
Problem 1 (measurement of g) 

The acceleration of gravity can be measured by projecting a body upward and measuring the 
time that it takes to pass two given points in both directions. Suppose a friend throw a ball 
straight up outside your window. You measure the distance h  from the bottom of the lower pane 
of glass to the top of the upper pane of glass. You measure the time interval T the body takes toA

cross first rise past the bottom of the lower pane of glass and then drop past the same line on the 
way down. You also measure the time interval T  the body takes to disappear past the top of the B

upper pane of glass and then reappear past the same line on the way down. Assume that the 
acceleration is constant, (negligible air resistance), the problem is to find an expression for the 
acceleration of the body in terms of the measured quantities.   

a) Describe the strategy you have chosen for solving this problem. You may want to 
consider the following issues. Where do your measured quantities appear on a plot of 
height vs. time? What type of coordinate system will you choose? Where is a good place 
to choose your origin? 

b) Find an expression for the acceleration of the body in terms of the measured quantities. 

Problem 2 One dimensional kinematics: track event 

During a track event two runners, Bob, and Jim, round the last turn and head into the final stretch 
with Bob 2.0 m in front of Jim. They are both running with the same velocity 8.0 m s−1 . When 

−
− 

−2the finish line is 4.8×101 m  away from Jim, Jim accelerates at 1.0 m s  until he catches up to 
Bob. Jim then continues at a constant speed until he reaches the finish line.  

a) Describe the strategy you have chosen for solving this problem 

b) How long did it take Jim to catch Bob? 

c) How far did Jim still have to run when he just caught up to Bob? 

d) How long did Jim take to reach the finish line after he just caught up to Bob? 

Bob starts to accelerate when Jim just catches up to him, and accelerates all the way to the finish 
line and crosses the line exactly when Jim does. Assume Bob’s acceleration is constant. 

e) What is Bob’s acceleration? 

f) What is Bob’s velocity at the finish line? Who is running faster? 
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Problem 1. Measurement of g. 

a) The ball moves in the vertical direction under the influence of the con
stant force of gravity1 . Hence in our approximation the ball undergoes one-
dimensional motion with constant acceleration g. Let us introduce vertical 
axis x and choose the positive direction to point up. We then place the origin 
of the coordinate system at the bottom of the lower pane of glass and choose 
to measure the time from the moment when the ball rises past the origin, i.e. 
we choose x0 = 0 and t0 = 0 (See Fig. 1). With our choice of initial position 

Figure 1: 

and time, the equation for x(t) is 

gt2 

x(t) = v0t − (1)
2 

and the graph of x(t) should look like the one on Fig. 1 The velocity of the 
ball is given by 

v(t) = v0 − gt (2) 

b) Using Fig. 1, it is easy to understand that the time the ball travels across 
the window, i.e. the interval of time between the moment it rises past the 
bottom of the lower plane of glass and disappears past the top of the upper 
pane, is � = (TA − TB )/2. Since the height of the glass is h, we obtain, from 
Eq. (1) 

g� 2 

h = v0� − (3)
2 

1We neglect the air resistance and the variation of the gravitational force over the 
height of the ball’s trajectory 

1 
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To find the second equation, we notice that the highest point of the trajectory

corresponds to v = 0 and t = TA/2. Thus we can find v0 as 

v0 = gTA/2 (4) 

We now substitute this result back into Eq. (3) and obtain 

2h 8h 
g = 

�(TA − �) 
= 

T 2 
A − T 2 

B 

(5) 

Problem 2. Track event. 

a) Let us place the origin of the coordinate system at 48 m before the finish 
line, which is the position of Jim when he starts accelerating, and measure 
the time from the moment Jim passes this point. Then Bob’s initial position 
is x0 = 2 m and the diagram of x(t) should look like the one shown on Fig.2. 

Figure 2: Position of the runners vs time. Solid line: position of Bob; dashed

line: position of Jim


We can identify two distinct phases of motion:

Phase I: for 0 < t � tC Jim accelerates with constant acceleration aJ =


2 
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1 m/s while Bob moves with constant velocity v0=8 m/s.

Phase II: for tC < t � tF Jim runs with constant velocity vJ 2 while Bob

accelerates with constant acceleration aB .


The position of Jim during Phase I is described by 

aJ t
2 

xJ (t) = v0t + 
2 

(6) 

and his velocity is 
vJ (t) = v0 + aJ t (7) 

The position and velocity of Bob during Phase I are given by 

xB (t) = x0 + v0t (8) 

vB (t) = v0 (9) 

b) When Jim catches up to Bob, xB = xJ . Hence we find that this happened 
at 


 
t = tC = 2x0/aJ = 2s. (10) 

c) We can use either (8) or (6) together with (10) to find the position of both 
runners when Jim catches up to Bob. It is 

xC = x0 + v0tC = 18 m (11) 

Hence both runners are xF − xC = 48 m − 18 m = 30 m away from the finish 
line. 

d) After Jim caught up to Bob, he moves with constant velocity 

vJ 2 = v0 + aJ tC = 10 m/s (12) 

Therefore, it will take him (xF − xC )/vJ 2 = 3 s to reach the finish. 

e) During Phase II, Bob’s position is given by 

aB (t − tC )
2 

xB2(t) = xC + v0(t − tC ) + (13)
2 

3 
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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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