sin90°

_ 15xSin150°

- =54/3 newtons
sin120° 3

_ 15xsin90°

=— =10+/3 newtons
sin120° 3

A smooth iron sphere of weight 30 newtons rests between a
vertical smooth wall and an inclined smooth plane inclined
by 60 with the horizontal, find the pressure on each of the

wall and the plane ()
~.By using Lami/s\Rule : ?‘ O
P, _ P, % 30 y

sin120°  sin90° ~ sin150; ‘v
30%Sin120° r

P, = Toniso - 303 newtons i
30xsin90°

1= W =60 newtons 0

A sphere rests between two parallel rods [ie in the same
horizontal plane, the distance between them equals the radius
of the sphere find the pressure on each rod given that the weight
of the sphere is 10 newtons.
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~.By using Lami's Rule :
R, _ R, _ 10
sin150° ~ sin50° ~ sin60°

10xsin150°
R =R ="0F—"""
! 2 sin60°
=1O;/§ newtons

A homogenous sphere of radius 30 cm., and of weight 200 kg.wt
rests on a smooth vertical wall and suspended from a point on
its surface by a string of length 20 cm., and the other end of the
string is fixed at a point on the wall vertically'above the point
of contact of the sphere with the wall:\Find the tension in the
string and the reaction of the wall on the sphere.

B =/(50) - (30)*

- AB =40 cm '

AABM is the triangle of forces

T _20_R 5

50 40 30

200x 30
40

SR = =150 gm wt

200%50
40

A= =250 gm wt

[6hA untiform rod of 1 metre long and 30 newtons weight is
suspended from both its ends by two strings their other ends are
fixed at one point in the ceiling. if the two strings are perp.

one of them is 60 cm., find the tension in each string when it is
suspended freely and in equilibrium.
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Solution
A OMC is the triangle of forces
30 T, T,
OM 0OC MC
N_L_TL
50 40 30
STo= 40x30 _ 24 newtons
50
~T, = 30x30 _ 18 newtons
50

A uniform rod of 130 cm long and 26 newtons weight is
suspended from both its ends by two strings‘their other'ends are
fixed at one point in the ceiling. if the lenfth of one of them 50 cm
and the length of the other one is 120 cm., What is the position in
Which the rod is in equilibrium and what is the tension in each
of the two strings.

A DMC is the triangle of forces
26 T, T,

CM DM DC

6_T,_T,

65 25 60

. 25x26 _

=T, =% =10 newtons

__ 60x26 _

~T,= 65 =24 newtons

and thegposition in which the rod is equilibrium when the weight
equals the tension in the two strings

AB is a uniform rod of length 120 cm., and weight 300 gm.wt its
end A is attached to a hing fixed at a vertical wall, the other end
B.is attached to a string BC of length 150 cm., this string is fixed
at a point C on the wall and lies vertically above A, the rod is in
equilibrium when it is in horizontal position, find the tension in
the string and the reaction of the hing at A.
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A ABC is right at A =.. AC = /(150)?—(120)? =90cm.
.+ is in equilibrium when it is in horizontal position
=~ D is midpoint of AB, E is midpoint of BC
- AE is a median drawn from the vertix of right angle

1 C
.. AE = E BC = 75cm.

75¢m
k. 75¢m

A AZC is the triangle of forces \ :

AC ~AE CE \\ J
00_R_T WO

9 75 75 ‘

60 cm
2T =R =120 _550 gm.wt

D 60 cm B

9] AB is a uniform rod of length 120 cm., and weight 18 km.wt it
rotates about a hing at its end A and its,end B is pulled by a light
string whose other ends is tied to a,point D above A, the rod in
equilibrium when it inclined to the horizontal at 30°, if the
reaction of the hing is hovizontal. Find the tansion of the string

and the reaction of the rod inthe wall

+BF //AD .. m(£ABF)=m(ZDAB)=30 (alt )
In AAOE, OE is opposite’ 30°
-OE =%AE =30 cm !

