IB 135 MECHANICS OF ORGANISMS
Midterm Exam #1, Fall 2007
Name:

Student ID #:

Section #: Section day and time:

PAGE POINTS SCORE

TOTAL 100

READ INSTRUCTIONS CAREFULLY!!!

1. Write legibly. If we can't read what you've written, no points.

2. The appendix at the end of the exam contains equations, some of which may help you figure out
your answers to some of the questions.

3. If you use diagrams or graphs, they MUST BE LABELED. IF THEY ARE NOT LABELED,
NO POINTS.

4. There are 100 points on this exam. Budget your time accordingly.

5.All values that have dimensions should be LABELLED WITH THEIR UNITS. This exam is in
S.I. units.

6. Put your name on every page. DO IT NOW!!! We'll take a point off if your name is missing
from any of your question pages.

7. Confine answers to the space provided for each.

There are 6 questions and 6 pages (including this one).
MAKE SURE THAT YOU HAVE THEM ALL.
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1. a) Is the blood pressure in the head of giraffe standing upright higher or lower than
the blood pressure in its aorta? (2 points)
lower

b) What happens to the blood pressure in the giraffe’s head when it drinks water from a
pond? Explain your answer. (10 points)

The blood pressure in the head of the giraffe increases above the pressure at the height of its
heart as it lowers its head down to ground-level to drink from a pond. (2 points)

This occurs because, according to Bernoulli’s law, the sum of the kinetic energy per volume
of blood plus the pressure plus the gravitational potential energy per volume is a constant.
Therefore, if the gravitational potential energy per volume of blood goes down in the giraffe’s
head when it drinks from a pond, then the pressure goes up. (8 points)

(Note: Explaining this using the equation is correct as well, BUT if the symbols or terms in
the equation are not defined or explained, then 6 points. Simply writing the equation with no
explanation - 4 points. )

(Note: Correctly explaining this in terms of the weight of the blood, as the section of the
assigned reading in the handout from Schmidt-Nielson’s book did, is also worth 8 points.)

(This pressure can be very high in a giraffe because it is so tall. The heart has to generate a
very high pressure to pump the blood up into the head of an upright giraffe, and the head of an
adult giraffe can be as much as 2 m below the heart when it drinks, leading to a very large
increase in pressure. [ bonus point for this additional information, but no score can be
greater that a total of 10 points for this question)

partial credit for the following:
-talking about a change in potential energy without further explanation (potential
energy is p + pgh, so the full answer is that gravitational potential energy is being
converted into pressure potential energy, according to Bernoulli’s law) (4 pts)

-talking about the height of the column of blood, or the change in the height of the
column of blood, without explicitly explaining what this change in height does
(i.e. either talking about the weight of that column of blood, or else that the change
in height trades off with pressure, according to Bernoulli’s law) (4 pts)

Note: Providing a correct answer, but adding additional irrelevant incorrect information
(-1 or -2 points for incorrect information)

Note: Adding irrelevant information that is correct (i.e. something correct but not a part of
the answer) does not result in losing points.

¢) Name one of the features that a giraffe has that mitigates the problems that might
otherwise occur due to the blood pressure in its head while drinking from a pond. (4 points)
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full credit, 4 points, for any one of these:
Giraffe’s have one-way valves in the veins of their necks to impede backflow of venous blood into
the head when their head when they are drinking from a pond. (4 points)

or

Giraffe’s have a thick connective tissue sheath around their necks that acts like a support stocking
to help prevent the blood vessels of the neck from swelling too much when the bood pressure
is very high when they are drinking from a pond.

or

rete mirable (4 points),

or a functional explanation of what the rete mirable is without naming it (a system of extensible
blood vessels that can accomodate extra blood when the head is lowered) (4 points)

or
A connection between the carotid and the vertebral artery that drains off a portion of the blood
before it gets to the head. (4 points)

partial credit :

1 point for valves in arteries (they do have valves in their arteries, but these do not help with the
problem of having their head so far below the heart -- think about it!)

