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What’s New This Time?

¢ Previously, we had ignored the effect of
gravity on the gas particles that were
described by the ideal gas model.

¢ In Chapter 10, our interest expands to include
phenomena in which the force exerted by
Earth plays an important role.

— We will confine the discussion to static fluids—
fluids that are not moving.




Density
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¢ To find the density of an 1. Measure mass of object
object or a substance, 2. Place the object in water in a graduated
o linder.
determine its mass and Saaten
volume and then calculate 3-Measure the volume change of the water.
. Volume change of water = volume of object.
the ratio of th d )
e ratio of the mass an
4. Density = p = m/V
volume: S
— <72
p=m/V /
. /
¢ To find the volume of a Y
solid object of irregular (i E
gt v
shape, submerge itin a ) (_) =] Volume
. . ———
graduated cylinder filled ) of object
with water. == ' S
Table 10.1 Densities of various solids, liquids, and gases.
Solids Liquids Gases
Substance Density (kg/m®) Substance Density (kg/m®) Substance Density (kg/m®)
Aluminum 2700 Acetone 791 Dryair0°C 1.29
Copper 8920 Ethyl alcohol 789 10°C 125
Gold 19,300 Methyl alcohol 791 20°C 121
Iron 7860 Gasoline 726 30°C 1.16
Lead 11,300 Mercury 13,600 Helium 0.178
Platinum 21,450 Milk 1028-1035 Hydrogen 0.090
Silver 10,500 Sea Oxygen® 1.43
Bone 1700-2000
Brick 1400-2200
Cement. 2700-3000
Clay 1800-2600 Blood plasma 1030
Glass 2400-2800 Blood whole' 1050
lee
Balsa wood 120
Oak 600-900
Pine 500
Planet Earth 5515
Moon 3340
Sun 1410

u
Universe (average) 10726
Pulsar & 10"'-10'®

"Densicies of liquids are at 0 °C unless otherwise noked.
“Densiies of gases are ar 0 °C and 1 atm unless othenwise noted.

Density and Floating

¢ Helium-filled balloons accelerate upward in air, whereas air-
filled balloons accelerate (slowly) downward.

— The air-filled balloon must be denser than air.

¢ This situation is analogous to how a less dense liquid will float
on a more dense liquid.

Water

Vi Corn syrup




Solid Water Floats in Liquid Water

¢ The solid form of a particular substance is
almost always denser than the liquid form of
the same substance, with one very significant
exception: liquid water and solid ice.
— Because ice floats on liquid water, we can assume
that the density of ice is less than that of water.

— Ice has a lower density because in forming the
crystal structure of ice, water molecules spread
apart.
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Pressure Exerted by a Fluid

¢ Take a water bottle and poke four
holes at the same height along its
perimeter.

Bottle is open

Water flow is
perpendicular
bottle

— Parabolic-shaped streams of Holes punched
water shoot out of the holes. ~ «t el

in bottle -

— The water inside must push out
perpendicular to the wall of the
bottle, just as gas pushes out
perpendicular to the wall of a
balloon.

— Because the four streams are
identically shaped, the pressure
at all points at the same depth in
the fluid is the same.

Pascal’s First Law

Pascal’s first law An increase in the pressure of a static, enclosed fluid at one
place in the fluid causes a uniform increase in pressure throughout the fluid.

(a)

(b)




Pascal's first law at a microscopic level

¢ Particles inside a container move randomly in all
directions.

* When we push harder on one of the surfaces of
the container, the fluid becomes compressed.

¢ The molecules near that surface collide more
frequently with their neighbors, which in turn
collide more frequently with their neighbors.

¢ The extra pressure exerted at one surface quickly
spreads, such that soon there is increased
pressure throughout the fluid.
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Glaucoma

¢ A person with glaucoma has closed drainage canals.
The buildup of fluid causes increased pressure
throughout the eye, including at the retina and optic
nerve, which can lead to blindness.

Retina Aqueous

~ = m humor
Optic < \|

nerve

Pressure
U -

Increased pressure Pressure increases
against the retina if the normal drainage
and optic nerve can canals are blocked

damage vision

Hyd rau I |C L|ft A small downward causes a large

force exerted on the upward force on
liquid by the small- the large-area
area piston 1... - .+ Ppiston 2
-, | Fron
Vi
Piston 1 } Piston 2
. i ‘
Liquid
Area A, Area A,

¢ Pressure changes uniformly throughout the liquid, so
the pressure under piston 2 is the same as the pressure
under piston 1 if they are at the same elevation.

F A
FlLon2 = PA; :< 11:11“)142 = <A_:>FlonL




Example

¢ A hydraulic lift has a small piston with surface
area 0.0020 m? and a larger piston with
surface area 0.20 m2. Piston 2 and the car
placed on piston 2 have a combined mass of
1800 kg. What is the minimal force that piston
1 needs to exert on the fluid to slowly lift the
car?
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Pressure Variation with Depth
« Is the pressure the same throughout a vertical column of
fluid?
— If the pressure is the same, we should observe water
coming out at the same parabolic arcs.
— However, what we actually observe is this:

~

obse%d

— Which assumptions might we need to reconsider to
reconcile this observation with Pascal’s first law?

Observational Experiments

10.2  How does the location of the holes affect the streams leaving the holes?

Observational experiment Analysis
Experiment 1. Place two tacks on each There must be greater pressure inside than outside.
side of a plastic bottle, one The pressure must be greater at the bottom holes than at the

hole above the other, and top holes.
ill the bottle with water

above the top tack. Remove |

the tacks. Water comes out

on the lefi and right and the

stream from the lower holes

shoots farther.

