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Fun With Fiziks
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Practice Problems Key

1. We first list the known and unknown information relevant to the problem
to figure out what equation to use:

Knowns Unknowns
vo=9m/s a=7m/s?
Arx=5m

vy =0m/s

We know that vy = 0m/s because Luke comes to a stop. We have vy, Az,
vf, and a, so we can use the equation v} = v§ +2aAz because it contains
those variables. Solving for a,

vi—v 02 -92
“ 2AT 2.5

2. Here is the information we are given in the problem:

Knowns Unknowns
x50=0m =73
TL.o = 10m
vyo=1m/s
vpo=2m/s

=3 2
ay=3m/s
arp =2m/s?

We have information about vg, a, ¢, and xg, so we use Ax = vyt + %atQ.

This might look different since we technically don’t have Az, but we can
manipulate the equation to get

1
x(t) = xo + vot + iatQ,

since Az = x5 — x9 = x(t) — zo. Let z;(¢) and z(t) represent Jonathan
and Lilian’s positions as a function of time, respectively. When Jonathan



reaches Lilian, x;(¢) = z1(t). Then, z;(t) and x,(¢) are given by

1 3
xJ(t):0+t+§-3t2:t+§t2

1 2 2
o (t) =10+ 2t + o 2% =10+ 2t +

The amount of time it takes for Jonathan to reach Lilian after she notices
can be found by setting x;(t) = 2 (¢) and solving for t.

3
t—s—§t2=10+2t+t2:>t=—3.583,5.583

Since a negative time does not make sense, we pick the positive value of
t = 5.58 s. So, Jonathan reaches Lilian in

3. These problems deal with projectile motion!
(a) We know that the range of a projectile R is given by

vE sin 20
g

R =

Plugging in the numbers,

22 .sin(2 - 30°)

R= 9.8

=0.35m

Since R =0.35m < 10 m, ’the basketball does not reach Andrew.

Note: To prove the range formula, recall that we can find the total
time the ball is in the air ¢t. Then, R = Az = v,t = vg cos 6t. To find
t, notice that the y displacement Ay = 0. Then, ¢ is

1 1 90 sin
Ay = vyt — -gt* = 0 =wvosind — ~gt> =t = 2UosnY
? B 5 ;
Therefore, we can plug this in to find R.
R = v COSQ(QUOSiHG) _ 203 sin 0 cos 0 _ v2 sin 26
g g g

(b) Here is the information we are given in the problem:

Knowns Unknowns
Ax=4m vo="7m/s
Ay = hhoop — handrew = 1.5m

0 = 60°



z-direction: y-direction:
Ax = vt =wvgcosft Ay =v,t — %gt2 = vo sin 0t — %th
. = vg cos Ot Sy =vgsinft — 1gt?

Since we don’t know what ¢ is, we can eliminate it by solving the z-
direction equation for ¢ and substitute it into the y-direction equation.

) 21 (L)Q = ztand — — L 42

29\ v cos O 203 cos? 0

y = vosing(
Vg cos 0

Note: This is the equation of the parabola that a projectile follows!
If you knew this equation, you could have started here and skipped
the derivation.

We can plug in all the numbers and solve for vg.

. 9.8 ,
15:4tan(60 )_Wét :>’UO:

(¢) Here is the information we are given in the problem:

Knowns Unknowns
Ax=5m t=7s

vo = 10m/s

0 = 10°

treaction = 0.15 5

Notice that all of the things we know relate to the xz-direction. Then,
the z-component of vy is v, = vg cos . Since we have Az, v,, and t,
we can use Azx = vt = vgcosft. Plugging in numbers and solving
for t,

Ax 5

vocosf 10 cos(10°)

=0.51s

Since t = 0.51 8 > tyreqction = 0.15 s, ’Andrew dodges in time.

4. We can split this problem into two parts: finding the time it takes for the
ball to go up t,;, and the time it takes for the ball to fall down ¢goyn. To

find t,;,, we can list the knowns and unknowns.

Knowns Unknowns
Ay=4m tup =75
vo =12m/s

a=—g

We can use Ay = wvot + %atQ. In this problem, the equation becomes
Ay = volyp — % gtip. Plugging in the numbers and solving for t,,,

1
4 =12t,, — 3 9.8t2, = tup =0.45,2.05 s



We pick t,, = 0.4 s because this corresponds to the ball going straight up
from the floor to the ceiling. The longer time of 2.05 s corresponds to the
ball overshooting and falling back down to the ceiling! Next, we can make
the known unknown table for ¢g4,.n-

Knowns Unknowns
Ay=—4m tdown = ! 8
vg = —8.1m/s

a=—g

Notice how everything is negative, since the ball is moving down (you
could also make everything positive). Also, notice how vy # 12 m/s!
Since there is gravitational acceleration, the velocity of the ball at the top
has changed.

