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Handed out: 1 Oct. 98


Due: 8 Oct. 98

16.423 Aerospace Physiology and Life Support Systems Engineering

Homework Assignment 2

1. (1 point) From the readings and lecture, what did you learn about the sliding filament mechanism? (A few sentences please).

2. (2 points) The Figure below shows a typical comfort chart for artificial gravity [Hill and Schnitzer, 1962, "Rotating Manned Space Stations" Astronautics, 7(9): 4-28 referenced in Hall, 1994, SSI Update, "Designing for life and motion in artificial-gravity environments", 20:2, March/April]. The 5 schematics show "hop and drop" experiments where the subject would hop vertically off the floor with an initial velocity of about 2 m/s and of dropping a ball. The dots are spaced at 0.1 second intervals. Describe what the 5 corners refer to on the diagram (i.e., trade-offs between radius of rotation, angular velocity, artificial gravity level, etc.)


Based on experiments in centrifuges and slow rotation rooms, researchers have developed various comfort charts for artificial gravity [1-6]. These charts specify boundary values for rotational parameters in an attempt to limit the adverse effects of Coriolis accelerations and cross-coupled rotations. They are succinct summaries of abstract mathematical relationships, but they do nothing to convey the look and feel of artificial gravity. Consequently, there has been a tendency in many design concepts to treat any point within the comfort zone as "essentially terrestrial," although that has not been the criterion for defining the zone. The defining criterion has been "mitigation of symptoms," and authors differ as to the boundary values that satisfy it. This suggests that the comfort boundaries are fuzzier than the individual charts imply, and that task requirements and environmental design considerations beyond the basic rotational parameters may influence comfort.


Perhaps a more intuitive way to compare artificial-gravity environments with each other as well as with Earth is to observe the behavior of a free-falling object when dropped from a certain height or launched from the floor with a certain velocity. Such a comparison is suggested in figures 1 and 2. Figure 1 shows for Earth-normal gravity the effect of hopping vertically off the floor with an initial velocity of 2 meters per second and of dropping a ball from an initial height of 2 meters. The "hop" and the "drop" each trace vertical trajectories; the "hop" reaches a maximum height of 0.204 meters (8.03 inches), indicated by a short horizontal line; the "drop" is marked by dots at 0.1-second intervals. Figure 2 shows a typical comfort chart for artificial gravity, after that of Hill and Schnitzer [1], surrounded by five similar "hop and drop" diagrams— one for each boundary point of the comfort zone. When compared with the Earth-normal "yardstick" of figure 1, these diagrams reveal certain features of the comfort boundaries:

3. ( 7 points) Simulink exercise: Muscle atrophy (or the adventures of Susan in space: models, results and consequences)

A. Copy into your directory the following file:

% add jsaleh

% cd /mit/jsaleh/Public

% cp atrophy.mdl

B. From a Matlab window, run Simulink and open atrophy.mdl

C. Enter the following parameters in the Matlab command window:

w1=8, w2=30, d=0.9

w1f=12, w2f=50

w1ff=16, w2ff=70

A little Background on the muscle model you're using: Muscle fiber transfer function

The muscle fiber twitch model you have previously seen in lecture and recitation was analyzed in terms of a linear system response to a pseudo-impulse, and the transient analysis yields a transfer function H(s) whose response to the same input best fits the experimental data. 

The muscle fiber has a time delay between the stimulus and the force generation. Let r be this latent period. Secondly, the force output rises smoothly from zero. According to the initial value theorem, and the derivation using the Laplace variable,
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the simplest model that satisfies the above observations is a third order with a time delay:
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Typically, we use numerical values for the above parameters that are evaluated to match frog sartorius twitch characteristics: the latent period, the time to peak, the twitch duration and the ratio of the maximum amplitudes of twitch over tetanus tension. G is a scaling parameter and can be taken equal to one without loss of generality.

D. Run the simulation and note the differences between twitch response and each type of fiber.

3.1 The innervation ratio is the number of muscle fibers activated by a single alpha () motoneuron. Consider a simplified muscle model that consists of 1000 fibers with the following distribution:


• 500 slow fibers (SO)


• 300 fast fatigue resistant fibers


• 200 fast fatigable fibers

driven by 3 motoneurons. How can you implement this in the Simulink model?

3.2 Consider all fibers activated and in a fused tetanus state. To do so with the Simulink model, simply replace the "pulse generators" by a step (found in 'Sources').

In order to respect the Henneman size (recruitment) principle and keep the model simple, choose the following amplitudes: 1 for the step activating the slow type fibers, 2 for the fast-fatigue resistant, and 3 for the fast fibers.

[slow; fast fatigue resistant ; fast ] = [1;2; 3]

Now the output is the sum of the tensions produced by the 3 types of fibers, therefore, you need to replace the multiplexor block (Mux) by a summator (found in 'Linear').

Run the simulation and discuss the force output.


3.3 Consider this result to be the overall maximum force generated by the lower limbs of a person in a 1G environment during an intense physical effort (i.e., all fibers activated). Hence, let the maximum activation levels of the three types of fibers be

[max=1; max=2; max =3]. 

During a normal stance, with only the slow fibers activated, what is the maximum force generated by the lower limbs?

Run the simulation and derive your result.

What is the activation pattern [=?; =?;  =?]. 

Lets call this the nominal activation pattern, i.e., how a person usually activates her lower limb muscles while standing up. If the above person were Susan - who weighs 450 N - she wouldn't have a problem maintaining an upright position!


3.4 After spending several days onboard the space shuttle, Susan returns with noticeable atrophy of her lower limbs: the fast fiber types are the most damaged, followed by the fast fatigue-resistant, then the slow fibers. To keep things simple, assume that 150 fast fibers were "damaged", 120 fast fatigue-resistant fibers and 100 slow fibers damaged.

How can you implement these changes into the Simulink model?

Upon return to Earth, can Susan stand up under her nominal activation pattern? 

What is the force output in this case?

What is the minimum activation pattern for her to stand up assuming that her slow fibers are fully activated and her fast fibers are not activated?

This is one of the manifestations of the "heavy legs" syndrome. In fact, Susan will need to activate her fast fibers in order to maintain an upright position. But these fibers cannot generate tension for a long period of time and she will feel exhausted fairly soon.


3.5 What is the maximum force she can generate? Compare it to your result in 3.2.


3.6 In fact, the atrophy of muscle fibers is a function of the time spent in a microgravity environment. For her second mission, Susan spends 6 months onboard the space station (not exercising!). She returns to Earth with severe atrophy of her lower limbs: all fast fibers were damaged, 240 fast fatigue-resistant fibers, and 200 slow fibers damaged.

What is the force output under the nominal activation pattern? 

Can Susan stand up at all? (assume no weight loss) 
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