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7

1. A particle P moves with constant acceleration (2i — 3j)ms

At time ¢ = 0, P is moving with velocity 4ims™

(a) Find the velocity of P at time ¢ = 2 seconds.

At time ¢ = 0, the position vector of P relative to a fixed origin O is (i + j)m.

(b) Find the position vector of P relative to O at time ¢ = 3 seconds.
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A (3m)
B (m)

Figure 1

A small stone 4 of mass 3m is attached to one end of a string.
A small stone B of mass m is attached to the other end of the string.

Initially A4 is held at rest on a fixed rough plane.
o . 3
The plane is inclined to the horizontal at an angle a, where tana = 2

The string passes over a pulley P that is fixed at the top of the plane.
The part of the string from A to P is parallel to a line of greatest slope of the plane.

Stone B hangs freely below P, as shown in Figure 1.
The coefficient of friction between A4 and the plane is 3

Stone 4 is released from rest and begins to move down the plane.
The stones are modelled as particles.
The pulley is modelled as being small and smooth.

The string is modelled as being light and inextensible.

Using the model for the motion of the system before B reaches the pulley,

(a) write down an equation of motion for 4
. .1
(b) show that the acceleration of 4 is 0 g

(c) sketch a velocity-time graph for the motion of B, from the instant when 4 is released
from rest to the instant just before B reaches the pulley, explaining your answer.

In reality, the string is not light.

(d) State how this would affect the working in part (b).
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2a

Figure 2

A beam AB has mass m and length 2a.

The beam rests in equilibrium with 4 on rough horizontal ground and with B against a
smooth vertical wall.

The beam is inclined to the horizontal at an angle 6, as shown in Figure 2.
The coefficient of friction between the beam and the ground is u

The beam is modelled as a uniform rod resting in a vertical plane that is perpendicular
to the wall.

Using the model,

1
(a) show that u > 5 cotd

A horizontal force of magnitude kmg, where £ is a constant, is now applied to the beam
at A.

This force acts in a direction that is perpendicular to the wall and towards the wall.
. 5 1 . e _
Given that tanf = 2 n= 5 and the beam is now in limiting equilibrium,

(b) use the model to find the value of k.
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Question 3 continued
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70m

Figure 3

A small stone is projected with speed 65ms™ from a point O at the top of a vertical cliff.
Point O is 70 m vertically above the point N.

Point N is on horizontal ground.

. . . 5
The stone is projected at an angle a above the horizontal, where tana = It

The stone hits the ground at the point A4, as shown in Figure 3.
The stone is modelled as a particle moving freely under gravity.

The acceleration due to gravity is modelled as having magnitude 10 ms™

Using the model,

(a) find the time taken for the stone to travel from O to 4,
(b) find the speed of the stone at the instant just before it hits the ground at 4.
One limitation of the model is that it ignores air resistance.

(c) State one other limitation of the model that could affect the reliability of
your answers.

C))

C))

0y

12

VaHY SIHL NI LM 10N 0d

 DONOTWRITEINTHISAREA




255

0% %
GRRR
o203
IR
35

65%0%%
29
KL
2RI
RS

09090902090 %%%%
:.000.
X

S5,
2R

o
%%

RRRRX,

28
betete!

0% %
GRR QR
Stotetotetetotets!
Sateteseseseseseteteteteses

RIS

D osesetetetetes

036%%%

o%
Q@
d

R

%%

oo 7 &

W B CEN
RIS

KR IKRKIRERLKIKKL

X
9%
000

X KKK

050%% % % % %%

SIS
O0RRRRRII
2558
SRLERRRS

X XK KX

XX

KRS
SRR

090%%0%%
XX

XX
X RREIKRERIKRKRL

5005

o205
RN,
RRLLLLLLLS
Sasasetetetototototes
LK

Dgaseceseesed
LS

o
oS

0%0% % % %0 %00 % % % %%
R

XHRHRHRXRXRLS

2
o

XX

NS

< >
oo
RS

0

Q

XX

&

293
RS
2950598
KW,
3RIERTRR
CRRRLRRK

S
$99.9.0.0.0.9.9,
KKK
XK KK
’0’0’:’0’00
X XKAKAXKX

X
O

050505 % % % % %%

SoSotetotete!
dootetotete!
28
o
2RLR

X
553
RRXX

oS
0%
255
posose:
R

33
35
X5

S
KKK

SRKK
e
0020002020200 %% % %%
Sasasesesetotetetotototess
%
0RRKS

0%%% %% %%
SRR
XX
X
SIS

dogetedes
X
pasasesetetesototototoss

oo

%5

0202050 % % %%
3%500
bodetotels!

o5
O
XX
&

2L

%!
28
QIR
2%
oo
P%62e%!

