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Dimendons and Units

A.

Dimensons are physicd quantities that can be measured. Typicd dimensonsinclude
length (L), mass (M), time (t), temperature (T) and force (F). Forceisnot a
fundamental dimension. It can be obtained from Newton's Law (force = mass x
accderation) having the dimensions M /t2.

Units are the scales by which dimensions are measured. There are at least two popular
systems of unitsin use S (or metric) and English. The medica community aso hasit
own collection of units.

The fundamenta unitsin the S| system are the meter, the kilogram and the second. The
Newton is used as a derived unit of forcein the Sl system and is equal to 1 kgx/s.
The conversion constant g. = 1 kgxn/(Ns?) and the gravitational acceleration at the
surface of the earth g = 9.807 m/s” in the S| system. Thus, a 1.00 kg object weighs
9.807 N on the surface of the earth.

The fundamentd unitsin the English sysem are the foat, the pound mass (Iby,), the
pound force (Iby) and the second. The conversion constart g. = 32.17 I, $t/(Ibss?) and
the gravitational accdleration a the surface of the earth g = 32.17 ft/s” in the English
system. Thus, a1.00 Ib,, object weighs 1.00 Ib; on the surface of the earth.

Newton's Law can be written F = ma/g. in both systlem of units. The corgtant g. dso
gppearsin many other cadculationsinvolving pressure, work, velocity, power,
acceleration, etc.

Pressure
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Pressure is perpendicular forcelarea

Typica units pressure include Ibyir? (psi) and N/n? (Pa).

Absolute pressures are measured relative to avacuum. Negative absolute pressures are
not possible. Absolute pressures (along with absol ute temperatures) must be used in
idedl gaslaw cdculations.

Gauge pressure is the difference between the absol ute pressure of interest and the
absolute ambient pressure (usudly 1.00 atmosphere). Blood and respiratory pressures
are nearly aways reported as gauge pressures.

Pressure increases with depth in any non-accderating fluid in agravitationd field. The
equation relating pressure to depth below the surface of afluid isP = Pgyace + ARY/Q,
where Pg,ace 1S the pressure at the surface of the fluid, i isthe dengty of thefluid, his
the depth, g is gravitationd accderation and g, is the units conversion factor defined in
the previous section. Standard medical practiceis to report pressuresin terms of an
equivaent depth (or head) of liquid. For example, blood pressures are usudly reported
inmm Hg.



. Mechanica Energy Balance

A.

The mechanicd energy baance equationsis.
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where Uy, isthe bulk velocity, zisthe height, P isthe pressure and fi isthe fluid dengty.
In the term AU, the velocities should be squared before the difference is determined.
The bulk velocity is defined as Q/A< Where Q is the volumetric flow rate and A the
cross-sectiond area of the flow.

This equation gpplies between any two pointsin africtionless, plug flow. Itisgenerdly
used when the flow is turbulent and pressure changes due to velocity and/or elevation
changes are much greater that those due to friction (viscogity).

In the circulation, the mechanicd energy balance can be used to calculate the pressure
changesin aneurysms and senosis. It can dso be used to calculate the changesin
blood pressures that result from the changes in blood velocity between the aorta, the
larger arteries and the large veins.

V. Vascular Resistances

A.

SVR = (Pa - P\)/Q [5] mm Hg/(I/min) where SVR is the systemic vascular resstance,
P, isthe arterid pressure, P, isthe venous pressure and Q is blood flow rate (often the
cardiac output). The SVR isamechanigtic and linear quantity.

TPR = MAP/Q [=] mm Hg/(I/min) where TPR isthe totd periphera resstance, MAP s
the mean arterid pressure and Q is blood flow rate (often the cardiac output). The TPR
is easy to compute and useful, but is not mechanigtic nor linear.



