Components of forces

We have seen that two forces can be combined into a single force which is called their
resultant.

There is a reverse process which consists of expressing a single force in terms of its two
components. These components are sometimes referred to as the resolved parts of the

force.

It is particularly useful to find two mutually perpendicular components of a force.

The directions may, for example, be horizontal and vertical, or parallel and perpendicular B
to the surface of an inclined plane.

The component of the force F in any given direction is a measure of the effect of the
force F in that direction.

Consider a force F acting at and angle 0 to the x-axis as shown below. The components
F, and F, being the horizontal and vertical components of / respectively.
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Exercise Q’s 1 & 2 SN

Eal A body of mass 4kg rests on an incline of 35°. Find the component of the weight
of the body parallel and perpendicular to the plane.

Exercise Q3

Qo] Find the sum of the components of the given forces in the direction of (i) x-axis

(ii) y-axis. 20N L
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Exercise Q’'s4 & 5
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Comporents ok Forcey &xencise (.|

1. For each of the forces shown below, find the components in the direction of

(i) the x-axis and (ii) the y-axis.
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2. Express each of the following forces in the form @i + bj.
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3. Each of the following diagrams shows a body of weight 10 N on an incline. In each case
find the component of the weight of the body (i) in the Ox direction and
(ii) in the Oy direction.




4. For each of the following systems of forces, find the sum of the components in the direction
of (i) the x-axis and (ii) the y-axis.
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5. For each of the following systems of forces, find the sum of the components
(i) in the Ox direction and (ii) in the Oy direction.
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Further N2L Problems

Now that we can resolve forces, we can extend the complexity of the situations which require Newton’s
second law to solve.

Eg4  Abody of mass 4kg has an acceleration a when it is acted upon by a force of 25+/2N which is inclined
at 45° to the smooth horizontal surface on which the body rests. By resolving the forces parallel and
perpendicular to the plane, calculate the normal reaction between the body and the plane and the

acceleration, a, of the body.
Exercise 6.2 Q's1to5

A body of mass 3«/§'kg on the surface of a smooth plane inclined at 60° is acted on by a horizontal force
of 15g N. Calculate the normal reaction of the plane on the body, and the acceleration of the body up
the surface of the smooth inclined plane.

Egs

Exercise 6.2 Q's6to 9

Rough Surfaces

In the previous examples, motion has taken place on smooth surfaces. In practice this does not happen; all
surfaces tend to impede motion. The resistance to motion is an external force acting upon the body, parallel
to the surfaces in contact. It will be considered to be a constant force.

Eg6  Abody of mass 5kg is released from rest on the surface of a rough plane which is inclined at

O =sin"! (g—) to the horizontal. If the body takes 3 seconds to reach a speed of 4.9ms* from rest, find

the resistance to motion which the body must be experiencing.
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Each of the diagrams in questions 1 to 9 shows a body of mass 10 kg accelerating along a
surface in the direction indicated. All of the forces acting are as shown. In each case

