
Linear Motion Exam Question Solutions

Note These exam questions are answered in reverse chronological order as they appear in exam
papers; 2023 paper, Sample paper, 2022 (deferred), 2022, and so on back to 2015. They are
answered in the style described in my notes. All questions from the old syllabus papers are
included as they are relevant to the new syllabus, with the possible exception of 2015 Q1 for
which explanation for its inclusion is given.

Example — 2023 Q5 (b).

Letting the Monday journey be Journey A and the Tuesday journey be Journey B,

Journey A
First Part Second Part Third Part
uA1 = 0 uA2 = 22.5 uA3 = 22.5
vA1 = 22.5 vA2 = 22.5 vA3 = 0
aA1 = aA2 = 0 aA3 =
sA1 = sA2 = sA3 =
tA1 = 40 tA2 = 480 tA3 =
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Journey B
First Part Second Part Third Part
uB1 = 0 uB2 = uB3 =
vB1 = vB2 = vB3 = 0
aB1 = 1.5 aB2 = 0 aB3 =
sB1 = sB2 = sB3 =
tB1 = 20 tB2 = 360 tB3 =

Extra Equations

40+480+ tA3 = 20+360+ tB3 +140 (leaves later on Tuesday)

sA1 + sA2 + sA3 = sB1 + sB2 + sB3 (same distance)

vB1 = uB2 = vB2 = uB3

Some values can be calculated immediately (in brackets below), simplifying things.

Journey A
First Part Second Part Third Part
uA1 = 0 uA2 = 22.5 uA3 = 22.5
vA1 = 22.5 vA2 = 22.5 vA3 = 0
aA1 = aA2 = 0 aA3 =
sA1 = (450) sA2 = (10800) sA3 =
tA1 = 40 tA2 = 480 tA3 =

Journey B
First Part Second Part Third Part
uB1 = 0 uB2 = (30) uB3 = (30)
vB1 = (30) vB2 = (30) vB3 = 0
aB1 = 1.5 aB2 = 0 aB3 =
sB1 = (300) sB2 = (10800) sB3 =
tB1 = 20 tB2 = 360 tB3 =

Extra Equations

40+480+ tA3 = 20+360+ tB3 +140

(450)+(10800)+ sA3 = (300)+(10800)+ sB3

vB1 = uB2 = vB2 = uB3

Letting tB3 = t, our first extra equation gives

40+480+ tA3 = 20+360+ tB3 +140

⇒ tA3 = t.

Letting sB3 = s, our second extra equation gives

sA1 + sA2 + sA3 = sB1 + sB2 + sB3

⇒ 450+10800+ sA3 = 300+10800+ s

⇒ sA3 = s−150.
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Then applying s =
(u+v

2

)
t to the third column of both journeys,

sA3 =

(
uA3 + vA3

2

)
tA3

⇒ s−150 = 11.25t,

and

sB3 =

(
uB3 + vB3

2

)
tB3

⇒ s = 15t.

Solving the system of simultaneous equations

s−150 = 11.25t

s = 15t

gives

t = 40,

so that

tB1 + tB2 + tB3 = 20+360+40

= 420 seconds

= 7 minutes

so that she leaves her house at 8:23.
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Example — Sample Q3 (b).

(i) Letting the journeys for both athletes start when Clara starts running and end when the
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baton is passed,

Brian Part 1 Brian Part 2 Clara Extra Equations
uB1 = 11 uB2 = 11 uC = 0 tB1 + tB2 = 2.5
vB1 = 11 vB2 = 8 vC = 8
aB1 = 0 aB2 =−2 aC = f
sB1 = sB2 = sC =
tB1 = tB2 = tC = 2.5

We can quickly calculate that tB2 = 1.5 seconds from the second column.

(ii) We can also calculate that tB1 = 1 from the extra equation, giving the following graph.
We don’t explicitly need the times that Clara stops accelerating or that Brian reaches rest
(although you can calculate them as 3.75 seconds and 5.5 seconds if you want) as we know
to draw a straight line through (2.5,8).

(iii) Using the UVAST array from part (i), we can quickly calculate that

sB1 = 11

sB2 = 14.25

sC = 10.

So Brian travelled 11+14.25 = 25.25 m in the 2.5 seconds, so that Clara is 25.25+0.75 =
26 m ahead of his starting position when the baton is passed. Therefore when she starts
running she is 26−10 = 16 m in front of Brian’s starting position.
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Example — 2022 (Deferred) Q1.

(a) (i)

A B Extra Equations
uA = 4 uB = 5 ((((

(tB = tA−3
vA = vB = (((

((((sA + sB = 1143
aA = 2 aB = 4
sA = s sB = 1143− s
tA = t tB = t−3

From the first column,

sA = uAtA +
1
2

aAt2
A

⇒ s = 4t + t2.

