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Displacement, s
8.1  Displacement, Velocity & Acceleration as a  Function of Time.

• Displacement: the  distance  of  the particle  from the fixed  point  
measured  on  a certain  direction.

• Vector quantity.
• Represented by 

Distance (scalar quantity): Total path travelled by an object.

( )s f t=



Displacement, s
8.1  Displacement, Velocity & Acceleration as a  Function of Time.

Displacement

-Assume the path travel form 
right-angled triangle.
-Assume Superhero moves on a 
straight line  

4 km

3 km

Total Distance travelled
= 4km + 3km
= 7km

Displacement
= 5 kmVS
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=
=
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8.1  Displacement, Velocity & Acceleration as a  Function of Time.

moving man

The object is at the right of point O

The object is at the left of point O

The object is 
-at the point O  or

-passes through  O or 
-returns to O/ back to origin 

0s >

0s <

0s =

CLICK  PREVIEW

https://archive.cnx.org/specials/e2ca52af-8c6b-450e-ac2f-9300b38e8739/moving-man/


EXAMPLE  1

A particle moves along a straight line and passes through a fixed point O. Its displacement,s m, t seconds after 
passing point O is given by for  
Represent the displacement of the particle by using

a) The number line,

22s t t= −

Solution

0 5.t≤ ≤

Time, t(s) 0

Displacement, s (m) 0

1

1

2

0

3

-3

4

-8

5

-15

15−

0t = 1t =

2t =

O 1

4t = 3t =

3−

1. Making a table of values

8−

5t =

(a)

8.1  Displacement, Velocity & Acceleration as a  Function of Time.

O



A particle moves along a straight line and passes through a fixed point O. Its displacement,s m, t seconds after 
passing point O is given by for  
Represent the displacement of the particle by using

a) The number line,
b) The displacement-time graph

22s t t= − 0 5.t≤ ≤

Time, t(s) 0

Displacement, s (m) 0

1

1

2

0

3

-3

4

-8

5

-15

(b)

(m)s

t1

-3

-8

-15

21 3 4 5

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  1

1. Making a table of valuesSolution
0



A particle moves along a straight line. Its displacement, s m, from a fixed point O, after t second is given by 
. Find

a) The instantaneous displacement, in m, of the particle when
b) Total distance travelled, in m, by the particle in the first 5 seconds,
c) Distance travelled ,in m, by the particle in the fifth second.

4t =

a) When 4,
                  

t =

Therefore, the particle is located 24 m
to the right  from the fixed  when 4.O t =

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  2

Solution

23( ) 6( )4 4s = −
48 24
24

s
s
= −
=

23 6s t t= −



A particle moves along a straight line. Its displacement, s m, from a fixed point O, after t second is given by 
. Find

a) The instantaneous displacement, in m, of the particle when 
b) Total distance travelled, in m, by the particle in the first 5 seconds,
c) Distance travelled ,in m, by the particle in the fifth second.

4t =

Method 1: using number line

Time, t(s) 0

Displacement, s (m) 0

1

-3

2

0

3

9

4

24

5

45

O

0t =

1t =

2t =

3− 24 45

3t = 4t = 5t =

9

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  2

Solution

1. Making a table of values

O3− 249 45

The total distance travelled by 
the particle in the first 5 seconds

3 3 45
51

= + +
=

23 6s t t= −



A particle moves along a straight line. Its displacement, s m, from a fixed point O, after t second is given by 
. . Find

a) The instantaneous displacement, in m, of the particle when 
b) Total distance travelled, in m, by the particle in the first 5 seconds,
c) Distance travelled ,in m,by the particle in the fifth second.

4t =

Solution Method 2: displacement-time graph

Time, t(s) 0

Displacement, s (m) 0

1

-3

2

0

3

9

4

24

5

45

The total distance travelled by the particle in the first 5 seconds
3 3 45
51

= + +
=

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  2

45

9

24

0
-3

45

3 3

23 6s t t= −



A particle moves along a straight line. Its displacement, s m, from a fixed point O, after t second is given by 
. Find

a) The instantaneous displacement, in m, of the particle when 
b) Total distance travelled, in m, by the particle in the first 5 seconds,
c) Distance travelled ,in m,by the particle in the fifth second.

