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Ch. 7: Pressure

7.1 PRESSURE

a) Definition
 Pressure is defined as the force acting normally per unit area on a surface, i.e.

area
force  Pressure  Units: N/m2 or pascal, Pa

b) Variation of pressure with force and area
 When force increases, pressure increases.
 When area increases, pressure decreases.  When area decreases, pressure increases.

 For a solid object resting on a horizontal surface, the pressure exerted downwards is due to its weight.
 Some common examples illustrating how pressure varies with area are:

(i) pressure exerted by the tip of a
thumb tack (large pressure)

(ii) pressure exerted by a tractor
(small pressure)

(iii) pressure exerted by a knife (large
pressure)`

c) Pressure beneath a liquid surface
 Like a solid, a liquid also exerts pressure downwards on a surface due to its weight.
 But a liquid also exerts pressure inside itself because its molecules constantly move around in
random directions and make collisions. The forces due to the collisions generate pressure in all
directions inside a liquid.

d) Recall and use the equation for hydrostatic pressure p = ρgh.
 The formula for the pressure inside a liquid is

g hp 

where:
p  pressure units: pascal, Pa or N/m2

h  depth below the surface (height of the liquid column) units:m
  density of the liquid units: kg/m3 (or g/cm3)
g  gravitational force (has the value of 10 N/kg on earth)
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e) The mercury barometer
 The barometer is a device for measuring atmospheric pressure.
 A simple mercury barometer uses the pressure exerted by a mercury column to measure
atmospheric pressure.

h
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pressure
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Fig. 7.3: the mercury barometer
 The mercury column inside the tube exerts a pressure from inside, while the atmosphere exerts
pressure from outside.

 As the atmospheric pressure changes, the height of the mercury column in the tube also changes so
that it exerts a pressure equal to the atmospheric pressure acting at he surface of the mercury in the
trough.

 Therefore, the height of the mercury column is related to the atmospheric pressure.
 Standard atmospheric pressure = 760 mmHg.
 If the tube is inclined to one side, the level of the mercury in the tube changes so that the vertical
height of the mercury level remains unchanged. This effect can be used to check if the empty space
above the mercury in the tube contains any air.

h h

Fig. 7.4: tilting the mercury barometer

7.2 PRESSURE CHANGES

f) The manometer
 The manometer is commonly used for measuring the pressure difference between a gas and the
atmospheric pressure.

 It consists of a U-tube containing a suitable liquid whose level varies according to pressures acting in
the two limbs.

 A low density liquid, e.g. water, is used for measuring small pressure differences.
 A high density liquid, e.g. mercury, is used for measuring large pressure differences.
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 In the left limb, pressure is pA

 In the right limb, pressure is pB

 At the lowest liquid level, pressure
in both limbs are equal:

BA

BA

p pΔp
Δp  p p




 Or, pressure difference is equal to:
ghΔp 

lowest liquid level

highest liquid level

A

B

pressure difference, p

Fig. 7.5: U-tube manometer
 Note: Mercury is often used in manometers and barometers because:
1) It has a very high density.
2) It does not wet glass.
3) It is opaque.

g) Transmission of pressure in hydraulic systems
 Liquids are incompressible, i.e. their volume cannot be reduced by the application of pressure.
 According to Pascal’s principle, the pressure applied to an enclosed liquid is equally transmitted to
all parts of the liquid, whatever the shape of the container.

 Hence, the pressure transmitted by an enclosed liquid is used for some practical applications.
(1) The hydraulic press
In a hydraulic press, applying a small force at one point causes a much larger force to be exerted at
some other point.

 Pressure at the smaller piston is
1

1

A
F  p  .

 Pressure at the large piston is
2

2

A
F  p  .

 Since the pressure at both pistons is equal, then:
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 Thus, the initial force F1 is increased by a

factor of
1

2

A
A

.

Load

Fig. 7.6: The hydraulic press

 Use: this effect is used in a hydraulic jack to lift a vehicle by applying a moderate force.

2) Hydraulic brakes
 The braking system of modern vehicles makes use of the transmission of pressure in a liquid.
 The pressure applied by the driver’s foot on the brake pedal is transmitted to the wheels via a
system of levers and pistons fitted to the ends of a pipe containing a braking fluid.
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Fig. 7.7: The hydraulic brakes
 The main advantages of the hydraulic braking system compared to a conventional mechanical
braking system (consisting of levers and cables) are:
(a) There is very little energy loss due to friction.
(b) The same pressure is transmitted simultaneously to all the wheels.

h) Variation of volume of a fixed mass of a gas with pressure.
 Molecules in a gas are in constant random motion. The impact of the moving molecules on the walls
of a container/vessel causes a force, and hence a gas exerts pressure.

 If the rate of collisions of the molecules is increased, the pressure exerted also increases.
 Boyle’s law (1660) states that the volume of a fixed mass of a gas is inversely proportional to the
pressure it exerts, provided temperature remains constant.

i) Recall and use p1V1 = p2V2

 Consider a gas enclosed inside a cylinder fitted with a movable piston.

(i) initial position (ii) final position
Fig.

 The equation arising from Boyle’s law is:

2211 VpVp 
where:

1p  initial pressure

1V  initial volume

2p  final pressure

2V  final volume
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