From the seconds column,

sB = uBtB +
1
2

aBt2
B

⇒ 1143− s = 5(t−3)+2(t−3)2

⇒ 1143− (4t + t2) = 5t−15+2(t2−6t +9)

⇒ 1143−4t− t2 = 5t−15+2t2−12t +18

⇒ 0 = 3t2−3t−1140

⇒ 0 = t2− t−380

⇒ t = 20,���−19 seconds.
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(ii) almost immediately from part (i),

s = 4t + t2

= 4(20)+202

= 480 m.

(iii) Setting up a new UVAST array,

A B
uA = 4 uB = 5
vA = vB =
aA = 2 aB = 4
sA = 320 sB =
tA = t tB = t−3

where t is different to the t from part (i).

sA = uAtA +
1
2

aAt2
A

⇒ 320 = 4t + t2

⇒ 0 = t2 +4t−320

⇒ t = 16,���−20.

Then

sB = uBtB +
1
2

aBt2
B

= 5(13)+2(13)2

= 403.

The distance between the cars is then

1143−320−403 = 420 m.

(b) (i)

First Part Second Part Extra Equations
u1 = 0 u2 = v ((((v1 = u2
v1 = v v2 = (((

((s1 + s2 = h
a1 = g a2 = g
s1 =

49
64 h s2 =

15
64 h

t1 = t2 = 1
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v2
1 = u2

1 +2a1s1

⇒ v2 = 02 +2g
(

49
64

h
)

⇒ v2 =
49
32

gh

⇒ 32v2

49g
= h.

s2 = u2t2 +
1
2

a2t2
2

⇒ 15
64

32v2

49g
= v+

1
2

g

⇒ 15
98g

v2− v− 1
2

g = 0

⇒ v =
1±
√

12−4
(

15
98g

)(
−1

2 g
)

2
(

15
98g

)
=

1±
√

1+ 15
49

15
98g

=
1±
√

64
49

15
49g

=
1± 8

7
15

49g

=
15
7

15
49g

( as t > 0)

= 7g.

Therefore

v1 = u1 +a1t1
⇒ 7g = 0+gt

⇒ 7 = t.

Therefore the total time until it hits the ground is 7+1 = 8 seconds.

(ii) From part (i), if v = 7g then

h =
32(7g)2

49g
= 32g m.
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Example — 2022 Q1.

(a) (i) Our speed-time graph looks as follows.

4015

32

30

48

Figure 1

We don’t know for how long the constant speed of 48 km/hr is maintained, so we
don’t have a time marked between 30 and 40. We also used minutes on the horizontal
axis for the speed-time graph. This is fine as the alternative is awkward decimal
numbers for the fractions of hours, but if we used this graph for any mathematics
(such as finding the area under the curve) we would need to change the times to hours.

(ii) The question mentions minutes but speed is measured in km/hr. It’s easier to convert
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time to different units than speed, so we will use km and hours in this answer.

Our initial UVAST array is as follows.

First Part Second Part Third Part Fourth Part Extra Equations
u1 = 0 u2 = 32 u3 = 48 u4 = 48 t3 + t4 = 1

6

v1 = 32 v2 = 48 v3 = 48 v4 = 0 s1 + s2 + s3 + s4 = 20

a1 = a2 = a3 = 0 a4 =

s1 = s2 = s3 = s4 =

t1 = 1
4 t2 = 1

4 t3 = t4 =

One of our extra equations has four variables, but we can find some of the variables
immediately before we replace this extra equation with variables.

s1 =

(
u1 + v1

2

)
t1

⇒ s1 =

(
0+32

2

)
1
4

= 4.

We can similarly find that s2 = 10. Then

s1 + s2 + s3 + s4 = 20

becomes

4+10+ s3 + s4 = 20

⇒ s3 + s4 = 6.

Letting

t3 = t,

s3 = s,

our UVAST array can then be written as

First Part Second Part Third Part Fourth Part Extra Equations
u1 = 0 u2 = 32 u3 = 48 u4 = 48 ��

���t3 + t4 = 1
6

v1 = 32 v2 = 48 v3 = 48 v4 = 0
(((

((((
(((s1 + s2 + s3 + s4 = 20

a1 = a2 = a3 = 0 a4 =

s1 = 4 s2 = 10 s3 = s s4 = 6− s

t1 = 1
4 t2 = 1

4 t3 = t t4 = 1
6 − t
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Solving for s and t in the usual way using simultaneous equations,

s3 =

(
u3 + v3

2

)
t3

⇒ s = 48t.

s4 =

(
u4 + v4

2

)
t4

⇒ 6− s =
(

48+0
2

)(
1
6
− t
)

= 4−24t

⇒ 2+24t = s.

Letting the two expressions for s equal each other,

48t = 2+24t

⇒ 24t = 2

⇒ t =
1

12
hours

⇒ s = 4 km.

