let x = distance from observer to rocket

let /1= the height of the rocket above the ground

METHOD 1
ﬁ = 300 when /= 800 Al
dr

1

x = JJh? + 360000 = (A +360000)1 M1
dx 3 i A1
d7 .52 360000
when /1= 800
d _dr dn M
dr df dr
_ 300h Al

B+ 360000

=240 (m s™) Al
METHOD 2
I+ 600° = 2 M1
2h=2x E Al

dh
dx 3 h
dii o«

_ 800 (4 Al
1000 5 )
dn _ 300 Al

dr
de_dr dh M
dr df dr

=% %300

5

=240 (ms™) Al
METHOD 3
o =600° + JF M1
&, dh AlAl

dr dt

when 5= 800, x= 1000
dx 800 dA MIA1
df 1000  dr )

=240 m s~ Al



(a)

(b)

(a)

Note:

(b)

let HPQ =
tan £ = j
40
sec’ deg_1dn M
dr 40 dt
do__| (a)
dt 4sec @
A
16 ( eco=ore=06435 Al
T ax2s | 1 )
= (.16 radians per second AG
x 2=+ 1600. where PH=x
e ® oy dh M1
dt dt
& A0 Al
di  x
_ 110?? (A1)
i = 1600
h=30, ¥ =gms? Al
ds
: Accept soluti ons that begin x = 40 sec # or use 1= 10r.
the distance of the spot from P is x = 500 tan £ Al
the speed of the spot is
d.'l.' - 4 dlﬁ ~
— =500sec” 6— (= 4000 mwsec £) MI1AL
dr dt
( ‘dé \II
when x = 2000, sec” § =17 (f=1.32581.. } T 8|
4
j'; =500 % 17 x 8 MIALl
speed is 214000 (metres per minute) AG

If their displayed answer does not round to 214 000, they lose the final Al.

E _ 8000w sec? &tan 632 or 500 x 2sec? ca-tana' da' MIA1
dr? dr J

; ~ &)

| 2

| 51111:»:E =0 :

\ > )

= 43000000 (= 4.30 x 107) (metres per minute”) Al
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(@)

(b)

(c)

AQ= [y’ +4 (km)

QY = (2 — x) (km)
T=35.5AQ+3QY

5405 flx? +4 )+ 5(2 - x) (mins)

Attempting to use the chain rule on 5.5 .'[.T: +4)
d ¢ — 1(, vl

— 55l +4) | = 545w [x? + 4T 2x
d_r{} 5 ol 4.'} 3 33(2[1 47 % 2x

i '\l
| 5x |

d o
£ (s(2-x))=-53
dT[::[ x))=—3

dar _ 5d5x
de Syl
() A5x=afx" +4 or equivalent

Squaring both sides and rearranging to
obtain 5x* =x* + 4

r=1

Note: Do not award the final Al for stating a negative solution

inn final answer.
(i) T=35.5./1=4+52-1)

= 30 (mins)
Note: Allow FT on incorrect x value.
(11i) METHOD 1
Attempting to use the quotient rule

du

2

X

- 1/, -1 _

) x2 24— (x? +4)7 x2x2

ar 4 2[1 47 x2x
- =:"\E —

(x?+4)

I |
x,v=Ax+4, =1 an E:‘r[x‘—{r!
. )
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(M1)

Al

(M1)

Al

Al

AG

Al

M1
Al

M1

Al

M1

(Al)

Al



Aftempt to simplify

=L}:[‘r: +4- _1':] or equivalent
(x2+4f
2045
|:.13—4E
20445
When x=1, —N"E = () and hence T= 30
[x? +4)2

15 A mininm

Note: Allow FT on incorrect x value, 0 £ x < 2.

METHOD 2
Attempting to use the product rule
1
U=X.V=rJx? +4, E—l and E—'Ll't +4[2
dx dx

—:w'r_li —=1-|_l wl'_‘l .1—4|_ x2x

d.r
( W.'|
_ Sﬁ B 5—\51
B 1 3
Lol 4 x"+4f7)
Aftempt to simplify
[ = i 5 |
_Sﬁ[.‘f‘—ﬂ—ﬁ Sxt :w"_h —4—1
|:.‘f:—4._3 | X —4|_
20455
(4]
20445 .
When x=1. —NE >0 and hence T=301isa
[x? =42
minitm

Note: Allow FT on mcorrect xvalue, 0 € x £ 2.
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(a)

(b)

Areaof hexagon =6 = Z = x = x % sin 60°

b | —

_ Sﬁrz
2
Let the height of the box be &
Volume = Sﬁfﬂd =50
Hence 1= _
ﬁ.‘f‘

Surfacearea 4 =13 xff?: & + 6l

= Sﬁrz —E y!
J

3
E = ﬁfﬁf—ﬂx"
dx A3
=y
Lde )
lfrq,.'r?:.'f: = ﬂ
3

v =20
v = 3420

- I
E _ 6"."(—_ T20x

X 43

which is positive when x = 3/20 . and hence gives a minimum vale.
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(a)

(b)

OP= .Ja’ +(a* -3)° M1
= Ja?+a® —10a <25 Al
= Ja*-9a% +25 AG

EITHER

Lets= w.laj'—gaz +25

= i =4 — 9%+ 25

-

&

:4&'3_ 18a=10 M1Al

= 0 for minimum (M1)

2=2
2
/ A
| T
e 3 (232 AlAT
2\ 2 )
OR
1
5= (a*-9a* +25)2
o _1¢ 4—9::3—25}'%(4& ~184) MIAL
da 2
d= ..
—~ = for a minimum (M1)
42° _18a=0
= 2a(2a —9)=0
= - =E
2
! A
| 0
e 3 (232 AlAT
A2 2 )



