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Advanced Higher - Unit 2.5 Motion & Optimisation - Solutions

Ex7 Page 20 - Motion

1. Given x=f(t)=3—4t+t>
(@) t=0s; f(0)=3—-4x0+0?=3m
() t=4s; f(4)=3—-4x4+4>=3m
() t=3s; f()=—4+4+2t ; f(3)=—-4+2x3=2ms!

(d) t=0s; f't)=2 ; f"(0)=2ms™2

2. Given x=f(t)=4t3-3t>-2t—1
(@) t=3s; f()=12t2—6t—2 ; f (3)=12(3)2—6x3—2 =88ms™?
t=4s; f(4)=12(4)2—6x4—2=166ms™*
() t=3s; f (t)=24t—6 ; f (3)=24%x3—6=066ms>
t=4s; f (3)=24%x4—6=90ms 2

88 + 166

(c¢) Average velocity during 4th second v =t = — = 127ms~!

66 + 90
2

= 78ms~!

(d) Average acceleration during 4th second v =t =
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3. Given x=f(t)= %t3 +%t2

(a) t=0s; '(t)—1t2+1t- ”(t)—t+1- (=042 = tms?
@) t=0s; fO=gt7+5t5 fO=t+s 5 [(O=0+5=7ms

t=2 "(2)—2+1—5 -1
=2s; f = Z—st

4. Given x=f(t)=9t+3t>—1¢3
(@) t=0s ; f(0)=9x0+3(0)>-t(0)3=0
t=0s; f(t)=9+6t—3t% ; f(0)=9+6x0—3(0)%=9ms!
t=0s; [ (t)=6-6t ; f (0)=6—6x0=6ms>
(b) Atrestwhenf (t)=0 ; 9+6t—3t2=0 ; 3+2t—t>=0; B—-t)(1+t)=0

B-t)(1+t)=0; t=—1s and t=3s ; only feasible answer is 3 seconds.

5. Given x = f(t) =3t*(3—1t) =9t? —3t3

(@) t=0s; f(t)=18t—9t% ; f(0) =18x0—9(0)% = 0ms~!
t=0s; f (t)=18—-18t ; f (0)=18—-18x 0 = 18ms2
(b) Att=3s ; f(3)=183)-9(3)% ; f(0)=54—81=—-27ms! (opposite direction )

t=3s ; f (3)=18—-18(3) = —36ms2 (decelerating!)
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Ex8 Stationary Points & Nature

1. Given y=x-Inx A P
dx x x

Stationary points when % =0

(x-1)
S =0 ; x—1= ;o x=1 ; Forx=1 y=1-In(1)=1 ; SP (1,1)
d? 1 d? 1 1
d_9c32/=x_2=x_2 ;ox=1 d_x32]=_2=?>0 ; Hence SP (1,1) is a Minimum
2. Given y=xlnx Z—zzlnx.1+x.%=lnx+1
. . Y
Stationary points when T 0
41 1 1
Inx+1=0 ; mx=-1 ; x=e  =- ,; Forx=— y=-.(-1) ; SP (—,——)
e e e
dzy_ _1 dzy_l_ >0 H SP (1 ) Mini
Iy o XT3 dxz_l_e ; ence > is a Minimum
e
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3. Given y=xe™* j—zz e l—xe*=e"(1—-x)

d
Stationary points when % =0

1 1
e*(1-x)=0 ; (1-x)=0 ; =x=1 ; Forx=1 y=1e‘1=g ; SP (1,5)
dzy —X —X —X X —X —X
W:(l—x).—e t+e*. 1= —e*+xe*—e*=(x—2)e™*;
d?y . . .
x=1 %2 =(1—-2)ec"=——<0 ; Hence SP (1,—) is a Maximum
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Ex9 Optimisation

1.

(a) length= (16 —2s) ; breadth= (16 —2s); height=5s ; V =Ilbh=5s(16—2s)?

