                                 Grade 12

                                UNIT 3

                    3. Fluid Mechanics
*Fluid mechanics refers to the study of fluid statics (the study of fluids at rest) and fluid kinematics (the study of fluids in motion) and the measurement of the forces when fluid is in motion is called Fluid dynamics .

                    3.1. Fluid statics

*fluid statics deals with the response or behavior of the fluid when it is at rest.

          Properties of solids, liquids and gases

*Solid:-atoms are very close to each other,the forces between them acts as a

spring that allow the atoms to vibrate without changing positions relative to their

neighboring atom, resist all types of stress because the atoms are not able to move about freely, resist compression,because their atoms are relatively fixed distance apart.

*Liquid:- atoms are also in close contact but can slide over one another, forces between them strongly resist attempts to push them closer together and also hold them in close contact. 

*Gases:- atoms are separated by distances that are considerably larger than the size of the atoms themselves[image: image1.jpg]BAINS
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, and they move about freely.

                       Pressure in fluid
*The normal component of a force acting on a surface per unit area is called the normal stress, and the tangential component of a force acting on a surface per unit area is called shear stress. For fluid at rest, the shear stress is zero and the only existing stress is the normal stress and is called pressure.

*Pressure is defined as a normal force exerted by a fluid (or a solid) per unit area. If F is the magnitude of the force exerted on the fluid (or solid) at a particular point and A is the surface area at which this force is applied, the pressure P at this particular point is defined as the ratio of the force to the contact area A over which that force is exerted:

                            • P=F/A
Pressure is a scalar quantity because it is proportional to the magnitude of the force. If a large force acts on a small area, the pressure is large.
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The SI unit of pressure is called pascal (pa)  is called newtons per square meter (N/m²).  1Pa = 1N/m²

*In addition to pascal there are other units of pressure such as millimeter mercury (mmHg), torr, atmosphere (atm) and pounds per square meter (psi) with their relation shown as follow:

    *1 atm = 760 mmHg = 760 torr = 101.3 K Pa = 14.7 psi

Example 3.1:- As a woman walks, her entire weight is momentarily placed on one of her shoes.Calculate the pressure exerted on the floor by the shoe if it has an average width 10 cm and average length of 30 cm and the woman’s mass is 55.0 kg.

Answer:P =F/A= 18 KPa

Example 3.2:-Express the pressure obtained in example 3.1 in atm, torr, mmHG and psi.

Solution:-use 1atm = 760 mmHg = 760 torr = 101.3 K Pa = 14.7 psi
Ans:-Patm = 0.18 atm;Pmm Hg = 135.04 mmH g ;Ptorr= 135.04 tor r ;Ppsi = 2.61 p si;

                  Pressure in gas
*The force exerted by the gas on the walls of the container per unit contact area gives the pressure of the gas.

*Absolute pressure:- the actual pressure at a given position, and it is measured relative to absolute vacuum (i.e., absolute zero pressure).

*Gauge pressure:- is the difference between the absolute pressure and the local atmospheric pressure.    Pgauge = Pabs −Patm.
Example 3.3:-What is the absolute pressure at a location where the atmospheric pressure is 14.3psi and the gauge pressure of an automobile tire is 32.0 psi?

Solution:Pabs = Patm +Pg ag e = 14.3 p si + 32.0 p si = 46.3 p si

Example 3.4:- The absolute pressure in water at a depth of 8 m is read to be 175 kPa. Determine the local atmospheric pressure if the guage pressure at this depth is 78.4 KPa

Solution:-Ploc.atm = Pabs −Pgauge= 175 K pa −78.4 K Pa = 96.6 K Pa

                   Density

*Density is defined as the mass of an object per unit of its volume or is the ratio between mass and volume, is the measure of the fact that how much mass of the object is contained in the unit volume of the substance. It also helps us in determining the compactness of the substance. Density is represented using the symbol, "ρ". The density of a substance can  be calculated using the formula:

                  .ρ = m/v
where m is the mass (kg) of the substance and V is the volume(m³) of the substance.

*The SI unit of density is kg /m³. Sometimes densities are given in g /cm³. The relation between them is given by: 1kg /m³ = 10^−3g /cm³.