Our UVAST array is now

First Part Second Part Third Part Fourth Part Extra Equations
u1 = 0 u2 = 32 u3 = 48 u4 = 48 ���

��t3 + t4 = 1
6

v1 = 32 v2 = 48 v3 = 48 v4 = 0
((((

((((
((

s1 + s2 + s3 + s4 = 20

a1 = a2 = a3 = 0 a4 =

s1 = 4 s2 = 10 s3 = �s 4 s4 =���6− s 2

t1 = 1
4 t2 = 1

4 t3 = �t 1
12 t4 =�

��1
6 − t 1

12

Therefore we reach the 16 km mark during the third part of the journey. Specifically
halfway through it, as we are at 14 km when we start this part of the journey and at
18 km at the end. Therefore the time taken for the first 16 km is

1
4
+

1
4
+

1
2

(
1
12

)
=

13
24

hours.

Note that we can write our final answers in minutes (so in this case 32.5 minutes),
we just can’t mix units when doing our calculations. The question asks for the time
taken, not the amount of minutes/hours so any units are fine.

(iii) The deceleration in the fourth part of the journey can easily be found using any
equation of motion.

v = u+at

0 = 48+
a
12

⇒ a =−576 km/hr2.
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So the train decelerates at a rate of 576 km/hr2 in the final part of the journey.

(b) (i) This question doesn’t require ball F , so if we’re looking at the first 5 seconds of ball
E’s journey our UVAST array just looks like this.

u = 42

v =

a =−g

s =

t = 5.

To get the position of the ball,

s = ut +
1
2

at2

⇒ s = 42(5)− g
2
(5)2

⇒ s = 87.5 m.

So ball E is 87.5 metres above where it was thrown. To find the total distance it has
travelled, we need to know if it has changed direction, and if so what its greatest
height was. See that

v = u+at

⇒ v = 42−5g

=−7.

As final velocity is negative the ball has changed direction by time t = 5. Therefore
we need to find the greatest height, which we can do using a different UVAST array:

u = 42

v = 0

a =−g

s =

t =

Then

v2 = u2 +2as

⇒ 0 = 422−2gs

⇒ s =
422

2g
= 90 m.

So the ball travelled up 90 m, then downwards 90−87.5 = 2.5 m so that it’s total
distance travelled is 92.5 m.

(ii) The UVAST array below is for the journeys of balls E and F that start when they are
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thrown and end when they collide.

Ball E Ball F Extra Equations
uE = 42 uF = 42 tE = tF +T
vE = vF = sE = sF

aE =−g aF =−g
sE = sF =
tE = tF =

Letting tF = t, sF = s, our UVAST array can then be written as

Ball E Ball F Extra Equations
uE = 42 uF = 42 ((((

((tE = tF +T
vE = vF = ((((sE = sF

aE =−g aF =−g
sE = s sF = s
tE = t +T tF = t

Because the balls were thrown at the same speed, when they collide Ball E is
travelling downwards and Ball F is travelling upwards. Therefore we want to show
that

vE =−1
2

gT,

vF =
1
2

gT.

We can treat T as an equation variable and s, t as non-equation variables. From the
first column,

sE = uEtE +
1
2

aEt2
E

⇒ s = 42(t +T )− g
2
(t +T )2

so that we have s in terms of other variables. From the second column,

sF = uFtF +
1
2

aFt2
F

⇒ 42(t +T )− g
2
(t +T )2 = 42t− g

2
t2

⇒ 42t +42T − g
2
(t2 +2tT +T 2) = 42t− g

2
t2

⇒ 42t +42T − g
2

t2−gtT − g
2

T 2 = 42t− g
2

t2

⇒ 42T −gtT − g
2

T 2 = 0

⇒ 42T − g
2

T 2 = gtT

⇒ 42
g
− T

2
= t.



14

Now that we have t in terms of only the equation variable T we can do similarly for
s.

s = 42(t +T )− g
2
(t +T )2

= 42
(

42
g
− T

2
+T

)
− g

2

(
42
g
− T

2
+T

)2

= 42
(

42
g
− T

2

)
− g

2

(
42
g
− T

2

)2

=
1764

g
−21T − g

2

(
1764

g2 −
42
g

T +
T 2

4

)

=
1764

g
−21T − 882

g
+21T − gT 2

8

=
882
g
− gT 2

8
.

Our UVAST array now looks as follows.

Ball E Ball F Extra Equations

uE = 42 uF = 42 (((
(((tE = tF +T

vE = vF = ((((sE = sF

aE =−g aF =−g

sE = �s
882

g −
gT 2

8 sF = �s
882
g −

gT 2

8

tE =���t +T 42
g + T

2 tF = �t 42
g −

T
2

We can now find vE , vF by applying any equation of motion which contains v to each
column.

vE = uE +aEtE

⇒ vE = 42−g
(

42
g
+

T
2

)
=−gT

2
.

