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Previously ⏪

Motion with constant acceleration, kinematic equations, free-fall



Previously ⏪

Up and down motion in free fall

Example.  You throw a ball
vertically upward from roof of a
building. The ball leaves your
hand with an upward speed of
15.0 m/s and is then in free fall.
On its way back down, it just
misses the railing. Find ball’s
position and velocity 1.00 s and
4.00 s after leaving your hand.
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The phrase “in free fall” means that acceleration is due to gravity,
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leaves your hand, and take the positive direction to be upward.
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Previously ⏪

Up and down motion in free fall

The phrase “in free fall” means that acceleration is due to gravity,
which is constant. We take the origin at the point where the ball
leaves your hand, and take the positive direction to be upward.

The position and 𝑦-velocity at time 𝑡 are given by fourth and
second kinematic equation with 𝑦 taking the place of 𝑥

𝑦 = 𝑦0 + 𝑣0𝑡 + 1
2
𝑎𝑡2 = 0 + (15.0 m/s)𝑡 + 1

2
(−9.8 m/s2)𝑡2,

𝑣 = 𝑣0 + 𝑎𝑡 = 15.0 m/s + (−9.8 m/s2)𝑡.
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Up and down motion in free fall

When 𝑡 = 1.00 s, we get 𝑦 = +10.1 m and 𝑣 = +5.2 m/s. 
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Up and down motion in free fall

When 𝑡 = 1.00 s, we get 𝑦 = +10.1 m and 𝑣 = +5.2 m/s. Here, the
ball is 10.1 m above the origin (𝑦 is positive) and moving upward
(𝑣 is positive) with a speed of 5.2 m/s. This is less than initial
speed because the ball slows as it ascends.

When 𝑡 = 4.00 s, we get 𝑦 = −18.4 m and 𝑣 = −24.2 m/s. Here,
the ball has passed the highest point and is 18.4 m below the
origin (𝑦 is negative) and is moving downward (𝑣 is negative) with
a speed of 24.2 m/s.
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Previously ⏪

Up and down motion in free fall
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Questions? 🤔



Problem solving 🧮



Problem solving 🧮

Basic strategy

1. Identify 🔎
2. Set up 🗺
3. Execute 🔧
4. Evaluate 👀
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• In most straight-line motion problems, you can use the

kinematic equations

𝑥 = 𝑥0 + 𝑣𝑡 + 1
2
𝑎𝑡2, 𝑣 = 𝑣0 + 𝑎𝑡, 𝑣 = 1

2
(𝑣 + 𝑣0)

•
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Basic strategy

1. Identify the relevant concepts 🔎
• In most straight-line motion problems, you can use the

kinematic equations

𝑥 = 𝑥0 + 𝑣𝑡 + 1
2
𝑎𝑡2, 𝑣 = 𝑣0 + 𝑎𝑡, 𝑣 = 1

2
(𝑣 + 𝑣0)

• In this course, you’ll almost never encounter a situation in
which acceleration isn’t constant
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Basic strategy

2. Set up the problem 🗺
• Read the problem carefully

‣ Make a motion diagram
‣ Decide where origin will be and which direction is positive

(usually up or right is positive)
‣ Often, it’s useful to set the origin at 𝑡0 = 0, then 𝑥0 = 0

• Identify the physical quantities (𝑡, 𝑥, 𝑥0, 𝑣, 𝑣0, 𝑎)
‣ Some will be known, some unknown, some missing
‣ Decide which unknowns are the target variables
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Problem solving 🧮

Basic strategy

2. Set up the problem 🗺
• Translate the prose into physics

‣ eg. “Where is he when his speed is 25 m/s?” means
“What is 𝑥 when 𝑣 = 25 m/s?”

‣
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Problem solving 🧮

Basic strategy

2. Set up the problem 🗺
• Translate the prose into physics

‣ eg. “Where is he when his speed is 25 m/s?” means
“What is 𝑥 when 𝑣 = 25 m/s?”