*Temperature and pressure are the two common factors affecting the density of the substance. Other general factors such as size, mass as well as arrangement of atoms in the substance also widely affect the density of the material.

                 Specific gravity(relative density)

*Specific gravity (SG) is defined as the ratio of the density of the given substance to that of a standard substance (generally this standard substance is water at 4ⁿC but not for all,While considering water at 4ⁿC as a reference or standard parameter for comparison). So density of water =1000kg/m³ or 1g/cm³
           Specific gravity (SG)= density of substance/density of water

*Since specific gravity is the ratio of two like terms, i.e., density of two

substances, it is a unitless quantity.

Example 3.5:-A mining worker gets an unknown mineral with a volume of 20cm³ and a mass of 54g. Determine the density and the specific gravity of the mineral.

Solution:-Density: ρ = m/= 2.9×103 kg /m³ and

  SG= density of mineral/density of water= 2.7×10³ kg /m³ /1×10³ kg /m³= 2.7

Example 3.6:- What is the mass of a solid iron ball of radius 18 cm?

Solution:- r = 18 cm,the density of iron is ρ = 7860 kg /m³. To find the mass m.

. m = ρ.V and to find volume shape of the ball is like of the sphere V= 4/3πr³= 0.024 m³

.So the mass becomes: m = 7860 kg /m³*0.024 m³= 188.64 kg

                     Ideal gas equation
*The simplest and best-known equation in the gas phase that relate density and pressure of gases is the ideal-gas equation of state, expressed as

                 PV = nRT  but n=m/M

                   PV=m/M RT.     But R/M = R specific

         .PV=R specific*m*T ,   R specific =PV/mT=R/M

*Where P is the absolute pressure, V is the gas volume, n is number of mole, T is the thermodynamic (absolute) temperature, ρ =m/V is the density, and Rspecific =R/M is the specific gas constant(is different for different gases) and R is the universal gas constant R = 8.314 J/mol. K) and M is the molar mass of the gases.

Example 3.7:-Determine the density, specific gravity, and mass of the air in a room whose dimensions are 4 m × 5 m × 6 m at 100 kPa and 25◦C.

Solution: Air can be treated as an ideal gas. The gas constant of air is R/M = 0.287kPa·m³ /kg·K.

.The temperature is converted to (absolute) unit K from (relative) unit 25◦C=298K
.The density of the air is determined from the ideal-gas relation 

   P = density/ (R/M)T= 1.17 kg /m3

.Then the specific gravity of the air becomes

   SG =ρ/ρH2O=1.17kg /m³ / 1000 kg /m³ = 0.00117

.The volume of the air is equal to the volume of the room

     V = (4 m) (5 m) (6 m) = 120 m³

.Finally, the mass of the air in the room is

  m = ρV = 1.17 kg /m³ *120 m³= 140 kg

             3.2 .Pressure in fluids at rest

*As gas particles collide with the walls of the container in which they reside, they exert pressure. In fact, if you place any object inside a gas, the gas particles exert the same pressure on the object as the gas exerts on the walls of the container.

              Pascal's principle 

*Pascal’s principle: States that a change in the pressure applied to a static fluid is transmitted undiminished to every point of the fluid and to the walls of the container.

[image: image3.jpg]F,
‘ Fons I Lonz

Liquid

Figure 3.13 Schematic of a hydraulic press.




*The downward force F 1 on L is exerted by piston 1 (with small area A1) on the liquid. This piston compresses a liquid (usually oil) in the lift pressure in the fluid just under piston 1 is   P1 = F1 on L/A1
*Because of  the pressure changes uniformly throughout the liquid, the pressure under piston 2 is also P2 = F1 on L/A1, assuming the pistons are at the same height.

.Since piston 2 has a greater area A2 than piston 1, the liquid exerts a greater upward force on piston 2 than the downward force on piston 1:  FL on 2 = P.A2 

.FL on 2 = PA2 =(F1 on L/A1)A2 =(A2/A1)F1 on L

Example 3.8:-  A barber raises his customer’s chair by applying a force of 150N to a hydraulic piston of area 0.01 m² . If the chair is attached to a piston of area 0.1m² , how massive a customer can the chair raise? Assume the chair itself has a mass of 5 kg

Solution :first determine the force applied to the larger piston.