Therefore the speed of ball E is ∣∣∣∣−gT
2

∣∣∣∣= gT
2
,
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as required. Similarly

vF = uF +aFtF

⇒ vF = 42−g
(

42
g
+

T
2

)
=

gT
2
.
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Example — 2021 Q1.

(a) (i) Although the acceleration of the ball is constant we will split up the journey into two
parts; from the top of the building to the middle and from the middle to the bottom.
Letting v1,u2 = v and letting the downward direction be positive our UVAST array
looks as follows.

First Part Second Part

u1 = u2 = v

v1 = v v2 =

a1 = g a2 = g

s1 =
h
2 s2 =

h
2

t1 = 1.2 t2 = 0.8

Notice that the object was thrown, not dropped, so u1 6= 0.

We have two variables, v and h, so we want to create two simultaneous equations in
two variables, one coming from each column as there is a blank subscripted variable
in each column. In the first column,

s1 = v1t1−
1
2

a2t2
1

⇒ h
2
= 1.2v− g

2
(1.2)2

⇒ h
2
= 1.2v−0.72g

⇒ h = 2.4v−1.44g.
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In the second column,

s2 = u2t2 +
1
2

a2t2
2

⇒ h
2
= 0.8v+

1
2

g(0.8)2

⇒ h
2
= 0.8v+0.32g

⇒ h = 1.6v+0.64g.

Letting these expressions for h be equal we have

2.4v−1.44g = 1.6v+0.64g

⇒ 0.8v = 2.08g

⇒ v = 2.6g

⇒ h = 2.4(2.6g)−1.44g

⇒ h = 4.8g m.

(ii) To get the speed of the ball at the bottom of the building,

v = u+at

⇒ v2 = 2.6g+0.8g

= 3.4g m/s.

(b) (i) We could set up our UVAST array as follows.

Car C Car D Extra Equations
uC = u uD = 6

5 u sC = sD

vC = 6.5 vD = 9 tC = tD +2

aC = f aD = 2 f

sC = sD =

tC = tD =

Letting sC = s, tC = t, our UVAST array can then be written like this.

Car C Car D Extra Equations

uC = u uD = 6
5 u ((((sC = sD

vC = 6.5 vD = 9 (((
((tC = tD +2

aC = f aD = 2 f

sC = s sD = s

tC = t tD = t−2

We are being asked to show that

t =
3

2 f
+5
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(why is why we let tC = t and not tD) and so will solve this problem with t and f
being the equation variables and u and s being the non-equation variables which we
want to remove from the UVAST array. From the first column,

v1 = u1 +a1t1
⇒ 6.5 = u+ f t

⇒ 6.5− f t = u.

Also from the first column,

s1 =

(
u1 + v1

2

)
t1

⇒ s =
(

6.5− f t +6.5
2

)
t

= 6.5t−0.5 f t2.

Our updated UVAST array looks as follows.

Car C Car D Extra Equations

uC = �u 6.5− f t uD = �
�65 u 7.8−1.2 f t ((((sC = sD

vC = 6.5 vD = 9 ((((
(tC = tD +2

aC = f aD = 2 f

sC = �s 6.5t−0.5 f t2 sD = �s 6.5t−0.5 f t2

tC = t tD = t−2

Using any more equations on the first column won’t help, and we want to avoid t2

if we are trying to solve for t. Therefore we will choose to apply v = u+at to the
second column to get

v2 = u2 +a2t2
⇒ 9 = 7.8−1.2 f t +2 f (t−2)

= 7.8−1.2 f t +2 f t−4 f

⇒ 1.2+4 f = 0.8 f t

⇒ 1.2
0.8 f

+
4

0.8
= t

⇒ 3
2 f

+5 = t,

as required. Note again that our intermediate goal was just to get t and f in the same
equation. Our final goal was to rewrite it in the form t = . . .. As if by magic, we then
get the equation asked for in the question.

(ii) Note that we now have t in terms of f . That means that we have every indexed
variable in terms of f , and can rewrite the second column of our UVAST array (the
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only column we can still use) as

Car D

uD = 7.8−1.2 f
(

3
2 f

+5
)

= 7.8−1.8−6 f

= 6−6 f

vD = 9

aD = 2 f

sD = 6.5
(

3
2 f

+5
)
−0.5 f

(
3

2 f
+5
)2

=
9.75

f
+32.5−0.5 f

(
2.25

f 2 +
15
f
+25

)
=

9.75
f

+32.5− 1.125
f
−7.5−12.5 f

=
8.625

f
+25−12.5 f

tD =
1.5

f
+3.