4t =

The distance travelled by the particle in the       secondth5
O

2
4 3( ) 6( )4 4s = −

4 24s =

2
5 3( ) 6( )5 5s = −

5 45s =

4t =

24

5t =

45
45 24= −

21=

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  2

Solution

23 6s t t= −

Distance travelled during the nth second 1n ns s −−



A particle moves along a straight line. Its displacement, s m, is given by
where t is the time, in seconds, after passing through a fixed point O. Find

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  3

 29 33s t t= −

a) The displacement, in m, of the particle in the first 3 seconds,
b) The time, in s , when the particle passes through O again,
c) The value of t when the particle is 30 m to the left of O.

( Assume motion to the right of the particle is positive)

2

a) When 3,
    9( ) 33( )3 3

t
s

=

= −

18s = −

Therefore, the particle is located 18 m
to the left  from the fixed  when 3.O t =

3 (3 11) 0t t − =

29 33 0t t− =

110   or   
3

t t= =

Hence, the particle passes through  again
11when .
3

O

t =

c) 30s = −
2  9 33 30t t− = −
2  9 33 30 0t t− + =
2  3 11 10 0t t− + =

  (3 5)( 2) 0t t− − =

5    or   2
3

t t= =

Solution

Left of O

 3 ?t s= → =

 0 ?s t= → =

 30 ?s t= − → =

Passes 
through O 

again
) 0b s =



Velocity, v

Definition:
• Vector Quantity
• rate of change of displacement with time 
• Instantaneous velocity: velocity at the moment
• Represented by 
• Can be represent as 

( )v f t=
  graph.v t−

Geogebra Graph ds/dt

• scalar quantity
• rate of change of distance with time.

Speed

https://www.geogebra.org/classic/wt3dwmum


The object moves to the right

The object moves to  the left

The object is 
-instantaneous at rest
-change the direction

-maximum/minimum displacement

0v >

0v <

0v =

O

When a particle moves to 
the right, v is positive

When a particle moves to 
the left, v is negative

When a particle is 
instantaneously at rest, v is zero

When a particle change its 
direction, v is also zero

Condition:[Assume the movement of the particle to the right is positive]



Velocity ,v=0 when change its 
direction/instantaneously at 

rest



A particle moves in a straight line. Its velocity, , from a fixed point O, t seconds after passing through O, 
is given by . 

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  4

a) Find the initial velocity, in           , of the particle, 
b) Find the instantaneous velocity,in , of the particle when
c) Calculate the values of t , in seconds, when the particle stops instantaneously,
d) Determine the range of value of t, in seconds, when the particle moves to the right.

 1 msv −

1ms−
1ms− 3,t =

 2 8 7v t t= − +

2

a) When 0,
   80 )0 ( ) ( 7

t
v

=

= − +

7v =

2

b) When 3,
   83 )3 ( ) ( 7

t
v

=

= − +
8v = −

1

Hence, the initial velocity of 
the particle is  7 ms .−

1

Hence, the instantaneous velocity of 
the particle when 3 is 8ms .t −= −

c) 0v =
2 8 7 0t t− + =

( 1)( 7) 0t t− − =

particle stop

 1   or   7t t= =

Hence, the particle stops instantaneously 
at  1  and  7.t t= =

Solution

initial 
velocity

0 ?t v= → =
3 ?t v= → =
0 ?v t= → =
0 ?v t> → =



A particle moves in a straight line. Its velocity, , from a fixed point O, t seconds after passing through O, 
is given by . 

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  4

d) Determine the range of value of t, in seconds, when the particle moves to the right.

 1 msv −

 2 8 7v t t= − +

d) 0v >

2 8 7 0t t− + >

( 1)( 7) 0t t− − >

 1   or   7t t= =

or  7t >

particle moves to the right 

0v >

0v <1 7

0 1  t≤ <

Solution

0 ?v t> → =



Acceleration

• Vector quantity
• rate of change of velocity with time.
• Represented by ( )a f t=

Graph Geogebra dv/dt

• Instantaneous acceleration: an acceleration at a particular moment.

https://www.geogebra.org/classic/uvhg2ynd


Condition:[ Assume the movement of the particle to the right is positive]

0dv
dt

=



A particle moves along a straight line and passes through a fixed point O. Its acceleration,             , is given by
where t is the time in seconds after passing through O.

