AP Physics 1 One-Dimensional Kinematics

CONSTANT VELOCITY

Consider the position vs. time graphs shown:
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* The slope of the graph on the left is %x_ , and is therefore velocity.
t

« The curved graph on the right indicates that the slope is changing. The slope of the curved graph is still

velocity even though the velocity is changing, indicating the object is accelerating.

« The instantaneous velocity at any point on the graph (such as point P) can be found by drawing a tangent

line at the point and finding the slope of the tangent line.

« The slope of a position-time graph is the same as the value (height) of velocity-time graph. Consequently,

the value of a velocity-time graph is the same as the slope of a position-time graph.



AP Physics 1 One-Dimensional Kinematics

EXERCISE 1. POSITION VS. TIME GRAPHS
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AP Physics 1 One-Dimensional Kinematics

CONSTANT VELOCITY

Consider the velocity vs. time graphs shown:
v(m/s) v(m/s)
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* The slope of the velocity vs. time graph on the left is el and 1s therefore acceleration.
t
. ; , : m ;
* The area under the velocity vs. time graph on the right has units of —xs =m, and is therefore

: s
displacement.

 The slope of a velocity-time graph is the same as the value of an acceleration graph. Consequently, the

value of an acceleration-time graph is the same as the slope of a velocity-time graph.

EXERCISE 2. VELOCITY VS. TIME GRAPHS

Qualitatively describe the motion depicted in the following velocity vs. time graphs:

a. b.
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AP Physics 1 One-Dimensional Kinematics

QUANTITATIVE APPROACH

« The next step is to calculate the slope of a position vs. time graph, and understand that the value obtained is
the average velocity. When the velocity is constant, the average velocity over any time interval is equal to

the instantaneous velocity at any time.
+ The area under the curve of a velocity vs. time graph is the displacement.

> When displacement is plotted on the y-axis and time is plotted on the x-axis, the curve is a straight line.

o Happiness is a straight line because once you have a straight line, you now have an equation:

goveceeQy
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where m is the slope and b is the y-intercept. The slope is the change in y divided by the change in x

(otherwise known as “the rise over the run”).
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+ Because we are graphing displacement on the y-axis, the change in y is simply the change in displacement,

or Ay. We have At for the x-axis, so the slope is

by 6\05'%% (peally %} = Vg

A A
But % is the velocity v, therefore the slope of the position vs. time graph is the velocity.
t
o Example: What is the velocity of the object whose motion is depicted in the previous graph?
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AP Physics 1 One-Dimensional Kinematics

ACCELERATED MOTION

* Because the AP Physics 1 exam generally deals with constant acceleration, any graph of acceleration vs.

time on the exam would likely be a straight horizontal line:
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o This graph on the left tells us that the acceleration of this object is positive.
o If the object were accelerating negatively, the horizontal line would be below the time axis, as shown in

the graph on the right.

+ If an object is undergoing a constant acceleration, we can analyze the motion and come up with several

equations that will describe the motion. Start with the equation for acceleration:

V—v
a= L
t—t,
Lett,=0,v,=0:
V—v
a= B
t
v=y,+al

* So here are the kinematic motion equations. These will be provided to you on the AP Physics 1 exam. The

following table shows their form on the test equation sheet.

KINEMATIC MOTION EQUATIONS

V, =V,, +a,t v as a function of time
1_ ., : ;
X=X, +V,t +§axt x as a function of time
2 _ a2 2 . .
Ve =V, T2a,(X-Xp) x as a function of velocity




AP Physics 1 One-Dimensional Kinematics

You are asked to experimentally determine the acceleration of a skier traveling down a snow-covered hill of
uniform slope as accurately as possible. Which combination of equipment and equation would be most useful
in your experimental design?
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One-Dimensional Kinematics

Key

|}
A cart is rolling along a series of level and inclined tracks. Draw qualitative graphs of position vs. time,
velocity vs. time, and acceleration vs. time.
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AP Physics 1

EXERCISE 3. ACCELERATED MOTION
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AP Physics 1 One-Dimensional Kinematics

NTERPRETING GRAPHS Ké"?

EXERCISE 4. INTERPRETING GRAPHS

Qualitatively describe the motion of an object at the different time intervals depicted in the following velocity
vs. time graph:
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AP Physics 1

One-Dimensional Kinematics

EXERCISE 5. INTERPRETING GRAPHS

Kevy
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Qualitatively describe the motion of an object at thq different time intervals depicted in the following position
vs. time graph:
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AP Physics 1 One-Dimensional Kinematics

KeX

QUANTITATIVE APPROACH
* The quantitative approach includes the following calculations:

> The slope of the tangent of a position vs. time graph defines instantaneous velocity.
> The slope of the velocity vs. time graph is the average acceleration.
o The area under the velocity vs. time graph is the displacement.

> The area under the acceleration vs. time graph is the change in velocity.

EXERCISE 6. QUANTITATIVE APPROACH

In concise, coherent statements describe the motion depicted by Graph (a) and Graph (b). Sketch a velocity
vs. time graph for Graph (a) and a position vs. time graph for Graph (b).

a. b.
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AP Physics 1 One-Dimensional Kinematics

EXERCISE 5. INTERPRETING GRAPHS

Qualitatively describe the motion of an object at the different time intervals depicted in the following position
vs. time graph:

x(m)
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AP Physics 1

One-Dimensional Kinematics

Key

velocity greater than zero.

An object slides up and then down a frictionless track, as shown in the diagram. The object starts with a
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b. Sketch the corresponding position vs. time graph,
velocity vs. time graph, and the corresponding
acceleration vs. time graph.
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AP Physics 1

One-Dimensional Kinematics
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d. When the object gets to the top of the ramp, a student measures the time it takes for the object to travel
various displacements down the ramp using a stopwatch. Three consecutive trials are measured and the
data is recorded as shown. Describe qualitatively and quantitatively how the student could determine the
acceleration of the object.

% =
Displacement (m) Average Time (s)
0 0
0.2 0.68
0.4 0.98
0.6 1.18
0.8 1.38
1 1.52
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AP Physics 1

SUMMARY OF MOTION INTERPRETATION

Graph of Motion Interpretation

One-Dimensional Kinematics
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