PH100-5T Mid-Term
February 24, 2002
Dr. Shealy Name
Instructions. Total exam with worth 100 points. The number of points for each question are given.
Thereisa 20 point extra credit problem at the end of exam. Partial credit will be given based on the
work you show on your paper. If you need extra space, write on back of exam pages and give
directions to where your work islocated for each question. Circle your answer.
1. Consider a particle whose position as a function of timeis given by

X(t) = (1+ 2t + 3t>)m.
a. (5pts) What isthe average velocity (speed) between thetimest = Oandt = 2

_ X29X0) _ gm
Xa\/ = T = 8?
b. (5pts) What isthe instantaneous velocity (speed) att = 1s?
V(t) = limaeo X220 — (24 61) 2
v(1ls) = 8%

c. (5pts) What isthe average acceleration between thetimest = Oandt = 2s?

2s)-v(0
day = M2V S)ZSV( ) — GS—n;

d. (5pts) What isthe instantaneous acceleration at t = 1s?

a(t) = limpeo 50 — 612

2. (10 pts) The brakes on your automobile are capable of creating a deceleration of 17% . If you
are going 85 mph and suddenly see a state tropper, what is the minimum time in which you can
get your car under the 55 mph speed limit? (Hint: 1mph = 1.467% )

V= Vp+at
a=-17-%; vo = 85mph; v = 55mph
(- V_‘:O _ (55—85)mph*1.467mf“—pfj1 _ 2508

ft
175

3. A ball isthrown vertically upwards from the ground with a speed of 25.22 .
a. (5pts) How long does it take to reach its highest point?
V=Vo—gt=0 atthehighest point

2521
t= v—(; = @ = 2573
b. (5 pts) How high doesit rise?
y = Vot — St2

y(2.57s) = 25.28 % 2.57s— 25% (2.57s)? = 32.4m
C. (10 pts) At what times will it be 27.0m above the ground and what are the speeds of the
object at these times?
Assume y(t) = 27.0m = vot — St
Rearranging equation gives
22— Vot +27m =0
Findt by solving the above quadratic equation for t
{= YMEAMEO 2525102598 _ 3615 and 15216

g - 985




v(1.5216s) = vo — g(1.5216s) = +10.28-¢
V(3.612s) = vo — g(3.612s) = —-10.28%
4. (15 points) Suppose a particle starts at the origin with velocity vo = —3.5i + 4.7}, inm/s. Its
accelerationis 2.1i + 1.1j, in m/s?. What are the coordinates and velocity 5.0s later? What is
the speed of the particleat t = 5.0s?

For motion with constant accel eration, the displacement of object as afuntion of timeisgiven
by
[=ro+Vot+al
Evaluating the displacement t = 5.0s gives
r(58) = 56-3.5 + 4.7 ]2 + 52,20 + 1.2j]2
r(5s) = [+8.751 + 37.25)]m
For motion with constant accel eration, the velocity of a particle as afunction of timeis given by
v(t) =vo+at=[-35+4.7]% +[2.1i + 1. 1j]s—"; t
Evaluating the velocity of particleat t = 5.0s gives
v(5s) = [7i +10.2) ]
The speed is the magnitude of the velocity which isfor this case
speed = v = VZ+VvZ = /49+104.04 2 = 12.32
5. (15 points) 2. A projectileisfired with aninitial velocity of 55mv/s, 25° above the horizontal.
How long does it take to get to the highest point on its trgjectory? How far above the launch
point is the highest point? How far down range is the highest point?
The x and y components of initial velocity are given by
Vyo = VoSin25° = 23.2440 and vy = VpC0S25° = 49.845%
The time for projectile to reach the top of its path is given when the vertical component of its
velocity isequal to zero
Vy = 0= vy —0t
Solving for t gives

tiop = VOSSZSO = 235.28443 = 2.37s

The highest point is found be evaluating y(tiop)
Y(tiop) = Vyotiop — S t&p = 27.57m
The distance down range of highest point is found by evaluating X(top)
X(ttop) = VXOttOp = 118.1m

6. (10 points) 3. An outfielder can throw a baseball at a speed of 35nVs. At what angle above the
horizontal should he throw it if he wantsiit to be caught by an infielder 95m away? Assume the
throwing and catching heights are thesame.
Wearegiven vp=35%  Whatistheinitia projection angle 6o. We know from the range
formula of a projectile

R — v%sing(ZGo) — 95m

Solving for 6¢

o= o { ] som a5 -au

7. (10pts)2. A rock isthrown horizontally from a 115m high cliff and strikes the ground 92.5m
from the base of the cliff. At what speed was the rock initially thrown?

X = Vyot = 92.5m




y = 9t = 115m
Now solve for the fall time from the expression for y(t)
tral = 2*1% = 4.84s

Solving the x-position equation for vy and evaluating at t = tra gives

_ 925m _ m
Vyxo = tra 19.1 %

EXTRA CREDIT PROBLEM (20pts)

Two stones are simultaneously thrown at the same speed from the same height above the
ground. One isthrown vertically upward, and the other vertically downward. The one thrown
downward hits the ground in one second, while the other stone spent 2.5s in the air before
hitting the ground. Determine the initial velocity of each stone; determine the height above the
ground from which the stones were thown; and determine the impact velocit of each stone with

the ground.

Stone #1

y=H=vot+ g% wheret = 1s for stone#1. Rewriting this equation
H = vo(1s) + 2(1s)%............. Eq.A

Stone #2

H = —vot + 2t wheret = 2.5s for stone #2.

Rewriting this equation

H = —vo(2.55) + 2(2.55)% ....oevvniinnnnnn, Eq.B

Multiple Eq A by (2.5) and add to Eq B

3.5H = 2[2.5+6.25]s = 42.875m

H = 4285m — 12 25m

Both stones will hit the ground with the same speed which is given by (using stone #1 equations
of motion)

Solving for vo from Eq A

Vo = 1E8009% _ (12 25_4,9)0 — 7.35.0

Therefore, using Eq. C gives the speed stones hit ground
v=(7.35+9.8)2 = 17.1510



