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Problem 3: (projectile motion, softball) 

A softball is hit over a third baseman’s head. The third baseman, as soon as it is hit, turns around 
⋅	 tand runs straight back with an average velocity of  v1 = 7.0m s-1  for a time interval ∆ = 2.0s 

and catches the ball at the same height it left the bat. The third baseman was initially 
d1 =1.8×10 m  from home plate. 

a) Describe the strategy you have chosen for solving this problem. You may want to 
consider the following issues. What type of coordinate system will you choose? Where is 
a good place to choose your origin? 

b)	 What was the initial speed and angle of the softball when it left the bat?  

c)	 Write down a vector expressions for the position and velocity of the softball 0.1 s  before 
the ball was caught? 

Problem 4:  (Experiment 3 Modeling Forces Three Pre-Lab Question) 

r 
F
In your Experiment 3: Modeling Forces, you will measure the magnitude of the force 

between small magnets as a function of the distance x  between the centers of the magnets.  

r

−bxa) Suppose the magnitude of the force decreases exponentially according to  F = ae

r 
F 

where a  and b  are constants. Suppose you plot the natural logarithm of the magnitude of 
the force, ln , vs. the distance x  between the centers of the magnets. What 

information can you deduce from the slope of this plot? 

r
b) Suppose for some range of separation of the magnets, the magnitude of the force obeys a 

dpower law, F where and d  are constants. Describe a graphical procedure =
cx  c

which we enable you to determine the power law constant d . 
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At the finish line t = tF and xB = xF . Using the above equation, we obtain 
Bob’s acceleration during Phase II: 

(xF − xC ) − v0(tF − tC ) 
aB = 2 � 1.3 m/s2 (14)

(tF − tC )2 

f ) Bob’s velocity at the finish line is 

vB (tF ) = v0 + aB2(tF − tC ) = 12 m/s. (15) 

Bob is running faster at the finish line. This can also be seen easily from the 
diagram on Fig 2. 

Problem 3. Projectile motion. Softball. 

a) We use a Cartesian coordinate system with the origin located above the 
home plate at the point where the ball leaves the bat. Let axis x point 
towards the third base and the axis y point upwards. In this coordinate 
system the motion along x is decried by a pair of equations 

vx(t) = vx0 x(t) = vx0t (16) 

and the motion along y is described by 

gt2 

vy (t) = vy0 − gt y(t) = vy0t − (17)
2 

where g is the gravitational acceleration. 

b) The ball reaches the highest point on its trajectory at t = �t/2. Using 
the equation for vy (t), we find 

vy0 = g�t/2. (18) 

The distance that the ball travels along x before the third baseman catches 
it, is d1 + v1�t. Thus we find 

d1 + v1�t 
vx0 = . 

�t 
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Hence the initial angle was 

vy0 g�t2 

tan �0 = = � 0.55 � 31.5� (19) 
vx0 2(d1 + v1�t) 

and the initial velocity was 

v0 = v2 + vy
2

0 = 18.8 m/s (20)x0 

c) The moment of time corresponding to 0.1 s before the ball was caught is 
t = �t − 0.1 s. Using (16) and (17), we obtain 

x = 30.4 m vx = vx0 = 16m/s (21) 

y = 0.9 m vy = −8.8 m/s, (22) 

which can be written in vector form as 

θr = (30.4θı + 0.9θδ) m (23) 

and 
θv = (16θı − 8.8θδ) m/s. (24) 

Here θı and θδ are vectors of unit length in the direction of x and y correspond
ingly. 

Problem 4. Pre-Lab question. 

a) Since ln | θ | = ln a − bx, the tangent of slope of the graph gives constant F 
b: tan � = −b. 

θb) This time ln |F | = ln c + d ln x. Hence d can be obtained from the slope 
θof the graph of ln |F | vs ln x. 

Problem 5. Experiment 2 Data analysis. 

Part A We performed the projected ball experiment. The tube was set 
at the angle �0 = 30� and the exit point was 1.21 m above the ground. We 
estimate the uncertainty in the measurement of hight to be 2 mm = 2 10−3 m 
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