V = 5(256 — 64s + 4s52)

V = 4s3 — 64s% + 256s

(b) For Stationary Points £ =0 ; % =12s2— 1285+ 256 =0
y ds ds

=352—-325+64=0
=0Bs—-8)(s—8)=0

s=§ and s =8 ruleout8

2

a=v
Nature : —7 = 24s — 128 ;
ds

8 d*v 8
FOT'S=§ m=24(§)—128<0 ;

Hence s = § is a maximum
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2.
16cm’
(a) A St—e 2=16 9—5760 Perimeter = r + 1 + Arc length
a) Area of Sec or = ooy urt = ; =7 erimeter =r +r rc leng
Portr+——mD=2r+ @r) = 2r + 22
ST Re0 T T AT T 3e0g T T AT
16
P=2(r+—>
r

(b) ForStationaryPointsZ—sz ; P=2r+32r7!
P —2-32r2=0
dr
dpP 32
pr
dpP ) )
EzZr —32=2(r—-16)=(r—-4)(r+4)=0
r=4 and r=-4 (ruleout—4 r>0)

_d’P 64

Nature : Wzr_3 ;
d’P 64
Fors =4 W=4_3>0 ;

16 16
Hencer = 4 is a minimum Forr=4 P= 2(r+—) = 2(4+T) = 1l6cm
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(a) Given(r+h)=2; h=2-1);

V=nr’h=nr?Q2—-r)

(b) For Stationary Points Yo  V=nr?Q-r) =2nr? —ard
y dr

av
— =4nr—3nr: =0
dr

av _ _
C=mr(4—3r)=0

YW =3 =0
gy —r(4—3n) =

r=0 and r =

(ruleout0 r>0)
2

Nature : W:4n—6nr ;

Forr=% L an—en(2)<o0 ;

orr—3 a2 T T 3 ;

. 4 _ v 4 - <4)2(2 4>_ <16>(2>_32n ;
encer—glsamaxlmum OT‘T‘—3 =T 3 3 =T 9 3 = 27m
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B D

A
PaRN
2

20 0

1 1 1
(a) Areaof BCD = Eabsinc = E(BC)(DC)sinC = E(ZO)(ZO)sinZG = 200sin260

D

By SOHCAHTOA ; %BD =20sind ; BD =40sinf ; (BD)?=1600sin*0

(b) Noting AB = AD, by Pythagoras Theorem (AB)? + (AB)? = 1600sin?6
9 y rytnag
2(AB)? = 1600sin?0

(AB)? = 800sin?%6

1 1 1 1
Area of BAD = Ebh = E(AB)(AD) =5 (AB)? = E80051‘1129 = 400sin?6

1 1
Using cos20 = 1 —2sin?0 ;  sin’6 = 3 (1—--cos20) ; Area =400 (E (1- 60529)) = 200 — 200cos26

Total Area: A(0) = 200sin26 + (200 — 200co0s28)

Total Area: A(6) = 200(1 — cos26 + sin20)
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(c) For Stationary Points Z—g =0 ; A(0) =200(1— cos20 + sin20) = 200 — 200c0s20 + 200sin26

dA
a0 = 400sin260 + 400co0s260 = 0

= sin260 + cos26 =0

= tan20 = —1
. ) _ —1(_qy _ 37 7m 1lm 157 . _3m 7m lim 157
Higher work : 20 = tan (1)—4,4,4,4 ; 9—8,8,8,8
3T

fromdiagram 6 < % 0 =—

d?A ,
Nature : 102 = 800co0s20 — 800sin20 ;

3w d’A 31 /31 1 1
For9=§ WzSOO COS(T)—Sln(T) :800(_ﬁ_ﬁ)<0 ;

3m ) T T
Hence 8 = — is a maximum Forr=§ A(—)=200 1—cos<

8 ) + sin (%T)) = 200(1 + \/E) cm?
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