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  5
2 msa −  4 5a t= −

a) Find the instantaneous acceleration, in           , of the particle when 2ms− 3,t =

a) When 3,
    4( ) 53

t
a

=
= −

7a =

b)        0a =

4 5 0t − =

Hence, the velocity of the particle 
5is minimum when .
4

t =

Minimum velocity

4 5
5 1 or 1.25 or 1
4 4

t

t

=

=

Solution

b) Calculate the time, in seconds, when the velocity of the particle is minimum.
3 ?t a= → =

0 ?a t= → =



A particle moves along a straight line and passes through a fixed point O. Its acceleration,             , is given by
where t is the time in seconds after pasing through O.

8.1  Displacement, Velocity & Acceleration as a  Function of Time.EXAMPLE  5
2 msa −  4 5a t= −

d)        0a >

4 5 0t − >

Hence, the velocity of the particle 
5is increasing when .
4

t >

Velocity increasing

4 5
1or 1.2  5  

4
5 or 1

4

t

t

>

 
 
 

>

Solution

d) Determine, the range of the time, in seconds, when the velocity of particle is increasing. 0 ?a t> → =

c)        0a <

4 5 0t − <

Hence, the velocity of the particle 
5is decreasing at  0 .
4

t≤ <

Velocity decreasing

4 5
1or 1. o5 r0  
44

25  1t

t <

 
 


<


≤

c) Determine, the range of the time, in seconds, when the velocity of particle is decreasing. 0 ?a t< → =



Displacement, s Velocity, v Acceleration, ads v
dt

=
2

2

d s dv a
dt dt

= =

( )

1

1

 If , then   

 or  

n n

n n

dyy
dx

d

xkx nk

nkxkx
dx

−

−

= =

=



8.2 Differentiation in Kinematics of Linear MotionEXAMPLE  6

Determine the velocity function, v , and acceleration function, a in terms of t for a particle that moves along a straight line using 
differentiation for  displacement function, 3 2 2 4 7 3s t t t= + − +

3 1 2 12( ) 4( ) 73 2ds t t
dt

− −= + −

26 8 7ds t t
dt

= + −

3 2 2 4 7 3s t t t= + − +

26 8 7v t t= + −
dsv
dt

=

26 8 7v t t= + −

2 1 826( )dv t
dt

−= +

12 8dv t
dt

= +

12 8a t= +
dva
dt

=



8.2 Differentiation in Kinematics of Linear MotionEXAMPLE  7

 24 3s t t= − −A particle moves along a straight line and passes through a fixed point O. Its displacement s m, is given by                          , 
where t is the time in second after it starts moving. Find

a) The values of t, in seconds, when the particle  is instantaneously at rest,

b) The maximum displacement of the particle, in m.

a)        0v =

4 2ds t
dt

= −

Then,  4 2 0t− =

2t =

b)        0ds
dt

=

4 2 0t− =
2t =

2

2Since 2( 0),   is  maximum when 2.d s s t
dt

= − < =

Hence,maximum displacement of the particle
2

1
2 24( ) ( ) 3= − −

=

Solution

Particle is 
instantaneously at rest

 24 3s t t= − −

0 ?v t= → =

0 ?ds s
dt

= → =

Maximum 
displacement



8.2 Differentiation in Kinematics of Linear MotionEXAMPLE  7

Solution

 24 3s t t= − −A particle moves along a straight line and passes through a fixed point O. Its displacement s m, is given by                          , 
where t is the time in second after it starts moving.

c) Sketch the displacement-time graph for a time period  

Time, t(s) 0

Displacement, s (m) -3

1

0

2

1

3

0

4

-3

0 4.t≤ ≤



8.2 Differentiation in Kinematics of Linear MotionEXAMPLE  7

Solution

 24 3s t t= − −A particle moves along a straight line and passes through a fixed point O. Its displacement s m, is given by                          , 
where t is the time in second after it starts moving.

