(2)

(b)

(a)

(b)

(a)

(b)

62” + 4

3(z%+5)% x 2z
6z(z? + 5)*

x4+ 5z +4)1
1—5(z® +4)%(2z)

2

2ze”

Whenz =1,y =2+ In1 = 2. Point is (1, 2).

1—10z(z* +4) 2

d _
dzx = 3—%(_2) = 3—327 @

— dy _ -2 __
Whenz =1, 2 = =5 = —
y—2= 2 1) @
y=—2x+4

2 (ay

(Total for question 1 is 4 marks)

(Total for question 2 is 4 marks)

(Total for question 3 is 4 marks)

(Total for question 4 is S marks)




(a)

(b)

(a)

(b)

y=32z+1)"" = % =-302z+1)%2)=—6(2z+1)2
Whenz =1, % = —6(3) 2= -2 (M1)

> dr T 3
y=gma - — (L)
Gradient of normal = %

y—1=3(z-1) = y=3z—3

3, _1_ _3_
2T 72 = 2211
Bz—1)(2z+1)=6 = 622 +2—T7=0 (ML)

)
(6z4+7)(z—1) =0 = o= —I(sincex = 1isP)

(Total for question 5 is 7 marks)

Whenz =4,y = 2

y=202c+1)7 = L _ _202z41)"
Whenm:4,g—gz—%

2 2 2 26
y—35=—m(c—4) = y=—5z+35

Crosses y at B(0, 2)
Crosses z wheny =0 = 0= —Zz + 22 —> z = 13. Point A(13,0)

1 26 _ 169
Area = 5 X 13 x 52 = 5= (A1)

26
.-f""-r

13

(Total for question 6 is 9 marks)

_ _ T du __ dv _ =z
u=2z,v=€" — T =2, =¢€
2° + 2z¢* (WIAD)

uw=3z%v=h2r — %261:,%:l

3z 4+ 6x1ln2x

(Total for question 7 is 5 marks)




10

11

(a)

(b)

(a)

(b)

cu=22v=2c4+1) — d —2x,d$ (22 +1)2
o 22(2z +1)7% + 2z(2z +1)7

cu=zv=hE+1) = &1, &_ L

? dx z+1
* ;hthn(z+1)

(Total for question 8 is 6 marks)

cu=z+5v=(z+1)>} = ¥ =12 =3(z+1)>
o (z+1)23+3(x+5)(x+1)2

I S du _ 9.2 dv _ _2
e u=z>,v=m2z+1) = cu 3z’da}_2_m+1

* 2m+1 +32” In(22 + 1)

(Total for question 9 is 6 marks)

Whenz =1,y = (3(1) —1)In(2 — 1) = 2In1 = 0. Point is (1, 0).
W Lo—la-a) — f-%f -

&y — Grl) | 3In(2 - z)

Whenz =1, % = 2 4 3In1= -2 (1)

y—0=-2(z—-1) = y=—-2z+2

(Total for question 10 is 5 marks)

) + 3z(z — 3)* (MD)

Differentiates using product rule: d—y (z —
Sets % = 0 and factors: (z — 3)%(z — 3 +
Finds z-coordinates * = 3 and z = % .
Finds y-coordinates (3, 0) and (3, —287)

leferentlates again or tests gradient to find —y =4(z — 3)* +2(z — 3)(4z — 3) (M1)
Evaluates W atx = % to show it is > (), hence a minimum

Evaluates gradient or second derivative around = 3 to show point of inflection (M1)

Correctly identifies (3, 0) as a point of inflection and (2, —257) as a minimum

(Total for question 11 is 8 marks)




12

13 (a)

(b)

Finds y-coordinate: when z = 5,y = 5v/4 = 10

Differentiates using product/chain rule: Z—Z = (z — 1)21 + %m(w — 1)_5 (M1)
Calculates gradient at x = 5: % =2+ % = %

Finds gradient of normal: m = — % (m1)

Forms equation: y — 10 = — 55 (z — 5) ory = —F5z + 12

(Total for question 12 is 5 marks)

e Finds y-coordinate: whenz = 1,y = e

N . . Ldy 2 2 2
Differentiates: 2 = 2z°e™ +e” (M1)

e Gradientatx = 1: 3e

e Equation: y — e = 3e(z — 1) (M1)

* Simplifies to y = 3ex — 2e

e Finds y-intercept (B): (0, —2¢)

e Finds z-intercept (A): 0 = 3ex —2e — z =

wino

(M)

o Area formula: % X base X height = % X % x 2e (M1)

¢ Final area: %e
/3

22

(Total for question 13 is 9 marks)




14

15

16

17

(a)

(b)

» Uses quotient rule: u = e”,v = 2z + 1 (M1)

du _ e® dv __
* de ~— Ydr T 2 .
¢ Substitutes into formula: M (M1)

(2z+1)?
 Simplifies to (2(211)12)

e Uses quotient rule: uw = In(z? + 1),v = 3z + 2 (M1)
du _ _2 dv __
i T i

) ) 32+2)(-2-)-31n(z*+1
¢ Substitutes into formula: G2 )(1(23212)2 e MD

_ 2 n 2
» Simplifies to =2 pe . GD

(Total for question 14 is 8 marks)

Finds y-coordinate: whenz = 1,y = 3

Differentiates using quotient rule: sz = W (m1)

Simplifies derivative: ﬁ
Gradientat z = 1: —3 (M1)
Equationny —3=-3(z—1) = y=-3z+6

(Total for question 15 is 5 marks)

