Kinematics, reviewed
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'Phys 20.01 Mod 1. All figures are from Urone (2022), Hewitt (2024), Young and Freedman (2019) unless noted.
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Comprehension



Comprehension #7

Example. Which of the following expressions correctly illustrates
the SI units of each one of the variables in the formula?

mAv = FAL



Comprehension #7

Example. Which of the following expressions correctly illustrates
the SI units of each one of the variables in the formula?

mAv = FAL

a. Ib x mph =1t xIb X s
b. Ib x km = N X s
c. kgxm/s=N xs
d. gxm/s=N xs



Comprehension #7

e Hint 1: Focus on SI units of mass m, velocity v and time ¢.
Eliminate any options that use Imperial or other units



Comprehension #7

e Hint 1: Focus on SI units of mass m, velocity v and time ¢.
Eliminate any options that use Imperial or other units

o Hint 2: Think about how force (with SI unit Newtons or N) is
related to mass and acceleration. Recall the equation F = ma?



Comprehension #7

Hint 1: Focus on SI units of mass m, velocity v and time ¢.
Eliminate any options that use Imperial or other units

Hint 2: Think about how force (with SI unit Newtons or N) is
related to mass and acceleration. Recall the equation F = ma?

Hint 3: SI unit for mass m is kilogram (kg), not gram (g), even
if both are grams. This is because they defined mass that way



Comprehension #7

Hint 1: Focus on SI units of mass m, velocity v and time ¢.
Eliminate any options that use Imperial or other units

Hint 2: Think about how force (with SI unit Newtons or N) is
related to mass and acceleration. Recall the equation F = ma?

Hint 3: SI unit for mass m is kilogram (kg), not gram (g), even
if both are grams. This is because they defined mass that way

Answer: kg X m/s =N X s



Comprehension #19

Example. In which example would you be correct in describing an
object in motion while your friend would also be correct in
describing that same object as being at rest?



Comprehension #19

Example. In which example would you be correct in describing an
object in motion while your friend would also be correct in
describing that same object as being at rest?

a. You are driving a car toward the east and your friend drives past you in opposite direction with same speed.
In your frame of reference, you will be in motion. In your friend’s frame of reference, you will be at rest.

b. You are driving a car toward the east and your friend is standing at the bus stop. In your frame of reference,
you will be in motion. In your friend’s frame of reference, you will be at rest.

c. You are driving a car toward the east and your friend is standing at the bus stop. In your frame of reference,
your friend will be moving toward the west. In your friend’s frame of reference, he will be at rest.

d. You are driving a car toward the east and your friend is standing at the bus stop. In your frame of reference,
your friend will be moving toward the east. In your friend’s frame of reference, he will be at rest.



Comprehension #19

e Hint 1: If you're moving east, anything you see standing still
outside your car will appear to be moving in which direction?



Comprehension #19

e Hint 1: If you're moving east, anything you see standing still
outside your car will appear to be moving in which direction?

e« Hint 2: Remember that “at rest” means not moving relative to
something. What is each person not moving relative to?



Comprehension #19

e Hint 1: If you're moving east, anything you see standing still
outside your car will appear to be moving in which direction?

e« Hint 2: Remember that “at rest” means not moving relative to
something. What is each person not moving relative to?

e Answer: vou are driving a car toward the east and your friend is standing at the bus
stop. In your frame of reference, your friend will be moving toward the west. In your friend’s

frame of reference, he will be at rest.



Conceptual {



Conceptual #1

Example. Find the distance A
traveled from the starting point -~ = B
for each path. Which path has

I S—
C
the maximum distance? -— ==

0 2.4 16L8l01?

displacement x (m)

=0 TP
o QX =



Conceptual #1

e Hint 1: Distance traveled is the total length traveled, regardless
of direction, and is path dependent



Conceptual #1

e Hint 1: Distance traveled is the total length traveled, regardless
of direction, and is path dependent

e Hint 2: Imagine unwinding each path into a straight line. Which
one would be the longest?



Conceptual #1

e Hint 1: Distance traveled is the total length traveled, regardless
of direction, and is path dependent

e Hint 2: Imagine unwinding each path into a straight line. Which
one would be the longest?

e Answer: C
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Conceptual #7

Example. Use the graph to
describe what the runner’s
motion looks like. How are
average velocity for only the
first four seconds and
instantaneous velocity related?
What is the runner’s net
displacement over the time
shown?

