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2. motion in a Straight line 

 

2.1 introduction to Kinematics 

 

Dynamics 

The study of motion and of physical concepts such as force and mass  

 

kinematics 

The part of dynamics that describes motion without regard to its causes. 

 

Assumptions for dealing with different objects 
 

1. we will neglect all internal structure of a moving object and consider it to be a point 
particle, or point like object. 

 

2. the point location of an object is called the center of mass 

 

 
3. to determine the equations of motion for an object, we imagine it to be located at a single 

point in space at each instant of time 

2.2-Position vector, Displacement vector, and Distance 

 

 
position vector  𝒓𝒓 ����⃑  

 

1D         𝒓𝒓 ����⃑  = 5 m             2D         𝒓𝒓 ����⃑  = (2,6) m          3D         𝒓𝒓 ����⃑  = (4,6,8) m 

 

Displacement ∆𝒓𝒓�⃑  

is the difference between the final position vector, 𝑟𝑟2 at the end of a motion and the initial 
position vector 𝑟𝑟1 

∆𝒓𝒓�⃑  = 𝑟𝑟2 - 𝑟𝑟1 
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Distance 𝓵𝓵 

distance, 𝓵𝓵, that a moving object travels is the absolute value of the displacement vector 

 
 

Your dorm room is located 0.25 mile from the Dairy Store. You walk from your room to the Dairy 
Store and back. Which of the following statements about your trip is true? 

A. The distance is 0.50 mile, and the displacement is 0.50 mile. 
B. The distance is 0.50 mile, and the displacement is 0.00 mile. 
C. The distance is 0.00 mile, and the displacement is 0.50 mile. 
D. The distance is 0.00 mile, and the displacement is 0.00 mile. 
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Solved problem 2.1 

The distance between Des Moines and Iowa City is 170.5 km along Interstate 80, and as you can 
see from the map, the route is a straight line to a good approximation. 

Approximately halfway between the two cities, where I80 crosses highway US63, is the city of 
Malcom, 89.9 km (55.9 miles) from Des Moines 

 

 
Problem 

If we drive from Malcom to Des Moines and then go to Iowa City, what are the total distance 
and total displacement for this trip? 

Solution 
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2.3 Velocity Vector, Average Velocity, and Speed 

 

average velocity 

 

 

 

Notation: A bar above a symbol is the notation for averaging over a finite time interval. 

 

 

instantaneous velocity 
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• The slope of the green dashed line is the average velocity over this time interval 
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A particle moves according to the equation x = 2t2 – 5t+ 6, find average velocity in the first 
3 s and instantaneous velocity at t = 3 s. 

  (A) 1 m/s, 7 m/s                            (B) 4 m/s, 3 m/s 

  (C) 2 m/s, 5 m/s                           (D) 3 m/s, 7 m/s 
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Speed 

Speed is the absolute value of the velocity vector. 

 

 
 

 

 

 
 

The speedometer in your car shows 

a) average speed. 

b) instantaneous speed. 

c) average displacement. 

d) instantaneous displacement. 
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2.4 Acceleration Vector 

average acceleration is defined as the velocity change per time interval: 

 
 

the instantaneous acceleration is defined as the limit of the average acceleration as the time 
interval approaches 0. 

 
 

 

The acceleration is the time derivative of the velocity, and the velocity is the time derivative of 
the displacement. The acceleration is therefore the second derivative of the displacement. 
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If the speed of an object changes, it will be accelerating or decelerating. This can be shown as a 
curved line on a distance-time graph. 

 

 
A graph to show distance travelled by time. A shows acceleration, B shows constant speed, C 
shows deceleration and D shows stationary position 

The table shows what each section of the graph represents: 

Section of graph  Gradient  Speed  

A Increasing Increasing 

B Constant Constant 

C Decreasing Decreasing 

D Zero Stationary (at rest) 
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The table shows what each section of the red line on the graph represents: 

Section of graph Gradient Velocity Acceleration 

A positive increasing positive 

B zero constant zero 

C negative decreasing negative 

D (v = 0) zero stationary (at rest) zero 

 

Tips 
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2.6 Finding Displacement and Velocity from Acceleration 

 

 
 

Equations of motion with uniform acceleration 
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2.8 Free Fall 

 

constant acceleration due to gravity  𝒂𝒂𝒚𝒚 = - g  

 

 
 

(a) Position and (b) velocity as functions of time for a ball thrown upward with 

      an initial speed of 15.0 m/s. 
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Motion with constant acceleration overtaking motion with constant velocity. 

