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6. [In this question i and j are horizontal unit vectors directed due east and due north

respectively and position vectors are given relative to a fixed origin O.]

At 12:00, g ship@@sets sail from a harbour with position VectOI—

At 12:30,is at the point with position vector
Given that.moves with constant velocity,

(a) show that the velocity of P is (10i — 4j)kmh™

At time ¢ hours after 12:00, the position vector of@)iqP

(b) Find an expression fo‘in terms of i, j and z.

A second ship.is also travelling at a constant velocity.

At time ¢ hours after 12:00, the position vector oi‘is given by‘(m, where

Ship’and ‘re modelled as particles.
If both ships maintained their course,

(c) (1) verify that they would collide at 13:30

(i1) find the position vector of the point at which the collision would occur.

At 12:30‘changes speed and direction to avoid the collision.
Ship.now travels due north with a constant speed of 15kmh™'

Shi;‘maintains the same constant velocity throughout.

(d) Find the exact distance between.lnd.at 14:30
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= (154+36)) + (A@i-\M4)k

B iy
= (15H0oL)i + (36-¥%)J
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Question 6 continued

C) @ At time I13:30 , howrs hewe past .
At , p= (15n005)i + (3¢-405)) = 30i+30;
At »g.= (42-R05)i+ (A+M(5)) = 3004 20;

Since_both ak _same position ok 13:30, they will colide .
(i) Position vectar of collision : 30i+30;

d) At time [4:30 , 2.5 hews passed.

At t=25 , p= (154+10(2:9) i + (3¢-4@5))j = 40 +26)

For g , we an seperake  its  movement into two pors ; on ith originod path from
12:00 & 12:30 , ond wher it moves \Skmh novth pom (2:20 t»  |4:30 .

From 12:00 b 12:30 , q = (42-3(@s)i+ (+M(es); = 3Bi+16)
Fom 12:30 o M:30 g = 3%ir1§) +@st)) = 38i+l6i + 2(15)) = 3Ri+Y6;

*P=Y4oi+26; , Q=3Ri+Ye;

+ |pal = J(h0-28) (26-uef = (W4 = 2001 kem Y
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 15 marks)
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Figure 4 =
<
Figure 4 shows a block 4 of massim held at rest on a rough plane. "::
The plane is inclined at an angle a to the horizontal and the coefficient of friction )
between the block and the plane is u. >
One end of a light inextensible string is now attached to 4. The string passes over a
small smooth pulley which is fixed at the top of the plane.
The other end of the string is attached to a block B of mass km.
Block B hangs vertically below the pulley, with the string taut.
The string from 4 to the pulley lies along a line of greatest slope of the plane. &
)
Both 4 and B are modelled as particles. =
Q
When the system is released from rest, 4 moves up the plane and the tension in the ;
.. 4mg X
string is —= 3
3 m
1 2
i = — === -
Given that u 3 and tana 2 %
(a) (1) find the magnitude of the acceleration of 4, giving your answer in terms of g, E
(ii) find the value of k. ”
)
(b) Find the magnitude of the resultant force exerted on the pulley by the string, giving
your answer in terms of m and g.
“4)

@) Druw o diagrom labeling all relewnt fovees . o
o
=
o
]
=
=
-]
m
2
s
=
7
>
=
m
>
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Question 7 continued

i) Since block A isnt moving perpendicvier b the plame , ( 2F =0

=0
Considersing = on ond talking uvp e slope ox positive
e — as +his is +he direcion it occelerokes .
= ma
- =ma o - _I = Mmoo

ar) Ccmsiderins E_éFj_maE on with & calwlaked and taking
— = downwards as positive 03 this is the direction ik accelerakeg.
=lmx U9
1S
~Ug = llkg - kg- kg = ug
3 3 \ 3 1S 2
(3—Ug) =4 M =
1S 3 3_11%5

b) Redmunng the diagram ond resoling +he teasion .
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Question 7 continued

- The -forces on the pulley are dve {» the tensions Jrom blockg

- The harizontal compenent of the teasion frm iIs Tecos .
= The vertical compament of the tension fawm Is Tsinet .
= The dension om acts verticolly downwords .

Sum o3 the herizontal forces Qcting an pulley - Teos
Sum o1 the vertical forced Qcting on pulley : Tsink + T

* Resultoat force acting on pulley : J ( Tcosx)z-r(T sinot + T)"

- Substitute ‘r=H;vt; , Sink=7 | (osx = 24
25 25

“ Fssuttant ‘J(u"zs (5= *"")

e 3 1 100
=1(F&m)" + (Bma+ Ggma)*

q¢ 128 ., \*
(5m) (%)

= | (926 miq2 .,.(I638'~I mst)
5€25 5625

A

= 25500m131 = L69m3 = 32 Mg
sts S 's
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 13 marks)

TOTAL FOR PAPER IS 75 MARKS
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