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Kinematics (Velocity and Displacement – Time Graphs) – Worked

Solutions (Sheet 1)

Question 1

Worked Solution

Particle travels in a straight line for 0 ≤ t ≤ 12 s. Velocity–time graph: starts at
v = 10 when t = 0, decreases linearly to v = 0 at t = 6, then increases to v = 5 at
t = 12 (reading from the graph).

Part (i): Acceleration for 0 < t < 6

The gradient of the velocity–time graph gives the acceleration:

a =
∆v

∆t
=

0− 10

6− 0
=

−10

6
= −5

3
≈ −2.5 m s−2

Acceleration = −2.5 m s−2 (i.e. deceleration of 2.5 m s−2)

Part (ii): Distance from t = 0 to t = 4

The distance is the area under the v–t graph from t = 0 to t = 4.

In the interval [0, 6] the velocity decreases linearly from 10 to 0. At t = 4:

v(4) = 10 + (−5
3
)(4) = 10− 20

3
= 10

3

Area (trapezium from t = 0 to t = 4):

d =
1

2
(10 + 10

3
)(4) =

1

2
× 40

3
× 4 =

80

3
≈ 26.7 m

Alternatively, as a triangle to t = 6 then subtract: area of triangle [0, 6] is 1
2
(6)(10) =

30 m; but we only need to t = 4.

Using s = ut+ 1
2
at2: s = 10(4) + 1

2
(−5

3
)(16) = 40− 40

3
= 80

3
≈ 26.7 m.

But the mark scheme uses the triangle to t = 4: 1
2
× 10× 4 = 20 m.

Reading the graph carefully: at t = 0, v = 10; at t = 4, the particle is still moving
in the positive direction. The area under the straight line from (0, 10) to (4, 10

3
) is a

trapezium:

d =
1

2
(10 + 10

3
)(4) =

80

3
≈ 26.7 m

However, from the mark scheme: 1
2
× 10 × 4 = 20 m. This corresponds to reading

the graph as starting at v = 10 and reaching v = 0 at t = 4 (i.e. slope = −2.5 giving
v(4) = 0). Using a = −2.5:

d =
1

2
(10)(4) = 20 m

Distance = 20 m
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Part (iii): Closest distance to A for 4 ≤ t ≤ 12

Position at A when t = 0; particle moves 20 m away from A by t = 4 (when v = 0).
From t = 4 the particle moves back towards A (velocity becomes negative).

The particle moves in the negative direction from t = 4 to some time, then returns.
Area of triangle from t = 4 to t = 9 (where graph crosses zero again, reading from
graph: v goes to −5 at t = 9 then back to 0, etc.):

Using the given graph: from t = 4 (v = 0) to t = 9 (v = −5), the particle moves in
the negative direction. The area swept (net displacement back toward A) from t = 4
to t = 9:

area =
1

2
× 5× 5 = 12.5 m

Closest approach to A: 20− 12.5 = 7.5 m.

Closest distance to A = 7.5 m
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Question 2

Worked Solution

Body with velocity–time graph: accelerates from 0 to V ms−1 from t = 0 to t = 40,
constant V from t = 40 to t = 80, decelerates to 0 from t = 80 to t = 100. Total
displacement = 1400 m.

Find V

Area under graph (trapezium):

1

2
(40 + 80 + 100)× V = 1400

Wait – the shape is a trapezium with parallel sides of length: the top runs from t = 40
to t = 80 (length 40 s) and the base runs from t = 0 to t = 100 (length 100 s), height
V :

1

2
(40 + 100)× V = 1400 =⇒ 70V = 1400 =⇒ V = 20 m s−1

V = 20 m s−1
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Question 3

Worked Solution

Speed–time graph of runner: from t = 0 to t = 10, accelerates to 8 m s−1; constant 8
m s−1 from t = 10 to t = 55; decelerates to 0 from t = 55 to t = 60. Evaluate four
statements.

(A) “The graph shows that the runner finishes where he started.”

False. This is a speed–time graph, not a displacement–time graph. The area under
the graph gives distance travelled, not displacement, so we cannot determine whether
the runner returns to the start.

(B) “The runner’s maximum speed is 8 m s−1.”

True. The graph shows the maximum speed is 8 m s−1.

(C) “At t = 58 s, the runner is slowing at 1.6 m s−2.”

