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Fluid Statics 
Fluid statics or hydrostatics is the branch of fluid mechanics that studies "fluids at rest and the 
pressure in a fluid or exerted by a fluid on an immersed body". 

It encompasses the study of the conditions under which fluids are at rest in stable equilibrium as 
opposed to fluid dynamics, the study of fluids in motion. Hydrostatics are categorized as a part of the 
fluid statics, which is the study of all fluids, incompressible or not, at rest. 

Hydrostatics is fundamental to hydraulics, the engineering of equipment for storing, transporting and 
using fluids. It is also relevant to geophysics and astrophysics (for example, in understanding plate 
tectonics and the anomalies of the Earth's gravitational field), to meteorology, to medicine (in the 
context of blood pressure), and many other fields. 

Hydrostatics offers physical explanations for many phenomena of everyday life, such as why 
atmospheric pressure changes with altitude, why wood and oil float on water, and why the surface of 
still water is always level. 

Fluid statics is the branch of fluid mechanics that studies incompressible fluids at rest. It encompasses 
the study of the conditions under which fluids are at rest in stable equilibrium as opposed to fluid 
dynamics, the study of fluids in motion. 

What exactly is a fluid? Can we understand fluids with the laws already presented, or will new laws 
emerge from their study? The physical characteristics of static or stationary fluids and some of the 
laws that govern their behavior are the topics of this chapter. 

    What Is a Fluid? 

A fluid is a state of matter that yields to sideways or shearing forces. Liquids and gases are both 
fluids. Fluid statics is the physics of stationary fluids. 

Density 

Density, as you will see, is an important characteristic of substances. It is crucial, for example, in 
determining whether an object sinks or floats in a fluid. Density is the mass per unit volume of a 
substance or object. 

 

 



 

 

 Pressure 

Pressure is the force per unit perpendicular area over which the force is applied. In equation form, 
pressure is defined as 

        F=PA 

The SI unit of pressure is pascal and 1 Pa=1 N/m2. 

Variation of Pressure with Depth in a Fluid 

    Pressure is the weight of the fluid mg 

divided by the area A supporting it (the area of the bottom of the container): 

P=mgA 

Pressure due to the weight of a liquid is given by 

P=hρg 

where P is the pressure, h is the height of the liquid, ρ is the density of the liquid, and g 

    is the acceleration due to the gravity. 

Pascal’s Principle 

    Pressure is force per unit area. A change in pressure applied to an enclosed fluid is transmitted 
undiminished to all portions of the fluid and to the walls of its container. A hydraulic system is an 
enclosed fluid system used to exert forces. Since atoms in a fluid are free to move about in an 
enclosed fluid, they transmit the pressure to all parts of the fluid and to the walls of the container. 
Remarkably, the pressure is transmitted undiminished. This phenomenon is called Pascal’s principle. 

Gauge Pressure, Absolute Pressure, and Pressure Measurement 

Gauge pressure is the pressure relative to atmospheric pressure. Absolute pressure is the sum of 
gauge pressure and atmospheric pressure. Aneroid gauge measures pressure using a bellows-and-
spring arrangement connected to the pointer of a calibrated scale. Open-tube manometers have U-
shaped tubes and one end is always open. It is used to measure pressure. A mercury barometer is a 
device that measures atmospheric pressure. 

 

 

 



 

 

Archimedes’ Principle 

Archimedes' principle states that the buoyant force on a fluid is equal to the weight of the displaced 
fluid. 

To calculate the buoyant force, we use the equation buoyant force = density of fluid × volume of 
displaced fluid × acceleration due to gravity. 

In a completely submerged object, the volume of displaced fluid equals the volume of the object. If 
the object is floating, the volume of of the displaced fluid is less than the volume of the object but 
the buoyant force = the weight of the obje 

Buoyant force is the net upward force on any object in any fluid. If the buoyant force is greater than 
the object’s weight, the object will rise to the surface and float. If the buoyant force is less than the 
object’s weight, the object will sink. If the buoyant force equals the object’s weight, the object will 
remain suspended at that depth. The buoyant force is always present whether the object floats, sinks, 
or is suspended in a fluid.  