Time, t(s) 0

Displacement, s (m) -3

1

0

2

1

3

0

4

-3

Hence, total distance travelled by the particle 
in the first 4 seconds

3 1 1 3
8 m

= + + +
=

3 3

1 1

d) Hence or otherwise, find the total distance travelled by the particle in the first 4 seconds

Method 1: s-t graph

0 4distance ?,t t= →



8.2 Differentiation in Kinematics of Linear MotionEXAMPLE  7

 24 3s t t= − −A particle moves along a straight line and passes through a fixed point O. Its displacement s m, is given by                          , 
where t is the time in second after it starts moving.

d) Hence or otherwise, find the total distance travelled by the particle in the first 4 seconds 0 4distance ?,t t= →

Solution Method 2: The number line/motion

Time, t(s) 0

Displacement, s (m) -3

1

0

2

1

3

0

4

-3

O

4t =

0t = 1t =

3−

2t =

3t =

1

3 m 1 m

3 m 1 m

Hence, total distance travelled by the particle 
in the first 4 seconds

3
 m

1
8

1 3= + + +
=

2

from part (b),

when  0,  ds
dt

t ==

Change 
direction

2t =



2 2 0t− + =

8.2 Differentiation in Kinematics of Linear MotionEXAMPLE  8

Solution

The velocity of a particle that moves along a straight line and passes through a fixed point O is given by ,
where t is the time in seconds after passing through O. Find 

a) The time, in seconds, when the velocity uniform.
b) The acceleration, in         , when the particle stops instantaneously for the second time. 

a)      0a =

𝑣𝑣 = −3 − 2𝑡𝑡 + 𝑡𝑡2

 2ms−

dv
dt

=

2 2t =
1t =

b)    0v =

2 2t− +

particle stop 

−3 − 2𝑡𝑡 + 𝑡𝑡2 = 0

𝑡𝑡2 − 2𝑡𝑡 − 3 = 0

( 3)( 1) 0t t− + =

3  or  1t t= = −

Since 0,  3.t t≥ =

?a =

2 2a t= − +

When 3,
2 2( )3

t
a

=
= − +

4 a =

Note that,
dva
dt

=

0  ?a t= → =

Velocity uniform
c)         0a >

2 2 0t− + >

2 2t >

1t >

particle 
accelerate

c) The range of values of t, in seconds, when the particle experience acceleration
0 ?v a= → =

0 range of  ?a t> → =



Displacement, s Velocity, v Acceleration, as v dt= ∫ v a dt= ∫

1

For a function  ,

,  where   and   are constants,  is 

an  integer  and  1.
1

n
n

n

kxkx dx c
n

kx

k c n

n

+

+
+

≠ −

=∫



EXAMPLE  9

Given that,  when its velocity and displacement is and          respectively. Determine the velocity function, v , 
and displacement function, s in terms of t for a particle that moves along a straight line using integration for  acceleration 
function, . . 6 2a t= −

8.3 Integration in Kinematics of Linear Motion

15ms−1,t = 2m

( )6 2v dt t= −∫ v a dt= ∫
26 2

2
tv t c= − +

23 2v t t c= − +

When 1, 5t v= = 25 3(1) 2(1)
5 1

4

c
c

c

= − +
= +
=

23 2 4v t t= − +

s v dt= ∫( )23 2 4s dt t t= − +∫
3 23 2 4

3 2
t ts t c= − + +

3 2 4v t t t c= − + +

When 1, 2t s= = 3 22 (1) (1) 4(1)
5 1 1 4

1

c
c

c

= − + +
= − + +
=

3 2 4 1s t t t= − + +

1, 5
1, 2

t v
t s
= =
= =



EXAMPLE  10

Solution

A particle moves along a straight line and passes through a fixed point O. Its velocity, , is given by ,
where t is the time in seconds after leaving point O

a) Find the maximum displacement, in m, of the particle.

