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Kinematics
Displacement, velocity, acceleration

From position to acceleration

Each quantity is the rate of change of the one before it:

position

x • m

velocity

v • m/s

acceleration

a • m/s2

Δ/Δt Δ/Δt

Each has a scalar partner – distance, speed – with size but no direction.



Kinematics
Displacement, velocity, acceleration

Distance vs displacement

distance – the whole path
travelled (a scalar)

displacement Δx = xf − xi –
start to end, with direction (a vector)

One full lap of a track: distance is
large, displacement is zero. A

B

distance (path)

displacement



Kinematics
Displacement, velocity, acceleration

Velocity and acceleration, defined

Rates of change

vavg =
Δx
Δt , aavg =

Δv
Δt

Instantaneous velocity = the slope
of the tangent on an x–t graph.

An object slows down whenever a
points opposite to v.

speeding up, slowing down, and
turning are all accelerations
speed is the magnitude of
velocity – no direction



AP Physics 1

Exercises 2.1·2.2

Speeding up or slowing down
Compare the signs of v and a:

• same sign → speeding up
• opposite signs → slowing down

A ball moving in the + direction with a = −2 m s−2 is slowing down.

2 Practice
2.1 A cyclist rides +300 m then returns −120 m. State (a) the displacement and (b) the
distance travelled. [2]

2.2 A car’s velocity changes from +30 m s−1 to +12 m s−1 in 6.0 s. Find its average
acceleration. [2]

2.3 An object moves in the + direction while its acceleration is −4 m s−2. State whether
it is speeding up or slowing down, and why. [2]

2.4 In 5.0 s a train’s displacement is +250 m. Find its average velocity. [1]

3 Exam-style questions
3.1 Which pair are both vectors? [1]

A speed and distance
B velocity and displacement
C speed and velocity
D distance and displacement
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Exercises 2.1·2.2

Speeding up or slowing down
Compare the signs of v and a:

• same sign → speeding up
• opposite signs → slowing down

A ball moving in the + direction with a = −2 m s−2 is slowing down.

2 Practice
2.1 A cyclist rides +300 m then returns −120 m. State (a) the displacement and (b) the
distance travelled. [2]
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2.4 In 5.0 s a train’s displacement is +250 m. Find its average velocity. [1]

3 Exam-style questions
3.1 Which pair are both vectors? [1]

A speed and distance
B velocity and displacement
C speed and velocity
D distance and displacement

AP Physics 1 • 1.2 Displacement, Velocity, and Acceleration 2

Solutions
Each answer shows the steps, then the result.

2.1

(a)

• (+300) + (−120) = +180 m

(b)

• 300 + 120 = 420 m

2.2

• a =
12− 30

6.0
= −3.0 m s−2

2.3

• Slowing down – v and a have opposite signs, so the acceleration opposes the motion

2.4

• v =
250

5.0
= +50 m s−1

3.1 B

• velocity and displacement.

3.2 A

• v and a have the same sign, so the object speeds up

3.3

(a)

• 400 m

(b)

• 0 m – start and end are the same point

(c)

• vavg = 0/100 = 0 m s−1

3.4

(a)

• a =
−5− (+5)

2.0
= −5.0 m s−2
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Exercises 2.3·2.4

Speeding up or slowing down
Compare the signs of v and a:

• same sign → speeding up
• opposite signs → slowing down

A ball moving in the + direction with a = −2 m s−2 is slowing down.

2 Practice
2.1 A cyclist rides +300 m then returns −120 m. State (a) the displacement and (b) the
distance travelled. [2]

2.2 A car’s velocity changes from +30 m s−1 to +12 m s−1 in 6.0 s. Find its average
acceleration. [2]

2.3 An object moves in the + direction while its acceleration is −4 m s−2. State whether
it is speeding up or slowing down, and why. [2]

2.4 In 5.0 s a train’s displacement is +250 m. Find its average velocity. [1]

3 Exam-style questions
3.1 Which pair are both vectors? [1]

A speed and distance
B velocity and displacement
C speed and velocity
D distance and displacement
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Exercises 2.3·2.4

Speeding up or slowing down
Compare the signs of v and a:

• same sign → speeding up
• opposite signs → slowing down

A ball moving in the + direction with a = −2 m s−2 is slowing down.

2 Practice
2.1 A cyclist rides +300 m then returns −120 m. State (a) the displacement and (b) the
distance travelled. [2]

2.2 A car’s velocity changes from +30 m s−1 to +12 m s−1 in 6.0 s. Find its average
acceleration. [2]

2.3 An object moves in the + direction while its acceleration is −4 m s−2. State whether
it is speeding up or slowing down, and why. [2]
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Solutions
Each answer shows the steps, then the result.

2.1

(a)

• (+300) + (−120) = +180 m

(b)

• 300 + 120 = 420 m

2.2

• a =
12− 30

6.0
= −3.0 m s−2

2.3

• Slowing down – v and a have opposite signs, so the acceleration opposes the motion

2.4

• v =
250

5.0
= +50 m s−1

3.1 B

• velocity and displacement.