X
X

SSodel
oo
0%}
ee%

...0..0.000000
XK
X XK
25055
XOKKAKKH

%

35

%
L
L
QL

%
0!
o
5

385
RS
KKK

S

¥

R
ol
1008
A s
3%
55

e
%

Q

0
0%
KK
=N
R
3
o2

X XK

QA
PSoseteteses
0%% o)
o e
00593

020200

o%

X

0.
0

55

%

XXX
5%
35

%%
XX

X

XX
B

09

%
%

02

%!
098

2

%!

9%
S0
0'0
0.0

X
’0.0.0.0000
SR
REKK
X XK
XK

096%%
<
%%

X

OO
oS

0!

000

0t

¢
3!
255

8
&
0203
Do%ed
XX
%!

%S
0
6%

O
RIS
RS RRRRS
Weodetotetetotetotet
QIIEIEKKK
HRHRRRRRLS:

<0
o

06K
ofogetels
=
A0S,
KL
RRXKS

%
X

prece
%
KRR

(3

0%
2888

X
e

0%
XL

6
X
%
%2
A
r
%
oo’

K
e
S
Kosotl
X X
XK

X
2092058
% &
K
eIt
%%

%%
X

9

X X

04’;:
e

%
o2’

r

Question 4 continued

13

Turn over »



r

Question 4 continued

0%

CRIIRXKKK

o%
KRIKRKARKARARAKAKRH

CRIIIIILLLLRIS
RRRELKS

I
QIRREIRKKEIHIEL
:.0.0.000

O
O

3
059

XX

55

&
X
%
2
o

<
%
4%
O
L
olotels

09 %
e
X)

XX
XXX

XX

0%
>%
bootesess

hogotess

R
X
XX
0%

O
XX

%

&S

%
oS
%S
20K
09

oY
<
XX
o5

X

éf’

208
ZRRLS

258
258
XL

00

20
o%
%

000

‘0
XK

<5

X
K

00

bt
S

S
&

XX
X

5

X
X
%
o9e%
%%
X

%
X
20%

%
o

XX
K

K

%!
o8
258

5

<5

X
<
R

X
%

XX
X

X

%3

S

oo

000

<5

2
o

000,

<5

%S
%S

S

X

%3

X

oS

XK
%5

o

o%
ol

S

K

QL
SRS

XX
ofe%0%e;

RS
RRRK

:%%%%
X
%
KR
XL

K
&

000

%

020

¢
X
25
bt

09

000

5

o5
ol
XX

<5

5
2%
K
258
KRRKK

3RS

XK
St %ot
RIRLRKS

OO
IIABK
S teotetetoteds
X XK
X KRR
doSotededs

0
KRRKKS
<

O

X XK KKK
XX

000
%
355
X KK
SRR,

K
<

RS

X

ZRRLZRLRRLRELS

o

14

KRR
Sootetotelte!
SoSotetotelel
KKK
KL
doeteee!

2555
5
%5

(OOARS
2K
RS
R

%
XL

O
RORKRK

1 Retetotetete!
Wotetetetotetete!
5 S02000%e %0000
dSoteleteotetetetotete!
KGR IKIRRKRRX

950

9%
X X
Y7

$%%

QOO
RIS
RRRILLRAILS
3RRLRIS

88
OIS

$0e%%

0900000002000 %000 %% 0.% 0%
X

00000200000 %0 %0009 %
O ORIRIRIRKS

X
b

dototetototetotetetotetotetotet
58K,

XK IIRER IR R KIIKKKK

<

QIR IIKR KRR
o5

09020000000 00000000000

19%%
2505050598
X

OIIIIAAAAAA
XX

%S

020!

::::::00000000000
RS
XS

O X

<>
5
>
.V
KK,

R
%

%
S

o0

0%
de3e%

%
dop-<lo%%
Jo% o!o’p:o

O 00000~
X X

%
5

K
HRRRRLLLLKS
258

%!
L
002!