Runner Position




Conceptual #7

a.

b.

The net displacement is 12 m and average velocity is equal to
the instantaneous velocity

The net displacement is 12 m and average velocity is two times
the instantaneous velocity

The net displacement is 10 + 12 = 22 m and average velocity is
equal to the instantaneous velocity

. The net displacement is 10 4+ 12 = 22 m and average velocity is

two times the instantaneous velocity



Conceptual #7

e Hint 1: Displacement is the change in position from start to
finish. What are the starting and ending positions?



Conceptual #7

e Hint 1: Displacement is the change in position from start to
finish. What are the starting and ending positions?

e« Hint 2: What does a straight line on a position vs. time graph
tell you about velocity v? Constant v, no? What then is inst. v?



Conceptual #7

Hint 1: Displacement is the change in position from start to
finish. What are the starting and ending positions?

Hint 2: What does a straight line on a position vs. time graph
tell you about velocity v? Constant v, no? What then is inst. v?

Answer: The net displacement is 12 m and average
velocity is equal to the instantaneous velocity



Conceptual #8

Example. You throw a ball straight up with an initial velocity of
15.0 m/s. It passes a tree branch on the way up at a height of 7.00
m. How much additional time will pass before the ball passes the
tree branch on the way back down?

a. 0.074 s

b. 0.956 s

c. 1.53 s

d. 1.91 s



Conceptual #8

e Hint 1: A sketch



Conceptual £

Conceptual #8

e Hint 1: A sketch .

13 / 36
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Conceptual #8

e Hint 1: A sketch e Hint 2: Use kinematic
equation y = yg + vot + %at2.
The ball passes by Ay =7 m
tall branch twice (going up,
going down), so there are two
times t; and t,. From above

equation, isolate then solve ¢
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Conceptual #8

e Hint 1: A sketch e Hint 2: Use kinematic
equation y = yg + vot + %at2.
The ball passes by Ay =7 m
tall branch twice (going up,
going down), so there are two
times t; and t,. From above

equation, isolate then solve ¢

e Answer: 1.91 s



Conceptual #14

Example. At a place where g is 9.8 m/s?, an object is thrown

vertically downward with a speed of 10 m/s while a different object

is thrown vertically upward with a speed of 20 m/s. Which object

undergoes a greater change in speed in a time of 2 s?

a. The first object because the speed vector points in the same
direction as the acceleration due to gravity

b. The second object because it has a higher velocity

c. Both objects undergo the same change in speed

d. Cannot be determined from the information given



Conceptual #14

o Hint 1: What is acting on each object after it is thrown?



Conceptual #14

o Hint 1: What is acting on each object after it is thrown?

e Hint 2: What is the definition of acceleration?



Conceptual #14

o Hint 1: What is acting on each object after it is thrown?
e Hint 2: What is the definition of acceleration?

e Answer: Both objects undergo same change in speed



Conceptual #16

Fxample. A base jumper runs off a cliff, with a speed of 3 m/s.
What is its overall velocity after 5 s?

a. 3 m/s

b. —5 m/s
c. 5m/s
d. 10 m/s
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Conceptual #16

e C(Correction: ..after 0.5 s, not ..after 5 s

e Note: uses two dimensions, and is not convered in exam



Conceptual #16

e C(Correction: ..after 0.5 s, not ..after 5 s
e Note: uses two dimensions, and is not convered in exam

Hint 1: For horizontal, vy = v = 3 m/s. For vertical, use the
kinematic equation v = vy + at with vy = 0 (they didn’t jump)



Conceptual #16

e C(Correction: ..after 0.5 s, not ..after 5 s
e Note: uses two dimensions, and is not convered in exam

e Hint 1: For horizontal, v, = v = 3 m/s. For vertical, use the
kinematic equation v = vy + at with vy = 0 (they didn’t jump)

e Hint 2: In triangles, ¢? = a? + b% by Pythagorean theorem,
where a and b are legs and c¢ is hypotenuse.



