Kinematics

Kinematics -- Conceptual Solutions

1.) Without using a formal presentation of formulas, determine the following in
your head:

a.) The units you get when you multiply velocity and time.

Solution: This is an example of what is called dimensional analysis. The idea is
that you can treat units the same way you treat numbers. So just as you can
cancel out the 3's in the expression (5/3)(3) leaving you with 5 as the solution, you
can cancel out the seconds in the expression (meters/second)(second) leaving the
units solution of meters. Noting that meters/second are the units for velocity and
seconds are the units for time, the product of the two yields meters . . . or the units
of distance traveled.

b.) The distance an object travels in 8 seconds when moving with a velocity

magnitude of 6 m/s.
Solution: (6 meters/second) times (8 seconds) yields (48 meters).

c.) The units you get when you multiply acceleration and time.
Solution: Again, a dimensional analysis situation. Acceleration's units are

(meters/second2), so multiplying that by time yields (meters/secondz)(second) =
(meters/second) . . . or the units of velocity.

d.) The velocity an object will pick up in 7 seconds when moving under an

acceleration magnitude of 5 m/s?, assuming the velocity and acceleration are in
the same direction.

Solution: (5 meters/secondz) times (7 seconds) yields (35 meters/second).

2.) True or False: An object that negatively accelerates slows down.

Solution: The direction of an acceleration actually identifies for you the direction of the
change of velocity of an object. The meaning of this is not intuitively obvious, at least as far
as most people are concerned. The easiest way to get a handle on it is to notice that
acceleration and net force are directly proportional to one another. The idea of a negative
force isn't mysterious. If an object is moving in the negative direction and a force (hence
acceleration) in the negative direction is applied to it, the body will speed up in the negative
direction. By the same token, if an object is moving in the negative direction and a force
(hence acceleration) in the positive direction is applied to it, the body will slow down. The
rule of thumb is: if the net force (hence acceleration) is in the same direction as the velocity
vector (i.e., they have the same sign), the body will speed up. If the net force (hence
acceleration) is in the opposite direction of the velocity vector (i.e., they have different signs),
the body will slow down. In short, a negative acceleration does NOT necessarily mean
slowing down.



3.) Think about a two dimensional projectile
situation (someone throws a baseball in from the
outfield). Once the ball has become free, and
ignoring friction:

a.) Is there a point in the flight where the acceleration is perpendicular to the

velocity? Explain.
Solution: Once thrown, the body freefalls. Ignoring friction, the only acceleration in
that case is that of gravity, which is downward in the vertical. The direction of the
velocity of an object is always tangent to its path. That tangent (i.e., the direction
of the velocity) is perpendicular to the vertical (the direction of the gravitational
acceleration) at the top of its flight.

b.) Is there a point in the flight where the velocity is zero but the acceleration
1s non-zero? Explain.

Solution: If students have dealt with one dimensional freefall problems, they
might be tempted to say yes because the y component of velocity is zero at the top
of the flight. What has to be remembered, at least in this case, is that velocity is a
vector--it can have more than one component. For this situation, the x component
is non-zero at the top. In fact, with no friction, the x component is ALWAYS the
same value throughout the flight.

c.) Isthere a point in the flight where a component of the flight's motion has
zero velocity with a non-zero acceleration? Explain.
Solution: At the top of the arc the body's y component of velocity is zero while its y
component of acceleration, being gravity, is non-zero.

d.) Is there a point in the flight where a component of the flight's motion has

non-zero velocity with zero acceleration? Explain.
Solution: This is kinda tricky . . . and fun. Without friction, the x component of the
velocity ALL THROUGHOUT THE MOTION is a constant while the x component
of the acceleration is zero (not surprising--if the acceleration was non-zero, the
velocity would be changing) . . . so there are an infinite number of points that fit
the bill.

e.) Is there more than one point that fits the description outlined in Part d?
Explain.