(a) obtain an equation by resolving perpendicular to the direction of motion,

(b) obtain an equation by applying F' = ma parallel to the direction of motion,
(c) use your equations to (a) and (b) to find the unknown forces, accelerations and angles.
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12. A body of mass 10 kg is initially at rest on a rough horizontal surface. It is pulled along the ~ o ~
- . 2
surface by a constant force of 60 N inclined at 60° above the horizontal. If the resistance é g éz
to motion totals 10 N, find the acceleration of the body and the distance travelled in the o ozo 2 Qo
first 3 s. STy °°¢f§
o s ol
13. A body of mass 5 kg, initially at rest on a smooth horizontal surface, is pulled along the I & sS s OE\ “ o
surface- by a constant force P inclined at 45° above the horizontal. In the first 5 seconds N z Z | qizn Zﬂo" % S 3
of motion the body moves a distance of 10 m along the surface. Find the acceleration of 5 =3 :og 5 3 3; S © g e
4 the body, the magnitude of 2 and the normal reaction between the body and the surface. F o T,’ g T|° Tlo S \f g g
; A rfllasss of 5 kg is 1r‘utlally at rest at the bottom of a smooth slope which is inclined at - [ n”.. %o ;L vxd S 8
$in ~ o to the horizontal. The mass is pushed up the slope by a horizontal force of SON < AQ: A’“"‘: é"“w'
v . 2 o DIOG L
£ind the normal reaction between the mass and the plane and the acceleration up the e Vv°o vvv"o W E ‘S
slope. How far up the slope will the mass travel in the first 4 s? S% A g\ g Z ?S
¢ . “va [z by
15. A bogy of mass 100 kg is released from rest at the top of a smooth plane which is inclined o F S & 8T 0% 2 °
at 30 to the horizontal. Find the velocity of the body when it has travelled 20 m down 3 @ é’o” e JC> LI! SRR
the slope. What would your answer be if the mass had been 50 kg? T BTs ZiRgegZ Sy
— hy, © S g8 928
' o o —% = e
16. ;&OEody of mass 20 kg is released from rest at the top of a rough slope which is inclined at e or?u 3 0”5 2 c% = ;
tot ) . 8 8 G -
t o the horizontal. If the body accelerates down the slope at 3 m/s?, find the resistance 3 § 80 g & | %o o
1 0 motion experienced by the body. (Assume this resistance to be constant throughout) 2 &88 «Sa &S
7. A body of mass 20 kg is released from rest at the top of a rough slope which is inclined at S 858 255% = o
30" to the horizontal. Six seconds later the body has a velocity of 21 m/s down the slope - TEg SeS pe oo
Find the resistance to motion experienced by the body (Assume this resistance to be : R 8 é °Z° E
constant throughout). Y N E P gE U
O 5O O [
—_ O~ O —~0 2 o =
NS, Tz AeA
I O\ —0_ 0 Nl o un
o o o O Op ~ <t
Q o ool lemo s Q"
o 8\0(%!“'\@88#2“'&2 £
5 £85,5008 Eog
¢ gRfZ8sCHea FQEd
R ARRRLSSRQL 8IS
@Dy R
S It et
~ X %%N%w%%%‘x—(:EEE
% CROCIOIOCICICICICICR -4
A — N O~ S ™ oo
Q v e oy
<L
- — N N~ —



o N L B
73 I, T SN
s 7 A
& —<«— J

| (Oq

, 4
Lo,
d

L NiL: 50(ak =10 = 0 — (D)
viF,)rO : 57D Sube 4'1\/—10;} s O _C@

() 50x [ -0 =0a

il o

9 <o sWea

Oz !l = 1‘5»-,

LO

b N, 109 - 501>
VN-@ NJL(? 2

7 aa+




2 sma 30—102.&'&30’(0“9* —

PN

2 L -Lo(}.(i}n% = O —@
w0 =20+ (6,Cr
& lot{-nf}»
=100 k- 2¢F
N & (04530

s higqN




V.

=" 1
W )
A}
LO
ZF)L TN £C Cobo -0 =10 o .__,—@
Shyio N +605%4 ~L02 - )

oD o= 60Gnke - 5 Ty
(D

vy JuvaT s Usp €2 o2, 5.7
‘ \vJ 7/ 4 b 4

% 23 UJC{%QLL

72 0FLx)y 3L
v

T 2 QMQ—IC’-?’




N
-

— .

e =M PChngf_"ja,

2?‘1 A=
7

N+ ps“\/u);-— 2 -0
J

?\A,Vhf %

Wso L=25 5210, a:
74 7/ o

0;\"

-
[ =

lo:0¢tlxa,sg
i =

NG




[\

4 ,
ja = pa ~ ?u@s% /2/ 3
AL >
¥, . G6: 4
Xili\l;g ~ t-$‘)0 r
1 / !// -
Lol VvV
209
J

Zhema 5000 - 54550 <Ja 0,

e = 7980 -50558 0 D

tor O B0/ ] - 59[ 3] 7 %e
L vir
| Goz L 1Lwns
(0@ N = 59 (%) ¢ 50/3] = 69-1IV
J\ ~ »)"

Sowar © oo , O LT, q, 557
/

& O *L‘X Ly A
L

S 2 (-q6bm