2 points for valves in the veins (rather than one-way valves),

NO CREDIT for valves that regulate the amount of blood being pumped (the valves that are
relevant to this problem are the ones that limit blood backflow in the veins)

Note: If you said that splaying front legs to slightly decrease the height difference between
head and heart, that showed that you were thinking about the issue correctly IF you also
explained that this decreases the height difference between head & heart. (Note: A giraffe
has to splay its legs apart simply to get it’s head low enough to reach the pond, so leg splaying
isn’t really a special feature to protect the brain while the animal is drinking. Nonetheless, we
did give you full credit if you explained how this might help the protect the head from the
pressure increase during drinking.) (4 points)

Simply saying that a giraffe lowered its body: no credit
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Page 2 (continued)

2. In 1950 Nobel laureate A.V. Hill predicted that small and large animals should attain
the same maximum running velocity. Velocity (V) is the product of stride length (L,) X stride
frequency (F,). [The fig shown on the next page represents actual data. Do not use that graph
for questions a-c.]

a) If Hill assumed geometric similarity and stride length was directly proportional to leg
lengt'fh (L), then how should stride length (L,) scale as a function of body weight (W)? L,
o W’

(2 points)

L,xL andL W% therefore
L, W03

b) If Hill assumed stride frequency (F,) was inversely proportional to leg length (L), then how
should stride frequency (F,) scale as a function of body weight (W)? F, xW®” (2 points)

F, o 1/L and L «W®* therefore
F, oc1/W°33

F, oc1/W?33

F. oW 033

¢) Given the scaling of stride length and frequency, was Hill’s prediction correct on the
scaling of velocity? Why or why not? (4 points)

L. ocWO33
F: o033

V=L, *F,

V = WO33 % 033

V = W000

Yes. He was correct. Velocity should be independent of weight.
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(question #2, continued)
Regression lines based on the stride length and speed of many mammals is shown in the
figure. [The fig shown below represents actual data. Use for questions d-h.]

log speed

V= a\)\]0.24

log stride frequency
and stride length

Lsa WO.38

log body weight
d) Does stride length scale with geometric similarity? (2 points)
Close. Need statistics. Ly «W3* (2 points)

or
yes (2 points)

or
Also accepted: no, ONLY IF you explained that 0.38 = 0.33, because this showed you
understood that geometric similarity meant the slope should be 0.33 (2 points)

e) Does stride frequency scale with as Hill assumed? (2 points)
No. F, ac W14

f) How does speed scale with body weight? (4 points)

V= W0.38 % W—0.|4
V= W0.24

also accepted: describing that speed scales positively with weight, but to a lesser degree
than leg length scaled with weight


yonatan
Line

yonatan
Text Box
V = aW0.24
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g) Draw the regression line for log speed as a function of log body weight on the figure. Don’t
worry about getting the slope exactly right, just indicate whether or not it is zero, positive or
negative. (2 points)

h) Was Nobel laureate A.V. Hill correct about the scaling of speed and size? (2 points)

No.

i sfe sfe sfe sk sk st sie st sfe sie sfeoskokotkokoiokokor

Note: FOR QUESTION 2, WE TRIED TO NOT TAKE OFF POINTS FOR A GIVEN
MISTAKE MORE THAN ONCE. SO IF YOU GAVE A WRONG ANSWER, AND THEN
LATER GAVE ANOTHER WRONG ANSWER THAT WAS CORRECTLY REASONED
BUT BASED OFF OF THE FIRST WRONG ANSWER, WE USUALLY CREDITED THE
SECOND ANSWER AS CORRECT
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4. You are employed after graduation for a film company that makes documentaries
about science for television. Your job is to check over the scripts for the narrators for each film
and correct any errors. PICK TWO (2) OF THE FOLLOWING SECTIONS OF SCRIPTS
BELOW. For each section of a script that you pick, check the “correct” blank if you think the
statement is completely correct. Check the “incorrect’ blank if you think that the statement is
completely or partially wrong. Then explain why you think that the statement is correct or is
wrong. (12 points each; total of 24 points for this page)

ANSWER TWO OF THESE. If you answer more, we will only grade the first two.