VR, = V2 —2gAy =12 —2.9.8-4 = v,,, = 8.1m/s

We set v40p = vo when the ball falls from the ceiling to the floor. We have
the same variables as before, so we can use Ay = vgt + %at2 again.

1
—4 = —=8.09doun — 5 - 9.8t% on = tdown = —2.055,0.4

We pick tgown = 0.4 s because a negative time does not make sense. So,
the total time is t = typ + tgown = .

Note: We can see that t,, = tgown = 0.4 5. This is not a coincidence! We
just showed that the time it takes to go up and down are equal. If you
knew this from the beginning, you could have just multiplied ¢,, by 2 to
get the total time.

. No calculus solution: We aren’t really given much information in this
problem. For example, we don’t know how long or far the train accelerates
or decelerates for. We can start by drawing a general v-t graph to represent
the train’s motion.

t1 t2




Let t; and t5 be how long the train accelerates at a; and as, respectively.
We know that the train accelerates to and decelerates from a velocity of
v = a1ty = aste. Also, the area under the graph is the distance traveled,
so we can write

1 1
A= Qbh = §(t1 +t2)U =

Substituting ¢, = Ll and ty = a%,

a

1 2
=Lty P(atrey,_ [Bue
2\a;  as 2 aias a1 + az

Plugging this back in, we get that ¢ is

2saia9 2sas
ai + as ai(ar + as)

Then, we can find that the total time T is given by

ait a a
tgziéT—thtgftl(lJr >:t1<1+ )
a2 a2
Plugging in the expression for ¢y,
T_ (a1 + ag) 25a5 B 2s(a1 + ag)
az ay (a1 + az) aiaz

Calculus solution: We don’t know how far the train accelerates, so
let x and s — x be how far the train accelerates with a; and as, respec-
tively. Then, using Az = vgt + %atQ, we can solve for the times ¢; and

ta.
2Ax 2z 2(s — x)
Vo=0=t= "0 =ty =) =
a ai az

Therefore, we can define a total time function T'(x) = t1 + to.

/23: s—x
al

We want to find a value of x so that T'(x) is minimized, since we want the
shortest time. So, we can set the derlvatlve to 0 and solve for .

ch \/Z<2\1f) \/Z(%/tsl—ix)zo

201x = 2as(s —x) => x = ,8—x =
ay + ag a1 + ag




Plugging this value of x into T'(x) gives

T 2sas n 2saq
a1(ay + az) az(a1 + az)

Now, all that’s left is doing a bit of math to combine the square roots into
one to simplify our answer.

T 2sa3 N 2sa?
ajaz(a; + ag) aaz(ai + ag)

2s

aras(ay + ag)

= (a1 + a)

2s(ay + ag)?
ayas(a; + ag)

| [2s(a1 + a2)
a1ag

6. We can split this problem into two parts: before and after the ball bounces
off the wall. Before the ball bounces, notice that the ball has to travel a
distance of 10 m. Also, the initial and final heights are the same, so we
can use the range formula.

= v sin 20 = 10g (1)

Right now, we have two unknowns (vy and 6), so we will need another
equation. We can get another equation when we look at what happens
after the ball bounces. We know the equation of the parabola a projectile

follows is
g 2

s
208 cos? 0

Plugging the numbers and the point (z,y) = (=2, —5) in, we get

y=xtanf —

4g

—5=—-2tanf - ————
o 202 cos? 0

49
=5 =2tan0 2
o +2v800529 @)

Now, we have two equations and two unknowns, so we can solve for vy
and 6. If this system of equations has no solution, then Justin’s statement
is correct. Otherwise, Justin is wrong. To solve this system, we can first
divide by sin @ on both sides of (2).

5 2 4g
sin@  cosf = 2vZcos?fsinf




By (1), we have v sin 20 = 2v2 sinf cos @ = 10g. Substituting this in,

5 2 L 49 2 L 212
sinf  cosf 10gcosf cosf 5cosf  5Hcosh

At this point, its looking like we are going to get a solution for this system
of equations!

D=2 s =t (2) =[]

sinf  5cosf

Plugging 6 = 64.4° into (1) and solving for v,

va sin (2 - 64.4°) = 10g = vo = | 11.2m/s

Therefore, we have concluded that it is possible to make it into the basket,
and Justin just needs to get better at the game.