a)   0 0ds v
dt

= ⇒ =

 1 msv − 2 9 18v t t= − +

( 3)( 6) 0t t− − =

3  or  6t t= =

2 9 18 0t t− + =

Solve for ds/dt=0 2nd Derivative to 
determine max/min

2

2 2 9d s t
dt

= −

2

2

When 3,

 (max)3 0

t
d s
dt

<

=

−=

2

2

When 6,

 (min)3 0

t
d s
dt

=

>=

Find max, s when t=3

( )2 9  18 ts t dt= − +∫
3 29 18
3 2
t ts t c= − + +

When  0, 0, 0.t s c= = =
Hence, at time ,t

3 29 18
3 2
t ts t= − +

3 2

When 3,
( ) 9( ) 18( )3

3
3 3

2

t

s

=

= − +

122
2

s =

8.3 Integration in Kinematics of Linear Motion

0 ?ds s
dt

= → =



8.3 Integration in Kinematics of Linear MotionEXAMPLE  10

Solution

A particle moves along a straight line and passes through a fixed point O. Its velocity, , is given by ,
where t is the time in seconds after leaving point O

a) Find the maximum displacement, in m, of the particle.
b) Sketch a velocity-time graph for a time period 

b)        intercept 0t v− ⇒ =

 1 msv − 2 9 18v t t= − +

 0 6t≤ ≤

from part (a)
3  or  6t t= =

Axes Intercept

Turning Point Sketch graph

3 6
2

9 
2

t +
=

=

29 99 18
2 2

v    = − +   
   

9
4

v = −

axis of 
symmetry

intercept 0v t− ⇒ =

10, 18 mst v −= =

1. axes

2.shape

t

v

3. intercept

63

18

4. Turning point

9
4

−

4.50

0

2 9 0
9
2

or
dv
dt
t

t

=

− =

=



EXAMPLE  10

Solution

A particle moves along a straight line and passes through a fixed point O. Its velocity, , is given by ,
where t is the time in seconds after leaving point O

c) Find the total distance travelled, in m, by the particle in the first 5 seconds.

 1 msv − 2 9 18v t t= − +

8.3 Integration in Kinematics of Linear Motion

3 2

From part (a),

9 18
3 2
t ts t= − +

and
When , 0v =

3  or  6t t= =
3 2(5) 9(5) 15, 18(5) 19

3 2 6
t s= = − + =

0, 0t s= =

13, 22  or 22.5
2

t s= =

From part (a)

1 1 122 22 19
2 2 6
1 1022
2 3

D  = + − 
 

= +
525
6

=

1. 0v = 2. Displacement

5 ?d =

3. Number line/Motion Diagram

4. Total Distance

5t =

3t =

O 119
6

122
2

0t =

10
3

122
2

3t =



EXAMPLE  10

Solution

A particle moves along a straight line and passes through a fixed point O. Its velocity, , is given by ,
where t is the time in seconds after leaving point O

c) Find the total distance, in m, travelled by the particle in the first 5 seconds.

 1 msv − 2 9 18v t t= − +

3 5
2 2

0 3

( 9 18) ( 9 18)D t t dt t t dt= − + + − +∫ ∫
3 5

0

3 2

3

3 29 918 18
3 2 3 2
t t t tD t t+
   

= − + − +   
   

3 2 3 2 3 2 3 2(3) 9(3) ( ) 9( ) (5) 9(5) ( ) 9( )18(3) 18( ) 18(5) 18( )
3 2 3 2 3 2 3 2

0 0 3 30 3D
       

= − + − − + + − + − − +       
       

525
6

D =

8.3 Integration in Kinematics of Linear Motion

Geogebra KM Ex10cAlternative Method

530
t

v

A

B 6

From (b)

Distance Area of A + Area of B=

https://www.geogebra.org/m/u8h8ryye


EXAMPLE  11
A particle moves along a straight line and passes through a fixed point O with an initial velocity of              . The 
acceleration, , at t seconds after passing through O is given by . Find the distance travelled by the 
particle in the 5th second.

18 ms−

8.3 Integration in Kinematics of Linear Motion

 2msa − 10 6a t= −

a)        v a dt= ∫
1.Find equation of v

( )10 6v t dt= −∫
210 3v t t c= − +

When 0, 8,  then 8.t v c= = =

2So, 10 3 8v t t= − +

( )210 3 8s t t dt= − +∫
2 35 8s t t t c= − + +

When 0, 0,  
then 0.

t s
c

= =
=

2 35 8s t t t= − +

2.Find equation of s 4. Displacement

2 3
4 5( ) ( ) 8( )4 4 4s = − +

4 48s =
2 3

5 5( ) ( ) 8( )5 5 5s = − +

5 40s =

210 3 8 0t t− + =
23 10 8 0t t− − =

(3 2)( 4) 0t t+ − =

2   or  4.
3

4,since 0.