%
5%

X
KL
<

<X

0SS
0%6%%%
690%6%%%
096%%%
’*&%ﬁ%
'COO0S

¢
5%
Sodeses
K%
KKK

9%
X X
5

XK
RKKL
Sotetototet
3SR
S Sotetete!

X

e

bo%es
bates
35

3585
%5

RHLKS
205059598

RHLRKS

SRR

XIS
S
S S
BILLLL

%S
oS %
QX
%0 %%
05050595

X RKIEKIKKXRL

e e v ¢
ORI IHIRLRIIAS

000000
ORI

XK RKKIKKRKL
RIS

000
RRES
QIR

KK IRK KRR
KKK

X X
XL

%%

R

X

bt

3R
<
5K

&



SR o \
2RIKS
40505050%0% e
S0RLRL QLR
KKK 25K
2R 2R
2RI 3RS
%5
SRGLLRS $XRRIKS u i i u
SRR 230K 1 1
2R 2R
KRR SRR
SRLLLLS S

000
2K
ol
A Oo%
S
P05

XS

Pasetetetose

\RE
Wy

Sobol

XK

okoces
e2e%e%

L]
XA

<)

SRS
KA
AN
%%v&)‘..
=
S

o
" =
RIIARRS
LR
dosaseseses
IR
GRS
KRR
LR
L
KRR
LR
LIS
KRR
SRR
LIS
KRR
S0RLRL
SRR
L
KRR
SRLRL
SRR
LS
RAILRL
SKIGRR
05 e 00 5
SN XS 0%
CUBRL X NS
SSPNKS 150
& ALP
955 & Jo%et 09 93]
SRR 055
XX 5>
5% o0
PO ]
&5
O
o Vs 059

e
X

SPPPE
CRAIIXD
KRS
o30=le%
QB

- 3%
<5
o
%
X
:’:’03&
SRR SRR
KRS RS
KRR SRR
SRRIIE SRR
KR 2GRS
SRRREKS SRR
&5 35S
KRRRLK R8s
SRR SRS
2RI 250K
355 255
SIS I
LRI SRS
2GR 250K
<5 255K5
SRIRRKS KKK
SILREKS SRR
SR 20K
KERREK LRI
ILRIKS SR
SR S0
25 0L
SRIRRKS RHKKS
SRR SRR
R IR
120308 S8R
L
o
% v 2 L
-4
25 S QSONELS,
S OKS SSRELS
9% @ 1008 SIS
kS S
e >
X
<
9 298 D08, e o]
SRS Soswetet
00 %08 Do ]
IR LS
5 SIS
& ave
- ¥,
o .
<) ']
2SS oogadl
Sy &
SOOI QS
eSS 05 g,
090 —=J0So B oo wolel

XX
20058
(03
5o
620

¢
%
"
\l
AN
(oted
2R

>4
53

o
XX

<
<
L
b
o
&

SO
SIS KLGEL
&%
KATRS bose, & ot
% Fale%e! LS,
35 20! SRS
SRS SRS
00 ot bo%e! &%
% Sl
KIBLKL SRIKEK
Sototetels QKKK
e Setoteel dletodes
KIRREK LRI
Sototetels SREEKK
2K Sotetotoe!
%ﬁ%&‘ &%ﬁ%& 1 1
LXK KHLLR (Total for Questlon 4 1S 10 markS)
Setetee SRRLLRS

[ [ Turn over »



( )

5. At time ¢ seconds, a particle P has velocity vms™', where

Sogesssssssssorsseretoretered

1
v=73t%i-2tj t>0

(a) Find the acceleration of P at time ¢ seconds, where ¢ > 0

(2)

(b) Find the value of ¢ at the instant when P is moving in the direction of i — j
3)

At time ¢ seconds, where ¢ > 0, the position vector of P, relative to a fixed origin O,

is r metres.

When¢t=1,r=—j

(c) Find an expression for r in terms of .
3)

(d) Find the exact distance of P from O at the instant when P is moving with

speed 10ms™! B

(6)
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Question 5 continued

(Total for Question 5 is 14 marks)

TOTAL FOR MECHANICS IS 50 MARKS
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