a. “A beating cilium works just like the oar of a rowboat.” correct: incorrect;&_ / re ’h'f{ '
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4. You are employed after graduation for a film company that makes documentaries
check over the scripts for the narrators for each film

about science for television. Your job is to

and correct any errors. PICK TWO (2) OF THE FOLLOWING SECTIONS OF SCRIPTS
BELOW. For each section of a script that you pick, check the “correct” blank if you think the
> blank if you think that the statement is

statement is completely correct. Check the “incorrect
Then explain why you think that the statement is correct or is

completely or partially wrong.
wrong. (12 points each; total of 24 points for this page)

g
ANSWER TWO OF THESE. If you answer more, we will only grade the first two.

b. “When the patient is ravaged by this dreaded disease, his windpipe becomes so inflamed that
the diameter of the air passage is only half of what it was before he fell ill. The volume of air per
time (V/t) that the sick patient can suck into his lungs when he is breathing at his maximum

capacity is cut in half!” correct: incorrect: ?
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. are employed after graduation for a film company that makes documentarics
about stiezciufor telc\?isiZn. Yourgj:)ab is to check over the scripts for the narrators for each ﬁlsm
and correct any errors. PICK TWO (2) OF THE FOLLOWII\{‘G SECE IONS OF SCR}P;(Fth
BELOW. For each section of a script that you pick, check the “correct blank if you think the
statement is completely correct. Check the “incorrect” blank if you think that the statement 1S
completely or partially wrong. Then explain why you think that the statement is correct or 18
wrong. (12 points each; total of 24 points for this page)

ANSWER TWO OF THESE. If you answer more, we will only grade the first two.

a. “A beating cilium works just like the oar of a rowboat.” correct: incorrect:
Whv?

b. “When the patient is ravaged by this dreaded disease, his windpipe becomes so inflamed that
the diameter of the air passage is only half of what it was before he fell ill. The volume of air per
time (V/t) that the sick patient can suck into his lungs when he is breathing at his maximum
capacity is cut in half!” correct: incorrect: Why?

¢. “When the instructor opens a bottle of perfume at the front of the classroom, the aroma
disperses around the room by molecular diffusion. The students in the front row smell it after a
few seconds, the students in the middle of the room smell it after about a minute, but the students

at the back of the room don’t smell it until several minutes have passed.”
correct: incorrect:

C The aroma is spfeadin +a /“"}‘ distamces inHe rony A
\ Qk" matterof S‘ecmw(/; o n‘f,‘,ffzs b &g rrved in WVIZ ai?*
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9 m #'is not cliffusion, but wHhout sayng Hat it i3 Aee ® airrmovemens - -ﬁor‘q/‘,")
d. When blood is forced from wider blood vessels into narrow capillaries in your circulatory

system, it flows at a higher velocity, just like water from a garden hose speeds up when it is
forced to flow through the narrow nozzle at the end of the hose. ”
correct: incorrect: Why?
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5. The graph below shows the mean water velocities you measure in the morning at
different heights above the bottom of creek in which the mean freestream velocity is 50 cm/s.
During the afternoon, the turbulence in the creek increases because a hundred kids at a summer
camp are playing in the creek just upstream from where you are making your measurements.

Y ou measure the velocities in the creek during the afternoon, and find that the mean freestream
velocity is still 50 cm/s.

a) Would the standard deviation about that mean freestream velocity be greater in the morning
or in the afternoon, or would it be the same? (5 points)

The standavel deviation of e ve(ocjy would be SW (A -the
q{l‘&erﬂodf\ ’ (note : This was explamad v am ass igned NaAtr\gu-)

b) Draw the velocity profile that j'ou eXpect to measure in the afternoon on this graph. If you
think that it will be the same as in the morning, draw your expected curve right on top of the
curve already on the graph. (5 points)

velocity profile in

10 | the moming ' /poFmt Lr p/of{m 742{{#)
T (et Vome U0 £ 7os
E /pra
: &)
z Ve
3 05— cur
2 it for VY.
g Pull crRiE T
_§ S-,“/nl/d/r
z nete

L S T

0 0.I25 o.lso ;}%m%’ A{M"é

Mean horizontal water velocity (m/s) substrat z(/n’) ):