t t

t t

= − =

= ≥

48 40d = −

8 m=

𝑠𝑠𝑛𝑛 − 𝑠𝑠𝑛𝑛−1

3. v = 0

Solution

5t =
40

4t =
48

5. Number line/motion 6. Distance



Displacement, s Velocity, v Acceleration, a

ds v
dt

=

s v dt= ∫ v a dt= ∫

2

2

d s dv a
dt dt

= =

( )1 1 If , then    or  n n n nxdy dny k
d

k xxx
x d

k
x

k n− −= = =

1

For a function  ,

,  where   and   are constants,  is 

an  integer  and  1.
1

n
n

n

kxkx dx c
n

kx

k c n

n

+

+
+

≠ −

=∫

( ) ( ) ( )
b

a
f x dx F b F a= −∫



Condition:Summary

The object moves to the right

The object moves to  the left

The object is 
-instantaneous at rest
-change the direction

-maximum/minimum displacement

0v >

0v <

0v =

-The velocity of the object  is increasing
-The object is accelerated 0a >

-The velocity of the object  is decreasing
-The object is decelerated 0a <

-The velocity of the object is maximum/minimum
-The object moves with uniform velocity/constant 

velocity
0a =

The object is at the right of point O

The object is at the left of point O

The object is 
-at the point O  or

-passes through  O or 
-returns to O/ back to origin 

0s >

0s <

0s =

Distance travelled during the  nth second 1n ns s −−





EXAMPLE  12
A particle moves along a straight line and passes through a fixed point O. Its velocity, is given by ,
where p and  q are constants and t is the time, in seconds, after passing through O. It is given that the particle stops 
instantaneously when  and its acceleration is when  . Find

8.4 Applications of  Kinematics of Linear Motion

a) The value of p and of q, [5m]

SPM 14’

b) the range of values of t when the particle moves to the left, [2m]

c) the distance, in m, travelled by the particle during the fourth second. [3m]

 1 msv −  2v pt qt= +

 4 st =  22ms−− 1 st =



2
16 4 0p q+ =

EXAMPLE  12
A particle moves along a straight line and passes through a fixed point O. Its velocity, is given by ,
where p and  q are constants and t is the time, in seconds, after passing through O. It is given that the particle stops 
instantaneously when  and its acceleration is when .Find 

8.4 Applications of  Kinematics of Linear Motion

a) The value of p and of q, [5m]

SPM 14’
 1 msv −  2v pt qt= +

 4 st =  22ms−− 1 st =

2(4) (4) 0p q+ =

When 4, 0.t v= = When 1, 2.t a= = −

2dv pt q
dt

= +

Particle stop

Recall, dva
dt

=

2a pt q= +

When  1, 2t a= = −

2 (1) 2p q+ = −1

From eq. (1), 4q p= −
2 ( 4 ) 2p p+ − = −

Substitute
Into (2) 2 2p− = −

1p =

Substitute
p=1

4q p= −

4(1)q = −

4q = −

Solution

K1

N1N1

K1

K1

2 2p q+ = −

, 1
0,

2
4

a
v t

t
=

= −
=

=



EXAMPLE  12
A particle moves along a straight line and passes through a fixed point O. Its velocity, is given by ,
where p and  q are constants and t is the time, in seconds, after passing through O. It is given that the particle stops 
instantaneously when  and its acceleration is when  . Find

8.4 Applications of  Kinematics of Linear MotionSPM 14’
 1 msv −  2v pt qt= +

 4 st =  22ms−− 1 st =
b) the range of values of t when the particle moves to the left, [2m]

Solution

2) 4b v t t= −
From (a), 

1, 4p q= = −

2 4 0t t− <

( 4) 0t t − <

0v >

0v <

0 4t< <0t =

0  or  4 0t t= − =

 4t =

0 4

K1

N1

4

3

v dt= ∫

( )
4

2

3

4t t dt= −∫

c) Distance travelled

43
2

3

2
3
t t
 

= − 
 

3 3
2 2(4) (3)2(4) 2(3)

3 3
   

= − − −   
   

5 5  
3 3

= − =

K1

N1

K1

c) the distance, in m, travelled by the particle during the fourth second. [3m]
0v <

