Edexcel AS Mathematics Kinematics 0

Section 1: Displacement and distance

Solutions to Exercise level 3

1, The satellite takes 1 day to travel around the circunmference of a circle with radius
42,164 Rm.

Clroumdference of clrele =277 x 42164

Number of hours taken =24 Remember that velocity

has direction as well as

T X421 64 : |
S‘PB@D[ = —41000 R magnitude!
24
The velocity has magnitude 11000 k™ and is divected along the tangent to the

orbit.

2, Ifthe rocket accelerates at 3.5 g, the accelerntion is 35 ms.
The huwman body can survive this acceleration for 30 malnutes = 1800 seconds,
change in velocity

Acceleration = = change n velocity = acceleration X time

thwme
S0 maxiimum change in velooity that is possible =35 x 1800 = 63000 ms™
so the hwman body can tolerate acceleration from rest to 62000 ms™.

, 40200 X 1000 ;
Escape velocity = 40200 km ht = ———— wms *
3600
=1116F ms™
This is less than the maximum change in veLoc’L’cg that the human bod@ caw tolerate,

so it s well within huwmawn tolerance.

2, (1) Thues taken in minutes are 25, 24, 25, &1, 29, 31, 55, 26
The fastest train is the 11 06,
36 36X60

24/60 24

Average speed = = 90 wiles per hour

(it) The 10 42 is passed by the 11 00, the 11 06 and the 11 15,
The 10 55 Ls passed bg the 11 00, the 11 06, the 11 1.5, the 11 18 and the 11 20,

» ’ 36 ' ’
For the 10 57: thme taken = 55 wmins so average speed = —— wmiles/min
55

’ ’ 36 2’ ’
For the 11 20: thme taken = 31 wmins so average speed = — miles/min
31

11 20 leaves 23 minutes later
Let t be the thme that they pass, measured tn minutes from 11 20

326
Distance travelled by 10 57 (s (3 +¢E)x —
55
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, ) 26
Distance travelled b Yiiois tx—

21
36 26
(3 +t)x="—¢
55 21
31(23+¢t)=55¢
F13 =24t
20F =t

Distance = 34.5
So they pass at about 11 50, about 1.5 miles from Reading,

The straight Line model is not realistic as it does not take into account the
tlmes stopplng at stations,

Sy N~ T T Norman army

Norman horseman

Saxon horseman

...,_______

At first pass  Saxow horseman: s, = xt,
Norvmaw horseman: 4 —s, = Y.

s
S0 Ad—-s, =y—=
1 =Y P
Xd = xs, + ys,
xa
s, =
X+Y
y xd
So they pass each other at distance from the saxon army.
xX+y
For Norman army): & —s, = ut, &8)
For Saxow reaching Norman army: s, = xt, (2)
, d-s, wu xa
(1) and (2) gives P=— xd - xS, =us, > s, = (@)
S, X u+x
For Norman reaching Saxon arnmy: 4 = yt, (4)
At second pass Saxown horseman: s, —s, = x(t, —¢,) (5)
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Norman horseman: s, = y(t, —t,) (&)
s, —s, = x(t, —t,) = xt, — xt, (from (5))
S, =S, = Xt, —s, (from (2))
2s,—s, = xt,
2xd
—5, = X, (from (3))
u+ X
S,=yt, -yt =yt, -4 (from (&) and (4))
s, +d = yt,
2xyd
Hewce g —S, Y =S, X+ ax
u+ X
2xyd
+ = -a
SAT Y= X /X
xd(y —x —u)
+ =
s,(x+y) P
XAy —x—u)

(x+y) (u+x)
/m'(izg—/c—u)
(x+4) (u+x)

So they pass each other at distance from the sSaxon army,

) M>2Y—X = X>2Y—u
The speed of the Saxon is more than twice the speed of the Norman,
so the Saxon will return to the Saxon line before the Norman reaches
the saxow line.

(i) UM< Y—2X = Y>2X—u
The speed of the Norman Ls more thaw twice the speed of the Saxon,
so the Norman will veturn to the Norman Line before the Saxon
reaches the Normawn Lline.
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