Solution: Yup. See above.

f.) Is there anywhere in the flight where the ratio of the acceleration in the x

direction to the acceleration in the y direction is zero? Explain.
Solution: As you can't have a zero in the denominator, this situation can occur only
when the acceleration in the x direction is zero. Of course, that is everywhere, so
the answer is yes, everywhere.

4.) Rock A is thrown vertically downward from a rooftop (see sketch). Rock B is
thrown vertically upward. Rock Cis thrown at an angle relative to the
horizontal. Rock D drops from rest. All four are released from the same spot
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a.) Considering Rock A and Rock B, which of the are the same
following quantities is the same for both rocks:

with those initially moving having the same velocity
magnitude v, Assume we can neglect friction.

1.) The time of flight to the ground;
Solution: B has farther to travel, net, to get to the
ground, so its time of flight will be greater.

11.) The velocity just before hitting the ground;
Solution: Velocity is a vector, so we would have to be careful if we were dealing
with a two dimensional situation. In this case, the motion is one dimensional.
As there is no friction, gravity will act on B slowing it down, then speeding it up
after it makes the top and finally begins to move back toward the ground. As it
passes through its initial position, B's velocity will, due to symmetry, be the
same as its initial velocity (i.e., vo). From that point on, its flight and A's flight

will be exactly the same. In other words, they will have the same velocity just
before hitting the ground.

111.) The magnitude of the velocity just before hitting the ground;
Solution: Again, for a one dimensional situation without friction, the magnitude
of the two velocities should be the same when they get to the ground.

1v.) The acceleration during the flight;
Solution: The acceleration in both cases is that of gravity, so it will be the same
for both.

v.) The net displacement;
Solution: Displacement is defined as the net distance between the start point
and the finish point, regardless of the path taken to get to that final point.
Both start at the same point and end at the same point, so the net
displacement will be the same for both.

vi.) The average speed to the ground;
Solution: The average speed is defined as the net distance traveled (not the net
displacement) divided by the time it takes to get to the final point. The net
distance traveled will be greater for B than for A, but the time will be greater,
also. In other words, this isn't as clear cut a question as one might think. (The
relationship wasn't obvious to me when I first looked at it, so I did the problem
numerically and found that the average speeds are different.) To do the
problem from a purely conceptual perspective, the following needs to be noticed:
1.) The average speed for the bottom part of B's flight will be the same as the
average speed for all of A's flight because the two flights will be duplicates of
one another (both move downward from the ledge with velocity U etc.). 2.) IF

the average speed for the upper part of B's flight (i.e., going up and coming back
down to the start position) is the same as B's average speed for the bottom of
its flight, the two average speeds will be the same and will equal the average
speed for the whole flight. 3.) But that isn't what happens. The average speed



for the bottom part will be greater than the initial speed of v, (this just makes
sense--the body is starting at v, and picking up speed throughout that part of
the flight--the average has to be greater than the initial speed vo). By the same
token, the average speed for the upper part will be less than v, (this also makes
sense as B's upper motion starts at v, then gets smaller and smaller until it
hits the top where it is zero, then increases back to vo--during that part of the
motion, the average speed will be less than vo). 4.) As B's average speed for the

up/down part is different than its speed in the lower section, and as the average
for the lower section must be the same for both A and B, the overall average
speed for the two rocks must be different.

vii.) The average velocity to the ground.

Solution: The average velocity is the single constant velocity that will move the
body through the appointed displacement in the appointed time. As such, it is
defined as the net displacement divided by time (in this case, we're talking time
of flight). Remembering that the displacement is the shortest distance between
the beginning and ending points regardless of how you get from the one to the
other, both rocks have the same displacement. The time of flight for each is
different, though, so the two average velocities will be different.

b.) Considering Rock B and Rock C, which of the following quantities is the

same for both situations:

10

1.) The time of flight to the ground;

Solution: In a two dimensional situation, the x component of motion occurs at a
constant velocity. The time of flight is determined by the y motion--specifically,
by how high the object goes. Because C's initial velocity is oriented at an angle
with B's vertically upward, B will be in the air the longest.

i1.) The velocity just before hitting the ground;

Solution: This is a little tricky because it might be assumed that the magnitude
of the velocities is what is being looked at (in fact, that is the next question).
The two vectors, being directional creatures, are not the same for the two
velocities--they are going in different directions just before they hit the ground--
so at the very least the direction of their velocities will be different.