              FL=(AL/As)*Fs= 1500N 

        •The maximum mas: m=FL/g=150kg

Example 3.9:- A hydraulic system is used to lift a 2000-kg vehicle in an auto garage. If the vehicle sits on a piston of area 0.5 square meter, and a force is applied to piston of area 0.03 square meters, what is the minimum force that must be applied to lift the vehicle?

       Answer:- 1180N

                     Variation of pressure with depth

*The mass of liquid in the container is M = ρV = ρAh; since V= A.h and 

.The weight of the liquid is W = M g = ρAhg .

.Finally, pressure of the liquid is p=W/A=ρhg.

*It depends on the depth as well as the density of the liquid. That is, as the depth increases by h, the pressure increases by ρg h.
*If the liquid is open to the atmosphere and Po is the pressure at the surface of the liquid( atmospheric pressure) Po = 1.00 atm = 1.013 3×10^5 Pa

           Absolute pressure:  P = Po+ρhg 

  *pressure due to weight of fluid or gauge pressure =ρhg

Example 3.10:- Calculate the force on a circular area of diameter 0.40 m on the bottom of the ocean which is 25.0 m below the surface. Take atmospheric pressure and density of sea water at the bottom to be 1 atm and 1.03 K kg /m³ respectively.

Solution:The absolute pressure is obtained from the relation:

.Pabs = Pamt +Pgauge = Pamt +ρg h= 101.3 K Pa +252.35 K Pa = 353.65 K Pa

.Similarly, the area is obtained as A = π³(d/2)² = 0.1256 m²

.We can use the relation Pabs =Fnet/A

.Fnet = Pabs *A = 353.65 K Pa ×0.1256 m²= 4.44×10^4 N

                         Atmospheric pressure

*At the Earth’s surface, the air pressure exerted on you is a result of the weight of

air above you. This pressure is reduced as you climb up in altitude and the weight of air above you decreases.

*Air pressure decreases as altitude increases:because of  density and depth of the atmosphere.
Most gas molecules in the atmosphere are pulled close to Earth’s surface by gravity, so gas particles are denser near the surface. With more gas particles in a given volume, there are more collisions of particles and therefore greater pressure.

*The depth (distance from top to bottom) of the atmosphere is greatest at sea level and decreases at higher altitudes. With greater depth of the atmosphere, more air is pressing down from above. Therefore, air pressure is greatest at sea level and

 falls with increasing altitude. On top of Mount Everest, which is the tallest mountain on Earth, air pressure is only about one-third of the pressure at sea level.

*Atmospheric pressure Patm changes from 101.325 KPa at sea level to 89.88, 79.50, 54.05, 26.5, and 5.53 KPa at altitudes of 1000, 2000, 5000, 10,000, and 20,000meters, respectively
                 Measuring pressure

*The Barometer
.Atmospheric pressure is measured by a device called a barometer.

*The manometer
.A manometer is a device similar to a barometer that can be used to measure the pressure of a gas trapped in a container.
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*The pressure in the gas supply (Pgas) for the situations shown in Figure 3.18 are given as follow:

(a) For closed end manometer:Pgas = ρg h

(b) For open end manometer with atmospheric pressure greater than gas pressure:

   Pgas = Patm −ρg h

(c) open end manometer with atmospheric pressure less than gas pressure:

  Pgas = Patm +ρg h

*where ρ denotes density of the liquid, g denotes gravitational constant, h is the height of the liquid column

Example 3.11:-An open manometer is used to measure the pressure of a gas in a tank. The fluid used has a specific gravity of 0.85, and the fluid column in the open arm is 55 cm above the gas connected arm, as shown in Figure 3.18. If the local atmospheric pressure is 96 kPa, determine the absolute pressure within the tank.