4 3d s s= −

4 3s s−
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EXAMPLE  13
A particle moves along a straight line and passes through a fixed point O with a velocity of . Its acceleration,

, from point O is given by , where t is the time , in seconds after leaving O.
[ Assume motion to the right is positive]  

8.4 Applications of  Kinematics of Linear Motion

 2msa −  4(2 )a t= −

a) Find the maximum velocity, in         , of the particle, [3m]
b) Its displacement, in m, when it is stops instantaneously, [4m]
c) The total distance, in m, travelled by the particle in the first 8 seconds. [3m]

4(2 )a t= −0, 10t v= =

1ms−

SPMRSM 17

Given



 110 ms−
EXAMPLE  13

Solution

A particle moves along a straight line and passes through a fixed point O with a velocity of . Its acceleration,
, from point O is given by , where t is the time , in seconds after leaving O.

[ Assume motion to the right is positive]  

8.4 Applications of  Kinematics of Linear Motion

 2msa −  4(2 )a t= −

a) Find the maximum velocity, in         , of the particle, [3m]

2.Find equation of v

v a dt= ∫
( )4 2v t dt= −∫

When 0, 10,  then 10.t v c= = =

2So, 8 2 10v t t= − +

( )8 4v t dt= −∫
28 2v t t c= − +

When  2,t =

28( ) 2( ) 102 2v = − +

18v =

1ms−

3. Substitute 2, into .t v=

SPMRSM 17

0  and  dv dva
dt dt

= = Maximum velocity

1.  0,  solve for dv t
dt

=

4(2 ) 0t− =

2t =

K1
K1

N1

0 ?dv v
dt

= → =



EXAMPLE  13

Solution

A particle moves along a straight line and passes through a fixed point O with a velocity of . Its acceleration,
, from point O is given by , where t is the time , in seconds after leaving O.

[ Assume motion to the right is positive]  

8.4 Applications of  Kinematics of Linear Motion

 110 ms−
 2msa −  4(2 )a t= −

( )28 2 10s t t dt= − +∫
2 324 10

3
s t t t c= − + +

When 0, 0,  then 0.t s c= = =

2 324 10
3

s t t t= − +

2.Equation of s

When 0,v =

[ ]2 )8  2  fro (0 0 m 1 avt t− + =
22 8 10 0t t− − =

2 4 5 0t t− − =
( 1)( 5) 0t t+ − =

1  or  5t t= − =
5,since 0.t t= ≥

When  5,t =

2 324( ) ( ) 10( )5
3

5 5s = − +

266  
3

s =

particle stop

b) Its displacement, in m, when it is stops instantaneously, [4m]

1. 0,  solve for v t=
3. Substitute 5, into .t s=

SPMRSM 17

K1

K1
K1

N1

KM Ex13b(Motion)

0 ?v s= → =

https://www.geogebra.org/m/dutsvacu


EXAMPLE  13

Solution

A particle moves along a straight line and passes through a fixed point O with a velocity of . Its acceleration,
, from point O is given by , where t is the time , in seconds after leaving O.

[ Assume motion to the right is positive]  

8.4 Applications of  Kinematics of Linear Motion

 110 ms−
 2msa −  4(2 )a t= −

c) The total distance, in m, travelled by the particle in the first 8 seconds. [3m]

1) From part (b)

When 0,v =
1  or  5t t= − =

,since 0.5t t= ≥

[ ]2 3 )24 10  from a
3

  p rt (bs t t t= − +

SPMRSM 17

2.Displacement

 0, 0t s= =

[ ]from  part  (b)2 , 66
3

5t s= =

2 32 8, 4(8) (8) 10(8)
3

16 1 or 5
3 3

t s

s

= = − +

= − −

2 2 166 66 5
3 3 3
266 72
3

 = + + 
 

= +
2138
3

=

K1

N1

K1

KM Ex13c (Displacement)

3.Number line/Motion

8 ?d =

15
3

−

0t =

O

5t =

266
3

8t =

4. Distance

72

266
3

https://www.geogebra.org/m/fe7p3udp


EXAMPLE  14
The diagram below shows the initial position and direction 
of motion of particle P and particle Q. Both particles start 
moving simultaneously. 