111.) The magnitude of the velocity just before hitting the ground;

Solution: It is common for people to believe that because C isn't in flight for as
long as B and, as a consequence, wouldn't have had as much time to pick up
speed via gravity, the two final velocities will not be the same. In fact, it turns
out that that is wrong--the two magnitudes will be the same. What is being
missed is that B has no x component of velocity, whereas C does. So although
C's vertical speed isn't as great as B's, its vertical speed coupled vectorially with
its horizontal speed combine to give the two the same net velocity magnitude
just before touchdown (the math bears this out as is shown in the special case
outlined at the end of Problem 4d). When we get to energy conservation, this
will be more easily seen.
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iv.) The acceleration during the flight;
Solution: Acceleration is a vector. For the two accelerations to be the same, their x
and y components must be the same. In this case, both experience a vertical
acceleration component due to gravity, and neither has an acceleration component
in the x direction. In other words, the acceleration vector is the same for both rocks.

v.) The net displacement;
Solution: A displacement vector starts at the beginning of the motion and ends at

the conclusion of the motion. If two objects start at the same spot but don't have a
common finish spot, their displacement can't be the same.

vi.) The average speed to the ground;
Solution: As before, this is probably the hardest question of the bunch. And as
before, the average speeds will not be the same (same reasoning as used in the
previous query of the same concept).

vii.) The average velocity to the ground.

Solution: The temptation is to go through an analysis like the one for the
similar question in Part 4a-vii. In fact, that isn't necessary. Remember, the
average velocity is the single constant velocity that will move the body through
the appointed displacement in the appointed time. It is defined as the net
displacement (as a vector) divided by time (the time of flight in this case) . The
important thing to catch here is that the net displacement in these two cases
are different (one body moves directly downward, the other moves downward
and to the right). That means the direction of the average velocities will be
different, which means the average velocities as vectors will be different.

c.) What is common to the flight of Rock A and Rock D?

Solution: Both rocks have no acceleration in the horizontal and gravitational
acceleration in the vertical, and both will experience the same displacement.

d.) If rock C's angle had been zero degrees (that is , if it had been thrown
horizontally), what would have been common to the flight of Rock C and Rock D?

Solution: As with all frictionless freefall situations, both rocks have no acceleration
in the horizontal and gravitational acceleration in the vertical. Unlike all freefall
situations, both rocks in this case will take the same amount of time to hit the
ground (this is surprising until you think about the force that is accelerating each
rock toward the ground--in both cases, it's gravity . . . as there is no initial vertical
velocity in either case, it'll take the same amount of time for each to cover that
same vertical distance). Both rocks will have the same velocity magnitude just
before touch down. This last one isn't really intuitively obvious because the vectors
are different (one is purely vertical while the other has vertical and horizontal
components), but if you VECTORIALLY add the constant horizontal velocity v, of

rock C to its final vertical velocity (2gd)1/ 2

magnitude as for rock D.

, you'll get the same final velocity
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5.) An object accelerates from rest at a constant rate a. In time ¢, it travels d
units. If the acceleration is doubled, how much time will it take to travel the
same distance d?
Solution: Most people would probably analyze this by using the relationship
between the acceleration and displacement of an object whose initial velocity was
zero (l.e., d = .5ata2). Using that expression with acceleration a and then with 2a

while letting d stay the same in both cases, the time relationship is found to be ¢ 2%

=.7 07ta. This is not a straightforward, linear relationship. The problem is that
in a time sense, acceleration is twice removed from displacement (i.e., it's the
second derivative of displacement). If we had simply doubled a constant velocity,
then it would take half the time to travel the distance d. But that's not what
we're doing. We are doubling the rate of change of an already changing velocity, so
the time relationship isn't so straightforward.

