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Note: You may use calculators and back of thesa sheets but no notes or other materials.
Answers are to be placed in the space provided. Some halpful and not heipful equations
are attached. Place your name on each sheet now please. Good luck.

1. (13 pts}You wish to determine blood flow in the carotid artery using a Doppler ultrasound
syslem cperating at 5 MHz. The Doppler probe {transducer) is at an angle of 60 degrees
relative to the crientation of the carotid ariery along the trajectory of blood flow away from the
probe. Calculate the velecity if the Doppler shiff was 3 33 kHz.
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2. (20pis)Below iz shown a transverse section from the human head whergin a quantitative
measurement of biood flow ig 1o be made. The cube shown is 1 co of izsue whose
concentration of a tracer can be determined by non invasive imaging. An injection is made into
the vascular system of a tracer which flows into all tizsues and during the circulation of the
tracer through the body that which reaches the brain is trapped by enzymes in the brain
parenchyma (in this case the gray matier).

Two measurement sites are used. One is the conceniration in the brain (Qft)} and the
other is the time varying concentration in the carotid artery. The carotid artery data are in cts
per cc of blood. From the data below, caleulate the flow in the brain assuming no tracer
washas oul of the volume, Q during the experimant. CALCULATE THE BLOOD FLOW 1N
THE BRAIN VOLUME IN TERMS OF ee/minutelce of tissue.

DATA

Mote. cis is a normalized unit which could by light photons  per some time unit or
radioactivity in counts per some time unit, It is not important to put fime units to the

measurement as it will confuse you, Qf‘r}l
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3.{15 pts) Why in the formulation of the conservation laws governing the flow of
blood, or any other fluid, in the body did we first develop (i) the concept of the
derivative following a particle (the so-called material derivative), and then introduce
(i) the idea of the rate of change of a volume integral “following the flow.” (Hint:
make your answer by lass than 40 words recalling the conservation of mass and
momentum. Do these laws apply to regions of space or to material (fluid) particles
and what does you answer mean for the formulation of the conservation laws?)
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4 (15 pts) If the flow of blood is to remain constant through the aorta the velocity of qmnh Lj i
blood must increase from 26.5 cmifs to 40 cmis as the radius decreases from 1 cm B2 sl Lrd
to 0.8 cm. Caleulate the pressure difference between these two areas of the aorta

in Nfmeter squared (Pascal).

(blood density is 1060 kg/meter cubed. 90 percent of the answer is in laying out
the solution and not is getting an exact answer.

L P e = ¢ § e
A A
e i ___Fd
."E‘; : ey ———
\J e T

. = I . -' _'“-_ 1 . _,.-'M
Trom fﬂﬁ%‘ﬂmlf;} VONAy =V A = VLT ) = Vo (T % ) ! et

L e — oo
== W L aleV] ) = a0 iuﬂjg.m‘],_-_:}t'l,',_l I’;}

Jr pa .u"x
T otdel Yo tind P‘-T*EE;.ELU& diop  You fﬁmullc.l ﬂeﬁﬂtf
: | :
use belnoully B4 wat o E 5

17 _ P Tihb;f_ E:J, o TNE L LN
[By ¥ JP% *ﬁ?{’ j_f - ”fg/ P VA

———

I| Far '.."-Iﬁz-fﬁ'ii —= )Px _?L:

(4 pis)Two assumptions you make to arrive at a solution are that the flow is steady
and the flow is along a streamline. Can you give 2 othar assumptions?
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5.(15 pts) Deriva the constitutive equation for Maxwell mode! of viscoelastic
material given the following: (Hint: recall the relationships between F and
extensions and parameters of dashpot ana =prings).
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8.(15 pts) Consider a biologic cell which is permeable enly to potassium ions (K+)
and that the concenlialion of potassium is higher in the intracsllular fluid than the

extracellular fluid. Write down the equations which relate to diffusion due 1o the

cencentralion gradient and the drift due to an electric field. Show the total flow.
{Hint: This is almost trivial if you know what to lock for so do not make it more

than necessary).

T + [,'.{li'r
h "{IE_! FJI)‘Z;EH]E;

Iﬁrﬁu h i J;.ﬂwf A

7.{optienal depending on which you replace) You may replace questions 1
through 5 with the answer to this which relies on the answer to 6. Using the
Einstein relationship, D=kTpiq rewrite the flow equation then derive the Nernst
equation at equilibrium. (Hint: remember al equilibrium there is a balance and
you usually set a the sum of components to zera), & =14
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