The velocity of particle P, , is given by 

and the displacement of particle Q,

m, from a point  L is given by                     , 

where t is time in seconds P passes point O and  

particle Q passes point L.

8.4 Applications of  Kinematics of Linear Motion

a) Find the initial velocity, in          , of particle Q. [2m]

SPM 17’

 1mspv −

 29 10pv t= +

 Qs 33Qs t t= −

b) Find the total distance, in m, travelled by particle Q

in the first 2 seconds. [4m]
c) Calculate the distance, in m, of the particles from 

point L when particle P and particle Q meet. [4m]

 1ms−

 

Given

33Qs t t= −



EXAMPLE  14
The diagram below shows the initial position and direction 
of motion of particle P and particle Q. Both particles start 
moving simultaneously. 

8.4 Applications of  Kinematics of Linear MotionSPM 17’

 29 10pv t= + 33Qs t t= −Given

33Qs t t= −

29 1Qv t= −

When 0,t =

1Qv = −

a) Find the initial velocity, in          , of particle Q. [2m] 1ms−

1. Find  Qv 2.Substitute 0   Qt v= →

K1
N1

0 ?qt v= → =



EXAMPLE  14
The diagram below shows the initial position and direction 
of motion of particle P and particle Q. Both particles start 
moving simultaneously. 

8.4 Applications of  Kinematics of Linear MotionSPM 17’

 0, 0t s= =

1.Solve  0Qv = 2.Displacement

[ ]2 from part (a)9 1 0t − =

(3 1)(3 1) 0t t− + =

1 1  or  
3 3

t t= = −

1Since 0,  .
3

t t≥ =

31 1 23
3 3

1 ,
3

9

t

s    = − = −   
  

=



3
2 3(2) (2) 22

2,t
s = − =

=

b) Find the total distance, in m, travelled by particle Q in the first 2 seconds. [4m]

2 222
9 9

= +

422
9

=

Solution KM Ex14b

K1

N1

K1

K1

 29 10pv t= + 33Qs t t= −Given

from (a) 29 1Qv t= −

2 ?d =

3.Number line/Motion

2
9

−

0t =

O

2t =

22

1
3

t =

4.Distance

https://www.geogebra.org/m/ztp4s9fp


EXAMPLE  14
The diagram below shows the initial position and direction 
of motion of particle P and particle Q. Both particles start 
moving simultaneously. 

8.4 Applications of  Kinematics of Linear MotionSPM 17’

Solution

c) Calculate the distance, in m, of the particles from point L when particle P and particle Q meet. [4m]

PS P

Q

LO 11 m

QS

P Qs s=( )29 10

P p

P

s v dt

s t dt

=

= +

∫
∫

33 10Ps t t c= + +

When  0, 0, then  0.t s c= = =

3Thus , 3 10Ps t t= +

3 33 10 11 3t t t t+ − = −

10 11t t+ =

11 11t =

1t =

3

3

When 1,
3(1) 10(1) 11 2
3(1) (1) 2

P

Q

t
s
s

=

= + − =

= − = N1

K1

K1

1. Find  from  Ps O 2. Equation   from  LPs

33 10 11Ps t t= + −

both,meet

3.Distance from L

K1

 29 10pv t= +

33Qs t t= −

Given from (a)

29 1Qv t= −

from (b)

10,
3Qv t= =

P QS S=



Until we 
can meet again



2 (6 )v t t= − SPM 2004

26 4 2pv t t= + − SPM 2005

2 6 5v t t= − + SPM 2006

2 6 8v t t= − + SPM 2007

210 3v t t= + − SPM 2008

215 4 3v t t= + − SPM 2009

8 4v t= − SPM 2012

2v pt qt+= SPM 2014

2 6v pt t= − SPM 2016

29 10pv t= + SPM 2017

10 2a t= − SPM 2003

10 2a t= − SPM 2010

9 4a t= − SPM 2011

210 8 8Ps t t= + − SPM 2018

26 9 12Qs t t= − − SPM 2018

23Qs t t= − SPM 2017

2 8a t= − SPM 2013

210 3v t t= + − SPM 2015

3 24 3v t t t= − + SPM 2019

P
A
S
T

P
A
P
E
R
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