Lesson 7: Hydrostatics
·  Lecture Objectives
· define pressure 

· recall the units of pressure 

· understand and use the relationship between pressure, area and force 

· recall that pressure can produce a force 

· recall the variables on which pressure depends 

· recall and use the equations: Pex = hgp and P = Pat + hgp 

· recall the three basic pressure principles 

· understand that fluid pressure can be used to magnify a force 

· recall some practical examples of force magnification using fluid pressure 

· understand how the simple barometer, aneroid barometer, manometer and hydrometer function 
· recall some effects of atmospheric pressure 

· define upthrust 

· recall Archimedes' principle (the law of buoyancy) 

· explain floating, sinking and rising to the surface in terms of the buoyancy law 

· recall and explain practical applications of Archimedes' principle 

______________________________________________________________________________________
Consider a box of dimensions 6 m x 4 m x 2 m and mass 48 kg. The pressure which the box exerts on the ground depends on which face of the box is in contact with the ground: the fac = the box have areas of 24 m2, 12 m2 and 8 m2. 

The box weighs [48 kg x 10 Nkg-1] = 480 N. The box, therefore, will exert pressures of 20 Pa, 40 Pa and 60 Pa, depending on which face is in contact with the ground. 

A woman with high-heeled shoes exerts a greater pressure the ground than one who is wearing flat shoes. An Inuit who is wearing an ordinary pair of shoes sinks into snow more easily:-_ than his friend who is wearing snow shoes. 

If you hold two walnuts in your hand and press on them al a certain direction, the walnuts split open. However, if you squeeze one walnut with your hand you are not likely to open it, no matter how hard you press. 

From the above examples, you can see that pressure is concerned not with force itself but with the distribution of force. Although pressure can produce a force, pressure is not a vector quantity because it has no directional characteristics.
Pressure is the force acting perpendicular to unit surface area. The SI unit of pressure is N m -2, also called the Pascal (Pa).. 

An object exerts a pressure on any surface with which it is contact. Pressure is related to force
 as follows: 

Force 

Pressure (p) = 

Area  

Pressure in fluids
Fluids exert a pressure on objects with which they are in contact. A deep-sea diver experiences a greater pressure at the sea floor than at the surface because of the weight of water directly above him. 

This pressure in a fluid depends on: 

· depth below the surface; 

· the density of the fluid. 

For an object at a depth h below the surface of a pond 
(Figure 7.1), the pressure experienced equals atmospheric pressure + the pressure due to the column of water above the object. This latter pressure is called excess pressure. 

The excess pressure Pex on an object at point X below the surface is given by: 
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So the total pressure at point X = Pat + h g p, where Pat is atmospheric pressure. 
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Figure 7. 2 The pressure in a fluid increases with depth. The water from the hole A travels further horizontally than that from hole B or hole C. The liquid jets from the holes describe parabolas - another example of projectile motion. 
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Figure 7. 3 The width or shape of the sections of this apparatus has no effect on the pressure at a given depth. The pressure at A, B, C 0 and E is the same because they are at the same horizontal level. 

A diver working on an oil rig descends to a depth of 820 m. What pressure does he experience? (Density of seawater = 1.03 g cm-3, atmospheric pressure = 1.01 kPa, 
g = 10 Nkg-I.) 

Solution 

Density of water = 1.03 gcm-3 = 1.03 x 103 kgm-3 

At bottom, P = pgh + Pat 

= [1.03 X 103 (kgm-3) X 10(Nkg-l) X 820 (m)]
+ 1.01 X 103 (Nm -2) = 8447010Nm-2 

= 8.45 kNm-2 

= 8.45 kPa 

Using liquid pressure to magnify forces 
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In Figure 7.4 above  a force of 50 N is applied to point X. X has a surface area A1 of 0.0 1 m 2. 


. 
FI 

The pressure acting down at X = - 

Al 

5O N= 5000Pa 

0.01 m2 

The pressure at X is passed on throughout the fluid and acts upwards at point Y. Since X and Yare at the same horizontal level, the pressure at Y is also equal to 5000 Pa. If the piston at Y has an area of 0.5 m 2• 
The force acting up at Y = pressure x area 

= 5000Nm-2 x O.5m2 
= 2500N 

You can see that a small force applied at X results in a larger force at Y. This is the principle on which the hydraulic jack and other hydraulic machines work
The braking system of a car (Figure 7.5) is an example of a hydraulic machine. When a force is exerted on the brake pedal, that force is transmitted throughout the brake fluid. The brake shoe (pad) pushes against the brake drum which, in turn, exerts a force which stops the wheel from turning. 
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_______________________________________________________________________

Atmospheric pressure 

Air particles move to occupy any available space. Gravity pulls air towards the Earth's surface. Particles of air strike the Earth's surface all the time, creating a pressure known as atmospheric pressure. 
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Figure 7.6: A simple mercury barometer
In Figure 7.6, atmospheric pressure acting on the surface of the mercury holds up the
column of mercury in the tube. The atmosphere normally supports a column of mercury (density 13 600 kg m-3) of height 0.76 m. Using the relationship: 

p= h x  g x p 

atmospheric pressure = 0.76 (m) x 9.81 (Nkg-1) x 13 600 (kgm~3) 

= 1.01 x 105 Nm-2 or 1.01 x 105 Pa 
Barometers are used to measure atmospheric pressure. The aneroid barometer (Figure 7.7) contains a sealed metal vacuum chamber (capsule) with a flexible cover. When pressure changes, the cover flexes. A system of levers magnifies the movement. An attached pointer moves over a scale. 
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Figure 7.7: The aneroid barometer measures atmospheric pressure and height above sea level. 

