Forces, Density & Pressure

AS Physics = Topic 4

A-Level Physics




Forces, Density & Pressure

What we will cover
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LTuming effects

Centre of gravity

Cof G

The whole weight =7 can be treated as acting
at one point — the centre of gravity =[>.

m uniform regular shape — at the middle

m draw the weight arrow there on a
free-body diagram = 7j[% W
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LTuming effects

Moment of a force

pivot % =

Moment 774 = force x perpendicular distance:
M= Fd= Frsin®.

Spanner: F=50N, r=0.40m, 6 = 30°

M =50 x 0.40 x sin30° = 10 N'm
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LTuming effects

Couple and torque

A couple 77{&: two equal, opposite forces, > |’
lines of action a distance apart.
r
7= Fd.
T
A couple turns only — zero resultant -

force. Same forces in the same direc-
tion is not a couple. F
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LEquilibrium

Two conditions for equilibrium

Both must hold at once:

SF=0 2 M=0

no straight-line acceleration no turning (about any point)

Zero force can still turn; zero moment can still move in a line.
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LEquilibrium

Principle of moments

Not turning = total clockwise = total
anticlockwise moment.

4 A 40N at 1.5m balances 30N at d-
W,
40(1.5) =30d = d=2.0m.

Af\antlc‘lockwmed1 d; clock\/\‘nse/—a
i dy | dy i
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LEquilibrium

Vector triangle

T Three forces in equilibrium form a closed
the three forces triangle (tip to tail).
W form a closed . . .
triangle — equilibrium m solve with the sine / cosine rule, or

m resolve: )" F,=0,> F, =0

T>
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LDensity and pressure

Density

Density % & = mass per unit volume
(a scalar):
- water
_m 0] = kgm™® ,
P Va 4 g . m = 1000 kg
Zt
water 1000 | [air~1.2 | [iron ~ 7800 .
1 m

: -3

all in kgm 5

p = 1000 kg per m° — a cubic metre of water is

a tonne
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LDensity and pressure

Pressure

Pressure |32 = force per unit area, normal
to the surface:

F

i [p] = Pa= Nm™2

p:

A scalar — it acts equally in all directions in a
fluid.
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LDensity and pressure

Hydrostatic pressure

Extra pressure with depth Ah:
Ap = pgAh.

Depends only on density and depth —
the shape of the container does not

matter.

Pool 2.5m deep

Ap = 1000 x 9.81 x 2.5 ~ 2.5 x 10* Pa
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L Upthrust

Upthrust — Archimedes’ principle

T Pressure is greater on the bottom than the
top = a net upthrust ;% 77:

l leown Fup = pivia 8 V-

Archimedes’ principle [i & & [H1E:
upthrust = weight of fluid pushed
aside.

I A V=20x10"°2m3 in water

F,, liquid Fup = 1000 x 9.81 x 2.0 x 10~3 ~ 20N




Forces, Density & Pressure

L Upthrust

Floating and weighing under water

floats when U = W

T

upthrust U

m floats when upthrust = weight
(V = volume below the surface)

water line

m held down by string: Fyp = W+ T

= newton meter 3| 771t reading
=W-Fy
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L Recap

Topic 4 — key takeaways

0 Moments e Equilibrium

M = Fd; a couple gives torque > F=0and ) M= 0 together
7= Fd

0 Pressure o Upthrust
p= F/A; in a fluid Ap= pgAh F = pgV — weight of fluid

displaced
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L Recap

Check yourself

Unit of the moment of a force?

0 Are two equal forces the same way a T FUP
couple?
e Pressure 3m down in water (to 1 s.f.)?
* w
o What does the upthrust on a body
equal?

Answers 1. Nm 2. no (they have a resultant force) 3.~ 3 x 10*Pa 4. weight
of fluid displaced
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