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B le: The sphere on the right has twice the mass and twice the radius of
XanplcC. sphere on the left. Compared to the sphere on the left, the larger

sphere on the right has
V = gﬂ r’ ‘
A. twice the density.

B. the same density. mass m mass 2m
, radius R radius 2R
C. 1/2 the density.
V 1/4 the density. =™ 3m , m 3m
4 " A7R ps =7 =
E. 1/8 the density. (37R%) " (378R?) 16mR?
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Pressure 1n a fluid

The pressure 1n a fluid 1s the normal force per
dFy, FJ_

unit area p = (or p = —

SI units of pressure 1s the pascal
1 pascal =1 Pa=1 N/m?
1 bar = 10° Pa, 1 millibar = 100 Pa

Atmospheric pressure 1s the pressure of the
earth’s atmosphere

Normal atmospheric pressure at sea level 1s 1
atmosphere (atm)

1 atm=1.013 x 10° Pa=1.013 bar

A small surface of area

d A within a fluid at rest
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The surface does not accelerate, so the
surrounding fluid exerts equal normal forces
on both sides of it. (The fluid cannot exert any
force parallel to the surface, since that would

cause the surface to accelerate.)

These surfaces differ
in area and orientation ...
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... but the pressure on

them (force magnitude 2dF,

divided by area) is the
same (and 1is a scalar).




Example: Pressure

What is the total downwards force due to air pressure on a towel of area 2 m? at
the sea level? (1 atm = 101,325 Pa)

Fy
(A) 57,000 N P=a
(B) 101325 N F = pA = (101,325 Pa)(2.0 m?) = 202,650 N
) 202.650N

(D) 73,150 N
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Pressure at depth 1n a fluid

* (Consider an element of a fluid at rest with area 4 and
thickness by dw = gdm = gpdV = gpAdy

* The fluid element is in equilibrium ), £, = 0
pA— (p +dp)A—pgAdy = pA —pA — Adp — pgAdy =0

d

_ _ ar _ _
Adp = —pgAdy, so dy Pg

* When y increases, p decreases. As we move upward in the
fluid, pressure decreases.

p =3
Y —— e ||
|

A B ¥l

ervaned

A element of a fleid at rest

with arca A and thickness dy 1
—J- el

(b)
Force due 1o pressure The forees o
p + dp on top surface: = the four sides
(p+ dmA ¥ of the element
j‘ cancel
| l. 3 _"-'- '._..
el T /
: *-:J'll'—‘l.’l."::igh[ of the
pA Muid element
.-.J
Force due to pressure p
on bottom surface
Hecause the Huid s in equhiboum, the vector
m of the vertcal torees on the Hud element
must be zero: pA po+ dp)d

12 Pasrson Educslion, Inc



Pressure at depth 1n a fluid

 If p, and p, are the pressure at elevations y; and y,,
respectively

P2 —P1=—p9V2 — Y1)

* Take point 2 at the surface of the fluid, where the
pressure 1S Py

Po —P1 = —pg(y2 —y1) = —pgh

* The pressure p at a depth 4 1s greater than p at the
surface by an amount pgh

p = po+pgh

., TR

o ®

Fluid, density p

At a depth h, the
pressure p equals
the surface pressure
Po plus the pressure
pgh due to the
overlying fluid:

1P = po + pgh.

Pressure difference between levels |1 and 2:

Py —pP1= —pg&(y2— )

The pressure is greater at the lower le
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Example: Pressure at depth 1n a fluid

Rank the pressures at different levels from big to small

(A) D,C,A,B,E
(B) E,B,D,C, A
(d Aand Ctie, D, B, E
(D) D,Cand Atie, B, E

The pressure at a depth # in a
fluid of uniform density 1s given
by P = P, + pgh.

| The shape of the container does
not matter.

(E) Need more info
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Gauge Pressure

 Gauges for measuring pressure: p = pg + pgh

Pt pPpgy1i = DPatm T PIY2

D — Patm = PIY2 —Pgy1 = pgh Pressure p 7]

The gauge pressure (p — pyem ) 18 the pressure

above atmospheric pressure.

The absolute pressure (p) 1s the total pressure.

(a) Open-tube manometer

Po

(ass pressure

p=?

“1
(

- patmx

b=

w iy

e %
e LY
P+ pgy w.

.. 7 Pam T P8Y2

The pressuré is the same at
the bottoms of the two tubes.

|

Known:
Po = Patm
V1
Y2
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Two types of pressure gauge

(a) Open-tube manometer (b) Mercury barometer

HOW tO measure There is a near-vacuum -, po=20
Pressure to Atmospheric the atm pressure pa tm ? at the top of the tube. @

be measured pressure p 0 )

. oy f-..%
<> <} The height to
which the
_ mercury rises
p - pO + [gh depends on the
atmospheric

- | pressure exerted
pO O =327 A on the mercury

Y2 in the dish.
h p=p0+pgh P = Patm

P = patm

________ - At 1 atm pressure,
% the value of 4?
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Example: Gauge Pressure

The mercury barometer consists of a long glass tube,
closed at the end, that has been filled with mercury and
then inverted 1n a dish of mercury.

