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Biomedical Engineering E3500x

Solution to Find Examination;

1. Part i asksfor the equations needed to solve for ¢; and c,. Two differentia equations
are needed, aong with ther initia conditions:

d
VlECl =" F:)LAl(Cl_ Cz)

d
vzfzeAl(q- c)- BAG
(0)=c®; c,(0)=0

Part ii asksfor therate a which drug is delivered to the body pool. Thisisjust P,Ac,
because the pool concentration remains a essentidly zero. Itisnot -V dc/dt for either
volume 1 or 2.

Part iii isgiven asthe lower curve in each of the sketches below. The generd case, that
shown in the first graph, was the expected answer.

The answer to part iv is given in the legend of the graphs below.

For part v the first equation must be modified: Vl(ij—? =- F}Al(% - G,). Itisconvenient to
modify the equation by defining a"pseudo” concentration for compartment 1, ¢;" as 1/k

¢
timesthe real concentration. Then one can write; le(i?Cl =-PA(c% c) . This

equaion isjudt like the first equation so that we can useits solution to predict what will
happen in part v aslong as we use a pseudo-volume which isk times the actual volume.

Compartment 1 and
:\ Compartment 2 time constants
e (V/IPA) equd a avaueof 1.
\ In al cases, ddivery to the
body pooal is proportiond to

concentration in compartment
2. Herec, peaksat t=1.

s Concentrations in the two
] / x““‘——_?;:: compatments remain
G 20 ane diti nCtly different.
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Compartment 1 time congtant

Gll 1Is0.1. Compartment 2 time
1 congant is1. Compartments
] 1 and 2 are nearly in

[ 1 flﬁ\-\

" equilibrium. Compartment 2
jﬁ[ moves quickly into
quasigtatic equilibrium with

\ compartment 1.

4 [————
_ Compartment 1 time constant
;\ is1. Compartment 2time
e congtant is0.1. Compartment
. \ 2 and body pool are nearly in
v 5 equilibrium., i.e. compartment
] \ 2 concentretion is nearly zero.
v Compartment 2 moves
] \__ quickly back toward
P e — quasigtatic equilibrium with
5m2¢xufzn;1m1¢v ELY- . # - the bOdy pOOl! c=0.

2. We represent the overall reaction scheme as:

kA+ kB+
A+E ﬁ EA;> B+E
K, Ke.

Later, thek'swill be related to ko and K of the problem statement. Using the facts that
(1) e = e+ ea, and (2) that the rate of accumulation of complex is negligible (quas
steady state) we can write a balance on ea and solve for the fraction of enzyme, ea/ey,
that is complexed:

k,,ae-k, ea+k,be-k,,ea=0

ek, +ki, ‘e 1+b’ g 1+b

ea_k,atkgb_, e_ 1 ea_ b

Note that b depends only on rate constants and reactant and product concentrations -- not
on intermediates. It is defined to keep the algebra more compact but does not appear in
the find rate expresson.

a Itisnow easy to write the reaction rate, either asthe net rate of formation of complex
from A or the net rate of formation of B from complex. These must be equd:

k,,a- k, b g = ks.b - kg b
1+b 1+b

rate =
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The expression can be 'cleaned up' to diminate b and show explicitly the dependence on
the concentrations of aand b:

kA+ kB+a - kA- kB- b
kA- + I(B+ + I(A+a+kB- b

rate =

The grestest possible rate of conversion to B is kg+&p; it occurs when b=0 and a>>
Ka-/ka+ and Kkg+/ka+. Thisobservation establishes ko as equal to K.

b. The end result in a closed volumeis that the rate becomes zero. Since b is composed
only of pogtive factors, thisis equivaent to setting the numerator in any of the rate
expressions equa to zero. Doing SO produces:

E:&k‘a*' =K
a K,

(The expression says that the solutes are in equilibrium, the expected find gtatein a
closed system.)

c. Thesystemisat steady State (Stated) and b = a; - a Snce any of the A fed that is
converted will appear as B. Thusthe baanceis, usng V for the volume of the reecting
space:

