Blood pressure is measured using one of the types of gauge mentioned earlier
(Section 10-6), and it is usually calibrated in mm-Hg. The gauge is attached to
a closed, air-filled cuff that is wrapped around the upper arm at the level of the
heart, Fig. 10-42. Two values of blood pressure are measured: the maximum pres-
sure when the heart is pumping, called systolic pressure; and the pressure when the
heart is in the resting part of the cycle, called diastolic pressure. Initially, the air
pressure in the cuff is increased high above the systolic pressure by a pump,
compressing the main (brachial) artery in the arm and briefly cutting off the flow
of blood. The air pressure is then reduced slowly until blood again begins to flow
into the arm; it can be detected by listening with a stethoscope to the characteristic
tapping sound’ of the blood returning to the forearm. At this point, systolic pressure
is just equal to the air pressure in the arm cuff which can be read off the gauge.
The air pressure is subsequently reduced further, and the tapping sound disappears
when blood at low pressure can enter the artery. At this point, the gauge indicates
the diastolic pressure. Normal systolic pressure is around 120 mm-Hg, whereas
normal diastolic pressure is around 70 or 80 mm-Hg. Blood pressure is reported
in the form 120/70.

"When the blood starts flowing through the constriction caused by the tight cuff, its velocity is high
and the flow is turbulent. It is the turbulence that causes the tapping sound.
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| Summary

The three common phases of matter are solid, liquid, and gas.
Liquids and gases are collectively called fluids, meaning they
have the ability to flow. The density of a material is defined as
its mass per unit volume:

(10-1)

Specific gravity (SG) is the ratio of the density of the material to
the density of water (at 4°C).
Pressure is defined as force per unit area:

(10-2)

The pressure P at a depth 4 in a liquid of constant density p, due
to the weight of the liquid, is given by

P = pgh,
where g is the acceleration due to gravity.

Pascal’s principle says that an external pressure applied to
a confined fluid is transmitted throughout the fluid.

Pressure is measured using a manometer or other type of
gauge. A barometer is used to measure atmospheric pressure.
Standard atmospheric pressure (average at sea level) is
1.013 X 10° N/m?. Gauge pressure is the total (absolute) pres-
sure minus atmospheric pressure.

Archimedes’ principle states that an object submerged
wholly or partially in a fluid is buoyed up by a force equal to
the weight of fluid it displaces (Fg = mpg = pr Vdispl &)-

(10-3a)

| Questions

Fluid flow can be characterized either as streamline
(also called laminar), in which the layers of fluid move
smoothly and regularly along paths called streamlines, or as
turbulent, in which case the flow is not smooth and regular but
is characterized by irregularly shaped whirlpools.

Fluid flow rate is the mass or volume of fluid that passes a
given point per unit time. The equation of continuity states
that for an incompressible fluid flowing in an enclosed tube,
the product of the velocity of flow and the cross-sectional area
of the tube remains constant:

Av = constant. 10-4)

Bernoulli’s principle tells us that where the velocity of a
fluid is high, the pressure in it is low, and where the velocity is
low, the pressure is high. For steady laminar flow of an incom-
pressible and nonviscous fluid, Bernoulli’s equation, which is
based on the law of conservation of energy, is

Py + 3pv3 + pgy, = P +3pvf + pgyr,  (10-5)

for two points along the flow.

[*Viscosity refers to friction within a fluid and is essentially
a frictional force between adjacent layers of fluid as they move
past one another.]

[*Liquid surfaces hold together as if under tension
(surface tension), allowing drops to form and objects like needles
and insects to stay on the surface. ]

1. If one material has a higher density than another, must the
molecules of the first be heavier than those of the second?
Explain.

2. Consider what happens when you push both a pin and the
blunt end of a pen against your skin with the same force.
Decide what determines whether your skin is cut—the net
force applied to it or the pressure.

3. A small amount of water is boiled in a 1-gallon metal can.
The can is removed from the heat and the lid put on. As
the can cools, it collapses and looks crushed. Explain.

4. An ice cube floats in a glass of water filled to the brim.
What can you say about the density of ice? As the ice melts,
will the water overflow? Explain.

5. Will an ice cube float in a glass of alcohol? Why or why not?
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