Physics 11 — 3 Projectile Motion

3.1 Vectors

Vectors are added “tip to tail”.  In one dimension, a positive and a negative can just be added.

In two dimensions, the direction of the vector must be considered.

This requires the use of a scale diagram and accurate measurement, the Pythagorean Theorem and trigonometry.

We will add a force of 12 N north and 8.0 N east.

1. Draw a vector 12 cm long vertically.

2. From the end of this vector draw a vector 8.0 cm to the right (east).

3. The resultant is drawn from the original start to the final end point.

4. Measure the length of the resultant and the angle.

The angle is described as 34° East of North, or 34° E of N.  This can be read as 34° to the East from due North.

Start at due north and go 34° to the east from there.

This resultant could also be called 56° to the North of East.  Why is this also correct?

To add these vectors mathematically:

1. Draw the vector addition diagram.

2. [image: image1.wmf] 
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Calculate the resultant using the Pythagorean theorem.  (We will only use vectors at right angles)

3. Calculate the angle using trigonometry.  In this case using:

Ex 1
Add 7.5 m west and 11 m south graphically and mathematically.


Ex 2
Show graphically and mathematically that 15 m/s east and 8.0 m/s south can be added together in either order.

The other skill you need with vectors is to find the component vectors for a single vector.

For projectile motion, a vector must be broken up into “x” and “y” components.

Other vectors can be broken up into two directions of the compass.

To make life easier, we will only use component vectors that are at right angles.

To find components of a vector:

1. Draw the vector with the given angle.

2. Draw the component vectors that include the given angle.

3. Calculate the consonants using sine and cosine functions:
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Ex 3
Find the components of:

270 N 30° W of S.

12.5 m/s 15° above the horizon.

75 m at 40° away from the vertical.

Homework: worksheet


3.2 Horizontal Projectile Motion
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Projectile motion is an application of kinematics in two dimensions: the “y” direction (vertical) and the “x” direction (horizontal)

Projectile motion occurs when the primary force affecting an object is gravity.  When we ignore friction, the only acceleration of the object is g.

Importantly, g only causes acceleration in the “y” direction.  There is no acceleration in the “x” direction.

The acceleration g causes the vertical velocity to increase.

The velocity in the horizontal direction remains constant.

The motion in the y direction is the same as an object falling vertically.
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The red and yellow ball fall vertically at the same rate.

The time for the red ball to fall is the same as the time for the yellow ball to fall.

To solve problems in projectile motion, we will break the problem into the y component and the x component.

The only variable that will be used in both components is the time.

The final velocity will have an x and a y component.

Each question will be set up in two parts: for each component.


Ex 1
A ball rolls off the top of a table that is 1.25 m above the ground with a horizontal velocity of 2.0 m/s.

a) How much time does it take for the ball to hit the ground?

b) How far from the table (measured along the floor) does the ball land?

c) What is the final velocity of the ball just before it hits the ground?

Ex 2

A rifle is held horizontally and fired.  Just as it is fired, the rifle is allowed to fall.  Does the bullet or the rifle hit the ground first?


Ex 3
A rock is thrown horizontally off a 12 m cliff.  It lands 22 m away from the base of the cliff.  Find the rock’s initial and final velocity.

Ex 4

A brick thrown horizontally lands 2.2 s after it is thrown.  It lands 37 m away (measured horizontally) from where it is thrown.  What is the bricks final velocity?

p. 150, 1, 3

pp. 164-165, 34, 35, 43, 51-53, 55, 59


3.3 Level Ground Projectiles.

[image: image5.jpg]


A second class of projectiles is objects launched at an angle to the horizontal over level ground.

Because the ground is level, the total displacement of the projectile is zero.

Similar to object thrown vertically, the object will reach its highest point at half time, with vy = 0

Gravity only causes acceleration in the y-component.  Velocity is x component is constant.

Ex 1
A rock is thrown at 15 m/s at 20° above the horizon.  How far does the rock travel? 


Ex 2
A golf ball is hit by Mr. Carroll and flies at 42 m/s at 78° above the horizon.  What is the maximum height the ball reaches?  What is the velocity of the ball just before it hits the ground?

Ex 3
A cannon is fired and the cannon ball lands 380 m away, 4.5 s later.  What was the initial velocity of the ball?

p. 152, 4, 5

pp. 164-165, 45, 56 
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