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1. In this question you must show all stages of your working.

Solutions relying entirely on hnology are not

A particle P moves along a straight line.
Initially P is at rest at the point O on the line.

At time ¢ seconds, where ¢ > 0
« the displacement of P from O is x metres
«  the velocity of P is vms ' in the positive x direction
6 E
2 5 ms y
(3t+5)

(a) Show that, at time 7 seconds, v = p —

« the acceleration of P is

in the positive x direction

4 )
(31 +5)

be determined.
(b) Find the limiting value of v as f increases.

(c) Find the value of x when =2

o) Reca\l Ehabk o= dv
dt
(Ee+9)® dt
5 [ qe(3«9)2db = fide @
E) 6 (3t+s)t = v +c 0

—46_
LxD
D —16(36+9)"F = W xc
whea &=z0 , w=o0 (
=7 a6(049)F =c

= = —li
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where p and g are constants to
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Question 1 continued

5 W= 16 - _\6_
28 (edr

b) os k=2, 1t = 0o
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So w6 @
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) Recall bt = %
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5o
A uniform rod of length 28a is cut into seven identical rods each of length 4a. These ; ;
rods are joined together to form the rigid framework ABCDEA shown in Figure 1. g [
All seven rods lie in the same plane.
The distance of the centre of mass of the framework from ED is d.
(a) Show that d = &a
7 @ o
=} L
The weight of the framework is . g -
= s
The framework is freely pivoted about a horizontal axis through C. s '
=
The framework is held in equilibrium in a vertical plane, with AC vertical and 4 below C, r_n' :
by a horizontal force that is applied to the framework at 4. 2 ¥
=t f
The force acts in the same vertical plane as the framework and has magnitude F. E '
¢
(b) Find F in terms of V. § :
3 >
a) (2 mass) = 2 (distance x mass)
Tuke Momeabs about EV %«
= o
AD aak BC hwe o disbare 3
W= Lakanb0 = 2a53 3 :
" 3
3 :
EV hus o disbane o O =
/) =
e S
N —_ = !
Twe rest hawve o disbane o’, 2 Lo no
whidh 35 a3 I
Ad(22e) = olwa) + 2ad () (uw) + aF3(W)(uw)
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Question 2 continued

D L%k = |6&TE + 63T
2 28 = D203
=) d = :b& o

>

b) See, cl:(LBruM,
Take mMomenbs abook ¢ @

€ =(hocosto - 3B YW @
E)

S F= 3&\,\]@
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Figure 2

Figure 2 shows a hemispherical bow! of internal radius 104 that is fixed with its circular
rim horizontal.

The centre of the circular rim is at the point O.

A particle P moves with constant angular speed on the smooth inner surface of
the bowl.

The particle P moves in a horizontal circle with radius 8d and centre C.

(a) Find, in terms of g, the exact magnitude of the acceleration of P.

6)
The time for P to complete one revolution is 7.
(b) Find 7 in terms of d and g.
3)
O.\ Re Solve. Vef (’JCq“n ® ge& D?aoruﬂ .
Rowng = My ©
|’]vr\20/\EA|\6 . F=ma
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Question 3 continued
b\ Recull Ehat o= rw®  (Ciccolar mokion)

_':::_32 Rdw* @

D W = 3
\m 0}
2K
Recall  Engl Perimk = W
2K &E_

T= \Q:J ~ 2R
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Figure 3

A uniform lamina OAB is in the shape of the region R.

Region R lies in the first quadrant and is bounded by the curve with equation
2 2

;—6 + ';—6 = 1, the x-axis, and the y-axis, as shown shaded in Figure 3.

The point 4 is the point of intersection of the curve and the x-axis.
The point B is the point of intersection of the curve and the y-axis.

One unit on each axis represents 1 m.

The area of R is 6n

The centre of mass of R lies at the point with coordinates (.\_', F)

(a) Use algebraic integration to show that X = 5 ®

(b) Use algebraic integration to find the exact value of y
)

The lamina is freely suspended from 4 and hangs in equilibrium with OA4 at angle 6° to
the downward vertical.

(c) Find the value of &
3)

0) Recall Ehut
x = 5 LY Ly

Aveor
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Question 4 continued
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Question 4 continued

1)
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5. Aparticle P moves in a straight line with simple harmonic motion about a fixed point O.
The magnitude of the greatest acceleration of P is 18 ms™*

When P is 0.3m from O, the speed of P is 24ms’
The amplitude of the motion is @ metres.

(a) Show that a = 0.5

)
(b) Find the greatest speed of P.

2)
During one oscillation, the speed of P is at least 2ms ' for S seconds.
(c) Find the value of S.

O]

A Recall bk for SHAM,
Qmey = W', = w (o= xY)
12= W00 ank 2.L2% = w2(a?~0.22) OO

) w:]ﬁ; ark  5.36= wi(ur-0.09)
[«
D 5.76= )38 (ot -0.09)
w

= 95 Fbo = \ % - 1.62

= VW2 -5F-)62 =0 @

) = 0.5 or o= -0.93 0
Amplibude camob be neaqt‘we, and  So,

ht= 0-5

\.
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Question 5 continued

v) Recal

thab Imux = war

N:Fi = 6 ®
05

D Vmr = 620-5= 2ms-' @

19) Recall Ewib o= asis(wb)

2 T = awos(wE) b d{ferez\baéma.

L=25.66 ©
% 6=0.216 ©
Recull bt Ehe period is 7__:}'
T=2==3
5= T-6
25 = 2% ~0.12160= 6.5¢020

(Total for Question 5 is 11 marks)
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6. In this question you must show all stages of your working.

