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2.1 Forces, Equilibrium and Newton’s First Law

Using Newton's laws of motion, descrbe static and dynamic interactions between two or
more objects and the changes that result from a contact force — a force mediated by fields.

Types of forces

Hitting & ball, punching a bag,
kicking & ball, pushing a swing,
apening & door, cutting bresd,
hammearirg a nail.

Batesan tyres and the road,
alowing you down on a slids,
makeas hande warmm wihen

youl ruby thern together.

Upward force of floor on you sa
you stand, of chair on you sa you
ait, on book reating on table, alac
called resction forea.

AF resistance, alowing swimmeans
dowm, why objects fall alower
through oil than traugh watar,
witry thers i tarminal valocity.

Bending arler, stretching a
rubbsr band, pulling a bridge cable
tight, tewistimg a bar, forces in
mipag, cablea, atings and winsa,

In springs that are compreessd o
atratched, st in opposite dirsction
to the applied forces, compreasion
ar tanaien foroes,

Magrnetic fisld surrcunds magnsts
ard electric cumsnts, put magnetic
forces on chargea. Like magnetic
palas rapal, unlike poles attract.

Elactric fislds surround charges
ard apply forees to other changes.

Like charges reps, unlikes charges
attract.

Farce of atraction betwean all
masasas in the Universe. Gives
massss waight and often called
waight fore,
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Sample Questions

1. Complete the diagram.

Explain, in terms of forces, what the diagram on the right is showing.

The diagram below shows three objects om top of each othar
on atable.

@ Onacopy of this diagram label four gravitational forcas
and four nomal forces.

b) Label sach forca.

r

4. The diagram shows the two differant masses hanging on the
samea Sprng.

@ Suggest areason the spring is extendad more in A than
inB.

A B
bl  Which spring will have the greater tension set up within it? % ﬁ

Justify your answar.
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Equilibrium and Newton’s first law

Lo R S

A body is said to be in equilibrium § it is at rest or if it is moving with uniform velocity.
Mote that being in equilibrium does not mean that no forces act.

When two or more forces act on a body which is in equilibrium, the net force must be zero.
There will be no acceleration, but the body may stll move with constant valocity.

The concept of equilibrium is the focus of Newton's first law of motion.

A body at rest, or moving with constant velocity, will rermain at rest or moving with constant
velocity unless an unbalanced force acts on it.

Types of equilibrium

= Static equilibrium exists if all the forces acting on a body add to zero, and the body is at rest.
—  Afolder resting on your desk.
— our car parked in the school car park.
— Acan of drink sitting on a shelf in the fridge ara all in static aquilibrium.

Dynamic equilibrium exists if all the forcas acting on a body add to zero, and the body is mowving at
constant valocity.

— A car moving at constant speed.
— A parachute jumper falling towands the ground at constant (tarminal) valocity.
— A comet moving through space at constant velocity are all in dynamic equilibrium.

Sample Questions

Explain tha idea of static equilibrium.
Explain the idea of dynamic equilibrivm.

Identify these as being in static or dynamic equilibrium
or as not being in equilibrium.

()
(b)

(c)
(d)
(e)
(0
(@

(h)
M
]
(K

State the conditions needed for translational equilibrium.

Light fitting hanging from the cailing.

3ki jumper moving down the slope towards the
jumping ramp.

Plana taking off.

A computer on your desk.

Trea branches swaying in the wind.

Mudslide down the side of a hill.

Apollo 11 coasting batween the Earth and the
Moon.

Armow poisad in bow ready to fira.
Car tra'u'all!ng at constant spead up hill. At the moment the ball at the top of thia

Car travelling at constant spead on flat road. mechanical maze is in static aquilibrium — but
Car travelling at constant spead down hill. « Touch it and the equilibrium might be loat.
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2.2/3 Forces In One and Two Dimensions

Explore the concept of net force and equilibrium in one-dimensional and two-dimensional
contexts using algebraic addition, vector addition and vector addition by resolution into components.
Apply the following relationships, solve problems or make quantitative predictions
about resultant and component forces using F, = Fcos & and F!=Fsin é.

Forces In one and two dimenslons — vector revision

+ Forces are vector quantities and can therefore be represented by scale diagrams.
+  Force is measured in newtons, symbol N.

Sample Questions

Rafrash yvour skills by doing tha

questions balow which refar to
the forca vactors in the diagram. . 4
Thavactors have baen drawn >
using ascakwhera 1 cm=10M.
In answering the questions, make B G H I J
all measurements tothe nearast >
0.5 cm. Give all directions as
bearings to the nearest dagresa.
1. A+B 11. G+D c b
2. C-D 12. K-C >
2. E+F 12. |+ B
d. G-B 14. L-A k J
5. D+H 15. D+ D d
6. E-K 16. G+ 2J -+
T. A+C+E 17. M-0C A
B I+J+K 18. |- A
9. E+F-D 1. K+ B E K
10. M—cL—H 20. L-E 4
L
M
““““ k)
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Forces In two dimensions 1

+ Like all vector quantities, forces can be resolved into two perpendicular componants in the x and ¥
directions.

# The two force componants ara given by the equations: F =Fcos#

¥ ¥

Sample Questions

Each of the following diagrams show masses in static aquilibium. Using your knowladge of components of
vactors, analyse each situation to detarmine the unknown quantitias.

1. A mass of 25 kg hangs on a string which
is pulled to the side by force F until the
string makes an angle of 32° to the
vertical.

@) What is the force pulling the
supporting string to the sida?

i) What is the tension in the mpe?

The diagram shows the forcas acting
on a 15 kg mass on a smooth surface.

@ Calculste the resultant force on the
objact.

() What will be its acceleration?

z)  How fastwill it be going after 2.5 57

d) Calculste the nomal reaction forcs
of the surface on the mass.
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