INAABD), 20 E @re midpoints of BD , BA

2

0T=%JZKD ~|AD=60 cm|— (1) i

T AAOE, AO = /(60) —(30)? = 3043 |
A0 =3043|> (2)

In AAOD, DO = /(60 +(303)> = 3047

~.|DO =30J7| > (3)

A AOD is the triangle of forces

B_ R _ T _ . _18x3047
60 3043 307

=93 km.wt

=907 km.wt, and R = %
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A uniform rod which is movable around one of its ends is pulled a side
by horizontal force acting on the other end and equals half the weight of
the rod, find the angle of inclination of the rod to the vertical when it is
equilibrium and also find the reaction at the end.

A ADC is the triangle of forces Q

1 1
W —w
R _W _2 .'.:Kzz—:.:AD=2DC
AC AD DC AD DC
Let DC =L cm., AD=2L cm.,

AC =AL?+L? ~.= AC =+/5L

’.
(/]
and CB =L cm., I
L Ro_w "
5L 2L L
.. the rod inclined by 45° with the vertical
R=W;EEL = fW newtons @

AB is a uniform rod of weight 50N iits end A is fixed at hinge in a vertical
wall the rode is in equilibrium when a horizontal force acts at its end B

such the rod inclined todhe vertical at 6o , find the magnitude of this force
and the reaction of the hinge in state of equilibrium.

Let the length of rod” AB = 2L
*m(£B)=30 .= BC &LA3

-.BO =0€ =%\E

V3, N7

In(AAOC :AO=\/(L)2+(7L) —

A ACOQO is the triangle of forces
500, Fo/ R
AC CO AO
LA F
L 3,
2
_50x[7
S22
_ 50x+/3

2

‘ =

L

|G

R = 25\/7 newtons

F = 2543 newtons
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AB is a uniform rod hinged at A, the other end B is tied to a string passes
over a smooth pulley C exactly above A and attached to a weight equals half
the weight of the rod. Find the angle of inclination of the rod to the horizontal
in state of equilibrium given that AC = AB

Solution] T =2w | AB =AC
D is midpoint of BC
. AD LBC
A ADC is the triangle of forces

1
R _w WV
AD AC DC B
1
*W/
W2
AC DC
~= AC =2DC g
1

#DC =ZAC =..m(CAD) =30

. the angle of inclination =30°

A uniform rod of weight 4 newtons is places on two smooth inclined
planes. they inclined tothe horizontal at 30°, 60°, find the magnitude
of the pressure on each plane andthe angle of inclination of the rod

to the horizontaldn state of equilibrium.

+ Smooth inclined plane'its
reaction s always perpendicular

By,
2 2
A ACO is the triangle of forces

R "R, _ 4
sing20°  sin150°  sin90’

In'"AAOC = AO =\/(L)2+(

SR, = M = 2./3 newtons
sin90
4xsin150°
S=>R,= 4xsin150° =2 newtons

sin90°
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AB is a uniform rod of length 129 cm., and weight 6 kg.wt its end A is
attached to a hinge fixed to a vertical wall, the rod is kept in equilibrium
horizontally by means of a light string, one of its ends is tied to a point C,
on the rod, where AC= 15 cm., and the other end is fixed at point D on the
wall lying above A, and at distance 20 cm., from it. Find the magnitude
of the tension in the string, and the reaction of the hinge.

DC =/(20)* +(15)* = 25 cm.

.- ADAC ~AEOC = 2 _ 20
45 OE
~0E =22 50 em.
15

AE = J(60) +(60)? =60~/2 cm.
CE =./(45)° +(60)* =75 cm.
A ADE is the triangle of forces
R _w _ T
AE AD DE
R 6 _T
60y2 20 100
6% 60~/2
20
6x100
20

=R = =182 kg.wt

=T = =30 Rg.Wt

AB is a uniform vod of length 120 cm., and weight 5 kg.wt its end A is
attached to a hinge, fixed'to a vertical wall, the rod is kept in equilibrium
in horizontal position by means of a light string, one of its ends is tied to
a point.C, on the rod, at a distance 8o cm., from A and the other end is
fixediat D on'the wall exactly above A and at distance 803 cm. from it
Find the magnitude of the tension in the string, and the reaction of the

hinge.
DC =+/(8/3)? +(80)° =160 cm.
.*ACHO ~ACDA =~ 22 HO _CH
80 80y3 160
~ HO = ZOXSO*F = 2043 cm.
~ HC = 20"160 — 40 cm

80
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~.DH =160-40=120 cm.

