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(1) Assume that U, c,, and c respectively represent the internal energy, the molar specxﬁc heat

at constant volume and the molar specific heat at constant pressure of an ideal gas system in ﬁi

a state of ( pressure P, volume V, temperature T ) . As the gas system of n moles absorbs a %%

heat quantity dQ , it has the volume change dV, the pressure change dP, the temperature
change dT , and the internal energy change dU. R is the universal gas constant. fé';z

Complete the following mathematical forms for describing this ideal gas system . ~
“’ﬁ‘f—\

(a) The work dW done by the gas system on the surroundings is dW= __ @___ .
(b)The first law of thermodynamics gives the relationship among dQ , dU , and dW as /{ i
—@__ . Thus the first law of thermodynamics gives the relationship among dQ , -%L

J¥].

dU,anddVas __Q®__ .
(c) Using dQ, dT, and n, give the definitions respectively for c,, and c,i¢c, = _@__

* c, =_ 0O - And give the relationship betweenc,, andc, : _ ®_ _ .

(d) Usingn, c,, and dT, give_the measurement fordU: _ D

(e) The first law of thermodynamics gives the relationship among dQ, dT , and dV as
_® . And the first law of thermodynamics gives the relationship among dQ ,

dT,anddPas _ ®__

(f) The value y for the gas syStem is definedbyc,,andc, as: y= __@__ .
The y value for air is about _____@_

(8) As the gas system undergoes an adiabatic process, the value dQ = _®__ and
the valuesof P,V ,andy ar; satisfied by the equation: @ .

(2) The mass density of hydrogen iodide ( HI ) gas at STP (07C, 1 atm ) is about 5.79 g / liter.

(a) Write down the formula for sound speed and calculate the sound speed V,, as the sound
wave propagates in HI at STP. (b) Write down the empirical formula for the sound speed V
at temperature TC and indicate how the sound speed depends on temperature . (c) What

is the sound speed as the sound wave propagates in HI gas at 25°C and 1 atm ?
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(3) Assume that the sound speed in human fat is about 1.5 kn/ s and the human fat has a width

of about 5 mm. (a) Determine the frequency of the incident sound which can be used to i
obtain high resolution for imaging . (b) Is this incident sound in the range of ultrasound ?
Give the definition of ultrasound and then explain your answer. %
(4) (a) What is the range of the audible intensities in our acoustic environment. (b) Give the j='!“’
definition of sound intensity level 8 (IL) in unit of dB . (c) Find the B values in unit of \

dB for the range of the audible intensities in our acoustic environment. ‘
(5) A 5000-watt sound power is emitted uniformly in all directions from the speakers at a rock ’f; ":t

concert at a temperature of 15°C in the park. Assume that the sound spreads hemispherically AT

-;j—s

i

with minimal absorption in the air. (a) Estimate the sound intensity I in watts / m? and the
sound intensity level 8 in dB received by a person at a distance of 100 m from the speaker. i

(b) If this person’s eardrum has an area of 65mm?, how much sound energy is incident on his
eardrum in 30 minutes ? ( Hint : Use the defmmon for intensity to find your answers . )

* (6)Two independent sound sources individually produce intensity levels of 70 dB and 50 dB
at some point. (a) Find the total intensity I in unit of watts / m? at that point. (b) Find the

total intensity level 8 in unit of dB. (c) Is the sound perceptional at that point ? Give the
range of the perceptional for the sound intensity level and then explain your-answer .

(7) Explain how the Doppler effect can be used to aid police in detecting speeding drivers.

(8)The average speed of sound in blood is 1570 m / s. The transmitter crystal emits 0.2-MHz
sound waves in a Doppler flow meter. If a frequency shift of 100 Hz is measured by the
receiver crystal, estimate the average velocity of the red cell moving in the blood vessel,

(9) Assume that a patient has blood pressure of 160 mm-Hg. Convert his blood pressure into the
other useful units for fluid pressure as follows :

160mm-Hg=_(®O_ torrs=_ @ atm=_0 nt/m*>=_@ hp= ® __mb

( Please show your detail calculations for each of your answers in your answer sheet.)
(10) Give the following physical meanings :

(a) A steady fluid flow means that ® . (b) An incompressible fluid flow means

that __ @ . (c)Anideal fluid means that the fluidis ___ (@ .
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(11) The figure as shown is the water flow from a faucet. Water leaves the faucet in steady and %%— ‘
near-vertical flow. Position A represents the outlet of the faucet. =
)}’QZ’.—*_

L

D, is the diameter of the water column and v, is the flow velocity

at position A . Position B is at a downward distance h from the outlet
of the faucet. The diameter of the water column is D and the flow velocity

is v at position B . The atmospheric pressure is P , , the gravitational

acceleration is g and the water density is p .

