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(10%) If f(x)= e*cos(x), then what is dffdx ?  If g(x)=4sin(x)+x’, and x=Int, then what is dg/dt = ?
(15%) Suppose f{t) is defined for positive values of t. The Laplace transform of f{t), denoted as #{f(t)}, is defined

as:

() =Fs)= [ ef(t)dt
0

That is, after the transform, f{t) becomes a new function F which is a function of variable s.

1 n
s-a and £{t"}= =y (where n is a positive integer). Note: To calculate 4{ t" }, you can

Show that #{e® } =

first calculate £{ t }.

(15%)A ball (with mass=m) is dropped from height=H with zero initial velocity. Suppose the gravitational
accelerationis -g$ (which means 3 is the upward direction). The air resistance is negligible.

Based on Newton’s second law, we get the equation of motion: —-mg = m(d’y/dt?). That is, d*y/dt* = -g. Based on
the knowledge of function integration and the given initial conditions, find the ball’s position after time T (by
assuming the ball has not touched the floor yet).

Similar to problem 3.1, write down the equation of motion for existing air resistance that is in proportion to ball
velocity (with the coefficient b).

Solve problem 3.2. That is, first find the expression of v (=dy/dt) as a function of't, and then find y(t).

(15%) You try to throw a ball as far as possible. Suppose the release height, angle, and initial speed are yo, 8, and v,
respectively. The range (horizontal distance between the position at release and at landing) is d. Assume the

magnitude of gravitational acceleration = g, and air resistance can be ignored.
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4.1 If yy=0, please show that the range d= 2vcosBvsin®/g = v’sin(20)/g.

4.2 In general yo is NOT 0. Please express the range d as a function of v, 6, and yo.

43 BEOEEFRE RS - TERr ((HAR0RER G BmE) » BERy - AESERIOA SN AE)
8H EHXBIMEEBNSHEIIML - BlH=rxL=rx(my) = mxy . WEHEERERHATRRN RS
i (Llosa*Eh .

5. (15%) A ski jumper (mass = m) is inclined at angle 6 to the horizontal line. He leaves the starting gate at negligible
velocity, and reaches the speed v after time T. Suppose the gravitational acceleration is -g . The air resistance is
negligible.

5.1 Determine the kinetic coefficient between the skies and the track.

5.2 At time=T, he is R meters before the end of the track and is about to perform upward movement for final takeoff.
Suppose his tangential speed at time=T is v; and the inclined angle is ¢ (which remained a constant until the end).
Suppose the kinetic coefficient is a constant throughout the track. What is his tangential speed at takeoff?

5.3 Suppose he applies a constant force F perpendicular to the track. What is his takeoff speed normal to the track?
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