6.) What's a jerk? (No, it's not the guy sitting next to you.)
Solution: Just as the change of velocity with time is called acceleration, the change of
acceleration with time is called a jerk. It's actually a very descriptive term. When you
are in an accelerating car, you feel a force pushing you back into the seat. If the
acceleration increases abruptly, you will be jerked back further into the seat (or jerked
forward if the acceleration decreases suddenly).

7.) The muzzle velocity of a gun is 100 m/s. A bulletis ;= ... Nottoscale
fired horizontally from the gun when it is 2 meters off
the ground. At the same time, a second bullet held next to the gun is dropped
from rest. It takes the dropped bullet .64 seconds to hit the ground. Ignoring
friction and assuming the terrain is flat, how far will the fired bullet travel before
hitting the ground? (This is almost all conceptual--use your head a lot with only
a little bit of math).
Solution: The key here is in the fact that the time it takes the second bullet to freefall 2
meters is the same time it takes the traveling bullet to freefall that same distance
(remember, the traveling bullet has no vertical component of initial velocity). That
means the traveling bullet moving at 100 m/s in the horizontal will continue moving

with that velocity (with no friction, there is no horizontal acceleration to slow it down)
for .64 seconds, moving a horizontal distance of (100 meters/second)(.64 second) = 64

meters.
a
8.) A graph of the negative acceleration applied to two A
equal masses 1s shown. Mass A moves in the +x direction t
. . L -3m/s?
while mass B moves in the -x direction.
a.) Are either of the velocity versus time graphs shown
associated with either particle? Explain. v

Solution: The temptation is to assume that because you
have a body moving in the positive direction, hence having a
positive velocity, that graph 1 should be matched up with
that body (that is what positive velocity means). A similar

t
QM
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argument could be made for the body with negative velocity. The problem with
this is that we haven't determined whether the acceleration in each case is
motivating the bodies to act as the velocity graph suggests. That is, is mass A's
velocity decreasing toward zero (i.e., is it slowing down) as is denoted in graph 1,
or is mass B's velocity increasing away from zero (i.e., is it speeding up) as is
denoted in graph 2?7 To determine this, the trick is to realize that the acceleration
and the net force acting on an object are directly proportional. In other words, if
the net force is positive and to the right, the acceleration will be positive and to the
right. With that in mind, the first part of the question could be restated as: A
graph of the negative force applied to two equal masses is shown. So think about it.
If mass A is moving in the +x direction (that was given) and a negative acceleration
(read that force) is applied to it, what is the body's velocity going to do? It is going
to slow down--its velocity is going to approach zero. That is what graph I depicts,
so it must reflect the motion of mass A. By the same token, a negative acceleration
(read that force) applied to mass B moving in the negative direction (it's direction of
motion was given) is going to motivate the body to speed up in the negative
direction--its velocity is going to proceed away from zero. That is the situation in
graph 2. In short, both graphs are associated with one or the other mass.

b.) How would things change if the acceleration had been positive?
Solution: For the two graphs to work, their slopes would have had to have been
positive rather than negative.

9.) A body moves along the x axis as depicted by the graph

a.) In what direction is the body moving at ¢ = -1 seconds? =
Solution: The slope of the tangent to an object's position versus t=-1-" \ t
time graph at a particular point yields the object's velocity (i.e.,
its change of position with time) at that point in time. At ¢ =-1
second, the slope of the position versus time graph is zero. In other
words, the body isn't moving in any direction at that time.

b.) In what direction is it moving at ¢ =+ seconds?
Solution: The direction of an object's velocity vector tells you the direction the object is
moving at a given instant. The slope of the position versus time graph yields velocity.
At t = +1 seconds, the slope (velocity) is negative . . . so the body must be moving in the
negative direction.