Applying a different equation of motion to this column should yield an equation only
containing f , which we should be able to solve. Avoiding equations with squares,
mostly out of laziness,

s =
(

u+ v
2

)
t

⇒ 8.625
f

+25−12.5 f =
(

6−6 f +9
2

)(
1.5

f
+3
)

= (7.5−3 f )
(

1.5
f

+3
)

=
11.25

f
+22.5−4.5−9 f

⇒−2.625
f

+7−3.5 f = 0

⇒−2.625+7 f −3.5 f 2 = 0

⇒ f = 0.5,1.5

by applying the quadratic formula.

The question says find the value of f , not the values. So how do we eliminate one of
these values? Well f = 3

2 implies

uD = 6−6
(

3
2

)
=−3,
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but we were told that u > 0, which implies uD > 0. Therefore our answer is f = 1
2 .

This is another example of a principle mentioned in class; if you are asked for the
value of a variable and get two values, then there must be a reason that one of them
should be discarded.
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Example — 2020 Q1.

(a) Assume that the car and tractor “just about collide”, i.e. that they collide but at this time
their speeds are the same so that they separate immediately again as the car continues to
slow down. Then taking the journey from when the car notices the tractor to when they
collide

Car Part 1 Car Part 2 Tractor Extra Equations
uC1 = 26 uC2 = 26 uT = 6 tC1 + tC2 = tT
vC1 = 26 vC2 = 6 vT = 6 sC1 + sC2 = sT +91.2
aC1 = 0 aC2 =−5 aT = 0
sC1 = sC2 = sT =
tC1 = t tC2 = tT =

We can quickly calculate that sC2 = 64, tC2 = 4. Letting sC1 = s and replacing our extra
equations with algebra we get

Car Part 1 Car Part 2 Tractor Extra Equations
uC1 = 26 uC2 = 26 uT = 6 (((

((((tC1 + tC2 = tT
vC1 = 26 vC2 = 6 vT = 6

((((
(((

(((sC1 + sC2 = sT +91.2
aC1 = 0 aC2 =−5 aT = 0
sC1 = s sC2 = 64 sT = s−27.2
tC1 = t tC2 = 4 tT = t +4

Then applying s = ut + 1
2 at2 to the first and third column we get

s = 26t

and

s−27.2 = 6(t +4)

⇒ s = 6t +24+27.2

= 6t +51.2.
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Letting the s expressions be equal,

26t = 6t +51.2

⇒ t = 2.56 seconds.

(b) (i) If the 60 gram mass is the first object and the 40 gram mass is the second we have
the following UVAST array.

First Object Second Object Extra Equations

u1 = 15 u2 = 22.65 ��
��s1 = s2

v1 = vD = ((((
((t1 = t2 +0.5

a1 =−g aD =−g

s1 = s s2 = s

t1 = t t2 = t−0.5

Applying s = ut + 1
2 at2 to both columns gives us

s1 = u1t1 +
1
2

a1t2
1

⇒ s = 15t− g
2

t2

and

s2 = u2t2 +
1
2

a2t2
2

⇒ s = 22.65(t−0.5)− g
2
(t−0.5)2

= 22.65t−11.325−4.9(t2− t +0.25)

=−4.9t2 +27.55t−12.55.

Letting the s expressions equal each other

15t− g
2

t2 =−4.9t2 +27.55t−12.55

⇒ 12.55 = 12.55t

⇒ 1 = t

⇒ s = 15(1)− g
2
(1)2

= 10.1 m.

(ii) From (b) (i), we can quickly calculate v1 = 5.2 and v2 = 17.75 (remember that
t2 = 0.5, not 1). Using the Principle of Conservation of Momentum where after
collision the objects have common velocity v,

m1u1 +m2u2 = m1v1 +m2v2

⇒ (0.06)(5.2)+(0.04)(17.75) = 0.06v+0.04v

⇒ 1.022 = 0.1v

⇒ 10.22 m/s = v.
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So the joint object has a velocity of 10.22 m/s upwards when it is 10.1 m above the
ground (from part (b) (i)). Calculating how much higher it gets after collision,

u = 10.22

v = 0

a =−g

s =

t =

v2 = u2 +2as

⇒ 0 = 104.4484−19.6s

⇒ s = 5.329 m.

Therefore the greatest height that the joint mass reaches is

10.1+5.329 = 15.429 m.
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Example — 2019 Q1.

(a) (i) If tanα = 9
40 , we can draw α inside the triangle

9

40
α

Figure 2

We can use Pythagoras’ Theorem to calculate the hypotenuse to be 41, so that

sinα =
9

41

cosα =
40
41

.

The forces acting on the particle are then as follows.
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M

α
3g

��
��3gcosα

120g
41

���
�3gsinα

27g
41

a

µR

R

Figure 3

Note that although acceleration is down the slope, friction is also down the slope as
velocity is up the slope. Then our two equations are

R =
120g
41

,

µR+
27g
41

= 3a

⇒
(

3
20

)(
120g
41

)
+

27g
41

= 3a

⇒ 45g
41

= 3a

⇒ 15g
41

= a.