Buoyancy 

Buoyant force is the force that a fluid exerts on a object that is immersed within it. It is called buoyant 
force because this force is a lifting force, often making the object buoyant. Buoyant force can be 
calculated using Archimedes' Principle. 

Cohesion and Adhesion in Liquids - Surface Tension and Capillary Action 

    Attractive forces between molecules of the same type are called cohesive forces. Attractive forces 
between molecules of different types are called adhesive forces. Cohesive forces between molecules 
cause the surface of a liquid to contract to the smallest possible surface area. This general effect is 
called surface tension. Capillary action is the tendency of a fluid to be raised or suppressed in a 
narrow tube, or capillary tube which is due to relative strengths of cohesive and adhesive forces. 

Pressures in the Body 

    Measuring blood pressure is among the most common of all medical examinations. The pressures 
in various parts of the body can be measured and often provide valuable medical indicators. The 
shape of the eye is maintained by fluid pressure, called intraocular pressure. When the circulation of 
fluid in the eye is blocked, it can lead to a buildup in pressure, a condition called glaucoma. Some of 
the other pressures in the body are spinal and skull pressures, bladder pressure, pressures in the skele 
Fluid statics is all about pressure. Here are the rules; 

 

 



 

1. Pressure at any point in a fluid is the same in all directions and is transmitted through static fluids 
without loss (Pascal's principle) 

2. From 1, the pressure at the wall of any vessel is perpendicular to the wall 

3. Pressure due to depth is P = g h, and is the same at any horizontal level of connected fluid. 

4. The weight of a buoyant object is equal to the weight of the displaced liquid (Archemedes) 

Fluid Statics 

  1.  Pressure at any point in a fluid is the same in all directions 

   2.  Pressure at the wall of any vessel is perpendicular to the wall 

3. Pressure is transmitted through static fluids without loss (Pascal's principle) 
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1. In a hydraulic system, a piston with a cross-sectional area of 21 square centimeters pushes on 
an incompressible liquid with a force of 38 newtons. The far end of the hydraulic pipe connects 
to a second piston with a cross-sectional surface area of 100 square centimeters. What is the 
force on the second piston? 

2. Consider a hydraulic system with two pistons. Piston 1 applies a force F1 over area A1 and 
piston 2 applies a force F2 over area A2. 

3. in terms of the original force F2? 
4. A piston that is part of a hydraulic system has a surface area of 0.025 square meters. The 

hydraulic fluid pushes on the piston with a pressure of 20,000 pascals. What pressure pushes 
on another piston in the same system? 

5. An object weighs 36 g in air and has a volume of 8.0 cm3. What will be its apparent weight 
when immersed in water? 

6. A balloon having a volume of 5.000 L is placed on a sensitive balance which registers a weight 
of 2.833 g. What is the "true weight" of the balloon if the density of the air is 1.294 g L–1? 

7. A piece of metal weighs 9.25 g in air, 8.20 g in water, and 8.36 g when immersed in gasoline. 
 a) What is the density of the metal?  
 b) What is the density of the gasoline? 

     8.  A block of wood with the dimensions 0.12 by 0.34 by 0.43 cubic meters floats   along a river 
with the broadest face facing down. The wood is submerged to a height of 0.053 meters. What is the 
mass of the piece of wood? 

9.   You plunge a basketball beneath the surface of a swimming pool until half the volume of the 
basketball is submerged. If the basketball has a radius of 12 centimeters, what is the buoyancy force 
on the ball due to the water? 

10.   A 4,000-kilogram boat floats with one-third of its volume submerged. If two more people get 
into the boat, each of whom weighs 690 newtons, what additional volume of water is displaced? 