The aneroid barometer can be used to measure not only atmospheric pressure but also height above sea level (atmospheric pressure decreases with height). Aneroid barometers, then, are used as altimeters in airplanes. 
The aneroid barometer is widely used in weather forecasting. For example, there is rapid drop in barometer pressure if a storm is approaching. A steady barometer reading indicates stable weather conditions. 

Measuring excess gas pressure 

The manometer is a device which is used to measure excess gas pressure. A simple manometer (Figure 7.8) consists of a U​-tube which contains a liquid of suitable density. Both surfaces of the liquid are exposed to atmospheric pressure. 
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Figure 7.8: A manometer
To measure the pressure of a gas supply, for example, one arm of the U-tube is attached to the supply. The excess pressure supports a column of the liquid of height h, say, as shown in Figure 7.8
(excess) gas pressure = h x g x p where p is the density of the liquid
_________________________________________________________________
Archimedes Principle 
A boat floats, an elephant sinks, a helium-filled balloon rises.  If you are stretched out you float easily in a pool whereas if you wrap your arms around your legs you sink. Objects appear to lose weight underwater. A boat carrying tons of stuff floats. However, the stuff, when thrown overboard, sinks. A piece of clay in the shape of a sphere sinks when placed in water whereas the same mass of clay in the shape of a boat floats ... How do we explain these and similar observations?
[image: image9.jpg]pointer

strong spring &

pivots<






Archimedes - the greatest mathematician of ancient times ​was also an excellent engineer. He formulated the 'law of buoyancy' - which is the subject of this section - and the law of levers. 

Archimedes was probably the first 'streaker'. Legend has it that he ran naked through the streets of Syracuse shouting 'Eureka, eureka' (I have found it, I have found it), when he solved the problem that led to his law of buoyancy. 

Note that the object appears to weigh less in water. Is gravity still pulling on the object? Has the object really lost weight? If not, how can the apparent loss in weight be explained? 

The object pushes down on the water, moving liquid particles out of the way. In accordance with the action-reaction principle, the water pushes back on the object. This pushing back or upward force is called an upthrust. The object appears to weigh less in water because of this upthrust. 

You should find that the upthrust (the apparent loss in weight of the object) equals the weight of the water displaced. Archimedes Principle states that:

When a body is fully or partly submerged in a fluid the upthrust equals the weight of fluid displaced. 
Floating and sinking in water 

If a cork is held under water and then released, it rises to the surface. The cork rises to the surface because the upthrust is greater than the weight of the cork (which acts downwards). A piece of wood, on the other hand, remains partly submerged in water because the weight of the wood equals the upthrust.
The net force upwards = L F = F2 - FI - mg = P2A - PIA - mg 

(A = area of cross-section of the cube. and PI and P2 are the pressures on the upper and lower surfaces respectively.) 

upthrust Fu = P2A - PIA = pg ~h A = pgV = mwg 

Fu = mw g where mw =mass of water displaced. If Fu > mg the object rises to the surface; if Fu < mg the object sinks. 

Submarines sink when they take water into their ballast or buoyancy tanks. When sufficient water is pumped into the tanks the weight of the submarine becomes greater than the upthrust and the submarine sinks. When the tanks are emptied. a point is reached where the upthrust equals the weight of the submarine. The submarine then floats. 
_______________________________________________________________________

Questions
1 
What is the magnitude and the direction of the force exerted by the atmosphere on the top of a table 1 m x 1 m? [Atmospheric pressure = 1 x 105 Pa] 

2 The acceleration due to gravity on a distant planet is 2.0 N kg-I, Would you float more easily in water on this planet than on Earth?
3. A fish tank of dimensions 40 cm x 40 cm x 50 cm (depth) is filled with water to a depth of 40 cm. What is the total pressure at the bottom of the tank? What is the force on an object of surface area 4 cm 2 which is resting on the bottom of the tank?

4. The input piston of a hydraulic jack has cross-sectional area 5.0 cm 2, The larger piston has cross-sectional area 500 cm 2. 

a What force, applied to the input piston, will raise a car of mass 2500 kg? 

b A student argues that the application of a small force to the hydraulic jack to lift a much larger load is a violation of the principle of' conservation of energy'. Explain why this student's argument could not be valid. 

5:  A table loaded with books has a force of 250 N acting in each of its legs. If the contact area between each leg and the floor is 50 mm2 , find the pressure each leg exerts on the floor.

6: Calculate the force exerted by the atmosphere on a pool of water that is 30 m long by 10 m wide, when the atmospheric pressure is 100 kPa.

7: A circular piston exerts a pressure of 80 kPa on a fluid, when the force applied to the piston is 0.2 kN. Find the diameter of the piston.

8: A tank contains water to a depth of 600 mm. Calculate the water pressure (a) at a depth of 350 mm, and (b) at the base of the tank. Take the density of water as 1000 kg/m3   and the gravitational acceleration as 9.8 m/s2.  
9: A storage tank contains petrol to a height of 4.7m. If the pressure at the base of the tank is 32.3 kPa, determine the density of the petrol. Take the gravitational field force as 9.8 m/s2 .

10: A vertical tube is partly filled with mercury of density 13600 kg/m3 . Find the height, in millimeters, of the column of mercury, when the pressure at the base of the tube is 101 kPa. Take the gravitational field force as 9.8 m/s2.  













































Figure 7.9 





Archimedes proved that a crown was made of pure gold. The idea of submerging the crown and comparing its water displacement to that created by an equal weight of pure gold came to him in the bath
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