Name: ​​​_________________________

                                            Date: ____________________


Physics 2204
Unit 1 - Kinematics
Main topics
1. Vector Analysis



2. Graphical Analysis



3. Kinematics Equations



4. Relative Motion

Mechanics:____the study of the motion of objects and the forces that act on them
Kinematics: the study of the motion of objects. (How they move)
1. Vector analysis

Identify the similarities and differences between these two sets of numbers 

Set A ( 
6.0 s

4 m/s

7 m     scalar
Set B ( 
10 m/s [N]
-9.3 m/s2
12 m [W]  vector
	Scalar
	Vector

	· A quantity that has magnitude and a unit
Ex. 10 m/s

4s

6m

	· A quantity that has magnitude, a unit

and direction
ex 10 m/s [N]
4 m [S]

-9.8 m/s2


Classify the following as Scalar or Vector:
(a) 17°C

___________v_______
(b) -2.1 m/s2 

__________v________

(c) 95 km/h
___________v_______
(d) 45 m 

__________s________

(e) 38 m/s [S]
__________s________

Scalar and Vector Motion (page 11)
SI Units (page 9)
	Distance
	Displacement

	
	

	Average Speed
	Average Velocity

	
	


Section 3.1 – Addition and subtraction of Scalar and Vectors (page 79)
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A. Adding linear vectors graphically

Step1: Pick a scale and a starting point.

Step 2: Draw the 1st vector using the scale.

Step 3: Draw the remaining vectors tail-to-tip, that is the tail of the 2nd vector joins to the tip of the 1st, and so on.

Step 4: Draw the resultant vector from the tail of the 1st to the tip of the last.

Step 5: Measure the resultant with a ruler and convert back using scale.  Do not forget to indicate direction.

B. Adding perpendicular vectors graphically

Steps 1 – 4: Same as A

Step 5: Measure the resultant vector with a ruler and convert back using scale.  Measure the angle with a protractor and indicate direction appropriately.

C. Adding linear vectors analytically

When adding linear vectors analytically, always use the following sign convention


Use + for up, right, east, north


Use – for down, left, west, south

D. Adding perpendicular vectors analytically

Step 1: Draw a rough sketch.

Step 2: Find the magnitude of the resultant using Pythagorean Theorem.

Step 3: Find the direction of the resultant using trigonometry.

Note: problems and homework questions.
Review of Uniform Motion
Uniform Motion: A body is said to be in Uniform Motion if it moves in a straight line at constant speed.
What does a distance versus time graph look like for uniform motion?
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· When an object is moving at a constant speed in a straight line (uniform motion) the graph of distance versus time is a straight line and the slope of the line is the ____speed____ of the object.

· For non-uniform motion the slope of a displacement versus time graph is the _______velocity________ of the object
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For the problem below remember that you need the total distance and total time
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Complete Uniform Motion Review Sheet
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Section 1.5 Position-Time Graphs (Displacement-Time Graphs)
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Interpreting Graphs
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When given a displacement versus time graph, calculating the slope will give us a velocity versus time graph.

Example 1: Using the displacement versus time graph below, construct the corresponding velocity versus time graph.
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Example 2: Using the displacement versus time graph below, construct the corresponding velocity versus time graph.
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Similarly, when given a velocity versus time graph, calculating the slope will give us an acceleration versus time graph.

Example 3: Given the velocity versus time graph below, construct the corresponding acceleration versus time graph.
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Note: Page 47 is EXTREMELY IMPORTANT!!!

Complete #’s ________________________________

Graphical Analysis Worksheet

From last day, you can create a velocity versus time graph by getting the slope of a displacement versus time graph.  Similarly you can create an acceleration versus time graph by getting the slope of a velocity versus time graph.

What if you were given a velocity versus time graph and asked to create a displacement versus time graph?

You must get the _______________ under a velocity versus time graph to plot a displacement versus time graph.

Important tips:

· Refer to page 47 for help

· You must obey the given sign convention, that is negative area means negative displacement

Example 1: Using the velocity versus time graph below, construct the corresponding displacement versus time graph.
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What if you were given an acceleration versus time graph and asked to create the corresponding velocity versus time graph?


There’s no difference, you still get the area

Example 2: Using the acceleration versus time graph below, construct the corresponding velocity versus time graph.
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Example 3: Using the velocity versus time graph in Example 2, sketch the corresponding displacement versus time graph.

Calculations

[image: image19.emf]
We just assumed that the graph started at (0 s, 0 m) on the displacement versus time graph, but it could have started anywhere!  For us (0 s, 0 m) is just a reference point and we could have picked anything, (0 s, 40 m) for example.
Section 2.2 (page 46)
Moving From One Graph to Another

Example 1: 

Example 2:


Example 3:


Example 4:


Complete #’s ________________________________

Section 2.3 Creating Equations and Section 2.4 Solving Problems Using Equations
The 5 kinematics equations below are used to treat uniformly accelerated motion, that is motion in a straight line when acceleration is constant.

Given a velocity versus time graph, the slope represents ________________________.

Consider the graph below.




Given a velocity versus time graph the area represents ________________________.

Using the same graph above:

To find the other three equations we simply substitute (1) into (2).