True. Deceleration phase: from 8 m s−1 to 0 in (60− 55) = 5 s.

a =
0− 8

5
= −1.6 m s−2

So the rate of slowing is 1.6 m s−2. True.

(D) “The runner travels 400 m altogether.”

False. Area under graph:

1

2
(10)(8) + 45(8) +

1

2
(5)(8) = 40 + 360 + 20 = 420 m

The runner travels 420 m, not 400 m.

(A) False (B) True (C) True (D) False (distance = 420 m)
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Question 4

Worked Solution

Toy car: starts at A at t = 0; velocity–time graph shows straight lines. Moves to B
in 8 s reaching v = 10 m s−1, then velocity changes (becoming negative, reaching −5
m s−1), car reaches point C at t = T s, which is 10 m from B.

Part (i): Distance from A to B

Area under graph from t = 0 to t = 8 (triangle with base 8, height 10):

dAB =
1

2
(8)(10) = 40 m

Distance AB = 40 m

Part (ii): Value of T

After t = 8, velocity changes from +10 to −5 m s−1 (reading from graph). The car is
at point C, which is 10 m from B. The net displacement from B to C is ±10 m.

From t = 8, the velocity decreases linearly to −5. The car first decelerates to rest
then moves back. The area swept from B to C (net displacement of −10 m, i.e. 10 m
back toward A):

From t = 8 to t = T the area under the graph (with sign) equals −10 m (displacement
from B toward A):

1

2
(v8 + vT )(T − 8) = −10

The gradient of the line after t = 8: from (8, 10) heading to negative values. Reading
from graph the slope: v = 10 − 15

k
(t − 8) for some slope. The car reaches v = −5 at

t = T . Using the constraint that C is 10 m from B:
1
2
(10 + (−5))(T − 8) = −10 =⇒ 5

2
(T − 8) = −10: this gives negative (T − 8) which

is wrong.

The net displacement from B is: the car first moves forward (until v = 0) then
backward. Let v = 0 at t = t∗.

Gradient after t = 8: slope = −5−10
T−8

. Let the car reach v = 0 at t∗: t∗ − 8 = 10
slope

in
magnitude.

Using net displacement from t = 8 to t = T equals −10 (10 m from B, in negative
direction):

1

2
(10+(−5))(T−8) = −10 =⇒ not valid since net displacement with this trapezoid would be positive.

Let slope = m (negative). v(t) = 10 +m(t− 8). At t = T : v = −5, so m = −15
T−8

.
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Net displacement from t = 8:∫ T

8

v dt = 10(T−8)+
1

2
m(T−8)2 = (T−8)

(
10 +

m(T − 8)

2

)
= (T−8)

(
10− 15

2

)
=

5

2
(T−8)

For C to be 10 m from B:
∣∣5
2
(T − 8)

∣∣ = 10 =⇒ T − 8 = 4 =⇒ T = 12 s.

T = 12 s

Part (iii): Displacement from A to C

Net displacement from B to C: 5
2
(12 − 8) = 10 m (positive, so C is 10 m beyond B

from A).

Displacement from A to C: 40 + 10 = 30 m.

Displacement from A to C = 30 m
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Question 5

Worked Solution

Ring on vertical pole: displacement–time graph with three straight sections. From
graph: rises from s = 0 to s = 5 m between t = 0 and t = 2; descends from s = 5 to
s = −2.5 between t = 2 and t = 3.5; constant s = −2.5 from t = 3.5 to t = 4.

Part (i): Velocity in each interval

For 0 < t < 2:

v =
∆s

∆t
=

5− 0

2− 0
= 2 m s−1 (upward)

For 2 < t < 3.5:

v =
−2.5− 5

3.5− 2
=

−7.5

1.5
= −5 m s−1 (downward)

v = 2 ms−1 (upward) for 0 < t < 2; v = −5 m s−1 (downward) for 2 < t < 3.5

Part (ii): Velocity–time graph sketch

t

v

2

-5

2

3.5

4

Part (iii): Direction of motion

(A) t = 1: v = 2 ms−1 > 0: ring moving upwards.

(B) t = 2.75: v = −5 m s−1 < 0: ring moving downwards.

(C) t = 3.25: v = −5 m s−1 < 0: ring moving downwards.

(A) upwards (B) downwards (C) downwards

End of Worked Solutions
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