Week 1: Everything Is Electri
Week 2: s It Magic, or Is It
On Your Waveleng

Phases of Matter Ina gas, the particles are
in random motion and

In a rigid solid, the interact only through

particles are connected elastic collisions.

by relatively stiff

spring-like bonds.

i
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Ina liquid, the
S particles have weak

bonds that keep them
close together. The
particles can slide
around each other, so
the liquid can flow.

Microscopic
Models,
Macroscopic
Consequences.

Density:
How much stuff is in a certain volume

o

~ We express density in mass per volume, so
kilograms per cubic meter.

Substance p (kg/m®)
Hydrogen gas (20°C) 0.083
Helium gas (20°C) 0.166
Air (20°C) 1.20
Air (0°C) 1.28
Gasoline 680
Ethyl alcohol 790

Oil (typical) 900
Water 1000
Seawater 1030
Blood (whole) 1060
Glycerin 1260
Mercury 13,600

Density
Body Component Density (kg/m®)
Fat 900
Water 1000
Blood 1050
Muscle 1060
Bone 1280

Fat is less dense than
water, muscle is more
dense than water.

Gold is very dense.

7 inches long, 3" inches wide, | % inches deep
27 pounds




From Wikipedia

Gold cost $38.69 per
troy ounce in 1968, so
four million dollars in
gold bars would have
weighed about 3,200 kg
(7,100 Ib), requiring each
of the three Minis to
carry about 1,070 kg
(2,360 Ib) in addition to
the driver and passenger.
Since a 1968 Mini only
weighs 630 kg (1,390 Ib),
each of these vehicles
would have had to carry
14 times its own weight
in gold.
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25 kg
Volume
25 liters

" Theltalianjob |

Water density
1000 kg/m3
meaning

1.0 kg per liter
5 "

Fort Collins air density
1.0 kg/m3
Meaning
1.0 kg per m3
1.0 g per liter

(@) Pressure

There are an enormous  Each collision exerts a force
number of collisions on the wall. The net force due

of particles against the  to all the collisions causes the
wall per second. gas to have a pressure.
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On a macroscopic scale, these
i opic collisions exert

a force F on an area A

of the wall that is
proportional

Definition of pressure in a gas

Typical tire pressure: 32 pounds per square inch
221,000 Pascals = 221 kPa
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Definition of pressure in a gas

Why is the
pressure in
bike tires
higher than

in car tires?




Pressure changes with
temperature

A football is inflated in a 70°F locker
room before the game.The air warms as
it is pumped, so it enters the ball at a
temperature of 80°F (26.7°C).

The ball is inflated to 12.5 psi (86.2 kPa)
at the lower end of the official range.
Atmospheric pressure is |00 kPa.

The ball is used for play at a temperature
of 50°F (10°C). Once the ball cools, the
pressure is | 1.0 psi.

The air at the earth’s surface supports the weight of all the air
above it: That’s the source of atmospheric pressure.

We define the pressure at sea level as 1 atmosphere.

Sea Level:
101 kPa

South Crestone Lake:
64% of sea level
pressure 65 kPa
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;‘3 W) Pressure vs. Depth

Pt i
Pressure vs. Height

) .

As you go higher in the
atmosphere, there is less air
above you. So the pressure is

lower.

Fort Collins
83% of sea level
pressure
84 kPa

In water
+10 m depth

means

+1.0 atm pressure




Blood Blood Pressure

Pressure Blood pressure
— — Hp U The peak pressure is
S = (mm Hg) .- called systolic pressure.
It is the first number in
blood-pressure readings.
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Distance from left ventricle mm——

How much difference?

If you raise your hand up, or lower it,
and measure blood pressure at your
wrist, how does it change?

Buoyancy Buoyancy
The net force of the fluid on the
F — p ‘ } g cylinder is the buoyant for_ce Tt
7 B =

N
Buoyant Volume
force Density  of fluid

ofthe  displaced
fluid

Net upward force

F, >F,, because the pressure

It’s a real force is ‘greater at the bottom. Hence the
X - fluid exerts a net upward force.
It exists whenever an object is
immersed in a fluid.




If the buoyant force is larger .,

floaty

S1NK

Heavy, but Floaty

The envelope of a typical
hot air balloon has a volume
of 2500 m3.

Assume that such a balloon
is flying in Fort Collins,
where the density of air is
approximately 1.0 kg/m3.

a) What mass of air does the balloon displace?

b) If heated to the maximum temperature, the air inside
the balloon has a density of about 80% that of the
surrounding air.What is the mass of air in the balloon?

c) How much mass can the balloon lift?

Floating in the Dead Sea
Water density = 1240 kg/m3

Manatees have about
7% body fat.

They are very, very lean.

Explain why this is so.

Submerged in Air

My volume: 70 liters
Mass of air displaced: 70 grams
Buoyant force: 70 grams (22

Hippos spend much of their lives in water, but amazingly, they don’t swim.They also, despite
appearances, have very little body fat. The density of a hippo’s body is approximately 1030
kg/m3, so it sinks to the bottom of the freshwater lakes and rivers it frequents—and then it
simply walks on the bottom.

A 1500 kg hippo is completely submerged, standing on the bottom of a lake.What is the
hippo’s apparent weight?

Medically Approved
Question:
Taking buoyancy into leLAeNS

account, is the reading on
the scale greater than,
equal to, or less than
your actual weight?

ey =
My mass: 70 kilograms
My volume: 70 liters
Mass of water displaced: 70 kilograms

Bouyant force equals weight force!
o B = =2

Submerged in
Water




Balloon volume: 12 liters

Mass of air displaced: 12 grams i
Mass of balloon: lg

Mass of helium in balloon: 2 grams

Total lift: 9 grams (V5 oz)

Balloon volume: 12 liters

Mass of air displaced: 12 grams

Mass of balloon: lg

Mass of helium in balloon: 2 grams

Total lift: 9 grams (V5 oz)

/

Enough to lift 4 dimes

When you breathe deeply, you pull in 4.0 L of air in about
3.0 s.This requires a pressure difference of about 4.0 kPa
between the air in your lungs and the outside air.

Pressure in Flows

LT

If you purse your lips to make a small
opening of about 0.5 cm in diameter, -5 “
you can blow air outward at a I o )
surprising 50 m/s.What pressure in the 7} 1.25 kPa
lungs does this imply? J K

Fluid Flow

Q—&— A
At v

Volume flow rate for liquid moving at speed v through
a tube of cross-section area A

An increasing
speed causes
the diameter
to decrease.,




Fluid Flow: Bernoulli

¥ 1 1
2 = 2
) P2t 5pvs t pgy2=pit5pvit pgy:
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Pressure p, 2 ~
Pressure, speed, and ... pressure, speed,
yid- Fluid density p height at point 2 are and height at
related to . . . point 1.

Along the flow: A reduction in pressure leads to a higher speed.

Fluid Flow: Bernoulli

Along the flow:
High speed = low pressure

When blood passes a segment
of an artery narrowed by a
plaque, flow speed must
increase. Does this lead to an
increase or decrease of the
pressure at the narrow spot?

Water is sticky.

Floating a coin
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