If we substitute (1) directly into (2) we get (3):

If we solve (1) for v1
and then substitute it into (2) we get (4)

Finally, if we solve (1) for t

and substitute it into (2) we get (5) 

Important: There 5 equations only apply to situations involving constant acceleration!

Example 1: Jack Bauer, fleeing from an explosion, reaches a speed of 145 km/h from rest in 4.77 s.  How far did he travel in this time?

Example 2: Chuck Norris, moving at 2.6 m/s, accelerates to 32.1 m/s in 5.5 s.  Find his acceleration.

Example 3: Calculate the acceleration of an air bag if it deploys in 30.0 ms and moves a distance of 38 cm.

Complete #’s ________________________________

Example 4: An object accelerates at 9.8 m/s2 when falling.  How far does an object fall if it reaches a speed of 16.1 m/s when dropped from rest?

Example 5: A car traveling left at 16.0 m/s applies the brakes such that the car slows at a rate of 2.2 m/s2 until it stops.  Find:

(a) the time it took to stop; and

(b) the stopping distance.

Example 6: If the car in Example 5 didn’t stop find the final velocity if the brakes were applied for 2.5 s.

Complete #’s ________________________________

Section 2.4 Solving Problems Using Equations
Kinematics Equations: Special case of free fall objects

The force of gravity is always acting.  An object in free fall accelerates at a rate due to gravity’s downward force called the acceleration due to gravity, denoted

Example 1: A soccer ball is kicked vertically upwards with a speed of 22 m/s.

(a) Determine the displacement at 1.0 s.

(b) What is the velocity at 1.0 s?

Example 2: A batter pops a fly ball vertically upward at 35.0 m/s.  What is the maximum height reached?

Complete #’s ________________________________
Kinematics Equations: Special case of two-body problem

Example 1: ____________________ and ____________________ set out on a race.  

____________________ runs at a constant speed of 9.20 m/s as soon as the race begins but 

____________________ starts from rest and accelerates uniformly at 1.20 m/s2. 

(a) How long does it take ____________________ to catch ____________________?

(b) How far did they travel at this point?

(c) What is ____________________’s final velocity when he/she catches 


____________________?
Complete #’s ________________________________
Section 3.4 Relative Velocities
Relative Motion: ____________________________________________________________________

_________________________________________________________________________________

The general equation for relative motion is

where

Note: We must still add vectors using the same vector addition rules we learned previously.

1D Relative Motion
Example 1: You are driving down the TCH at a velocity of 100 km/h [E].

(a) If someone passes you going 110 km/h [E], what is their velocity relative to you?

(b) If someone is approaching you at 110 km/h [W], what is their velocity relative to you?

(c) What is the velocity of the ground relative to you?

Example 2: You are walking down the road at 5.0 km/h [N] and a car passes by you at 60.0 km/h [N].  What is the velocity of the car relative to you?

Example 3: A child pulls a wagon at 1.1 m/s [S] and a bug on the wagon is walking 0.50 m/s [N] relative to the wagon.  

(a) What is the bug’s velocity relative to the ground?

(b) If you are approaching the child at 1.4 m/s [S], and notice the bug, what is the bug’s velocity relative to you?
Example 4: A train travels 65.0 km/h [W] while a stewardess pushes a cart 5.0 km/h [W] relative to the train.

(a) What is the velocity of the cart relative to the ground?

(b) If a grape rolls backwards on the cart at 1.0 km/h, what is the velocity of the grape relative to the ground?

2D Relative Motion
Example 1: Joshua can swim 2.5 m/s in still water. If he heads north across a river and the current travels at a velocity of 1.7 m/s [E], what is his velocity relative to the ground?
Example 2: Next, Joshua wants to end up directly north across the river. Assuming he swims 2.5 m/s relative to the water which has a current with a velocity of 1.7 m/s [E]:
(a) What heading must he use?
(b) What is his velocity relative to the ground?
Example 3: Stephen can paddle a boat 2.7 m/s in still water. He wishes to travel west across a river but a current of 1.4 m/s pushes him north.

(a) What direction must Stephen head in order to cross the river due west?
(b) What is his velocity relative to the shore?

Example 4: A plane traveling 425 km/h attempts to fly south into a wind coming from the east                                                                                        at 90km/h.

(a) What is the velocity of the plane relative to the ground?
(b) How far off course would the plane be after 6.00 hours?

Complete #’s ________________________________
Extra Practice
Example 5: Alex attempts to across a river due west, but the river has a current of 2.2 m/s [N]. If Alex can swim 2.4 m/s in still water, find his velocity relative to the ground.

Example 6: A plane with an airspeed of 355 km/h heads into a wind that is blowing 50.0 km/h [E]. In order to fly south, what direction must the plane head, and what speed is the plane’s speed relative to the ground?

Example 7: The water in a stream is moving at a rate of 3.00 m/s [N]. A swimmer can swim at a rate of 5.50 m/s in still water. If he wishes to swim directly west across the river from where he is standing

(a) What is the swimmer speed relative to the shore?
(b) If the stream is 1.55 km wide, how long does it take him to cross?
Worksheet on Kinematics and Relative Motion
t (s)





d (s)





t (s)





v (m/s)





t (s)





a (m/s^2)





t (s)





v (m/s)





v (m/s)





t (s)
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