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

Name: ________________________ 
 
Student ID #: ___________________________ 
 
Section #: _________    Section day and time: ___________  
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  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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           Page 2 
 
_____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.  1 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 + ρgh, 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. 
 
 
 
c)  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 (Ls) X stride 
frequency (Fs). [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 
length (L), then how should stride length (Ls) scale as a function of body weight (W)? Ls 
∝Wb?  

(2 points) 
 
Ls ∝ L   and L ∝W0.33   therefore 
Ls ∝W0.33 
 
 
b) If Hill assumed stride frequency (Fs) was inversely proportional to leg length (L), then how 
should stride frequency (Fs) scale as a function of body weight (W)? Fs ∝Wb?    (2 points) 
 
Fs ∝ 1/L and L ∝W0.33   therefore 
Fs ∝1/W0.33 

Fs ∝1/W0.33 
Fs ∝W-0.33 
 
c) Given the scaling of stride length and frequency, was Hill’s prediction correct on the 
scaling of velocity? Why or why not?  (4 points) 
 
Ls ∝W0.33 
Fs ∝W-0.33 

V = Ls * Fs 
V = W0.33 * W-0.33 

V = W0.00 
Yes. He was correct. Velocity should be independent of weight. 
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           Page 3 
 
(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.] 
 

 
 

d) Does stride length scale with geometric similarity?  (2 points) 
 
Close. Need statistics. Ls ∝W0.38  (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. Fs ∝W-0.14 
 
f) How does speed scale with body weight?  (4 points) 
 
V = W0.38 * W-0.14 

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. 
 
 
******************** 
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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