‣ Be alert for implicit info eg. “A car sits at a stop light”
usually means 𝑣0 = 0
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the absent quantities

‣
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Basic strategy

2. Set up the problem 🗺
• Identify the applicable equations

‣ These are usually the equations that don’t include any of
the absent quantities

‣ Often, you’ll find a single equation that contains only one
of the target variables

‣ Sometimes, you must find two equations, each containing
the same two unknowns
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Problem solving 🧮

Basic strategy

2. Set up the problem 🗺
• Sketch graphs corresponding to applicable equations

‣ eg. 𝑣-𝑡 graph is a straight line with slope 𝑎
‣ eg. 𝑥-𝑡 graph is a parabola that’s concave up if 𝑎 is positive

and concave down if 𝑎 is negative
‣ (more on this in the next section of the slides…)

• Make any qualitative and quantiative predictions you can
about the solution
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• If single equation applies, solve it for target variable
•
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Problem solving 🧮

Basic strategy

3. Execute the solution 🔧
• If single equation applies, solve it for target variable
• Substitute the known values and calculate the value of target
• If you have two equations in two unknowns, solve them

simultaneously

4. Evaluate your answer 👀
• Take a hard look at results to see whether they make sense
• Are they within the general range of values that you

expected?
13 / 33
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Checkpoint.  What is the basic strategy
for problem solving again? 👀

Do you see it? There’s an ancronym:
Oh, I see… stands for identify, set up,

exec, eval



Problem solving 🧮

Identify and set up the up-down example

Example.  You throw a ball vertically upward from roof of a
building. The ball leaves your hand with an upward speed of 15.0
m/s and is then in free fall. On its way back down, it just misses
the railing. Find ball’s position and velocity 1.00 s and 4.00 s after
leaving your hand.

•
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Problem solving 🧮

Identify and set up the up-down example

Example.  You throw a ball vertically upward from roof of a
building. The ball leaves your hand with an upward speed of 15.0
m/s and is then in free fall. On its way back down, it just misses
the railing. Find ball’s position and velocity 1.00 s and 4.00 s after
leaving your hand.

• Identify. The phrase “in free fall” means that acceleration is due
to gravity, which is constant
‣ This uses the concept of motion with constant acceleration

which allows us to use the kinematic equations
14 / 33
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‣ Our target variables are position 𝑦 and velocity 𝑣
‣ We take origin at the point where the ball leaves your hand
‣ We take upward to be the positive direction
‣ The initial position 𝑦0 is zero, initial velocity 𝑣 is +15.0 m/s,
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Problem solving 🧮

Identify and set up the up-down example

• Set up
‣ Our target variables are position 𝑦 and velocity 𝑣
‣ We take origin at the point where the ball leaves your hand
‣ We take upward to be the positive direction
‣ The initial position 𝑦0 is zero, initial velocity 𝑣 is +15.0 m/s,

and acceleration is 𝑎 = −𝑔 = −9.8 m/s2

‣ We note that the ball’s velocity is zero when it is at its
highest point

15 / 33
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Identify and set up the up-down example

• Set up
‣ We’ll use the fourth and

second kinematic equation
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Questions? 😭



Brain break! 🧠💤



Problem solving 🧮

Poke-pets

Watch some @eeveesite reels 🐕
• instagram.com/eeveesite

17 / 33

https://www.instagram.com/p/DMLJIY-Ogbb
https://www.instagram.com/p/DMLJIY-Ogbb


Problem solving 🧮

Poke-pets

Watch some @eeveesite reels 🐕
• instagram.com/eeveesite

Yes, that’s it. No physics, just
watch and relax!

17 / 33

https://www.instagram.com/p/DMLJIY-Ogbb
https://www.instagram.com/p/DMLJIY-Ogbb


Problem solving 🧮

Poke-pets

Watch some @eeveesite reels 🐕
• instagram.com/eeveesite

Yes, that’s it. No physics, just
watch and relax!

Nah, just kidding. (But also
real, pls watch the reels. Reel
and relax.) 😌

17 / 33

https://www.instagram.com/p/DMLJIY-Ogbb
https://www.instagram.com/p/DMLJIY-Ogbb


Problem solving 🧮

Book vs paper

Drop a sheet of paper and a
book, side by side. Which falls
faster?

Now, place the paper below the
book then drop. What happens?

Finally, place the paper on top
of the book then drop them.
What happens?

