Pressure, buoyant force and Archimedes’ Principle
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Density B It is the mass per unit volume. |p _m ‘ :
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The density pis a scalar quantity.
Units: kg/m> and Dimensions: ML-3

8.1:Pressure: 1 is the force per unit area. |P — ;I
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The pressure Pis a Scalar quantity.
Units: Pa = N/m? = kg/(m.s?) and Dimensions: ML1T2

Fluid is
T

A collection of molecules that are randomly arranged and held together by weak

cohesive forces and by forces exerted by the walls of a container. Both liquids and

gases are fluids.
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Example 14.1 page 418 in the book 1
—
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The mattress of a water bed is 2 m long by 2 m wide and 30 cm deep.
(a) Find the weight of the water?

(b) Find the pressure exerted by the water on the floor.
(o =1000 kg/m?3 and g= 9.8 m/s?)
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Answer
O oemeemes  Given:
L= 2m W=2m d=30cm=0.3m
p =1000 kg/m? g = 9.8 m/s?
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(a) F=mg =pVg=1000x(2x 2% 0.30)x9.8=11760N

(b) p F 11760




Variation of Pressure with Depth
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Prove that the pressure at a depth h below a point in the liquid

greater than Py, by an amount pgh. P=pgh
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If the liquid is open to the atmosphere and P, is the pressure at the surface of the
liquid,:
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P =pgh+PF, Or AP=P-P =pgh

FECC
his depth of the point I
P, is atmospheric pressure = 1.00 atm =1.013 x 10° Pa )
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Pascal’s Law 4
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Pascal’s law states that:

“A change in pressure applied to an enclosed fluid is totally transmitted to
every point of the fluid and to the walls of the container”

Sl Ol (Mg Jilad) (e Al JS ) Lalal gliall Jiladd) o Galaal) Jatidal) s Jii,
Because pressure is the same at both pistons. £ F,
I
F, F F, A,

~4, 4, 7 E _a,

F, is force acting on the small piston

F, is force acting on the big piston. Hydraulic Lift
A, is area of the small piston

A, is area of the big piston

1_‘72 is always greater that Fl by the amount of AZ/Al



Example = Ex. 14.2 page 81 in the book 4 -

In a car lift used in a service station, compressed air exerts a force on a
small piston that has a circular cross section and a radius of 5 cm. This
pressure is transmitted by a liquid to a piston that has a radius of 15 cm.
(a) What force must the compressed air exerts to lift a car weighting
13300 N?
(b) What air pressure produces this force?
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Given:
F;=??2?

F2=;3302N05 =>A1 = mri = (3.14) x 0.05?
ri=ocm=0.0om L :
r,=15cm=0.15m A, =Tr? = (3.14) x 0.15




- Answer _

ﬁ:l.'i A
r;=0.05m F,=? &

=015m  F,=13300N

£

FT Ay : Aq
F, A, b A,

(3.14) x 0.052

F, = (13300) 314 X 0157 1477.8 N

@ p_t1___ 1477.8 188254.7 Pa =188.16 kP
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8.2: Pressure Measurements: -
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\. Mercury barometer:
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The instrument used to measure the atmospherlc pressure. A long tube
closed at one end is filled with mercury and then inverted into a dish of
mercury. The closed end of the tube is nearly a vacuum, so the pressure at
the top of the mercury column can be taken as zero. The height of the
mercury column for one atmosphere of pressure, Po = 1 atm, is 0.760 m. As
atmospheric varies, the height of the mercury column varies. (figure a)
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2. Open-tube manometer : < &
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The device is for measuring the pressure of gas contained in a vessel.
One end of a U-shaped tube containing liquid is open to the
atmosphere, and the other end is connected to a container of gas at
pressure P. (figure b) P,
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Lecture 8.Y: 8.3: Buoyant Forces and Archimedes' Principle:
~— udaad ) Jasa g gikall 5 g8 —
Archimedes’ principle states that: ‘ ~

“The magnitude of the buoyant force always equals the weight of the fluid

displaced by the object”
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Proof

Let a cube immersed inside a fluid.

The buoyant force B arises from the pressure difference between the bottom A
and top Z, of the cube.

B=APA=(P,-R)A=(pgh)A =B =p;gV;

- B = Meg :.B=I;;ﬁﬂ

So, The buoyant force B = The weight of the displaced fluid £, g,



Important Remark

——

Where:

B= 51 _Pj;z = Pf1uid9Vfiuia

is the weight of object in air
is the weight of object in fluid
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In Case of Floating Object (2l acad) Alla 3
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The buoyant force B = The weight F, of object
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= Pob;§Vob; * Priuid¥in = PobjVobj
. e _ _Pobj
Vob i Pfluid {

in equilibrinm, B=F.
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 density of Object > Density of fluid= B < Fg==> Object sinks ‘_jl
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* density of Object < Density of fluid = B > Fg —0Object floats J
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 density of Object = Density of fluid =B = Fg =) Net force of Object =Zero
and the object remains in equilibrium.

Therefore, The direction of the motion of an object submerged in a fluid is
determined only by the densities of the object and the fluid.
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Vﬂuid /Vobject = pﬂuid/pObject el.h



Example 14.5 page 426 in the book ‘ -

Archimedes supposedly was asked to determine whether a crown made for the
king consisted of pure gold. Legend has it that he solved this problem by weighing
the crown first in air and then in water. Suppose the scale read 7.84 N in air and
6.84 N in water. What should Archimedes have told the king? (p,, ... = 1000 kg/m?,
Pyoa = 19300 kg/m? and g= 9.8 m/s?).
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Answer q:
T — L

F,=784N ,F,=684N , p, ... = 1000 kg/m3, p,,q = 19300 kg/m?

g

*B=F —F2:7.B4—6.B4:1N

8, '
' Vo, = B _ =1.02x 107" m?
!B = pwutnrngntﬂr © Twater T Doaterd - 1000%x98 m

Voown = Voutr = 102X 1074 m?
Meroun Merownd  Fpu 7.84
Perown =y TV g 102x104X 98 g/m

* Do = 19300 kg /mﬂ

So, the crown is not made of gold. RN (e £ shan b Zlill 13




Example 14.6 page ¢ YV in the book ‘ e
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An iceberg floating in seawater, as shown in the figure, is extremely
dangerous because most of the ice is below the surface. This hidden ice can
damage a ship that is still a considerable distance from the visible ice.
What fraction of the iceberg lies below the water level? (o,.,yaer = 1030
kg/m?, p,.. = 917 kg/m’)
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Answer _ g

Vi Pice

Vobi Psea water

V ; 917
in _ Pice _ — 899,
Vobj Pseawater 1030 ~
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