Solution:P = Patm + ρg h= 96 kPa + (850 kg /m3)(9.81 m/s2)(0.55 m)= 100.6 kPa

Note that the gauge pressure in the tank is 4.6 kPa

                    3.3 Archimedes’ principle

*Archimedes’ principle states that:“The upward buoyant force that is exerted on a body immersed in a fluid, whether partially or fully submerged, is equal to th weight of the fluid that the body displaces and acts in the upward direction at th center of mass of the displaced fluid”.

*Buoyant force:

-It is extremely difficult to push a ball down under water because of the large upward force exerted by the water on the ball. The upward force exerted by a fluid on any immersed object is called a buoyant force.  Buoyant force (Fb) = Weight of fluid(Wf)
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*The pressure P2 at the bottom of the cylinder is greater than the pressure P1 at the top by an amount of  ρfluid.g.h, where h is the height of the cylinder and ρ is the density of the fluid.

*The pressure at the bottom of the cylinder causes an upward force equal to P2A ,where A is the area of the bottom face. The pressure at the top of the cylinder causes a downward force equal to P1A.

* The resultant of these two forces is the buoyant force FB with magnitude

  FB = P2A −P1A = ρfluid.g.h. A

  FB = ρfluid .g.V.      Since h.A= volume  (V) is the volume of the fluid displaced by the cylinder.

                 Totally submerged object
*When an object is totally submerged in a fluid of density ρf lui d , the volume Vdisp

of the displaced fluid is equal to the volume of the object Vob j ; so, the magnitude

of the upward buoyant force is FB = ρfluid .g.Vobj .

* If the object has a mass M and density ρob j , its weight is equal to Fg = M.g = ρobj .g.Vobj , and the net force on the object is FB − Fg = (ρfluid− ρobj).g.Vobj . 

*Hence, if the density of the object is less than the density of the fluid, the downward gravitational force is less than the buoyant force and the unsupported object accelerates upward ,is rises.

*If the density of the object is greater than the density of the fluid, the upward buoyant force is less than the downward gravitational force and the unsupported object sinks.

*If the density of the submerged object equals the density of the fluid, the net force on the object is zero and the object remains in equilibrium,it float
     Floating object
*Now consider an object of volume Vobj and density ρobj < ρfluid in static equilibrium floating on the surface of a fluid, that is, an object that is only partially submerged. In this case, the upward buoyant force is balanced by the downward gravitational force acting on the object. 

*If Vdisp is the volume of the fluid displaced by the object (this volume is the same as the volume of that part of the object beneath the surface of the fluid), the buoyant force has a magnitude FB = ρfluid.g.Visp . 

.Because the weight of the object is Fg = M.g = ρobj .g.V obj

*Fg = FB , we see that 

     ρfluid. g.Vdisp = ρobj.g.Vobj.

Example 3.12:-An iceberg floats in seawater. What fraction of the iceberg lies below the water level?Density of sea water and icebergs are 1030 kg /m3 and 917 kg /m³ respectively.

Solution:ρfluid. g.Vdisp = ρobj.g.Vobj.

Vdi sp/Vi ce=ρice/ρsea water=917 kg /m3/1030 kg /m3= 0.89 = 89%

Example 3.13:-(a) Calculate the buoyant force on 10,000 metric tons (1.00×107 kg) of solid carbon steel completely submerged in water, and compare this with the steel’s weight.

 (b)What is the maximum buoyant force that water could exert on this same steel if itwere shaped into a boat that could displace 1.00×105 m3 of water?

Solution: for (a)To find the buoyant force, we must find the weight of water displaced. We can do this by using the densities of water and steel given in Table 3.1. We note that, since the steel is completely submerged, its volume and the water’s volume are the same.From the definition of density ρ =m/V

Vst =mst/ρst=1.00x107kg/7.84x103kg /m³ = 1.28x103m3 Because the steel is completely submerged, this is also the volume of water displaced, Vw . We can now find the mass of water displaced from the relationship between its volume and density, both of which are known. This gives mw = ρwVw =1.000x103kg /m3=1.28x103m3= 1.28x106kg

By Archimedes’ principle, the weight of water displaced is mw g , so the buoyant force is

FB = Ww = mw g = (1.28x106kg )(9.80 m/s2)= 1.3x10^7N

Solution for (b):The mass of water displaced is mw = ρwVw = (1.000x10³kg /m³)(1.00x10^5m³)= 1.00x10^8kg .

