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1. A car is initially at rest on a straight horizontal road.
The car then accelerates along the road with a constant acceleration of 3.2ms
Find

(a) the speed of the car after 5,

(b) the distance travelled by the car in the first 5s.
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Question 1 continued
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Figure 1 2
A particle P has mass 5 kg. =-_U|
The particle is pulled along a rough horizontal plane by a horizontal force of ;
magnitude 28 N. E
The only resistance to motion is a frictional force of magnitude /' newtons, as shown z‘
in Figure 1. =
=
(a) Find the magnitude of the normal reaction of the plane on P
1)
The particle is accelerating along the plane at 1.4ms
(b) Find the value of F
(2)
),
The coefficient of friction between P and the plane is u g
Qo
(c) Find the value of u, giving your answer to 2 significant figures. g
(1) S
: . g -
Diagram S @) Since it is ot Moving verticaly, use ZFy=0 m
R o SO
n —_ =) = = =3 ;
{ 18N >
L\ . >
SKy= Sg N~ %; (b Since it's accelerating, use ZFx=ma. E
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Question 2 continued
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3. Attime ¢ seconds, where ¢ > 0, a particle P has velocity vins ' where

v = =3+7i+ Q2 -3)j =
2
Find 3
(a) the speed of P at time =0 §
3) -
(b) the value of # when P is moving parallel to (i + j) ;
(2) =
(c) the acceleration of P at time ¢ seconds r;;
(2) >
(d) the value of # when the direction of the acceleration of P is perpendicular to i
(2)
(@) Substitute t=0 into the equakion for veloity
v= (0%- 3(0) +})i + (2(0)™-3))
B VE S TR A S S
Wse Pythagoras’ Theorem Yo get i, which \S the speed \ =
v 1 2 -]
y.\vun \\I\—-\I‘;*ii\' M1 B s ~°n ;Eq
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Question 3 continued
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[In this question, i and j are horizontal unit vectors and position vectors are given
relative to a fixed origin O]

O
A particle P is moving on a smooth horizontal plane. o
2
The particle has constant acceleration (2.4i + jyms~ 3
=
At time ¢ = 0, P passes through the point 4. =
e
At time £ = 5, P passes through the point B. ;
The velocity of P as it passes through 4 is (~16i — 3j)ms™' g
)
(a) Find the speed of P as it passes through B. ,’;
) m
The position vector of 4 is (44i — 10j)m.
At time ¢ = T seconds, where 7 > 5, P passes through the point C.
The position vector of C is (4i + cj)m.
(b) Find the value of T. -
3) o
=
(¢c) Find the value of c. 3
3) =
>
(@) Wse suvor A—=B Use Formulon: =
3 V= u+ak z
—|
u= (-16i-3)) ms' ve(25)+(%)xs &
AVACH ' B
o 16 12)_(-4) . r’:'i
a= (2.4i+)Ims V=(-—5)"‘( s)J:\2) \elouty @4 >
=5 Use Pythagoras! Theorem to gk IN),wivchis speed.
VR (PP L
=10 =2Sms" A1
use suvar A= Use e g
S¢: (44i-10) m z
= (41+Cl)im <
s= (4 , .3) ., (4), (H\ (-\e) . (1.4) 2 =
w=(-161-3)) ms ¢)=\-10)F 3 )T+ 1 )T w =z
X (by Use 0 ' =
o b to qet T . | =
o= (2.4i+))Ims A1 0= 40-16T+12T )enctow%e -
k=T 0=(37-10)0.4T- 4) =
=107 1= i
T 3 T=\0 g
T>S .= T=10s A1
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Question 4 continued

o Use the j components to gek c.
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 10 marks)
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40m
Figure 2

A small ball is projected with speed 28 ms ' from a point O on horizontal ground.
After moving for T seconds, the ball passes through the point 4.

The point 4 is 40 m horizontally and 20 m vertically from the point O, as shown in
Figure 2.

The motion of the ball from O to 4 is modelled as that of a particle moving freely
under gravity.

Given that the ball is projected at an angle a to the ground, use the model to

10
7cosa

(a) show that T'=

(b) show that tan’a — 4tana +3 =10

(c) find the greatest possible height, in metres, of the ball above the ground as the ball
moves from O to 4.

The model does not include air resistance.

(d) State one other limitation of the model.