c.) Is this a constant velocity situation? Explain.
Solution: As the slope of the position versus time graph is changing, the velocity is
changing and it is not a constant velocity situation.

d.) Is this a constant acceleration situation? Explain.
Solution: The slope of the tangent to an object's velocity versus time graph at a
particular point yields the acceleration of the object at that particular point in time
(remember, acceleration is the measure of an object's change of velocity with time).
For an acceleration to be constant, therefore, the slope of the velocity versus time
graph must be constant (i.e., the graph must be linear). In other words, the
velocity must be changing, but it must be doing it at a constant rate. So what
kind of a position versus time graph yields a slope function (i.e., a velocity function)
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that changes constantly? It's a parabola. And as our position versus time graph

looks like a parabola, it's likely that this is a constant acceleration situation.

10.) The two graphs depict different y , X
characteristics of the motion of a mass. In PointA ) \
what direction is the mass's velocity when /\

at Point A? In what direction is the

motion's acceleration? \

x
Solution: This is tricky because it isn't

obvious what is and isn't important. Also, it turns out that some might think that we
haven't enough information to answer the question (this isn't really the case, but one
might be misled to believe so). The first thing to note is that the direction of motion at
a given point must be tangent to the trace of the path at that point. Looking at Point A
as depicted in the first graph, it is obvious that that tangent will be in the horizontal
(i.e., in the x direction). At Point A, the body is not moving in the y direction at all! But
is its x motion positive or negative? That is, is it moving to the right or the left in the
first graph? The answer to that can be seen in the second graph. The slope of the
position versus time graph yields the velocity function for the motion. Notice that that
slope is negative, which means the velocity is negative, which means the direction of
motion is in the -x direction. (Wasn't that fun?) As for acceleration, if the path (shown
in the first sketch) is bending downward at Point A, the change of velocity (if in no other
way, in at least its direction) is downward which means its acceleration at Point A 1s
directly downward.

11.) Make up a conceptually based graphical question for a friend. Make it a

real stinker, but give enough information so the solution can be had (no fair
giving an impossible problem).
Solution: Whatever!

12.) There is a classic experiment in which a tape freefalls through a

timer that impresses a mark on the tape every 60 of a second (see
sketch). As the tape picks up speed, the marks become farther apart
(note that the sketch is not necessarily to scale). Assume you can ignore
friction.

a.) What is the ratio between the distance AB and the distance AD?

Solution: The distance traveled during a freefall from rest is d = .5gt2. That
means that distance is proportional to time squared. The time between any
two consecutive dots is the same. For the points we are looking at, the ratio
of times is 1:3 which means the ratio of distances must be 1:9.

b.) You measure the total distance between the four dots and call it d. What
is the time duration over this interval? If you divide d by that time, what kind of

quantity will it give you (think about its units . . .)?

Solution: The time interval over four dots (three intervals) is 3/60 of a second, or
.05 seconds. Dividing that number into d will give you something whose units are
centimeters/second, or a velocity. In fact, if you think about it, you are taking the
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total distance and dividing it by the total time. That yields the average velocity
over the three-interval section.

c.) At what point in the AC interval is the average velocity and

instantaneous velocity the same?

Solution: Some might think that the average velocity over an interval will be the
same as the instantaneous velocity at the geometric center of the interval (i.e.
measure the distance between A and C and divide it by 2). This can't be the case,
though, as the velocity is getting bigger and bigger with time (therefore, you'd
expect the average velocity to be larger than the velocity at the geometric center).
It turns out that the average velocity over any interval is the same as the
instantaneous velocity at the interval's halfway time point. For the AC interval,
this is at Point B.

13.) Two buildings stand side by side. The taller is 20 meters higher than the
shorter. Rocks are dropped from rest from both roofs at the same time. When the
rock from the taller building passes the top of the shorter building, the rock from
the shorter building will be (a.) 20 meters below its start point; (b.) less than 20
meters below its start point; (c.) farther than 20 meters below its start point.
Solution: The answer is a. Both objects are falling with the same acceleration (gravity),

and as both are accelerating without friction and with the same initial velocity, the two
ought to stay the same distance apart throughout the motion.