(ii) We have, with no trigonometry required, the UVAST array

u = 4.2

v = 0

a =−15g
41

s =

t =
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Then

v2 = u2 +2as

⇒ 0 = 17.64− 30g
41

s

⇒ s = 2.46 m.

Therefore |AB|= 2.46 m.

(iii) On the way down the frictional force reverses direction and so the forces acting on
the particle are as follows.

M

α
3g

���
�3gcosα

120g
41

���
�3gsinα

27g
41

a

µR

R

Figure 4

Therefore our equations are

R =
120g
41

27g
41
−µR = 3a

⇒ 27g
41
−
(

3
20

)(
120g
41

)
= 3a

⇒ 9g
41

= 3a

⇒ 3g
41

= a.
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Looking at the journey back from B to A we have the UVAST array

u = 0

v =

a =
3g
41

s = 2.46

t =

Then

v2 = u2 +2as

= 3.528

⇒ v≈ 1.88 m/s.

(b) (i) Just looking at the journey from Leixlip to Maynooth for Train B,

First Part Second Part
u1 = 30 u2 = 30
v1 = 30 v2 = 0
a1 = 0 a2 =−0.25
s1 = s2 =
t1 = 180 t2 =

We can quickly calculate that s1 = 5,400 and s2 = 1,800 so that the distance from
Maynooth to Leixlip is

s1 + s2 = 7200 m.

(ii) Looking at the journey for both trains, starting when they leave Maynooth/Leixlip
and ending when they meet we have the following UVAST array, which assumes
(based on guesswork) that they meet after A stops accelerating but before B starts
decelerating.

A Part 1 A Part 2 B Extra Equations
uA1 = 0 uA2 = 25 uB = 30 tA1 + tA2 = tB

vA1 = 25 vA2 = 25 vB = 30 sA1 + sA2 + sB = 7200

aA1 = 0.5 aA2 = 0 aB = 0

sA1 = sA2 = sB =

tA1 = tA2 = tB =

We can quickly calculate tA1 = 50, sA1 = 625. Then letting sB = s, tB = t our UVAST
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array becomes

A Part 1 A Part 2 B Extra Equations
uA1 = 0 uA2 = 25 uB = 30 (((

(((tA1 + tA2 = tB

vA1 = 25 vA2 = 25 vB = 30
(((

((((
(((sA1 + sA2 + sB = 7200

aA1 = 0.5 aA2 = 0 aB = 0

sA1 = 625 sA2 = 6575− s sB = s

tA1 = 50 tA2 = t−50 tB = t

Then applying s = ut + 1
2 at2 to the second and third column gives us

6575− s = 25(t−50)

⇒−s =−6575+25t−1250

⇒ s = 7825−25t

and

s = 30t.

Letting the s terms be equal,

30t = 7825−25t

⇒ t = 142.27

⇒ s = 30(142.27)

= 4268.18.

s = 4268.18 is actually the distance from Leixlip to where they meet, so our answer
is

7200−4268.18 = 2931.82 m.

(iii) Using the UVAST array from (b) (i) we can quickly calculate t2 = 120 so that it takes
train B

t1 + t2 = 300

seconds to complete its trip. If it takes train A 300+36 = 336 seconds to complete
its trip we have the following UVAST array for its journey.

First Part Second Part Extra Equations
u1 = 0 u2 = 25 u3 = 25 50+ t2 + t3 = 336
v1 = 25 v2 = 25 v3 = 0 625+ s2 + s3 = 7200
a1 = 0.5 a2 = 0 a3 =
s1 = 625 s2 = s3 =
t1 = 50 t2 = t3 =
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Letting t3 = t, s3 = s, our UVAST array becomes

First Part Second Part Extra Equations
u1 = 0 u2 = 25 u3 = 25 ((((

((((
(

50+ t2 + t3 = 336
v1 = 25 v2 = 25 v3 = 0

((((
(((

(((
625+ s2 + s3 = 7200

a1 = 0.5 a2 = 0 a3 =
s1 = 625 s2 = 6575− s s3 = s
t1 = 50 t2 = 286− t t3 = t

Applying the equation s =
(u+v

2

)
t to the second and third column gives us

6575− s = 25(286− t)

⇒−s =−6575+7150−25t

⇒ s = 25t−575.

and

s = 12.5t.

Letting the s expressions be equal we get

12.5t = 25t−575

⇒ t = 46

so that

v3 = u3 +a3t3
⇒ 0 = 25+46a3

⇒ a≈ 0.54 m/s2.
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Example — 2018 Q1.