(a) Write down the Bemoulli's equation for positions A and B .

(b) Using the Bernoulli's equation in (a) , find the flow velocity vat B .

(c) Write down the continuity equation for positions A and B .

(d) Using the continuity equation in (c) , find the diameter D at B .

(e) Draw the tube of flow with cross-sections at A and B for this water flow.

(12) The figure as shown is a fluid flowing through an array of cylinders.
The flow is from left to right in the figure. The dark lines that illustrate
» the flow pattern are formed by dye injected into the fluid.

(a) Give the physical meanings for the dark lines.

B

(b) Compare the flow velocity V , at position A with the

flow velocities V,, V. ,V, , and V; respectively

at positions B ,C,D,andE.

(0.2 31) by using a U-shaped manometer as the figure shown .

(a) Indicate the appropriate height the air sack should be wrapped around the
upper arm. Write down the Bernoull's equation to explain your answer.
(b) Assume that a man of 175 cm in height has normal systolic BP of
120 mm-Hg and his heart has a height of about 130 cm. The atmospheric
pressure is 770 mm-Hg . The density of the mercury is13.6 g/cm®.
(i) What is the height difference h between the two columns of the manometer?

(ii) What are the gauge pressure P, and the absolute pressure P, of the man's

systolic BP in unit of imm-Hg ? v
(iif) Use the Bernoull's equation to estimate his blood pressure in mm-Hg ?n the brain.
(iv) As the man stands in‘{an'elcvator which moves upward at an accelergtlon of 5 m/s?,
estimate his blood pressure in mm-Hg in the brain.
( The gravitational acceleration g = 10 m/s?. )
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(14) As the figure shown, the water filled in the bottle of the atomizer can be pushed up
and dispersed by using the squeeze bulb. Write down the Bernoull's equation to
explain the observed phenomenon.

- (15) Water flows through a horizontal pipe of cross-sectional area A of 10 cm2with a velocity
of 5 m/s and a static pressure 1.5 atm . If the pipe narrows down so that it cross-sectional
area B becomes 2 cm?, find (a) the flow velocity, (b) the kinetic pressure , and (c) the static
pressure. The mass density of water is 1 g/em?,

(16)An artery of radius 0.5 cm carries blood at a flow rate Q = 10 cm®/s. This artery branches
into smaller and smaller blood vessels until finally the blood travels in about 2 x 10?
capillaries of radius 500 pm .The mass density of blood is 1.0595 glem® |
(a) What is the mass flow rate in unit of g/s in a single capillary ? (b)Calculate the flow

1Y velocities of the blood in unit of cm/s respectively through the artery and through a single
capillary. You will find that there exists a significant velocity drop across the artery and
the capillaries because of very small flow rate in each capillary. R

(17) The following paragraphs are ﬁorh « The Physics of Radiation therapy , 2" ed. , by
FraizM. Kham (1994)”. Please translate them into Chinese.

Ultrasonic imaging for delineating patient contours and internal structure is becoming
widely recognized as an important tool in radiotherapy. Ultrasound may be used to
produce images either by means of transmission or reflection.

In most clinical applications, however, use is made of ultrasonic waves reflected from
different tissue interfaces. These reflections or echoes are caused by variations in acoustic
impedance Z of materials on opposite sides of the interfaces. The larger the difference in Z
between the two media, the greater is the fraction of ultrasound energy reflected at the
interface. For example, strohg refléctions of ultrasound occur at the air-tissue, tissue-bone,
and chest wall-lung interfaces Qpe to high impedance mismatch. '

Attenuation of the ultrasound by the medium also plays an important role in ultrasound
imaging. This attenuation takes place as the energy is removed from the beam by absorption,
scattering, and reflection. Because the attenuation of energy is very high for born compared
with soft tissue, it is difficult to visualize structures lying beyond bone. On the other hand,
water, blood, fat, and muscle are very good transmitters of ultrasound energy.
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