(2)

)

(&)
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Question 5 continued

(@) Hornzo niodly = use
$=40 ]~ 40 = 28cosolT 11

W= 28cosat T=_4%0 — 1= hence shown (Al
Fcoosx
t=7 Eqi

280K

(b Vertically = use suvak
T+ s=40 Use
U= 28sinct
X
oa=-9 40= 28Tsina + !7-'(-33'\"l
t=T 40= 28Tsinx— 44T Fq.2

[ 8
]

Substiture . T=_10 .
ICOSA

8

40= 2Bsinax 10— 4.9( 0 )
Yeosk Fcose

= S - 100
$0=40x &"& 45\( qqcos‘o&)
40=40tna - 10sec*x
40= 4 Gtank - ABU + tane) 1
4= 4 tomes - A - tontol
Ay 0= tam' o - 4tomak*+d  Nence shown

(0) Solve 0= tan'k - 4tana+3 — 0= (Qana —3)(tana-1D
M tan (= g° tanas3 tonx=
At the V\l\(}\f\mt ponk the vertical vemdtﬁ s instasraneously 0.
Use Suwok:

2+ ¢=H Use
w = 28Swna
V=0 0*=U8sin(ran@)) + 2C-9dCHY MY
a:-q oM = Lms'\mmi‘(am’;
H = (28sintan3H))
29

A ‘H=36m max helght

(d) The Spin of the baik and wind effect ave \gnored £1

13
om R0 I AR Turn over
p 7 2 8 2 0 A 01 3 2 0 urhove



www.mymathscloud.com

7

Question 5 continued
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Question 5 continued

(Total for Question 5 is 11 marks)
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Figure 3
A rod AB has mass M and length 2a.

The rod has its end 4 on rough horizontal ground and its end B against a smooth
vertical wall.

The rod makes an angle 8 with the ground, as shown in Figure 3.
The rod is at rest in limiting equilibrium.

(a) State the direction (left or right on Figure 3 above) of the frictional force acting on
the rod at 4. Give a reason for your answer.

(1)
The magnitude of the normal reaction of the wall on the rod at B is S.
In an initial model, the rod is modelled as being uniform.
Use this initial model to answer parts (b), (c) and (d).
(b) By taking moments about 4, show that

1
S= 5 Mgcot6

3)

The coefticient of friction between the rod and the ground is u
' 3

Given that tanf = 1
(c) find the value of u

3)
(d) find, in terms of M and g, the magnitude of the resultant force acting on the rod at 4.

3)
In a new model, the rod is modelled as being non-uniform, with its centre of mass
closer to B than it is to 4.

3
A new value for § is calculated using this new model, with tanf = 1
(e) State whether this new value for S is larger, smaller or equal to the value that S
would take using the initial model. Give a reason for your answer.
(1)
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Question 6 continued
(@) The f{rictional force is acting to the ﬁgﬁ as the reaction farce ox B aus to
the left and (ricion gpposes it. Also, dure to the weght that makes the vod tend

towards supping left and friction pvevents tns. B84

Diagram
B % We. take moments abous A
becomse this wauy, the perpendicwlar
diskance to R and F is 0.
So we dan't need to consider
and £, making ouwr moments
€quahion muca Ssimpler.
(b) To get S we will use momencs abouk poink A. M1
Since it’s o rest, {&A: 0

Y
ZMp = 0.X Mgeose - 2axSsin8 =0 A4

AMgcosh = 24556 cancel a's
%chose = Ssind
l.Mg _Co_sQ_":S -1d< Y \2'\\“); €osO-catp
2

Sing sind
=11 hence shown (Al
; T
tMO(.‘-Z =5 .. 6050(:4'?
sind = 3
S

(¢) We con resolue  botn \Ievtimng ond Yw'nomu\\\j.
The vod is qk vest, . 2Fy=0 ond ZFy:0.

ZF\J:O : B1 : Hg
ZFy=0: B\ =S= 12'.M3cot6 (from (o))
We qwe fold w's in :
Substituke into . B

Sz

_;_.Mgcote =

jz‘%‘T =pxMq  cancel Mg dM4

47—
%x%:p — 44.5%, value of w A1
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Question 6 continued

(d) At Point A we have the forces 2 omd .

/: Resustauns,

Using  Pythagoras’ Tnearem to get the magnitude of the resuitont.

| Resumamkl = 4fFRT 3

’%Ng from (o | Aes]= (%“9)1*(“3\1 M1

- Mg - xRy
= '.3.?‘\"'31'

"

If the weight acts closer to B, the

momefl: oot A due tp the weight will

be largen as the pexpendicuiar
distonce 1s laxger.This means S will
be Larger as wel to balnnce o’ the
lorger moment of the weight,so thak the
rod remains ak vest. £
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Question 6 continued
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Question 6 continued
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(Total for Question 6 is 13 marks) :::::z.
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