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PHYSICS - CLUTCH
CH 02: 1D MOTION (KINEMATICS)
CONSTANT / AVERAGE VELOCITY AND SPEED
● Remember there are two terms that deal with how much something moves:
- Displacement ( _____ ) is a vector (has direction; could be negative)
- Distance ( ___ ) is a scalar (no direction; can’t be negative)
● Similarly, there are two terms that deal with how fast something moves:
Average VELOCITY ( Vector )

Average SPEED ( Scalar )
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 Negative velocity: moving in _______________ direction.

 Speed is always _____________ (or ___).

● Average velocity (_____) problems are simple because there is only one equation: ___________  _______________.

● Parts of a Physics problem:

TEXT

 Basic STEPS:



DIAGRAM

___________



EQUATION(s)

_______________



SOLUTION

____________

EXAMPLE 1: Solve for the indicated unknown in each of the following INTERVAL diagrams:
(a) 0 m
0s

v=?

20 m

(b) 0 m

t2 = 5

0s

v=3

x2 = ?
5s

(c) x1 = ?
3s

v=4

20 m
7s
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PHYSICS - CLUTCH
CH 02: 1D MOTION (KINEMATICS)
MOTION PROBLEMS: AVERAGE VELOCITY / SPEED
● Remember, if you move with constant velocity, there is only ONE equation  _____________  ________________.
EXAMPLE 1: How long would it take you (in hours) to drive from Miami, FL to Seattle, WA (~3,300 miles apart = ~5,300 km)
if you could average 60 mph (96 km/h)?

PRACTICE 1: Sound travels through air at ~344 m/s. If you hear the thunder about 5 second after seeing the lightning bolt,
how far from you (in miles; 1 mile = 1,609 m) did the bolt strike?

EXAMPLE 2: It takes you 50 s to go around a circle of radius 50 m while running at a constant speed. Find your speed.

PRACTICE 2: You go around a circle of radius 30 m with a speed of 5 m/s. How many laps do you complete in 2 minutes?
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INTRO TO ACCELERATION
● ACCELERATION:

[

=

]

- Positive acceleration doesn’t mean you’re speeding up. It means your velocity is becoming _________________:

+v
-3

-2

-1

0

1

2

3

EXAMPLE 1: Given the following initial and final velocities, indicate (i) if the acceleration is positive or negative, and (ii) if the
speed is increasing or decreasing.
Acceleration
Speed
(a) vi = +2 m/s, vf = –5 m/s
[ POS | NEG ] [ INC | DEC ]
(b) vi = –2 m/s, vf = –5 m/s

[ POS | NEG ] [ INC | DEC ]

(c) vi = –5 m/s, vf = –2 m/s

[ POS | NEG ] [ INC | DEC ]

● Remember that if a = 0, then the only equation you have is:

vAVG = Δx / Δt 

- If a is NOT 0, we have the 4* Equations of Motion (or Uniformly Accelerated Motion, aka UAM):

UAM Equations

Xi

Xf

Δx

Vi

Vf

a

t

If a = 0:

(1)
(2)
(3)
(4)

 (1) Equation must have target variable; (2) Target must be the only unknown!
EXAMPLE 2: A car starts from rest and moves with a constant 5 m/s2. Find its: (a) speed after 15 s, (b) distance after 20 s.
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PRACTICE: ACCELERATION (Basic)
PRACTICE 1: The M40, the U.S. Marine Corps standard-issue sniper rifle, has a barrel length of 61 cm and bullet muzzle
speed of 777 m/s. Find the acceleration experienced by the bullet.
 BONUS: Express this number in g’s (g = the acceleration due to gravity = 9.8 m/s2).

PRACTICE 2: A car leaves a skid mark of 70 m while coming to a full stop. Assuming a constant deceleration of 8 m/s2.
What was the car’s initial speed?
 BONUS: How long (in seconds) did it take for the car to stop?

PRACTICE 3: A car accelerates from 30 m/s to 60 m/s in 5 seconds. What distance does it cover in that time?