Experiment 2. Repeat Experiment 1 The total water depth seems not to matter, just the height of
but this time fil the bottle with the water above the hole.

water to the same distance above

the bottom tack s it was filled

above the top tack in Experiment 1

Remove the tacks. The stream

comes out the bottom holes

with the same arc as it came f

out of the top holes in Experiment 1




Observationa

| Experiments

OBSERVATIONAL EXPERIMENT TABLE

10.2  How does the location of the holes affect the streams leaving the holes? (Continued)

Observational experiment

Experiment 3. Repeat Experiment 1
using a thinner bottle with the
water level initially the same
distance above the top tack

as it was in Experiment 1.

Remove the tacks. The water
streams are identical to

those in Experiment 1

Analysis

Because the water comes out in exactly the same arc in a big-
ger bottle and in a smaller bottle when the water level above
the top tack i at the same height, we can conclude that the
mass of the water in the bottle does not affect the pressure.

Patterns

The stream shape at a particular level
= Depends on the height of the water above the hole
= Is the same in different directions at the same level

= Does not depend on the amount of liquid (volume or mass) above the hole (just the height of the water above the hole).
= Does not depend on the amount (mass or volume) or depth of the water below the hole:
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Pressure Variation with Depth

« From the observed patterns, we reason that
the pressure of the liquid at the hole depends
only on the height of the liquid above the

hole, and not on the mass of the liquid above.

We also see that the pressure at a given
depth is the same in all directions.

* Pascal's first law fails

to explain this pressure

variation at different depths below the

surface.

Why Does Pressure Vary at Different
Depths?

¢ The top surface of the
bottom book in the stack
must balance the force
exerted by the nine books
above it plus the pressure
force exerted by the air on
the top book.

e The pressure increases on
the top surface of each book
in the stack as we go lower in
the stack.

(b)

Least pressure

3
1
5
6
7
8
9

3

Greatest pressure




Pressure Change with Depth

Pascal’s second law—variation of pressure with depth The pressure P, ina
static fluid at position y, can be determined in terms of the pressure P, at position y,

Fluid above €

P | T as follows:
A Py = P+ ppaaly: = 1) (10.3)
. g where pgyg is the fluid density, assumed constant throughout the fluid, and
, g = 9.8 N/kg. The positive y-direction is up.

® Free body diagram:
{ downontopofC. ¥ — — . —_

e i Fy = Pl A =F, + Meiag(V2 — Y1)

I .

=P A+ pruiagd V2 — y1)A

Py =P+ prruiay2 —¥1)9
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Tip

* When using Pascal's second law, picture
the situation. Be sure to include a vertical
y-axis that points upward and has a
defined origin, or zero point. Then choose
the two points of interest and identify their
vertical y-positions relative to the axis.
This lets you relate the pressures at those
two points.

Example

e If your ears did not pop, then what
would be the net force exerted by
the inside and outside air on your
eardrum at the top of a 1000-m-
high mountain? You start your hike
from sea level. The area of your
eardrum is 0.50 cm?. The density of
air at sea level at normal conditions
is 1.3 kg/m3.

¢ Thessituation at the start of the
hike, y, = 0, and at the end of the
hike, y, = 1000 m, is sketched here.




Measuring Atmospheric Pressure

* |Its been known since
Galileo's time that a
pump consisting of a
piston in a long cylinder
that pulls up water can lift
water only 10.3 m.

Piston pulled up

| Low P

Atmospheric pressure P, pushes
water up the cylinder
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Measuring Atmospheric

¢ Consider the pressure at three
places:

— The pressure at point 1 is B
atmospheric pressure.

— The pressure at point 2,
according to Pascal's second law,
is also atmospheric pressure.

— We assume that the pressure at
point 3 is zero because the water
is at a maximum height.

o Using P, = P1 + pruia (V2 — y1)9
gives exactly the value of

Pressure

y

¥ =103m

=
e

atmospheric pressure

Testing Torricelli’s Hypothesis

TESTING EXPERIMENT TABLE

10.3 Testing Torricelli's hypothesis using mercury.

Prediction based on Torricelli’s hypothesis.
that atmospheric pressure limits the height
Testing experiment of the liquid in a suction pump.

= Torricellifilled a long Mercury should start leaking from the tube
into the dish. When it leaks, it leaves an
empty evacuated space at the top of the
tube. It will leak uncil the height of the mer-
cury column left i the tube produces the
same pressure as the atmosphere at the bot-
tom of the column at position 1. The height
of the mercury in the tube should be

glass tube closed at one
end with mercury.

_P-P

n-n=

_ (101 X 10°N/m® — 0)
(136 X 10°kg/m*) (9.8 N/kg)

=076m

Outcome

Torricelli observed some
mercury leaking from the
tube and then the process
stopped. He measured
the height of the re-
maining mercury to be
076m = 760 mm, in
agreement with the
prediction.
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Torricelli’s Hypothesis

0.3 Testing Torricelli’s hypothesis using mereury. (Continued)

Prediction based on Torricell’s hypothesis
i the height

Testing experiment Outcome

Atmospheric Pressure using Mercury

We now understand why pressure is often measured and reported
in mm Hg and why atmospheric pressure is 760 mm Hg. The atmospheric
pressure (101,000 N/m?) can push mercury of density (13,600 kg/mB)
760 mm up a column.

Example

» The bottom of a 4.0-m-tall diving bell is at
an unknown depth underwater. The
pressure of the air inside the bell is 2.0
atm (it was 1 atm before the bell entered
the water). The average density of ocean
water is slightly greater than the density of
fresh water, Pgcean water = 1027 kg/m3. How
high is the water inside the bell and how
deep is the bottom of the bell under the
water?




