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  

1. The point A is 1.8 m vertically above horizontal ground. 

 At time t = 0, a small stone is projected vertically upwards with speed U m s−1 from the 
point A.

 At time t = T seconds, the stone hits the ground.

 The speed of the stone as it hits the ground is 10 m s−1

 In an initial model of the motion of the stone as it moves from A to where it hits 
the ground 

• the stone is modelled as a particle moving freely under gravity

• the acceleration due to gravity is modelled as having magnitude 10 m s−2

 Using the model,

 (a) find the value of U,
(3)

 (b) find the value of T.
(2)

 (c) Suggest one refinement, apart from including air resistance, that would make the 
model more realistic.

(1)

 In reality the stone will not move freely under gravity and will be subject to air resistance.

 (d) Explain how this would affect your answer to part (a).
(1)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Umis
a

↑
A

↓ comis
?

1 .8 m ↓ ↓ 10m/S
-

using v - u2 = 2aS
treating upwards (4) as positive

V = -10 ( - 10) 2 - (4)2 = 2x - 18 x - 1 .8

u = U 188 - u2 = 36

a =- 10 uz = 64

S = - 1 .8 ·: U = 8 mis
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  

Question 1 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

⑬ t = T
u = 8

v = - 18
a = - 10

using v = u + at

t = V - U
-

a

T= = 1 . 85

T = 1 .8s

② use a more accurate value fora

⑨ the initial velocity will be greater than the value
calculated in ⑨

As air resistance slows down the stone faster than
otherwise

,
so it must start at a higher velocity to

reach a velocity of -10mls after t seconds still .
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  

2. A train travels along a straight horizontal track from station P to station Q. 

 In a model of the motion of the train, at time t = 0 the train starts from rest at P, and 
moves with constant acceleration until it reaches its maximum speed of 25 m s−1

 The train then travels at this constant speed of 25 m s−1 before finally moving with 
constant deceleration until it comes to rest at Q. 

 The time spent decelerating is four times the time spent accelerating.

 The journey from P to Q takes 700 s.

 Using the model,

 (a) sketch a speed-time graph for the motion of the train between the two stations P and Q.
(1)

 The distance between the two stations is 15 km. 

 Using the model,

 (b) show that the time spent accelerating by the train is 40 s,
(3)

 (c) find the acceleration, in m s−2, of the train,
(1)

 (d) find the speed of the train 572 s after leaving P.
(2)

 (e) State one limitation of the model which could affect your answers to parts (b) and (c).
(1)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

less Steep slope , because⑳ speed (mis) time spent deaccelerating&
is 4 times more than

25 ↑

---T i ↑ time spect accelerating
2

I I

" i
> time(s)

g
788 -St 788

- 4t 780
-1

① area under the curve = distance = 15km = 15
,
000m

time spent accelerating = t
time spent deaccelerating = It
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  

Question 2 continued

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

using the formula area of a trapezium = 112(a+ b) + h

15, 000 = 112(700 + 700 - St) x25

15000 = 25(1400 - 54)2

16000 x 2 = 1400 -St
25

1200 = 1400 - St
St = 200

t = 48

② using a = Eu
t

Where :
u = G
v = 25
t = 48
a = a

a = 25 - 8
48

a =

5 = 0 . 625MIS

& first we need to determine the time at which
the train begins to deaccelerate

this occurs at 700-4t seconds

using t = 40 from part a: 700 - 4148)= 540s
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  

Question 2 continued

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

: at 570s
,
the train has been deaccelerating for 30s

we also know that the magnitude of deacceleration is
14 of the magnitude of the acceleration

so deacceleration =

8 =
-
- mis
32

using v = u + at

u = 25
C -- S132
t = 38
V = v

v = 25 + - 5/32(30)

V = 20 . 3125 mis

v = 20 m/s to 3sf.
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  

3. A fixed point O lies on a straight line.

 A particle P moves along the straight line.

 At time t seconds, t  0, the distance, s metres, of P from O is given by

s = 
1

3
t3 − 

5

2
t2 + 6t

 (a) Find the acceleration of P at each of the times when P is at instantaneous rest.
(6)

 (b) Find the total distance travelled by P in the interval 0  t  4
(3)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

⑨ P is at rest when v = 0

S = 1373 - 5/2t2 + St

v = s

V = t - St + 6 = 0

(t -2)(t - 3) = 0
t= 2 or 3

:It is instantaneously at rest when t= 2 and t = 3

acceleration = di
-

dt

T = 2+
-S

acceleration when t =2 : 2(2) - 5 = - 1m/s

acceleration when t = 3 : 2(3) - 5 = 1 mis?
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  

Question 3 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

⑤ The particle will be instantaneously at rest before it
changes direction. From part a we know the particle
was travelling in the opposite direction betweent=2
and t =3 .

velocity 6

Lasttime
2 11/113
↑
during this time the
particle travels in the
opposite direction

S = 1373 - 5/2t2 + St

So total distance = (Sc-Sol + (Sc -Ss) + (Sx-Sy)

So = O

Sz = 13(2)3 - 5/2(2) + ((2) = 1413

Sy = 1/3(3(3 - 512(3)2 + 6(3) = 9/2

Su = 13(4)3 - 5/2(4)2 = 6(4) = 16/3

total distance = (1413-0) + (1413 - 9/2) + (16/3 - 9/2)

= 52/3 meters
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  

4.
P

Q

Figure 1

 A vertical rope PQ has its end Q attached to the top of a small lift cage.

 The lift cage has mass 40 kg and carries a block of mass 10 kg, as shown in Figure 1.

 The lift cage is raised vertically by moving the end P of the rope vertically upwards 
with constant acceleration 0.2 m s−2

 The rope is modelled as being light and inextensible and air resistance is ignored.

 Using the model,

 (a) find the tension in the rope PQ
(3)

 (b) find the magnitude of the force exerted on the block by the lift cage.
(3)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

-

P
⑳ VT

TN
Q

* 8 . 2

40g + 10g

st -
Og

treating upwards as positive , and usingF =ma

T - 50g = 58x0 .2

T = SOON

www.mymathscloud.com

www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om



*P68658A01516* Turn over      

15

 

  

Question 4 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

⑬
1500

R C

↑ ↑8 .2
B

itg ↓
409

Using F =ma
Equation for block B :

R - 10g = 18x0 .2

R = 188 N
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