.The maximum buoyant force is the weight of this much water, or

FB = mw g = (1.00x10^8)(9.80m/s²)= 9.80x10^8N.

The maximum buoyant force is ten times the weight of the steel, meaning the ship can carry a load nine times its own weight without sinking.

Example 3.14:-The mass of an ancient Greek coin is determined in air to be 8.630 g. When the coin is submerged in water, its apparent mass is 7.800 g. Calculate its density, given that water has a density of 1.0 g /cm³ and that effects caused by the wire suspending the coin are negligible.

Solution:The volume of water displaced Vw can be found by solving the equation for density ρ = m/V .

The volume of water is Vw = mw / ρw where mw is the mass of water displaced. As

noted, the mass of the water displaced equals the apparent mass loss, which is mw

= 8.630 g −7.800 g = 0.830 g . 

Thus the volume of water is Vw =0.830 g/1.000 g /cm3 =0.830 cm3

. This is also the volume of the coin, since it is completely submerged. We can now find the density of the coin using the definition of density:

ρc =mcVc=8.630 g*0.830 cm3= 10.4 g /cm3 this density is very close to that of pure silver

                  3.4 Fluid flow
*Fluid flow is caused by differences in pressure. When the pressure in one region

of the fluid is lower than in another region, the fluid tends to flow from the higher

pressure region toward the lower pressure region. 

*For example, large masses of air in Earth’s atmosphere move from regions of high pressure into regions of low pressure creating what we call wind.

        Laminar(steady) and turbulant fluid flow

*steady fluid flow if each particle of the fluid follows a smooth path such that the paths of different particles never cross each other.

*Every fluid particle arriving at a given point in space has the same velocity.

*Always occurs when the fluid flow with low velocity and in small diameter pipes.

*The path taken by a fluid particle is called a streamline and the velocity of the particle is always tangent to the streamline.

*fluid particles cannot flow into or out of the sides of this tub.

*Turbulent fluid flow occurs above a certain critical speed.

* is irregular flow characterized by small whirlpool.

*The adjacent layers of the fluid cross each other and move randomly in azigzag manner.

*It occurs when the velocity of the fluid is high and it flows through larger diameter pipes.
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                      *Flow rate

*Flow rate Q is defined to be the volume of fluid passing by some location through an area during a period of time,written as. Q =V/t
where V is the volume and t is the elapsed time.

*The SI unit for flow rate is m³/s .

Example 3.15:-How many cubic meters of blood does the heart pump in a 75-year lifetime,assuming the average flow rate is 5.00 L/min?

Solution:-V = Q t={5.00 L/1 min}*75year*{1m³/10^3L}*5.26×10^5 min/y= 2.0×10^5m

       Equation of continuity
*Figure 3.25 shows an incompressible fluid flowing along a pipe of decreasing radius. Because the fluid is incompressible, the same amount of fluid must flow past any point in the tube in a given time to ensure continuity of flow. 
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*In thiscase, because the cross-sectional area of the pipe decreases, the velocity must necessarily increase. This logic can be extended to say that the flow rate must be the same at all points along the pipe.

* In particular, for points 1 and 2,

       Q1 = Q2

     A1v1 = A2v2

*This is called the equation of continuity and is valid for any incompressible fluid.

*where v1 is the average speed of the fluid passing cross section A1 and v2 is the average speed of the fluid passing cross section A2. The equation of continuity is used to relate the cross-sectional area and average speed of fluid

Example 3.16:-A nozzle with a radius of 0.250 cm is attached to a garden hose with a radius of 0.900 cm. The flow rate through hose and nozzle is 0.500 L/s. Calculate the speed of the water (a) in the hose and (b) in the nozzle.

Solution:

a) First, we solve Q = Av for v1 and note that the cross-sectional area is A = πr²

v1 =Q/A1=Q/πr²=(0.500 L/s(m−3/L)π(9.00×10−3m)²= 1.96m/s

 b) A1v1 = A2v2 

 v2 ={A1/A2}*v1 ={πr²/πr²}v1  =25.5 m/s

       3.5 Safety and high pressure

*High pressure compressors (pumps): A compressor is a mechanical device that increases the pressure of a gas by reducing its volume.

