
FORCES

Newton's 1stLaw ofMotion
⑲

An objectcontinues ina state of rest rest:speed
=0

or uniform motion unless acted upon uniform motion: · speed: constant

by a resultant force.
"

· straightline

2F =0 · EFX =0 (forward forces:backward forces
· IEy =0 Tupward forces:downward forces

· Itis one of the conditions of equilibrium.
· It is also called law of inertia.

> Apropertyof matter to resistsucken

changes in the slateof restor motion.

Example Fsin60
A I 7

Resolve.The forces along x-axis a y-axis.
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G 18

< · 160;
,,zyFc0s630 Fx =Fos>

>

F
v
v Fsin30 2Fx =0

100N F(0s60 +Fr0s30 =G -0
Thebody is in equilibrium. Find.........
the values of F and G. [Fy =0

Fsin6B =Fsin30 +100

Isin 60 - Fsin38 = 100i
F(sin60-sin30) =100

F =273.2N

G =

373.2N



Example. Tsin50
X xTzsin40 2Fx =0

T, 10s50 =IC0 40

T,10350 - T,20345 =0 -0

Tc0s50 T220s40 zFy =0

T,sin50 +isin48 =705 -2

solving simultaneously...
T =5.7N T2 =400N

M
Inclined Plane

>t

NN

Normal pushes the body
contact force) wosozex intothe plans and

10 generates a contactforce.

W..No causes the body
et to slide dorm

the plane.



e. ↑ The block placed on the surface is aboutto
N 604 slide down the plane. Its weightis ION.7 =1

of the maxfriction force between box

8 1000sO andsurface is GON, determine

10 ↑

-
100N

xOsinO
a) theangle of inclination beyondwhich
the block slides down

3) thenormal contact force on the block

at this angle.
a) l00sin8 =68 b) N =100C0sO

sinO = 60 N =100 cos (36.87)
-

1P8
N =DON

8 = 36.87 =370

· a

If a body is in equilibrium, a closedvector triangle is formed99

where the head of one vector touches the tail of other.

"Following vectors"

↑

7

T Tz 7

T2
7

T2
·

W
N

W
N

-W T 1 T ↓
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Newton's 2" Law of Motion

&

Rateof change of momentum is FaetCAP Fret-AP
directly proportional to the

99

resultant force. Fret=ma

↓ Fret =iv

forward - backward:ma
force force

100sin 600
N -

e 100N *Ex
100C0S60 +120 COS20

168 10020S60 162.8 = 163N
⑥ 1 1 1 1 1 1 1 1 1 1 1

( >
200 120C0s20:

V

120N
↓ -Fy
-

120sin 200 100sin 600- 120sin 28

Findthe resultant of these 45.56N

two form.
h
=

p2 +b2

45.56N Fret
77

=5+162.82

tano=(4550e 1 O

163N
>

Fret =169N

8:15.60



InclinedPlane

NN Aboxof weightl00N slides

I Normal Contact
1

=7=1305 down an inclined plane

force 30 tilted at 30 to the horizontal.

% pCOS Determine the acceleration of
1300 the boxit,
W =

100Nv<3130 as the plane is smooth (no frictions
b) the plane has a constantfriction
of 3ON.

a) Fnet =ma b) Fnet =ma

WsinP =ma Wsin 38-f =ma

Amgsino:fa 100sin 38 - 30 = (00) a
a =gsint

a =1.96mS-2

a =9.81sin38

a
=4.91 mS N =WCs30

N =10020s300



Connected Bodies

-> frictionless xN

pulley (backward A
a

>

force) I
T

1
>

->string va
V

aΔ ra WA
5

T B
⑧

my A · ·
B MB

-NB

Ibackward WE Wa (forward force) I forwardforce)
forc) Fnet = ma

MB>MA WB-f =(mx+mp)a

Fuet =ma

WB-Wn =(mA +mp) a



Newton's 3rd Law of Motion

Equal in magnitude
·

If body A exitsa force on body B, Oppositein direction

B exacts the same force on A, which same type of forces
is equal inmagnitude but opposite Acting on different bodies

99

indirection.

N(Normal contact force (pullogEarth
vW on box)

Ipull of box
1

on Earth)
N

↓ Ipush of earth
↓ W (Weight of box

on the box)

xsame type of forces
x Acting on different bodies i (push of box

on the Earth)

· Weight
=Reaction if body is either

at rest or moving at constant speed. &Contact?
1

Axeluating
Reaction R.(Contactforce

Acceluating downwards upwards force X
normal to the

↑ Reaction Reaction
surface

[ ↓ a [ Ia

1 Y 1 1

Ry <

>pushing

V Fret Fret
Weight weight Ifriction

Weight > Reaction Reaction > Weight
Fret=ma Fret =ma

Weight - Reaction:ma Reaction -Weight:ma



Friction Force Drag Force

· It is a resistive force thattends when object moves ina flind, it
to slow down moving objects. experiences a dras force

· It is a contact and a reaction dras force -> viscous drag
force

· Air resistance
· Viscous drag (water, oil, ghycuine;
*
" >

IONFin 3

Factors effectingbras force
Fiction I =10N 1. Viscosity of find

point
N

Islipping LON moreviscosity-thicken find
satiu >

10 111) Y =20N more drag force
O

E 4ON-j drasforce a viscosity
0 10 Applicaf=3N 2. Surface Area

Resultant
Resultanta ↑ Reaction greater surface area -> more dragReaction

↳ I Normal Contact 7 E force
torce(
↓

-

more molecule collide with the
-E
F

-

-due to
/

-

I

E body so cumulative force inc.-

weight ↑

-

<

sliding
friction (f)

voicing frictionsso speed of object
Mass greatspeed -greaterdrag
It is the measurement ofmention.

force.
&Air resistance increases on a

More instia > More mass falling body until the body
->

in the body! reaches Terminal velocity
when Weight:Air resistance.

