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8. The center of mass (COM) position of 2 human body  A) is at a fixed posn'.on v B)is always Iocated inside the
trunk » €} depends on the current posture » D) none of the above

9. In elastic and inelastic collisions, A)_ only the total momentum is conserved in bbth cases* B) only the total energy
is conserved in both cases> C) both the total momentum and energy are conserved in both cases: D) none of the | -
above. ' ' '

10. A man (mass = M) starts from a static squat positon and jumps up with upward takeoff velocity V m/s. it takes him
T seconds to complete the movement (from the initial static posture to takeoff). Suppose his upward acceleration
is a constant and gravitational acceleration is g, what is the ground reaction force during ground contact? A) Mg,
B) MV + C) Mg+ MV/T > D) Mg- MV/T.
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(b)What is the “chain rule” in differentiation? Please also provide an example for applying the chain rule.:
3. Define the center of pressure {(COP) and center 61’ mass (COM). What fs the relation between COM ground
~ projection and COP? Use the example of human standing to illustrate the ideas.
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4. Asis shown in the figure below, reference frame B (with mutually perpendicular unit vectors b, by, b;)initially

coincides with frame A (with mutually perpendicular unit vectors &, 4, @; ). Then frame B rotates about the

A~

axis b= &1 with the rotation angle 6. (Note: A unit vector has length = 1. }

~

Please express b, and b, intermsof & and 4.

5. The result of vector differentiation depends on the reference frame from which you perform the differentiation
{but scalar differentiation is the same in any reference frame). For example, suppose vector ¥ =t &@,. Then time
derivative of ¥ taken in frame A, denoted as A(d ¥ /dt), is equal to (d(t’)/dt) &, +*d & /dt) 1 Because & is

fixed in reference frame A, the term A(d 4, /dt)=0. Thus A(d ¥ /dt)= (d(t2)/dt) @ =2ta,. Similarly, 8(d ¥ /dt) =

(d{t?)/dt) &, +°(d & /dt) 2 From this description and suppose W =t21;2 , please perform the calculation A(d i /dt).

~

{(Note: If you do not know how to write b, correctly, you can assume Z;z :f(B)'cAz2 +g(8)a;)

6. Use the same figure shown above. Suppose unit vectors &1, @,, @, are fixed to the trunk {which is fixed to the

A A ~

earth) and unitvectors by, b,, b, are fixed to the upper arm. Point O is the center of shoulder joint. First and

second time derivatives of 8, that is, d6/dt and d(d8/dt)/dt, are denoted as 0 and & , respeétively. Assume the
vector from O to elbow joint center is LbA2 {and Lis a constant scalar). Calculate the velocity vector and

acceleration vector of the elbow jointin frame A. (Hint: Perform the differentiation in reference frame Al)