PRACTICE 4: The 2013 Ferrari California’s quarter mile time (time to travel one quarter mile, or 402 m, starting from rest) is
just 12.0 seconds! Assuming constant acceleration, how fast will it be moving once it reaches the quarter mile point?
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MOTION PROBLEMS: MULTIPLE PARTS
● Many problems will include multiple parts.
- Draw a complete INTERVAL diagram and write one equation for each interval.

UAM EQUATIONS
(1)
(2)
(3)
*(4)

v = vo + a t
v2 = vo2 + 2 a Δx
Δx = vo t + ½ a t2
Δx = ½ ( vo + v ) t

EXAMPLE 1: A car travels at a constant 50 m/s for 10 s, and then at a constant 30 m/s for 600 m.
(a) Draw the interval diagram.
(b) What is the total distance traveled?
(c) What is the average velocity from start to end?

EXAMPLE 2: You are driving at 30 m/s when you see the traffic light turn yellow. You “immediately” (the average reaction
time of a person is 0.7 s) hit the brakes, causing the car to decelerate at a constant 7 m/s2.
(a) How far will you travel in the 0.7 s that it took you to react?
(b) Once you start braking, how long (in seconds) does it take for you to stop?
(c) What is your total stopping distance?
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MOTION PROBLEMS: “GIVEN VS. TARGET”
● Some problems will give info about a situation, and ask about a different but related case.
- We solve for a variable in the ___________ that we can use in the ____________.

UAM EQUATIONS
(1)
(2)
(3)
*(4)

v = vo + a t
v2 = vo2 + 2 a Δx
Δx = vo t + ½ a t2
Δx = ½ ( vo + v ) t

EXAMPLE 1: A car starting from zero reaches 40 m/s in just 8 s. How far (in meters) will it have traveled after 6 s?

PRACTICE 1: Suppose it takes you 10 seconds to reach 50 m/s from rest, accelerating at a constant rate. What is your
speed after the first 100 meters?
 BONUS: What distance do you travel between 5 and 10 s?

EXAMPLE 2: In a 100 m race, you accelerate from rest at a constant 3 m/s2, while your friend does 2 m/s2. How far into the
race is your friend when you cross the finish line?
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PRACTICE: MULTIPLE PARTS / GIVEN vs. TARGET

UAM EQUATIONS

PRACTICE 1: A car accelerates from rest at a constant 3 m/s2 for 15 s, after which it begins
to decelerate at a constant rate. The car comes to a complete stop after decelerating for 200
m. Calculate the car’s average velocity from start to end.

(1)
(2)
(3)
*(4)

v = vo + a t
v2 = vo2 + 2 a Δx
Δx = vo t + ½ a t2
Δx = ½ ( vo + v ) t

PRACTICE 2: A car decelerating at 5 m/s2 stops in 120 m. How much does it travel in the first 2 s after it starts braking?

PRACTICE 3: You and your friend are driving on the highway with constant speeds of 50 m/s and 40 m/s, respectively.
Assuming you were originally behind, how far from him/her will you be 5 seconds after passing?
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CH 02: 1D MOTION (KINEMATICS)
MOTION PROBLEMS: MEET / CATCH
EXAMPLE 1: On a 300-mile trip, your friends are 50 miles ahead of you by the time you leave. You guess that their average
speed is 55 mph. What would your average speed have to be (in mph) for you to arrive at the same time as your friends?

● When two objects “MEET”, they are at _______________________________________:
1. Write each object’s ______________ equation  _______________________.
2. Equate their position equations.

3. Solve for time.

4. If looking for distance to meet / catch, plug time into either position equation.

UAM EQUATIONS
(1)
(2)
(3)
*(4)

v = vo + a t
v2 = vo2 + 2 a Δx
Δx = vo t + ½ a t2
Δx = ½ ( vo + v ) t

EXAMPLE 2: A car starts from rest and moves with a constant 8 m/s2 to the right. At the same time, a truck moving with a
constant 30 m/s to the right, passes the car. Do they meet again? If not, why not? If yes, when and where do they meet?
 EXTRA: Find the car’s final speed.
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PRACTICE: MEET / CATCH

UAM EQUATIONS

PRACTICE 1: Two horny teenagers run towards each another. The guy, initially at the bar,
runs with 5 m/s. The girl runs from 60 m away from the bar with 4 m/s. How long does it take
for them to meet?
 BONUS: How far from the bar will they be?

