@ L=62>+10z—7
(b) whenz =2 % =6(2)2+10(2) -7 =37

(Total for question 1 is 3 marks)

@ y=3z+z ' L=3_ 32
®) 3-22=03=%a?=to=+/} GBD

(Total for question 2 is 4 marks)

(Total for question 3 is 4 marks)

(a) y:4m%+%1‘_1+103—z =272 —%CE_2
®) F=—o it

(Total for question 4 is S marks)

@ y=22-5+3z'F=2-3z"
(b) whenz=3%=2-3(3)2=1}

(Total for question 5 is 4 marks)

(a) %:31:2—893—3
(b) 3z*—-8z—-3>03z+1)(z—3)>0z<—jorz>3

(Total for question 6 is 5 marks)

B — 6z 4182 —246(22+3z—-4)=0 = (z+4)(z2—1)=0 —= z=—-4,z=1

dx
Ly — 127 4 18 When & = —4, T4 — —30 (Max) y = 2(—4) + 9(—4)2 — 24(—4) + 13 = 125

dz?

(—4,125) (M1A1M1A1M1AL)

(Total for question 7 is 6 marks)

W — 622 + 10z — 7 Whenz = 1,m = 6(1)2 + 10(1) — 7= 9 Whenz = 1,y = 2(1) +
5(1)2—-7(1)+10 =10y — 10 =9(z — 1) = y =9z + 1 (M1A1M1A1M1A1)

(Total for question 8 is 6 marks)
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11

fl(x) =622+ 22 — 1862 +22 — 18 =2 = 62’ +22—20=0 = 32’ +z—10=0
Bz —5)(x+2)=0 = & =3,z=-2Whenz = },y = —37 Whenz = —2,y = 26
A%, -3, B(—2,26) (M1AIM1AIMI1AL)

(Total for question 9 is 6 marks)

y:%:2m+%—x_1Whenx:—2,y: = —2,0)%:2+m_2Whenw:
2 _

0
—2,% =2+ (-2)72 =  Normal gradientm = —$ y — 0 = —4(z +2) = 9y = —4z —
8 = 4+ 9y +8 =0 (M1A1M1A1M1Al)

(Total for question 10 is 6 marks)

() ¢ Differentiate C' with respect to v: % = —45000 2 +1 (M1)
e Set derivative to zero: —4500v 2 +1 =0 (M1)
e Rearrange to find v?: 1 = ‘% = v? =4500 (M1)
* Solve for v: v = /4500 (M1)
 Final answer v = 67.1 mph

(b) e Find second derivative: ‘576; = 9000y 3 (M1)
e Substitute v = 67.1: 657? = 0.0298 which is positive, therefore a minimum

(c) e Substitute v = 67.1 into the original equation: C' = % +67.14+10 (M1)
¢ Final answer C' = £144 (3sf)

(Total for question 11 is 9 marks)
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(a)

(b)

(©)

e State surface area formula: S.A = 2772 + 27rh = 500
e Rearrange for h: h = 250-mr” (M1)

r

e Substitute h into V = 7rlh: V = 7r? (250—7rr2) @

mr

e Simplify to show V = 2507 — 773

¢ Differentiate V: Cfl—‘{ = 250 — 37r? (M1)
o Set derivative to zero: 250 — 372 =0 (M1)

e Solve forr: r = \/% ~ 5.15 (M1)

e Substitute r back into V: V' = 250(5.15) — 7(5.15)° (M1)
 Calculate V = 858.3... (M1)

* Final answer 858

¢ Find second derivative: Cfi—v —6mr (M1)
V

e Evaluate at r = 5.15: = —97.1, which is negative, therefore a maximum (A1)

(Total for question 12 is 12 marks)

Differentiate: % = 12z% + 30z — 18 (ML)

Set to zero and solve: 1222 + 30z — 18 =0 = 222 +52—-3=0 = (2z—1)(z +
3)=0 (m1)

Find z values: z = 1,2 = —3

Find y values: (3, ;) and (—3, 86)

Use second derivative: d—% 24z + 30 (M1)

Testz = = j;; = 42 (+ve) .". Minimum
Test x = —3: % = —42 (-ve) ., Maximum

(Total for question 13 is 6 marks)