HA = {/(60)’ + (20/3)? = 4043 cm.
A ADH is the triangle of forces

5 R _T
803 40V3 120 @ . Q
cm
H

_5x40\/§ 5 Eg
804/3
' f0cm 0 Mem ¢ 4om
T _5x120 5J_ kgt
8043 @

A uniform ladder XY of weight 60 kg.wt, and length 4 meters, rests wit
its end X on vertical smooth wall, and with, its end Y on awxough horizontal
ground. the ladder is in equilibrium when'it inclined at angle og measure
60° to the ground, Find magnitude of the wall reaction, and magnitude and
direction of the ground reaction
~+ 0 and D are midpoints of XV and ZY
S X0 =YO =2 cm.
In A XYZ, m(£LVY)=60"sand m(£X )=30°
~ZD =DY =1cm.
ZY =2 cm :>.'.XZ=2\/§cm.
CD=2J3 and [ DY =1cm,

CY =4(243)? +(1)? & V13\cms

A YCD is the triangle‘of forces

R W T
AE [ AD /.DE
R._R, _ 74
1 J13 243
= l=ﬁ=£ Eg‘wt
2J3 3 :
“5R, J§x4 ZJ_l ’Wt
23 3
tan(ACYD)zgzﬁ
DY 1

~m(£LCYD)=73 54
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Jlomewerk

Complete the following:

(1) The necessary and sufficient condition for equilibrium of a set of coplanar forces meeting

at a point is to be represented geometrically by ...

(2) The condition for equilibrium of a set of coplanar forces, meeting at a pointistobe ...,

B . S —

G)ITF =471 +bj , F,=-71 -2 . F =a i -3 areinequilibrium, so:

(4) If the force of magnitude F is in equilibrium with two perpendicular forces of magnitude 3,
4 newton so, the magnitudeof F= . ...
<5> If three coplanar and equilibrium forces are completely represented by the sides of triangle

taken in one cyclic order, then the lengths of the sides of the triangle are proportional with .

(6) If the body is in equilibrium under the effect of three coplanar forces and they met at a point
then the magnitude of each force is proportional with ..

(7) If the body is in equilibrium under the effect of three forces non-
parallel and coplanar then, the lines of action of these forces ... .

(8) Three forces equal in magnitude and meeting at a point are in
equilibrium then, the measure of the angle between any two forces

equals ..

- . e 6 newton
(9) In the opposite figure: A set of forces are in equilibrium and

meeting ata point. T; = ............newton, T,= ... ._..._..‘newton.

(16} Each figure from the following figures represents a set of coplanar equilibrium force meeting
at a point. Find the value of the unknown either it is a force or a measure of angle .

p .o"---_ -.\.
'J2 newton/

Figure (1)

. Figure (3) ( 100
Figure (2) ~_newton -




40 gm,wt

Figure (4) Figure (5)

@) The opposite figure represents four coplanar forces meeting
at the point O

a  Prove analytical that the forces are equilibrium. ~ -seeeeeeenees

b ' Activity: use (Geo-Gebra) program to represent the forces

by a closed polygon of forces in a suitable drawing scale

ﬁi)A weight of magnitude 60 gm.wt is suspended from one end of a string of length 28 cm. The
other end is fixed at a point in the ceiling of the room, A force acts on the body so that the
body became in equilibrium when it is about 14 cm vertically down the ceiling, If the force
is in equilibrium position when it is normal to the string . Find the magnitude of each of the
force and the tension in the string.

ﬁ&) A weight of magnitude 200gm.wt is hanged (suspended) by two strings of lengths 60 cm,
80cm from two points on one horizontal line. The distance between them is 100 cm. Find
the magnitude of the tension in each of the two strings.

ﬁéb A particle of weight 200 gm.wt is hanged (suspended) by two light strings. One of the them
inclines to the vertical with an angle of measure 6 and the other string inclines to the vertical
with an angle of measure 30°. If the magnitude of the tension in the first string equals 100
gm.wt, find @ and magnitude of the tension of the second string.

ﬁS) A body of weight 800 gm.wt is placed on a smooth plane inclined to the horizontal by angle
of measure 6 so that sin@ = 0.6. The body is kept in equilibrium by a horizontal force. Find
the magnitude of this force and the reaction of the plane on the body.

