Edexcel A level Maths Mechanics Kinematics o

Section 1: Motion in two dimensions

Solutions to Exercise level 3

1. (1) tftheparticle were at)
1-t°=0 =E-1V({t+1)=0 =Dt=%1
and t* -3t =0 =t{t-3)=0 =t=00r3
These are incompatible so the particle is never at the origin.

) v=—>=
ot 260—-3

Whewn the particle is moving parallel to the y-axis, the x-component of the
velocity is zero (and the y-component is not zero)
= -2t =0

=>t=0
Whew t =0, 2t —3=—3
so the particle s moving parallel to the y-axis whew t =0.

(LiL) tfthe veLoo’Ltg is perpendicular to the position vector,

2t-3 £ -3t
-2t 1t
(2t —3) (t* —3t) =2t(1 - ¢7)
2% — 9t + 9t =2t —2t®
4t° — ot* + Ft =0
t(4t* — 9t +F#)=0
ft#0,then 4t* — 9t +F =0
Discriminant =81 —4 x4 x 7 =—31, sp quadratic equation has no

roots
so velocity is never perpendicular to its position vector for ¢ # 0.

(tv) f veLac’Ltg ls parallel to position vector,
pW—3 _t* -3t
2t  1-¢?
(2t —3) (1 — %) = —2t(t* —3¢t)
2t +3t*+2t —3=-2t"+6t"

(t+0,1,-1)

2 -2 4+2=0
Discriminant =4 —4x2x3 =-32 so equation has no roots

(Note: when £ =0,1 or —1 the gradients are never undefined together).

(V) Distance from origin is given by
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A =1 -2 +(t* —zt)?
=127+t + T -t + 9t
=2t* -t + Ft* +1

i(aﬁ) = Q% —18t° + 14t

=2t(4t* — ot +F#)

2 ’ 7 d
At mlnlmum distance, d—(n’ 2) =0
x

Stince the quadratic has wo roots, di(dz) =0 when t =0 only
X

a a

whent <o, —(4%) <o, and whent > 0, —(a*)>o0,
dx dx

so 02 is lncreasing, and thevefore ¢ =0 is a minlmuwm.

So the minbmum distance s 1,

A
¢4 Y N

2, () x=5cost
y=5 sint
= X7+ 32 =25(cos® t +sin’t) =25
So from above the motlon s seen as a cirele, with the particle moving
anticlockwise. However z Lnereases as time Linereases, so the motion is a
helix (it spirals upwards).

(it) plstance from © = [x* + 52 +z*
=25 +16t7

(tit)

(5eost, 5sint, 4t)

15 (5cost, 5sint, 0)

5
tan45° =1 = z-coordinate must be 5
S0 4t=5 —=t=1.25
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2, Taking the position of the competitor as the origin:

L
For taroet: v =
I [vt—%gtzj
wu(t—7T)cosa J

For bullet (fired thme T later): v =
ft - (u(t—T)siwa—%g(t—T)Q

If the bullet and target collide:

L u(t —7)cosa
vt—2gt® | |\ ult-T)sina—2g(t—7)?
/A
L=u(t-T)eosa =t-T = =t=7+
ucosa ucosa

vt —1gt® =u(t -7)sina-Lg(t-7)*

[ [ Y
1 i 4 1
o) sofr e ] i1 )
ueosa ueosa ueosa ueosa
71 L2 lsina L2
VT + -ig77 - g - f —= - f S
ueLosa ueosa 2ucosT a cosa 2uecosT a
4 grt  lsina

VI —1g7* +
* UCOSA  UCOST  COSI

VL —
(W‘—%grz)cosa+—gﬂ=lsiwa
124

V_grl:(\/r—égfz)cosa
u

lsina —

30f3 07/07/17 © MEI
integralmaths.org