*High pressure vessels: Pressure vessel means a housing designed and built to contain fluids under pressure including its direct attachments up to the coupling point connecting it to other equipment.

*Safety Accessories: These accessories include safety valves and bursting discs, as well as limiting devices. Limiting devices can either activate the means for correction or shutdown and lock-out, such as pressure switches and temperature switches.

*High-pressure instrumentation: To operate high-pressure plants, adequate control- and measuring devices are required. High-pressure instrumentation is available for purposes like pressure, temperature, flow and level measurements.

       Safety for high pressure equipment

*If pressure systems or equipment fails and bursts violently apart, it can seriously injure or kill people and cause serious damage to property.

* The main hazards from pressure are: impact from the blast of an explosion, impact from parts of equipment that fail or any flying debris, impact with the released liquid or gas (such as steam), fire resulting from the escape of flammable liquids or gases.

*Common causes of pressure system and equipment risks includes

• Damaged equipment or system design

• Poor or no maintenance

• An unsafe system of work

• Operator error due to lack of training/supervision

• Incorrect installation

• Inadequate repairs or modifications

Safety precautions for high pressure equipment
*Request professional introduction and training of staff and operators

• Externally heated pressure vessels operated at high internal pressures should only be subjected to moderate temperature gradients across the wall. Pressure and temperature  induced stresses are additive and may exceed the safe operating strength. 

• High-pressure tubing must never be heated for bending as this would reduce its material strength.

• Vent lines for rupture disc safety heads and relief valves should be sized large enough and be piped to the outside of the building. 

• Emergency instructions have to be fixed visibly to the plant. 

• Fire extinguishers and a first-aid kit should be ready at hand. 

• Safety devices should protect the operating staff. They may range from a simple mirror-system for the surveillance of the operation to safety enclosures with remote operation and monitoring.

            Summery questions

I. Choose the best answer from the given alternatives

1. Afluid travelling over an objects surface exerts less pressure than if the fluid was static. This is a statement of

A.Principle of continuity                               B. Bernoulli's principle.                                         C. Archimedes' principle.                             D. Pascal's principle.

2. A large (very large in height and cross-section) water tank open top has a small hole through its side near the bottom. To wnat should the water be filled, to double the speed of water that flow out of the hole when it was filled to a height h?

(A) h                    (B) 2h                 (C) 3h                  (D) 4h

3. Which of the following is the application of Pascal's law?

(A) Hydraulic brake in vehicles.

(B) Siphon to remove fluids.

(C) Working of submarines.

(D) Sucking of liquid into a syringe.

4. A very large open tank is full of oil whose density is 800kg/m³. If the absolute pressure at the bottom of the tank  is 1.81x10^5 Pa, then what is the depth of the oil? (Note that atmospheric pressure is 1.01×10^5 Pa)

(A) 100.0m                 (B) 10.0 m                 (C) 75.0 m                    (D) 9.5 m

5. Which one of the following is NOT true about Pascal's principle and its application?

A. The hydraulic lift is a speed multiplying device in which a large force lifts a light object over a long distance.

B.It has applications in hydraulic lift in which a small force applied to a smaller piston is used to lift heavy object on large piston.
C. In pneumatic application, air is used for pressure transmission instead

of liquid.

D. It has applications in hydraulic brakes for vehicles, where confined oil connects a small piston (brake pedal) to a larger piston connected to the brake drums on the wheel of the car.

6. Which ne of the following is NOT correct about factors that affecting the streamlining of objects moving in a fluid?

A.Shape and surface area of the object moving in a fluid

B. The mass of the object

C. Density of the fluid

D. Compressibility of the fluid

7. Four different barometers are constructed using four different liquids: mercury, water, alcohol, and petrol. If p mercury >p water>P alcohol >p petrol, then, which liquid column in the barometers will be the highest at the sea level? (p = density)

A. Alcohol.        B.Petrol.      C.Mercury.       D. Water
8.If the absolute pressure at the bottom of a freshwater pond is 2.313 x10^5 Pa,what will be the depth of the pond?(P atm = 1.013 x10^5 Pa, p water 1000 kg/m³.)