3.2 A

• v and a have the same sign, so the object speeds up

3.3

(a)

• 400 m

(b)

• 0 m – start and end are the same point

(c)

• vavg = 0/100 = 0 m s−1

3.4

(a)

• a =
−5− (+5)

2.0
= −5.0 m s−2
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Exercises 3.1·3.2

Speeding up or slowing down
Compare the signs of v and a:

• same sign → speeding up
• opposite signs → slowing down

A ball moving in the + direction with a = −2 m s−2 is slowing down.

2 Practice
2.1 A cyclist rides +300 m then returns −120 m. State (a) the displacement and (b) the
distance travelled. [2]

2.2 A car’s velocity changes from +30 m s−1 to +12 m s−1 in 6.0 s. Find its average
acceleration. [2]

2.3 An object moves in the + direction while its acceleration is −4 m s−2. State whether
it is speeding up or slowing down, and why. [2]

2.4 In 5.0 s a train’s displacement is +250 m. Find its average velocity. [1]

3 Exam-style questions
3.1 Which pair are both vectors? [1]

A speed and distance
B velocity and displacement
C speed and velocity
D distance and displacement

AP Physics 1 • 1.2 Displacement, Velocity, and Acceleration 23.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Exercises 3.1·3.2
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Solutions
Each answer shows the steps, then the result.
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3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Exercise 3.3 (a)
3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]
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B slowing down
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D moving at constant velocity
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(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Exercise 3.3 (a)
3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Solutions
Each answer shows the steps, then the result.

2.1

(a)

• (+300) + (−120) = +180 m

(b)

• 300 + 120 = 420 m

2.2

• a =
12− 30

6.0
= −3.0 m s−2

2.3

• Slowing down – v and a have opposite signs, so the acceleration opposes the motion

2.4

• v =
250

5.0
= +50 m s−1

3.1 B

• velocity and displacement.

3.2 A

• v and a have the same sign, so the object speeds up

3.3

(a)

• 400 m

(b)

• 0 m – start and end are the same point

(c)

• vavg = 0/100 = 0 m s−1

3.4

(a)

• a =
−5− (+5)

2.0
= −5.0 m s−2
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Exercise 3.3 (b)
3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]

AP Physics 1 • 1.2 Displacement, Velocity, and Acceleration 3

3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Exercise 3.3 (b)
3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Solutions
Each answer shows the steps, then the result.

2.1

(a)

• (+300) + (−120) = +180 m

(b)

• 300 + 120 = 420 m

2.2

• a =
12− 30

6.0
= −3.0 m s−2

2.3

• Slowing down – v and a have opposite signs, so the acceleration opposes the motion

2.4

• v =
250

5.0
= +50 m s−1

3.1 B

• velocity and displacement.

3.2 A

• v and a have the same sign, so the object speeds up

3.3

(a)

• 400 m

(b)

• 0 m – start and end are the same point

(c)

• vavg = 0/100 = 0 m s−1

3.4

(a)

• a =
−5− (+5)

2.0
= −5.0 m s−2
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Exercise 3.3 (c)
3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity
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(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Exercise 3.3 (c)
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(a) State the total distance run. [1]
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(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]
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D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.
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Solutions
Each answer shows the steps, then the result.

2.1

(a)

• (+300) + (−120) = +180 m

(b)

• 300 + 120 = 420 m

2.2

• a =
12− 30

6.0
= −3.0 m s−2

2.3

• Slowing down – v and a have opposite signs, so the acceleration opposes the motion

2.4

• v =
250

5.0
= +50 m s−1

3.1 B

• velocity and displacement.

3.2 A

• v and a have the same sign, so the object speeds up

3.3

(a)

• 400 m

(b)

• 0 m – start and end are the same point

(c)

• vavg = 0/100 = 0 m s−1

3.4

(a)

• a =
−5− (+5)

2.0
= −5.0 m s−2
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Exercise 3.4 (a)

3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Exercise 3.4 (a)
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Exercise 3.4 (b)

3.2 An object has velocity −6 m s−1 and acceleration −2 m s−2. The object is [1]

A speeding up
B slowing down
C at rest
D moving at constant velocity

3.3 A jogger runs one full lap of a 400 m track, returning to the start, in 100 s.

(a) State the total distance run. [1]

(b) State the magnitude of the displacement. [1]

(c) Hence find the average velocity for the lap. [1]

3.4 A stone’s velocity changes from +5 m s−1 to −5 m s−1 in 2.0 s.

(a) Find the average acceleration. [1]

(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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A speeding up
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(b) Explain why the answer is negative even though the final speed equals the initial
speed. [1]
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Exercise 3.4 (b)
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(b)

• Velocity is a vector; its direction reversed, so ∆v ̸= 0 even though the speed is
unchanged
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