 
 

Four possible vx-t graphs are shown for the two vehicles. Which graph is correct? 

 

 
 

a pitcher tosses a baseball up along a y axis, with 

an initial speed of 12 m/s. 

(a) How long does the ball take to reach its maximum height? 
(b) What is the ball’s maximum height above its release point? 
(c) How long does the ball take to reach a point 5.0 m above 

its release point? 
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A boat moves slowly inside a marina (so as not to leave a wake) with a constant speed of  

1.50 m/s. As soon as it passes the breakwater, leaving the marina, it throttles up and 
accelerates at 2.40 m/s2.  

(a) How fast is the boat moving after accelerating for 5.00 s?         13.5 m/s 

(b) How far has the boat travelled in these 5.00 s?                              37.5 m 
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Additional Question 

What are the velocities of melon and arrow at the moment of the collision? 
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Calculate 

 

 

 

 

 

 

 

On a strange, airless planet, a ball is thrown downward from a height of 17 m. The ball 
initially travels at 15 m/s. If the ball hits the ground in 1 s, what is this planet's 
gravitational acceleration? 

A. 2 m/s2 . 
B. 32 m/s2 . 
C. 46 m/s2 . 
D. 4 m/s2 . 
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An object of unknown mass is initially at rest and dropped from a height h. It reaches the 
ground with a velocity v1 The same object is then raised again to the same height h, but 
this time is thrown downward with velocity v1 now reaches the ground with a new velocity 
V2 . How is v2 related to v1? 

 

 

A. V2 = V1 
B. V2 = √2 V1 
C. V2 = 2V1 
D. V2 = 4V1 
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Hotel in Dubai is well known for its Musical Fountains, which use 192 Hyper Shooters to 
fire water hundreds of feet into the air to the rhythm of music. One of the Hyper Shooters 
fires water straight upward to a height of 73.152 m. 

 

a) What is the initial speed of the water? 

b) What is the speed of the water when it is at half this height on its way down? 

c) How long will it take for the water to fall back to its original height from half its maximum  

     height? 
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Important notes 
All of the following are true: 

1. An object can have zero acceleration and be at rest. 

2. An object can have nonzero acceleration and be at rest. (Object thrown up -at the top) 

3. An object can have zero acceleration and be in motion. (move with constant speed) 

 

 

• The magnitude of average velocity and average speed are the same only when the direction 
of movement does not change.  
 

• If the direction changes during movement, it is known that the net displacement is smaller 
than the net distance. it can be said that the magnitude of average velocity is less than the 
average speed when the direction changes during movement.  

 

 

 

If the acceleration of an object is zero and its velocity is nonzero 

 

the object is moving at a constant velocity. 
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Two different masses free fall m1 is twice as heavy as m2. Neglecting air resistance so: 

1. then the acceleration does not depend on the mass of an object.  
2. Therefore, both snowballs have the same acceleration.  
3. Since initial velocities are zero, and the snowballs will cover the same distance, both snowballs 

will hit the ground at the same time. 
4.  They will both have the same speed. 

 

 

half of the maximum height and time to reach this distance 
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A truck travelling due north at 20 m/s turns west and travels at the same speed. Then the 
change in velocity is 

A. 40 m/s northwest 

B. 20 √2 m/s northwest 

C. 20 √2  m/s southwest 

D. 40 m/s southeast 

 

 

 

A particle travels at 20.0 m/s north for 20.0 min and then it stops instantaneously and 
reverses the direction and travels at 25.00/s for 15.0 min. what is the particle's total 
displacement? 

 

A. 150 m 
B. 25 km 
C. 2500 m 
D. 1.5 km 

 

 

The free body diagram below shows two forces acting on a mass. Which equation of the 
following represents the vector sum of the forces in N, on the x-axis? 

 
    A.     ∑𝐹𝐹𝑥𝑥 = 4 cos 210 ° + 6 cos 40 ° 

    B.     ∑𝐹𝐹𝑥𝑥 = 4 sin 60 ° + 6 cos 40 ° 

    C.     ∑𝐹𝐹𝑥𝑥 = - 4 cos 60 ° + 6 sin 40 ° 

    D.     ∑𝐹𝐹𝑥𝑥  = - 4 cos 60 ° + 6 cos 40 ° 

 

 

 