Inatia is a property of mattersuch that it resists sudden

changes in its state of restor
motion.

· SI Unit:15 · Scalam
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2 (a) State the two conditions for a system to be in equilibrium.

1.  ...............................................................................................................................................

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

2.  ...............................................................................................................................................

 ...................................................................................................................................................
 [2]

 (b) A paraglider P of mass 95 kg is pulled by a wire attached to a boat, as shown in Fig. 2.1.

25°

wire

boat

water
horizontal

paraglider
P

parachute

Fig. 2.1

  The wire makes an angle of 25° with the horizontal water surface. P moves in a straight line 
parallel to the surface of the water.

  The variation with time t of the velocity v of P is shown in Fig. 2.2.

0
0
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4.0

6.0

8.0
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2.0 4.0 6.0 8.0
t / s

v / m s–1

Fig. 2.2

some of all the force acting on the systemmust
be zero.

Sum of all themomentsacting on the body must
be zero.

↑Lift Lift =W +280Sin25

= (95x9081)+ 280sin 250

<

R <20010325 Lift =
1050 N.

1250

Fret=ma 280N
WV ↓

28000s25:-R=(95)(1.4) V200sin25

R =12/N

(5,6)

(40406!
A=(p+q)h

A =LXb A=(7.6+88)(3)
=4X406
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  (i) Show that the acceleration of P is 1.4 m s–2 at time t = 5.0 s.

[2]

  (ii) Calculate the total distance moved by P from time t = 0 to t = 7.0 s.

 distance =  .......................................................m [2]

  (iii) Calculate the change in kinetic energy of P from time t = 0 to t = 7.0 s.

 change in kinetic energy =  ........................................................J [2]

  (iv) The tension in the wire at time t = 5.0 s is 280 N.

   Calculate, for the horizontal motion,

   1. the vertical lift force F supporting P,

 F =  ....................................................... N [3]

   2. the force R due to air resistance acting on P in the horizontal direction.

 R =  ....................................................... N [3]

 [Total: 14]

grad:66
5- 4

grad:a
=1.nms

38.5

DKE =1m (v2-v2)

I(95)(808" - 4.62)
26735 2700J
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3 A small remote-controlled model aircraft has two propellers, each of diameter 16 cm. 
 Fig. 3.1 is a side view of the aircraft when hovering. 

16 cm 16 cmbody of
aircraft

air
speed

7.6 m s–1

air
speed

7.6 m s–1

propellerpropeller

Fig. 3.1

 Air is propelled vertically downwards by each propeller so that the aircraft hovers at a fixed 
position. The density of the air is 1.2 kg m–3. Assume that the air from each propeller moves with 
a constant speed of 7.6 m s–1 in a uniform cylinder of diameter 16 cm. Also assume that the air 
above each propeller is stationary. 

 (a) Show that, in a time interval of 3.0 s, the mass of air propelled downwards by one propeller is 
0.55 kg.

 [3]

 (b) Calculate:

  (i) the increase in momentum of the mass of air in (a)

 increase in momentum =  ...................................................  N s [1]

  (ii) the downward force exerted on this mass of air by the propeller.

 force =  .....................................................  N [1]

in =pAV
-->

=(.2x π(0.08)"x(7.6)

mi =0.183kgs
- 1

in=Am
xm =0.183x3

= 0.55kg.

Ap =m(v - u)
=0.55(7.6 -8)
=
4.18 4.18 =4.2

Frst=AP-1.39
7.4
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 (c) State:

  (i) the upward force acting on one propeller

 force =  .....................................................  N [1]

  (ii)  the name of the law that explains the relationship between the force in (b)(ii) and the 
force in (c)(i).

 .....................................................................................................................................  [1]

 (d) Determine the mass of the aircraft.

 mass =  ....................................................  kg [1]

 (e) In order for the aircraft to hover at a very high altitude (height), the propellers must propel the 
air downwards with a greater speed than when the aircraft hovers at a low altitude. Suggest 
the reason for this.

 ...................................................................................................................................................
 
 .............................................................................................................................................  [1]

 (f) When the aircraft is hovering at a high altitude, an electric fault causes the propellers to stop 
rotating. The aircraft falls vertically downwards. When the aircraft reaches a constant speed 
of 22 m s–1, it emits sound of frequency 3.0 kHz from an alarm. The speed of the sound in the 
air is 340 m s–1.

  Determine the frequency of the sound heard by a person standing vertically below the falling 
aircraft.

 frequency =  .................................................... Hz [2]

 [Total: 11]

1.4

Newton's 3rd Law of Motion

W =1.4 +104

mg
=2.8

m= m
=0.285 0.29