A. 23.13 m.                 B. 10.13 m.                      C. 13 m.                       D.  33 m

9.A plastic cube having a side of length 10 cm floats on freshwater. If the volume of the cube that is submerged in water is 40 percent of its total volume, what is the density of the cube? (p water- 1000 kg/m³)

A. 600 kg/m³
B. 1000 kg/m³
C. 400 kg/m³

D. 500 kg/m³

10. According to the law of floatation, an object must displaces a volume of fluid

A. equal to its apparent weight.

B. equal to the weight of undisplaced fluid.

C. equals to its own weight.

D. less than its own weight.

11. If you feel a pressure three times that of atmospheric pressure when you are deep under water. How high is the water level from your position?  (Atmospheric pressure = 10^5 Pa, Density of water = 10³ kg/m³, g = 10 m/s²)

A.40 m.         B. 30 m.             C.20 m.           D. 10 m

12. The relative density of a substance is defined as the

A. difference between the density of a substance and the density of water.

B. product of the density of water and the density of a substance.

C. ratio of the density of water to the density of a substance.

D. ratio of the density of a substance to the density of water.

13. An object of mass m is immersed in a liquid whose density is PL. If the

volume of the liquid displaced by the object is VL then what is the apparent

weight, WApp, of the object? (The acceleration due to gravity is g)

A. WApp = mg - PL.g .VL.                B. WApp = PLgVL

C. W APP=mg + PL.g .VL.                 D. Wapp= mg

14. The figure below shows a hydraulic press machine with two movable pistons and incompress[image: image8.jpg]


ibłe liquid oil.

The cross-sectional area of the left piston is A1 and the force F=50.0N, If the right piston has cross-sectional area, A2 of 4 times that of the left piston, what is the magnitude of F2 pushing the right piston upward?

A. 200 N.        B. 12.5N.          C.25 N.           D. 100 N
15.  Archimedes's prineiple states that:

A. a body wholly or partly immersed in a static fluid is buoyed up by  force cqual to its own weight.

B. a pressure applied to a liquid is equally transmitted to all parts of the fluid and to the walls of the container.

C. the weight of an object in a fluid equals the difference bctween its weight in air and the weight of the fluid displaced.

D. the buoyant force acting on an object in a static fluid equals the weight of the displaced liquid.

16. Atmospheric pressure increases as

A. latitude decreases.

B. air density decreases.

C. air temperature increases.

D. altitude decreases.

17. Hydraulic car lifts make use of the principle of a hydraulic press in which the smaller circular piston has a diameter 2 cm and the larger piston has a diameter 8 cm as shown in the figure below.
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What force must be applied to the smaller piston to obtain a force of 1600 N at the larger piston?

A. 6.25 N.           C. 25 N.           C. 400 N.           D. 100 N

18. A certain object floats in three fluids F1, F2 and F3 of densities 0.9p, p and 1.1 p respectively. The volumes of the displaced fluid by the object is

A. greatest for F2.

B. least for F2.

C. least for F3.

D. least for F1

19. One piston in a hydraulic lift has an area that is twice the area of the other. When the pressure at the smaller piston is increased by AP the pressure at the larger piston increases by

A. ΔΡ.           B. 2ΔΡ.             C.  ΔΡ/2.               D. 4ΔΡ
20. An object hangs from a spring balance. The balance indicates 30 N in air and 20 N when the object is totally submerged in water with density 1000 kg/m³. What is volume of the object? (Use g = 10 m/s²)

A.  10-³  m³                B. 10³ m³          C.  10^-6 m³       D.  10-1 m³

21. An air pressure of 101kPa supports a 76 cm of mercury in a barometer column. What would be the height of the column if another liquid of density 10 g/cm³ were used? (Pmercury = 13.6 g/cm³)

A.  55.88 cm.            B. 76.0 cm.         C. 103.36 cm.           D. 79.6 cm