ﬁé} A body of weight (W) newton is placed on a smooth plane inclined to the horizontal by an
angle of measure 30° and the body is kept in equilibrium by the effect of force of magnitude
36 newton acts in direction of the line of the greatest slope upwards. Find the magnitude of
the weight of the body and the magnitude of the reaction of the plane.

ﬁ?) A smooth metal sphere of weight 3 Newton at rest (stable) between a smooth vertical wall
and a smooth plane inclined to the vertical wall with angle of measure 30°. Find the pressure
on each of the vertical wall and the inclined plane.




43

i{; A rod of length 50 cm and weight 20 newton was hanged (suspended) from its terminals
with two strings such that the two ends are fixed in one point. If the length of the two strings
are 30 cm, 40 cm respectively. Find the tension in each of the two strings.

€9> Five forces of magnitudes F, 6, 4/2, 5/2, K kg.wt are in equilibrium and act on a
particle in the directions of the east, the north, the western north, the western south and the
south respectively. Find the magnitudes of F, K.

é@ Coplanar forces of magnitudes 5, 4, F,3, K, 7 kg.wt act on a particle and the angle
between every two consecutive forces from them is 60°. Find the magnitude of each of F ,

K that make the set in a state of equilibrium.

Creative thinking:

éI) In the opposite figure A body of weight 6 kg.wt is placed
on a smooth plane inclined to the horizontal by an angle of
measure 30° and kept in equilibrium by a tension force (T)
of magnitude 2 v/ 3 kg.wt the tension force acts in a string
one of its ends fixed to the body and the other in a vertical
wall. Find the measure of the angle between the string and

the plane and the magnitude of the reaction of the plane on
the body.




44

¥y L5
N7y General Exercises on unit one N7y

Complete the following:
(1) Two forces of magnitude 4 , F dyne and the measure of the angle between them o € ]0, 77|,

their resultant bisects the angle between them So, F = .. dyne.

(2) Two forces of magnitude 5, 8 newton act at a particle so the maximum value for the resultant
e newton , the minimum value for the resultant= .. newton.

(3) If a body of weight (W) placed on a smooth plane inclined to the horizontal by angle 6, so

the component of its weight in direction of the plane equals ... .

(4) If the force F is in equilibrium with two perpendicular forces of magnitude 6 , 8 kg.wt so,

the magnitude of the force Fequals ... kg.wt.
7\ - - = — - =~ = =~ N
5, Ifthe forces F, =a i -6 j , F, =-3 i +4j , F; =9 i +b j areinequilibrium,
SOA= . b=

(6) Each figure from the following consists of three forces in equilibrium and meeting in a

point. Complete the following:
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(8) If R is the resultant of the two forces F;, , F, which enclose between them an angle of

measure & and the measure of the angle of inclination of the resultant to F,; equals € find:
A | The magnitude of R , when F; = 8 newton , F, = 15 newton & = 90°.
B ' The magnitude of R and the measure of angle 6 when F, =F, = 60 dyne , @ = 60°.

C The magnitude of R and the measure of angle 6 when F; =6 newton , F, = 3 newton

and the resultant is perpendicular to F,.
D ' The magnitude of R and measure of angle @ If F;=3 ﬁ newton , F, = 6 newton and

the resultant is perpendicular to F,

E ' Value of F,when R =12newton,F,=12 /3 newton, = 150°
<9> Find magnitude of the resultant and its inclination angle with x-axis is each figure from the

following figures

Y A 2

Y
~ Y ‘r

Fig (3)

v A
Y A
. 443 16
342 ~ A
3/2 12¢3
. 30 45° 2 s
,:\ x O = x’ _.--x
x§ Y
Y Y
Fig (1) vy 36
ﬁ@ Find the magnitude of each F, K so that, each set of forces from the following became in equilibrium..
D

\ Fig (1)

6cm  E2cm .
8/ 2
25
8 cm F;
Fig (2)

ﬁ1> In the opposite figure: the force F of magnitude

500 Newton acts on a particle at the point C

and makes an angle of measure 60° with the

horizontal . If the particle is connected by two

strings at C and the other two ends of the strings

are connected to two points A and B on the same

horizontal line. The angle between the strings and

the horizontal lines are 45° and 25° respectively.

Find in the state of equilibrium the tension in the two strings to the nearest newton