14.) A brick is thrown upward with velocity v,. Two bricks stuck together are

thrown upward with three times that velocity. If the first brick reaches a

maximum height of H, how high will the two bricks go?
Solution: What is relevant here is the initial velocity (the fact that the masses are
different is inconsequential as all objects in a frictionless setting will experience THE
SAME gravitational acceleration regardless of their mass). So assuming everything is
happening in the vertical, how is an object's initial velocity related to its maximum

height when time of flight is not known? The relationship is generally governed by v 22 =
v 2

1 1
maximum height situation, d = H and the velocity at the top is zero (that's what it
means to be at the top of the flight--it's where the body pauses to stop moving upward
and start moving downward). Putting a =-g, d = H, and vy = 0 into the general

+ 2ad, where d is the distance traveled between the times ¢, and ty For a

expression, we get H = v 12/2g. Conclusion: the maximum height is proportional to the

square of the initial velocity in the y direction. As such, if the velocity of the second
block is three times that of the first, it should go nine times as high.

15.) An idiot drops a coke bottle out of the window of a Cesna aircraft flying in
the horizontal. Ignoring air friction, what will determine how long it takes for the
bottle to hit the ground? That is, what parameters (i.e., mass, height, velocity,

what?) would you need to calculate the time of freefall?
Solution: Ignoring friction, time of flight is a function of height above the ground, initial
velocity in the y direction, and acceleration in the y direction (i.e., gravity).
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16.) Two identical guns are fired from the same place at ground level on a

horizontal range. One is angled at 20° whereas the second is angled at 40°.
Ignoring friction:

a.) Which bullet would you expect to be in the air the longest?
Solution: The bullet with the largest initial y component of velocity will be in the
air the longest. That is the second bullet.

b.) Which would go the farthest?

Solution: Distance traveled is a
function of initial velocity in the x
direction and time of flight. We

know the 40° bullet is in the air the
longest, but that's because its initial
y component of velocity is larger.
Unfortunately, because that's true,
its x component of velocity must be

Note that in africtionless situation,
o the x component of the velocity doesn't
smaller than that of the 20" bullet. change throughout the motion, and the initial

It is possible, therefore, that the 20° y component of velocity is equal in magnitude

and oppositein direction to the final

bullet, with its shorter time in the y component of velocity.

air but larger x component of
velocity, might go farther than the

40° bullet. The only way to really know which will prevail is to actually do the
problem (the fact that things aren't obvious is OK--remember, we are trying to get
people to THINK . . . if, after thinking, the conclusion drawn is that this is convoluted,
that's fine). As for the math: What do we know? We know that we are assuming a
frictionless set-up. We know that, due to the symmetry of the frictionless situation,
each bullet will follow a parabolic arc. It also follows that the magnitude of the y
component of the initial and final velocities will be equal (see the sketch) but will have
opposite directions (i.e., v fy =-v, y)' Finally, we know that the acceleration in the x

direction is zero and in the y direction is g. As for relationships, Vry =v, ., t ayt will

allow us to determine the time of flight (in that expression, a, = -g and we could use
any number for v, --T used 100 m/s so that Voy = 100 sin®). Approximating gravity to
be equal to 10 m/sz, the numbers for the 20° time of flight are ¢t = (Ufy - v, y)/ay =((-
vo,y) - vo,y)/ay = ((-UOJ) - vo,y)/ay = 2(-100 sin 20°)/(-10) = 6.84 seconds. Likewise, the

time for the 40° flight is 12.86 seconds (note that though the angles are doubled, the
flight times aren't . . . Why? Because the time of flight isn't a function of the angle, it's
a function of the sine of the angle . . . the sine function isn't linear). With a, = 0, the

distance traveled is determined using Ax = v, L=, (cos@)t. For the 20° flight, this

comes out to be 640 meters. For the 40° flight, it's 984 meters. In other words, the
40° flight will go the farthest . . . in this case, a lot farther.