Conceptual #16

Correction: ..after 0.5 s, not ..after 5 s
Note: uses two dimensions, and is not convered in exam

Hint 1: For horizontal, vy = v = 3 m/s. For vertical, use the
kinematic equation v = vy + at with vy = 0 (they didn’t jump)

Hint 2: In triangles, ¢ = a? + b? by Pythagorean theorem,
where a and b are legs and c¢ is hypotenuse. Here, it’s the same:
U* = U2 + ;.



Conceptual #16

Correction: ..after 0.5 s, not ..after 5 s
Note: uses two dimensions, and is not convered in exam

Hint 1: For horizontal, vy = v = 3 m/s. For vertical, use the
kinematic equation v = vy + at with vy = 0 (they didn’t jump)

Hint 2: In triangles, ¢ = a? + b? by Pythagorean theorem,
where a and b are legs and c¢ is hypotenuse. Here, it’s the same:
U* = U2 + ;.

Answer: 5 m/s (ish), it’s actually 5.75 m/s



Conceptual #20

Example. What is the average
velocity for the whole time

period shown in the graph?

a.
b
C.
d. 3/4 m/s

9

—1/3 m/s

. —3/4 m/s

1/3 m/s

Position (m)

Position vs. Time




Conceptual #20

e Hint 1: v = Ax/At



Conceptual #20

o Hint 1: v = Ax/At
o Hint 2: Ax =z, — x, where x, is initial and z; is final



Conceptual #20

o Hint 1: v = Ax/At
o Hint 2: Ax =z, — x, where x, is initial and z; is final
e Answer: —1/3 m/s



Problem-solving =



o

Probler;l solving #1

Example. Airbag injuries. During an auto accident, the vehicle’s
airbags deploy and slow down the passengers more gently than if
they had hit the windshield or steering wheel. According to safety
standards, airbags produce a maximum acceleration of 60g that
lasts for only 36 ms (or less). How far (in meters) does a person
travel in coming to a complete stop in 36 ms at a constant
acceleration of 60g7



Probler;l solving #1

e Hint 1: What does 60g mean

.)aj in terms of m/s?? (g = 9.8%)
> o
L)

~



Probler;l solving #1

e« Hint 1: What does 60g mean

"3’7 in terms of m/s?? (g = 9.8%)
i o Hint 2: What is the final
~ velocity v?



Probler;l solving #1

e« Hint 1: What does 60g mean

.)aj in terms of m/s?? (g = 9.8%)
i e« Hint 2: What is the final
~ velocity v?
417 e Hint 3: Which kinematic
Vo

equation relates velocity,
acceleration, displacement?



Probler;l solving #1

e« Hint 1: What does 60g mean

.)3}7 in terms of m/s?? (g = 9.8%)
2 o Hint 2: What is the final
<
~ velocity v?
ﬁ e Hint 3: Which kinematic
2 . equation relates velocity,
* acceleration, displacement?

e Hint 4: Make sure units are
consistent (meters, seconds)



o

Probler;l solving #1

e (Calculate and convert
» a = 60g = 60(9.8 m/s?) = 588 m/s"
» t =36 ms =36 x 1073 s = 0.036 s (here, ms is milliseconds)



o

Probler;l solving #1

e (Calculate and convert

» a = 60g = 60(9.8 m/s?) = 588 m/s"

» t =36 ms =36 x 1073 s = 0.036 s (here, ms is milliseconds)
e Listing down knowns and unknowns

» a = —588m/s? (deceleration, as it slows down object)

» t =0.036 s

» v =v; = 0 (object comes to a complete stop)
» Ax =7



o

Probler;l solving #1

« Probably relevant equations. Recall Ax =z, —zy =z — x
> vV =1y tat
» v? = v5 + 2aAz
» Az = vyt + zat?



o

Probler;l solving #1

« Probably relevant equations. Recall Ax =z, —zy =z — x
> V=1 + at
» v? = v5 + 2aAz
» Az = vyt + zat?
e Finding initial velocity vy, we get
V=1 +at = vy =v—at (subtract at)
=0 — (—588 m/s%)(0.036 s)
= 21.168 m/s



o

Probler;l solving #1

o Solving how far (displacement Ax), using method 1, we get
L 5
AZE — Uot _I_ 5&15
1
= (21.168 m/s)(0.036 s) + 5(—588 m/s%)(0.036 s)?