What 1s the mercury height “A” if the dish is placed at

atmospheric pressure?
Pre = 13.6 x 10° kg/m’

p = Do + pgh
(C) 10.0 m Patm = pHggh
(D) 0.55m 101,325 Pa = (13.6 x 10°kg/m?)gh

(b) Mercury barometer

There is a near-vacuum .,
at the top of the tube.

/POZO

Yo,

The height to
which the
mercury rises
depends on the
atmospheric
pressure exerted
on the mercury
in the dish.

P = patm
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9 A small force 1s applied to a small piston.
Pascal’s Law : PP P

Because the pressure p i1s the
same at all p0mt<;

. o : atagiven __
* Pressure applied to an enclosed fluid 1s L heightin | NGH @
transmitted undiminished to every portion of i "¢ R
the fluid and walls of the containing vessel LR, i
X - )
Fl . FZ _ Az ) ’—*—l i i
b="T"=72 b, =-=F | % |
1 2 1 *
T . . . . . pAl pA2
* The hydraulic lift 1s a force-multiplying B
device with a multiplication factor equal to L )
the ratio of the areas of the two pistons | ; |

... a piston of larger area at the same
height experiences a larger force.
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Example: Pascal’s Law

For hydraulic lift shown 1n right figure, what must be the
ratio of the diameter of the vessel at the car to the
diameter of the vessel where the force F; 1s applied so that
a 1520-kg car can be lifted with a force F'; of jut 125 N?

Az 7TD2
(A) 25.3 Fp =2F=="2F
(B) 7.3
DZ
J) 10.9 (1,520 kg) x 9.8 = —= (125 N)
D) 12.5 b

A small force is applied to a small piston.

Because the pressure p is the
same at all points

at a given g ”\.__
P heightin &
i the fluid ... iy
YR
A
pAl HT pA2
\_J
\ S

... a piston of larger area at the same
height experiences a larger force.
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Example: two fluid

* A manometer tube is partially filled with water. Oil 1s
poured 1nto the left arm of the tube until the oil-water P 3
interface 1s at the midpoint of the tube as shown. Both '
arms of the tube are open to the air. Find the

PRI

relationship between the heights #_,and 4, .. hyater Z
p = pO + pwm‘erghwcn‘er p = po +poilghoil Z A
_ p water
hoﬂ - hu—*ater
oil
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Buoyancy

Archimedes’s Principle: When a body 1s
completely or partially immersed in a fluid, the fluid
exerts an upward force (the “buoyant force”) on the
body equal to the weight of the fluid displaced by
the body

Buoyant force B = pgy,iaV g (upward)
Gravity of the body w = pp,4, Vg (downward)

When the body 1s less dense than the fluid, 1t floats

The physical cause of buoyant force 1s the pressure
difference between the top and bottom of the object

(a) Arbitrary element of fluid in equilibrium

/ \
|’ °S
: )
\ Whluid +dF,
' %

The forces on the
fluid element due
to pressure must
sum to a buoyant
force equal in
magnitude to the

- || element’s weight.

rson Addison-Wesley.

(b) Fluid element replaced with solid body
of the same size and shape

|| The forces due to

pressure are the
same, so the body

|| must be acted upon

by the same buoyant
force as the fluid
element, regardless

— || of the body’s weight.




Totally Submerged Object

* The volume of displaced fluid is equal to volume of the object.
* The upward buoyant force is B = pg,;,& Vobject

* If the object 1s less dense than the fluid: the object experiences a net
upward force

* If the object 1s denser than the fluid: the net force 1s downward.

Floating Object

» The object is in static equilibrium (B = mg) AB

* The volume of displaced fluid 1s equal to volume of the object that |
1s submerged. =2 .
YE

* The upward buoyant force 1s B = pg,4 & yobj €t sub.
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Example: Buoyant force

A block of ice (density 920 kg/m?) and a block of iron (density 7800 kg/m?)
are both completely submerged 1n a fluid. Both blocks have the same volume.
Which block experiences the greater buoyant force?

(A). the block of ice B = priiaVg
(B). the block of 1ron

¢). Both experience the same buoyant force.

(D). The answer depends on the density of the fluid.
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Example: Buoyancy

An iceberg floating in seawater 1s extremely dangerous because most of the ice 1s 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?

(Pice = 917 kg/mga Pwater = 1030 kg/mB)

(M. 0.89 . Fy=B-mg=0

(B) 1.25 Pwater3Vsub = Pice9Vtor
(C). 0.78
(D) 150 VSub= Pice _ 917

Viot  Pwater 1030
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