(1)
(2)
(3)
*(4)

v = vo + a t
v2 = vo2 + 2 a Δx
Δx = vo t + ½ a t2
Δx = ½ ( vo + v ) t

PRACTICE 2: In a race, your friend takes off with 3 m/s2. You take off 2 seconds later with 4 m/s2. How far into the race will
you catch up to him?
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VERTICAL MOTION: FREE FALL
● An object is in FREE FALL if the only force acting on it is ____________(FG).
- It moves FREELY through space without influence from any other forces.
- Free FALL also applies to objects moving UP (if gravity is only force).
● To simplify things, we ignore anything that could impact acceleration: air resistance, surface area, etc.
- ALL objects will have the same free fall acceleration (g), regardless of their __________:
EXAMPLE: You release an object from rest from the top of a 100 m-tall building. Calculate the
speed it will have just before hitting the ground.

aY = g = __ 9.8 m/s2
UAM EQUATIONS
(1)
(2)
(3)
*(4)

v = vo + a t
v2 = vo2 + 2 a Δx
Δx = vo t + ½ a t2
Δx = ½ ( vo + v ) t

● The DIRECTION of g is always _______, but the SIGN depends on your frame of reference (direction of positive):
GOING DOWN

GOING UP

GOING DOWN

GOING UP

DIR. SIGN

DIR. SIGN

DIR. SIGN

DIR. SIGN

v ____ ____

v ____ ____

v ____ ____

v ____ ____

Δy ____ ____

Δy ____ ____

Δy ____ ____

Δy ____ ____

a ____ ____

a ____ ____

a ____ ____

a ____ ____

Pro-Tip: If you decide to take the direction of positive to always be UP, aY will always be _______________.
PRACTICE: An object is launched up and reaches its maximum height in 10 s. Find its launch speed.
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VERTICAL MOTION: MULTIPLE INTERVALS & SYMMETRY
● Similar to horizontal motion, when dealing with multiple intervals in vertical motion, we:
(1) Draw a complete ________________ diagram (“path”);
(2) Select the appropriate ________________, and its direction of _______________;
(3) Select the appropriate ________________;

 (4) Solve 

EXAMPLE: You throw an object up with 40 m/s from the top of a 100 m building.
Up to Maximum Height (B):
(a) How long will it take (in s) to reach its maximum height?
(b) How high above the ground (in m) will it reach?
Back to Original Height (C):
(c) How long will it take (in s) to come down to its original height?
(d) What velocity will it have at its original height, coming down?
Striking the Ground (D):
(e) Find its total time of travel.
(f) Find its velocity just before striking the ground.

 If two points have the same ___________(YA=____), they are ________________:(1)________ and (2)_________.
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VERTICAL MOTION: SINGLE-STEP SOLUTION; PROJECTILES FROM VEHICLES
● NOTE: Sometimes it is possible / easier / faster / better to solve part of a problem in a SINGLE step!
EXAMPLE 1: You throw an object directly up with 30 m/s from the top of a 40 m-tall building. Calculate its velocity (use +/–
to indicate direction) just before it reaches the ground (using a single step).

● Objects that are dropped / launched are called _________________.
- If an object is dropped / launched from a moving VEHICLE (eg. you), it _________________________________.
EXAMPLE 2: You are inside an air balloon that is moving down. The balloon has speed 10 m/s at a height of 30 m, when
you drop your phone from it. Calculate your phone’s velocity (use +/– to indicate direction) just before hitting the ground.

PRACTICE 1: You are inside an air balloon is that is moving up. If the balloon has speed 20 m/s when you drop your phone
from it, and your phone returns to the ground with speed 40 m/s, find the total time it is in the air for.
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