K

EQ,lKEQ,Z =

kA+kB+a' kA- kB— (af - a)
kA- +kB+ +kA+a+kB— (af - a)

q(af - a) =V

d. Itisessentid to show that at

low flow the concentration of B 258
will betwicethat of A or 2/3 of &

. Theplot will look like that

shown, withy = b/ & and x=q, —

and with the y-intercept located at

2/3. (Thisisaparametric plot, - \
not aplot of b vs. time. The y

system isat steady state) The o

'interesting’ range will be where wie 110 zhe
the maximum reaction rate koep :

(with units of moles/(volume-time) will be comparableto q & /V (aso with units of
moles/(volume-time)). At very high flows, no B canform. At very low flowsB and A
arein equilibrium.

3. Thebasic baanceis a combination of that for the round tube (geometry) and that for
the falling film (gravity, not pressure as the driving force). Leaving out the common term
2pL: rt,| - rt,|,, =rg,rbrwitht ,=0ar=R,

a After integration and subgtitution of the boundary condition, the following stress
digtribution results:
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(=19 0

ST T
b. The veocity didribution is gotten, as usud, by inserting Newton's law of viscosity
and integrating the resulting firg-order differentid equation. The velocity equals zero at
Ru.

z 2~ 2 2~ , <

rg, . RU _rg&°-RU _, €eruo
V, == 0a - = &0 Ringsg:
om % vy emE 2 &R 0z

c. Itisnecessary to integrate one term, 'by parts to cdculate the flow rate. Full credit
was given for formulating the answer:

R, 2 2 s , NP

rg, 2&r?*- R°U ér w
Q=p 9. e R In g gzrdr

m g'ge a e (g

aslong asthe limits and the formulation of dA as 2p rdr were properly specified.

4. a. We reproduce here the data table given in the problem statement with an added
column to show the calculated Nernst potentias (in italics):

lon Intracdlular | Extracdlular Vn

Sodium 15 0.1 -128.39
Potassum | 28.7 1.0 -86.02
Chloride | 38 1.3 +86.48

Sodium and chloride must be transported inward by active trangport mechanismsto
overcome the tendency of Vi, - Vj, to transport them outward. The V,, for K* is
esentidly equd to Vi, and there is no active transport.
, . ... RT &0 . .
b. The'bdancing' quantity is ZF In(;(:—i +. Thisterm represents the stored chemica
0 e%n @
energy a the outsde of the membrane minusthat at theingde.

5. a Itisfirst necessary to cdculate the Nernst potentials for K+ and Nat+. Seetheitalic
entries in the table below:

lon G (Sent) | c.%/cy'| Vi (MV)
K+ 37(100°> |0.05 |-76.76
Nat+ 1(10)” 9.8 | 5848
Leskage | 30 (10)> | -- -49

We formulate the individua current flows and set them equa to zero:
37* (Vm+76.76) + 30* (Vi +49) +1* (Vi - 58.48) =0
ThereaultisVy, =- 6252 mV.
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b. Thehighest "G" on the graph represents Gc. Themiddle"G" represents G (leakage).
Thelowest "G" represents Gya.

6. a The core conductor equation establishes that the total current flow along a
coreiszero. Theinterna and externd currents balance each other. In the region of an
action potentia both are finite. Elsewhere both are zero. (37 words)

b. The cable eguation shows how the capacitance current must be added to the
ionic currents and how this current influences the rate a which an action potentia can be
propagated down acore. (34 words)

C. (i) The sodium and potassium conductances are varied. (ii) They are functions
of membrane potential and time. (iii) An action potentid originatesin asmdl region
where a"suprathreshold” current is gpplied. Thisdters Vi, not quite ingantaneoudy
because of the cagpacitative current and the system initidly follows the cable mode until
the dteration in Vy,, changes Gy, and drives Vi, toward Vs, the changein n being
importantly faster than the changesin m and h. When these changes occur the membrane
potential is driven back toward V, limiting the duration of the action potential, which,
gnceit istraveling, meansthat itswidth isaso limited. (90 wordsin (iii))
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