📕 📰
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Problem solving 🧮

Book vs paper

It’s actually quite simple. The book “plows through the air”
leaving an air resistance-free path for the paper to follow!
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Graphical analysis 📈

Slopes and general relationships

• A graph, like a picture, is
worth a thousand words 🧀

• Not only they contain
numerical info, they also
show relationships between
physical quantities
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Graphical analysis 📈

Slopes and general relationships

• Graphs have perpendicular
axes: horizontal and vertical

• Horizontal axis is usually an
independent variable, and
vertical a dependent var.
‣ If we call hor axis the 𝑥-

axis and ver the 𝑦-axis, a
straight-line graph has
general form 𝑦 = 𝑚𝑥 + 𝑏
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Slopes and general relationships

Example. 
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Slopes and general relationships

Example. 

What do you think is the
corresponding 𝑣-𝑡 graph?
• It’s B
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Graphical analysis 📈

Position vs time graph (for 𝑎 = 0, 𝑣 is constant)

• Time is usually an
independent variable that
other quantities depend upon

• Observe that 𝑥 = 𝑥0 + 𝑣𝑡 is
analogous to 𝑦 = 𝑚𝑥 + 𝑏

• Here, slope is average
velocity 𝑣
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Position vs time graph (for 𝑎 = 0, 𝑣 is constant)

Example.  Find the average
velocity of the jet whose
position is graphed here.

•
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Graphical analysis 📈

Position vs time graph (for 𝑎 = 0, 𝑣 is constant)

Example.  Find the average
velocity of the jet whose
position is graphed here.

• Choose 2 points on the line:
(6.4 s, 2000 m), (.5 s, 525 m)

• 𝑣 = Δ𝑥
Δ𝑡 = (2000−525)  m

(6.4−0.50)  s = 250m
s

• This is large, much greater
than typical road speed limit
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Graphical analysis 📈

Graphs of motion (for constant 𝑎 but 𝑎 ≠ 0)

• The 𝑥-𝑡 graph is a curve
rather than a straight line

• Slope becomes steeper as
time evolves, showing 𝑣
increases over time

• Slope at any point on 𝑥-𝑡 is
instantaneous 𝑣 at that point

• Slope of 𝑣-𝑡 is acceleration
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Graphical analysis 📈

Graphs of motion (for constant 𝑎 but 𝑎 ≠ 0)

Example.  Find the velocity of
jet at 𝑡 = 25 s by finding slope.

• Find tangent line at 𝑡 = 25 s

• Pick 2 endpoints of tangent:
(19 s, 1300 m),(32 s, 3120 m)

• 𝑣 = Δ𝑥
Δ𝑡 = (3120−1300)m

(32−19)  s = 140m
s
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Graphical analysis 📈

Graphs of motion (for non-constant 𝑎)

• Same ideas as previous slide
(constant 𝑎 ≠ 0)

• Slope of 𝑣-𝑡 is acceleration
• But 𝑣-𝑡 graph is a curve

rather than a straight line
• Slope becoming steeper as

time evolves shows 𝑎
increasing over time
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Example.  Find the accel. of jet
at 𝑡 = 25 s by finding slope.
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Graphical analysis 📈

Graphs of motion (for non-constant 𝑎)

Example.  Find the accel. of jet
at 𝑡 = 25 s by finding slope.

• Find tangent line at 𝑡 = 25 s

• Pick 2 endpoints of tangent:
(1.0 s, 210 m

s ), (51 s, 260 m
s )

• 𝑎 = Δ𝑣
Δ𝑡 = (260−210) m/s

(51−1.0)  s = 1.0m
s2

30 / 33



Questions? 😴



Checkpoint.  If the kinematic equation
𝑣 = 𝑣0 + 𝑎𝑡 is analogous to the equation
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corresponding variables? 📉
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Checkpoint.  If the kinematic equation
𝑣 = 𝑣0 + 𝑎𝑡 is analogous to the equation

of line 𝑦 = 𝑚𝑥 + 𝑏, what are the
corresponding variables? 📉

𝑣 is dep var 𝑦, 𝑣0 is intercept 𝑏,
𝑎 is slope 𝑚, 𝑡 is indep var 𝑥



Some notes 📎

You can play around with 𝑥-𝑡, 𝑣-𝑡 and 𝑎-𝑡 on PhET (click here)

https://phet.colorado.edu/sims/html/calculus-grapher/latest/calculus-grapher_all.html


Quiz time 🕐



Quiz time 🕐

Sailing through graphs 🌊🚢

The graph of velocity vs. time
of a ship coming into a harbor is
shown below. (a) Describe the
motion of the ship based on the
graph. (b) What would a graph
of the ship’s acceleration look
like?
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