c.) Which would go the highest?
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Solution: You'd pretty much expect that the projectile with the largest initial y
component of velocity will be in the air the longest and, as such, will travel the

highest. In fact, that's true, so it's the 40° flight.

d.) Which would be traveling the fastest as it hits the ground?
Solution: If air friction is neglected, which it is in this problem, the flight should
follow a parabola. If the initial and final heights are the same, due to the
symmetry of the problem, the velocity magnitudes (the speeds) should be the same
at the beginning and end. As both projectiles started with the same speed, both
should hit the ground with the same speed.

e.) Which would have experienced the greatest acceleration during the flight?
Solution: DURING THE FLIGHT, there will be no acceleration in the x direction.
As for the y direction, gravity will accelerate both objects equally. In short, the two
will experience exactly the same acceleration.

17.) Answer all of question 16 assuming air friction exists.

a.) Which bullet would you expect to be in the air the longest?
Solution: Even though friction is going to most affect the bullet that would have
been in the air the longest if friction hadn't existed, the presence of friction in this
case shouldn't be great enough to overcome the considerable disparity in the two
flights (as determined in the previous problem). My guess is that the 40° bullet
will still stay in the air the longest.

b.) Which would go the farthest?
Solution: Again, friction will most affect the flight of the bullet that would have been

in the air the longest, assuming no friction, but the 40° bullet would still be expected
to go the farthest (the difference in actual distances traveled, as determined in
Problem 16b, is large enough to allow us to conclude this). If we tried to do this
problem with numbers, we would have to add an acceleration due to friction into the
equations used in Problem 16b. This would be very dicey to do as the direction of that
acceleration would change (frictional forces are always opposite the direction of motion
and, hence, would have components that change depending upon the direction of the
projectile at a particular point in time). Assuming, though, that we could do a good job
of approximating an average acceleration fudge factor for each component of motion,
the procedure used to do the math would be similar to that used in the previous
problem. On the whole, though, it would be a real pain in the arse to do.

c.) Which would go the highest?
Solution: You'd still expect the 40° flight to go the highest.

d.) Which would be traveling the fastest as it hits the ground?
Solution: Finally, something different. With no air friction, due to the symmetry
and the fact that their initial speeds were the same, the projectile that should
slow down the most will be the one that is impinged upon by friction for the

longest time. That, in this case, will be the 40° bullet.
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e.) Which would have experienced the greatest maximum acceleration during
the flight?

Solution: If there was no air friction, the acceleration components would not
change with time and would be the same for both cases. When air friction exists,
though, it has been observed to be a function of the bullet's velocity (i.e., the faster
the bullet is moving, the more air it runs into). In the x direction where there is no
acceleration except that due to friction, the greatest acceleration will occur for the

bullet with the greatest x component of velocity. That will occur for the 20° bullet
at the beginning of its motion (later in its motion, friction will have slowed the
bullet down so that the velocity dependent retarding effect is lessened). As for the
y direction, even though gravity will accelerate both bullets downward, the
maximum acceleration will occur for the bullet that reaches the greatest velocity
upward (in that way, the frictional force will oppose the upward motion producing
a downward acceleration). This will happen at the beginning of the motion of the

40° bullet.

18.) As a projectile passes through its maximum height, little Mr. Know-It-All
says, "Right now, the dot product of the velocity and the acceleration is zero."
What do you think about that statement (aside from the possibility that little
Mr. Know-It-All needs a spanking)?
Solutions: At the top of the flight, the velocity vector is tangent to the path (i.e., in the
horizontal) and the acceleration is, assuming a frictionless situation, gravity in the
vertical. The dot product between two vectors that are perpendicular to one another is,
indeed, zero (the cosine of the angle between the two vectors is zero), so little Mr. Know-
it-all is right . . . assuming there is no friction. If there is friction, then there will be an
acceleration component in the horizontal and the little twit is wrong.
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