(a) We first find the deceleration of the van.

u = 14

v = 0

a =

s = 25

t =

v2 = u2 +2as

⇒ 0 = 142 +50a

⇒−50a = 196

⇒ a =−3.92 m/s2.

Friction is acting to the back of the van, pulling the parcel back. Assume that the particle
is not moving along the floor. Then it is also decelerating at 3.92 m/s2 with the van. As
friction (F), reaction force (R) and gravity are the only forces acting on the parcel, we
have the following diagram.
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m kg

a = 3.92

F

mg

R

Figure 5

Then R = mg, and

F = ma

⇒ F = 3.92m.

Also,

µR =
2
5

mg

= 3.92m,

so if the particle is not moving on the floor friction (F) is equal to limiting friction (µR),
proving the statement.

(b)

C Part 1 C Part 2 D Extra Equations
u1 = 0 uC2 = u uD = 3u

4 ((((
((tC1 + tC2 = tB

vC1 = u vC2 = u vD = 3u
4 ((((

(((sC1 + sC2 = d

aC1 = a aC2 = 0 aD = 0

sC1 = d− s sC2 = s sD = d

tC1 = T − t tC2 = t tD = T

We want to show that

t =
4d
3u
− u

a
,

making s,T non-equation variables (this is why I gave tC2 the simpler expression). Using
the second column,

sC2 = uC2tC2

⇒ s = ut.
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Using the first column,

v2
C1 = u2

C1 +2aC1sC1

⇒ u2 = 2a(d−ut)

⇒ u2

2a
= d−ut

⇒ ut = d− u2

2a

⇒ t =
d
u
− u

2a
.

(c) We now want d, u and a in an equation, making s, t and T non-equation variables. We
know

t =
d
u
− u

2a
,

so that

s = ut

= d− u2

2a
.

Using the third column,

sD = uDtD

⇒ d =
3Tu

4

⇒ 4d
3u

= T.

Our UVAST array now looks like this.

C Part 1 C Part 2 D
uC1 = 0 uC2 = u uD = 3u

4

vC1 = u vC2 = u vD = 3u
4

aC1 = a aC2 = 0 aD = 0

sC1 =��
�d− s u2

2a sC2 =��s d− u2

2a sD = d

tC1 =��
�T − t d

3u +
u
2a tC2 =��t d

u −
u
2a tD =��T 4d

3u

We’ve used one equation in each column. We can only use one column in the second and
third (as a = 0) but two in the first (as it’s full of numbers/variables and a 6= 0). It doesn’t



33

matter what the second equation is, so making the algebra easier

vC1 = uC1 +aC1tC1

⇒ u = a
(

d
3u

+
u
2a

)
⇒ u

a
=

d
3u

+
u
2a

⇒ u
2a

=
d
3u

⇒ 3u2

2a
= d.
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Example — 2017 Q1.

(a)

AB BC CD Extra Equations
u1 = u2 = v u3 = w ((((v1 = u2

v1 = v v2 = w v3 = ((((v2 = u3

a1 = a a2 = a a3 = a ((((
((a1 = a2 = a3

s1 = |AB| s2 = |BC| s3 = |CD|

t1 = t t2 = t t3 = t

We want to get s1,s2,s3 in terms of other variables, ideally the same variables so they’re
comparable.

s1 = v1t1−
1
2

a1t2
1

⇒ |AB|= vt− 1
2

at2.
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s2 = u2t2 +
1
2

a1t2
1

⇒ |BC|= vt +
1
2

at2.

If |AB| and |BC| are in terms of v and t, we don’t want |CD| in terms of w. We can use the
second column to get w in terms of v.

v2 = u2 +a2t2
⇒ w = v+at.

Then

s3 = u3t3 +
1
2

a3t2
3

⇒ |CD|= (v+at)t +
1
2

at2

= vt +at2 +
1
2

at2

= vt +
3
2

at2.

Then

|AB|+ |CD|= vt− 1
2

at2 + vt +
3
2

at2

= 2vt +at2

= 2(vt +
1
2

at2)

= 2|BC|,

so that k = 2.

(b) (i) Applying the Principle of Conservation of Energy to compare the energies at P and
Q,

P.E.Before +K.E.Before = P.E.After +K.E.After

⇒ mgr+0 = 0+
mv2

2
⇒ 2gr = v2

⇒
√

2gr = v.

(ii) As the particle slides along QR the following forces are acting on the particle.
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m kg

a

µR

mg

R

Figure 6

We quickly have, as usual, R = mg. Then

µR = ma

⇒ µmg = ma

⇒ µg = a.

If the particle comes to rest at R then we have the following UVAST array for the
journey QR.

u =
√

2gr

v = 0

a =−µg

s = d

t =

Then

v2 = u2 +2as

⇒ 0 =
√

2gr
2
+2(−µg)d

⇒ 2µdg = 2gr

⇒ d =
r
µ
.