¢) Would diatoms growing on the bottom of the creek be more likely to wash away in the
morning or in the afternoon, or would their risk of washing away be the same? Explain your
answer. (10 points)

. woudd be movre likely to weesh amvcd m —the affernoon .
_;{”,p“\/sf A[—Lﬂ &L { L\U:fgr .
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s b’fﬁff . —(an o((a’('wﬂs\%w-‘l(& be_ Wﬁ_ lt'kz(g ‘v wash &wog

reS5 15

ik 97 1 T the aftesnoon,
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6. A protozoan lives in a small freshwater pond. The protozoan has a diameter of 12

microns (1 micron = 10® m) and swims at a velocity of 27 microns per second.

a) In July, the water temperature in the pond is 20°C. What is the Reynolds number of the
protozoan? (Use the diameter of the protozoan as the linear dimension in your calculation.)

(5 points) Re _ /!Z_Q'E UL U:whrwlocif/o{;,(u*’f;zb f/mh:zoum:
APZEEZ X190"m/s
- T dr g4
Re = (TX16Cnys)(12X15° 1) L =diemeterop peotvzoam = 12x/6° m
~ Y = Kinematic wiscosity of fresh wader
I.OO:XIO “mYs at 20°C = I.Jc(:ayoqx 10"*ma4
Re= 3.2 XIOVVVn&cZ no wnits it is dimensimless '

note: X Signi€. Siguees
b) In January, the water temperature in the pond is 0°C, but the pond has not yet frozen (the
water is a fluid). If the protozoan still swims at 27 microns per second in January, is the drag on
the protozoan higher or lower than it was during July? By what factor? (5 points)

“The protozeem is Su)iénmivcx?' ar low Re)'\')\m‘c-d& ‘H\lo(,ragcjy\w
wtozoom 15 civen by: N 3 W here © K= sh stamt
i )%Lx/ S N S i e B
Deoy in Joam - G ) = 1.387x /o koq/éms) = 179 +he water tor =
:‘bma, in J&% “(W -003 X 10°3 Kg,/(m.s)ﬂ ’ A = peotezoan dAtamuter=
The olrog increases by

1RX (0" m
o factor of 17D ""“.33
(2 pornsd foc Simply Seing dreg increases) ®

e U = protezoam welodity =
:‘6?{&

Q7 X1076 /s
¢) You want to measure the drag on a dynamically-scaled physical model of the protozoan to
test whether the prediction you made about the drag force is correct. You make a model that is 1
cm in diameter and decide to tow it through water in your bathtub at 20°C. At what speed would
have to tow your model to have it operate at the same Re as the protozoan swimming in the pond

during the summer? (5 points) - ‘
We. st o tew +he model of a Re of 3.2x/0 # (the Re of tha protozoan M-t

. :-‘\/'Cl ity ™ ba‘f’ll‘ﬁ(b ~2
= VE WW.Z{’MZ;@)// dlmf@r‘z/cms/)(/o m

~b
Y Y ; K mematic Viscosity of woter at Re°C = [.00¢ X(© m3%
U= B;}i
54 6 ) ~
(= @ 3xo )(1-004x /0™ m¥s) 5 %10 s Cg_d}_,:/s,dm/ﬁ»ﬂg.>
(,IX/O_‘:z “"‘3

d) If the speed you calculated in “c)” seems unpractical, briefly describe how you could
modify your experiment so that you could tow the model at a more reasonable speed.

(3 points) velocity is slows 30 nm/s!
Gull et S T coule 4ow Hhe medel vnoe sapidly if T used o Fluiel with 4
Lov Ahis mit much \/\C%)Aﬂr Vis c_osi'\'\/ ~+han that “ofF wadter,
<n_a_+g_: | bomus poink foc mis‘u%Jrkw% the relevamt vis cosity i3 e Kemat

.

Viscos iy, sonce Had dellsity 5 the Numareator and £lud Viscosity s
R Dorominatoe of T Re eguartiom.
NOW GO BACK AND CHECK YOUR ANSWERS. ARE YOUR UNITS CORRECT? DID YOU
USE THE RIGHT NUMBER OF SIGNIFICANT FIGURES?


yonatan
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