.

are not

Solutions relying entirely on

V.

e

o 6 X

Figure 4

The shaded region, shown in Figure 4, is bounded by the x-axis, the line with
equation x = 6, the line with equation y =2 and the y-axis.

This region is rotated through 360° about the x-axis to form a solid of revolution.
This solid is used to model a non-uniform cylinder of height 6 cm and radius 2 cm.

The mass per unit volume of the cylinder at the point (x, y, z) is A(x + 2)kgem *,
where 0 < x < 6 and 4 is a constant.

(a) Show that the mass of the cylinder is 1207 kg.

3)
(b) Show that the centre of mass of the cylinder is 3.6cm from O.

[©)
The point O is the centre of one end of the cylinder. The point 4 is the centre of the
other end of the cylinder.

A uniform solid hemisphere of radius 3 cm has density 2 kgem °. The hemisphere is
attached to the cylinder with the centre of its circular face in contact with the point 4 on
the cylinder to form the model shown in Figure 5.

4cm 0

ES
M

<—6cm—>

Figure 5

The model is placed with the end containing O on a rough inclined plane which is
inclined at angle a° to the horizontal. The plane is sufficiently rough to prevent the
model from sliding. The model is on the point of toppling.

(c) Find the value of a.
(©)

o) Recall bhat W} owe wre mEaET»'\J avoonh
khe - axg,
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Question 6 continued
Mass = antpdx
Mass = [&x (22) (M) dx ©
= lexk‘[:xaw'z_ dx
= lan [ 12<]; ©
= kax(184t12 -0 + 0}

= 120" \!:)Q)
-‘9) Recall khab

< = ngixecix«

Moz
fma"axpd)c =Lx>jfx(xn) ax ()
= lan f: xt 4 2% dx
2w [ + 27)¢
W[ 73 4 6]
w3 ax ©
T = w0 w32 =360
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Question 6 continued
Lb me Ehe formola Booklet, we heve Ewub o

SOk \\em-‘sphare ° raudivs r huy e
(entre 0’, Muss 3/gr from the Centre.

COM (:‘- \f\eMTsphvrc_ = i +3 ‘=c‘_®{m the Cenbre,
2

?

We bkake moments abowk the  diumeter of twe
base asik s at bhe Po‘mﬁ. o{ (:owﬂlna-o

x (l:.o(:ﬁ\ M«S&): S (muss » distance)

Mass rubio o,. Ieckun"\e s \lox - K6* =%

2.
Con frur-,\o o hemisphere.

0 Y,
A18+120)x = 1oAx <36+ 137N (64 V%) O
5 13%d= L2 +128.25
= &h=k.0b6

eKM\& -~ 2 L @ = 26.7
e
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Figure 6 w C
; Z2
A smooth solid hemisphere has radius r and the centre of its plane face is O. 2 E
The hemisphere is fixed with its plane face in contact with horizontal ground, as shown
in Figure 6.
A small stone is at the point 4, the highest point on the surface of the hemisphere.
The stone is projected horizontally from A with speed U.
The stone is still in contact with the hemisphere at the point B, where OB makes an
angle ¢ with the upward vertical.
The speed of the stone at the instant it reaches B is v. g 5
.
The stone is modelled as a particle P and air is modelled as being negligibl, % ‘:
= v
(a) Use the model to find v? in terms of U, r, gand 6 = I
©) 2z
e a
When P leaves the surface of the hemisphere, the speed of Pis W. Z E
= I
I 3
Given that U = ; g
m C
B
(b) show that w? = grg 5
)
After leaving the surface of the hemisphere, P moves freely under gravity until it hits
the ground.
(c) Find the speed of P as it hits the ground, giving your answer in terms of » and g. i 5
3) o u
z
At the instant when P hits the ground it is travelling at «° to the horizontal. 9. v
X
(d) Find the value of a. § ;
3) = "
1 . e o
&) Vlmxr‘.l x Ma\n‘ = VM8, mohy,  See d«u:drum z E
=
& E
7 C
\hp‘\)?‘ + MS"(\—L‘?S@)—— \)ZI"N"L@-\D G) 2 :
m
> c
= wr=0'+« Lyr (\-cos6) ®
\ J
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Question 7 continued

b) Greke o ectlqu\'On o} MoEioA ok B ia
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Re call Ehwt F = ma= Myl
[

M%COSQ R = MW )@

~
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R=0

N E
4 ad .
mt}m-)e = m(prs lar(n—ws&\l@ha P

g

= FSCOSQ = Oty 23r - 7.Drce;t9

=2 faCOSG: Ly 13 - ')-Jrcos&
3

S (o5 = ¥z - 2cosE
D 39 := ¥
5 (es@ =3/ QO

\90 () ,w":"'acosO = fg‘_ rs ®

p) e /wa\,.\ = “amat M‘dk‘

VoM v 9 = Yam W 4 Mbrc,050 ®
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Question 7 continued

L= R ¢ +1 2 \*t= 3rgy
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