(iii) In this case we have the following UVAST array to the halfway point.

u =
√

2gr

v = 7

a =−µg

s =
r

2µ

t =
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Then

v2 = u2 +2as

⇒ 72 =
√

2gr
2
+2(−µg)

(
r

2µ

)
⇒ 49 = 2gr−gr

⇒ 49 = gr

⇒ 5 m = r.
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Example — 2016 Q1.

(a) (i)

u

4 7

Figure 7

Remember that calculations are unnecessary if asked to draw a speed time graph
at the beginning of the question. Minimal calculations give a speed of 15 m/s for
the middle period but it is not required to get full points according to the marking
scheme.
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(ii)

First Part Second Part Third Part Extra Equations
u1 = u u2 = v u3 = v

((((
((((

(
u2 = v1 = v2 = u3

v1 = v v2 = v v3 = 0
a1 = f a2 = 0 a3 =−2 f
s1 = 40 s2 = 45 s3 =
t1 = 4 t2 = 3 t3 =

s2 = u2t2
⇒ 45 = 3t

⇒ 15 = v.

Then

s1 =

(
u1 + v1

2

)
t1

⇒ 40 =
u+15

2
(4)

= 2u+30

⇒ 10 = 2u

⇒ 5 = u.

(iii)

v1 = u1 +a1t1
⇒ 15 = 5+4 f

⇒ 2.5 = f .

Then

v2
3 = u2

3 +2a3s3

⇒ 0 = 152−10s

⇒ 10s = 225

⇒ s = 22.5

so that the total distance travelled is

40+45+22.5 = 107.5 m.
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Example — 2015 Q1.
Note: One could argue that part (b) of this question relies on relative acceleration and so is not
relevant to the new syllabus. However the solution below does not use any concepts from relative
velocity.

(a)

First Part Second Part Third Part Fourth Part Extra Equations
u1 = 0 u2 = v u3 = w u4 = x ((((u2 = v1
v1 = v v2 = w v3 = x v4 = ((((u3 = v2
a1 = a a2 = a a3 = a a4 = a ((((u4 = v3
s1 = s2 = 39 s3 = s4 = (((

((((
((a1 = a2 = a3 = a4

t1 = 6 t2 = 1 t3 = 2 t4 = 1

v1 = u1 +a1t1
⇒ v = 6a.

v2 = u2 +a2t2
⇒ w = 6a+a

= 7a.

s2 =

(
u2 + v2

2

)
t2

⇒ 39 =
6a+7a

2
⇒ 78 = 13a

⇒ 6 = a.
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As an update, our UVAST array now looks like this.

First Part Second Part Third Part Fourth Part Extra Equations
u1 = 0 u2 =��v 36 u3 =��w 42 u4 = x ((((u2 = v1
v1 =��v 36 v2 =��w 42 v3 = x v4 = ((((u3 = v2
a1 =��a 6 a2 =��a 6 a3 =��a 6 a4 =��a 6 ((((u4 = v3
s1 = s2 = 39 s3 = s4 = (((

((((
((a1 = a2 = a3 = a4

t1 = 6 t2 = 1 t3 = 2 t4 = 1

Then

v3 = u3 +a3t3
⇒ x = 42+6(2)

= 54.

Finally

s4 = u4t4 +
1
2

a4t2
4

= 54+3

= 57 m.

(b) (i) If we consider the journey of the noses of the trains, from when they pass each other
to when the tails of the train meet, the noses travel a total of 91+66.5 = 157.5 m,
the combined lenght of the trains and so we have the following UVAST array.

Train A Train B Extra Equations
uA = 18 uB = 24 ���

�tA = tB

vA = vB = (((
((((

(
sA + sB = 157.5

aA = 4
7 aB = 8

7

sA = s sB = 157.5− s

tA = t tB = t

sA = uAtA +
1
2

aAt2
A

⇒ s = 18t +
2
7

t2.

sB = uBtB +
1
2

aBt2
B

⇒ 157.5− s = 24t +
4
7

t2

⇒ 157.5−
(

18t +
2
7

t2
)
= 24t +

4
7

t2

⇒ 0 =
6
7

t2 +42t−157.5

⇒ t =���−52.5,3.5 seconds.
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(ii) Creating a UVAST array for the first 3.5+1 = 4.5 seconds of the journey from when
the noses meet,

Train A Train B
uA = 18 uB = 24

vA = vB =

aA = 4
7 aB = 8

7

sA = sB =

tA = 4.5 tB = 4.5

sA = uAtA +
1
2

aAt2
A

= 18(4.5)+
2
7
(4.5)2

=
1215
14

.

sB = uBtB +
1
2

aBt2
B

= 24(4.5)+
4
7
(4.5)2

=
837
7

.

Then the distance between the tails of the trains is

1215
14

+
837
7
−157.5 =

342
7

m.