1m 1m
= 0.762—s — 0.381—s2
g 2

= 0.381 m



o

Probler;l solving #1

e Solving how far using method 2, we get

v? = v: + 2aAx

— v? — i = 2aAz (subtract v3)
2 _ 2
— Az = - > s (divide by 2a)
a
(0% — (21.168)?) % 448.084%

~ 2(—5883)  —1176% =038l m




Probler;l solving #1

The person travels (or is displaced) approximately 0.381 m before
coming to a complete stop

1313’
<

~



o

Probler;l solving #2

FExample. A typical male sprinter can maintain his maximum
acceleration for 2.0 s, and his maximum speed is 10 m/s. After he
reaches this maximum speed, his acceleration becomes zero, and
then he runs at constant speed. Assume that his acceleration is
constant during the first 2.0 s of the race, that he starts from rest,
and that he runs in a straight line. (a) How far has the sprinter
run when he reaches his maximum speed? (b) What is the
magnitude of his average velocity for a race of these lengths: 50.0

m, 100.0 m, 200.0 m?



il

Problerﬁ solving #2

e Hint 1: The sprint has two parts

G-
aro—> V=
vV —
_P \_/
\-:/

accelerating not accelerating




o

Probler;l solving #2

e« Hint 1: You already know the time and distance during the
acceleration phase. How can you calculate the time spent at
constant velocity (second part of sprint) for each race length?



o

Probler;l solving #2

e« Hint 1: You already know the time and distance during the
acceleration phase. How can you calculate the time spent at
constant velocity (second part of sprint) for each race length?

e Hint 2: total time = time accelerating + time at constant v



o

Probler;l solving #2

Hint 1: You already know the time and distance during the
acceleration phase. How can you calculate the time spent at
constant velocity (second part of sprint) for each race length?

Hint 2: total time = time accelerating + time at constant v

Hint 3: For each race length, calculate the distance traveled at
constant velocity. Then use the constant velocity to find the
time spent at that velocity



o

Probler;l solving #2

e Listing down knowns and unknowns
» t=2.0
» v =10 m/s
» vy = 0 (starts from rest)
> Ax =7



o

Probler;l solving #2

e Listing down knowns and unknowns
» t=2.0

» v =10 m/s
» vy = 0 (starts from rest)
» Ax =7

e Surely relevant equations. Recall Az =z — z
> vV =1y tat
> Az = vyt + zat?
» U= Ax/At



o

Probler;l solving #2

e (alculating acceleration a, we get

v =1y +at = v—v, = at (subtract v;)
—a=—"9  (divide by t)
(10— 0)m
~ 20s

= 5.0 m/s?



o

Probler;l solving #2

o Finding distance (distance = displacement because the sprinter
doesn’t change direction and moves only in a straight line)

Ax = vyt + %at2
= (0 m/s)(2.0 8) + %(5.0 m/s%)(2.0 s)*

_ %(5.0?2) (4.0 52) —10.0 m

» The sprinter has run 10.0 m when he reaches his max speed



o

Probler;l solving #2

e Solving average velocity for 50.0 m race
» distance traveled at constant v: 50.0 m — 10.0 m = 40.0 m
» time spent at constant wv:
t =Ax/v=(40.0 m)/(10.0 m/s) = 4.0 s
» total time for race: 2.0 s+4.0 s =6.0 s
» average velocity: 50.0 m/6.0 s = 8.33 m/s



o

Probler;l solving #2

e For 100.0 m race
» distance traveled at constant v: 100.0 m — 10.0 m = 90.0 m
» time spent at constant v: ¢ = (90.0 m)/(10.0 m/s) = 9.0 s
» total time for race: 2.0s+9.0s=11.0s
» average velocity: 100.0 m/11.0 s = 9.09 m/s



o

Probler;l solving #2

e For 200.0 m race
» distance traveled at constant v: 200.0 m — 10.0 m = 190.0 m
» time spent at constant v: ¢ = (190.0 m)/(10.0 m/s) = 19.0 s
» total time for race: 2.0 s +19.0 s =21.0 s
» average velocity: 200.0 m/21.0 s = 9.52 m/s



Questions? (=
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