Finds y-coordinate: when x = 0,y = %—;’;—é = %
3

dy __ €'(e"+3)—e"(e"+1)

dz — (ez+3)2 @
. @12 2 1

Gradient at x = O: 16 = =3

Gradient of normal: —8 (M1)

Equation: y — 1 = —8(z —0) = y= -8z +1

Differentiates using quotient rule:

(Total for question 16 is 5 marks)

Differentiates using quotient rule: Z_Z = 9@"_3:;2??2 = (5;;”22)2 (m1)
d
Sets £ =0 — 9— 2> =0 (M1)
Finds z = +3
Finds y-coordinates: (3, ¢) and (—3, —%)
. o @y —2x(9+4a?) —4x(9+2?)(9—z)
Finds second derivative: 7-§ = o) 2 (M1)
Evaluates at z = 3 (Max) and x = —3 (Min)
Correctly identifies Min at (—3, —¢) and Max at (3, §)

(Total for question 17 is 7 marks)




18

19

20

(a)

(b)

(a)

(b)

(a)

(b)

Factors denominator: 2z% + 7z + 6 = (2z + 3)(z + 2)

Simplifies second term: (2x2+(§;zi)+2) = 2x2+3 (M1)

r—5+2 _ x—3
Combines fractions: - s =g

-3
2z+3
u=z—3,v=22+3 — v =1,v =2
2z+3)—2(x—3
f'(z) = % )
Simplifies to Pr +3)2

Uses quotient rule on 5

(Total for question 18 is 7 marks)

Factors denominator: 4z2 — 9 = (2z + 3)(2z — 3)

. . . 2(2z—3) 2
Simplifies second term: ¢ +3f(2m_3) = 55 (M)

: C4x+1-2 _ 4x-—1
Combines: et = o

Uses quotient rule on ‘212;1)

u=4zx—1l,v=22x+3 = v =4, =2
4(20+3)—2(4z—1)

f'(z) = T (MD)

Simplifies to s

(Total for question 19 is 7 marks)

Differentiates implicitly: 4o — (3y + 3x%) + Zy% =0 @ @
Collects iy terms: iﬂ(2y —3z) =3y — 4z (M1)

3y—4z
Isolates % e d:v — dy—dz (aD)

2y—3zx
Substitutes (1, —2) into dy % = *__170 — %
Gradient of normal;: — 10
Equation: y + 2 = —ﬁ(m—l) — y= —%m— % (A1)

(Total for question 20 is 8 marks)




21 (a)

(b)

22 (a)

(b)

23 (a)

(b)

Differentiate implicitly: 6x + m% +y+ 2y% =0 (M2)
Substitute % = %: 6x + %a: +y+3y=0 (M)
Simplify: 2z + Jy = 0 (M1)

Divide by 1 to reach 2z +y = 0

Substitute y = —2z into original equation: 3z* + z(—2z) + (—2z)? = 20 (M1)
Solve for z: 322 — 2x2 + 422 =20 — 522 =20 — = = +2
Findy:z =2 — y=—4andz = —2 —> y = 4. Coordinates are (2, —4) and

(_2’4)

(Total for question 21 is 9 marks)

Differentiate implicitly: 2z + 4y + 422 — 1+ 2y% = 0 (M2)
Factorize %: %(4&' +2y) =1—-2z — 4y (M1)

Ldy _ 1-2z—4
Rearrange: 24 = 4w12yy

Substitute (2, 3) into % % ==

Usey — 3 = _%(w_g) @
Final answer: y = — 22z + 30

(Total for question 22 is 8 marks)

. SR TII . dy
Differentiate implicitly: 2cosz — 2siny % =0 (M2)

.dy __ cosz
Rearrange: 32 = (A1)

siny

Set 252 — (0 = cosz =0 (M1)

siny

Solve forz: . = §

Substitute = % into original equation: 2(1) + 2cosy =3 = cosy = % (M1
Solve for y: y = 3. Coordinates are (3, %)

(Total for question 23 is 7 marks)




24

25

26

(a)

(b)

(a)

(b)

(©)

(d)

(a)

(b)

Take logs: Iny = z1n2 (M1)
Differentiate: l —y =1In2 @

Substitute y = 2”‘ to reach % =2%In2

Differentiate using chain rule: Z—z =3 1n3 x 2z (M2)
Evaluateatz = 2:m = 3*In3 x 4 = 81 x 41In3 = 324In3 (M1)

Usey — 81 = 3241In3(z — 2)

(Total for question 24 is 6 marks)

Write tanz = S22 and apply quotient rule: uw = sinz,v = cosz — & =
i cos T dx
v e
cosz, & = —sinz (M1)
dtanz __ cos’ z—(— sin? z) _ cos’z+sin’z
dx cos2 - cos? @

2

_ ean2
Use identity cos? z + sin® z = 1 to reach COSQ = sec’x

Write sec z = and apply quotient rule or chain rule (M1)

cos T

Obtain SBZ (A1)

cos?

Split fraction into 822 . 1~ — gec z tan x

cosT cosT

COS €T

Write cot = £52 and apply quotient rule (M1)

_ sin? 2 sin? z+cos?
Obtain =Sin :z:2 cos“x __ =( i ;" ) @

s1n xr sin® T
Reach —

sz = —cosec’z

Write cosec = and apply quotient rule or chain rule (M1)

sin x

Obtain Sl;f;”
Reach —<2z . L — __cogec zcot x

s sin x

(Total for question 25 is 12 marks)

Use product rule: u = 22,0 = cos 2z = 2 =2z, % = —2sin2z (M1)

Apply formula: vd - ud = 2z cos 2z + z?(—2sin2z) (ML)
Final answer: 2z cos 2z — 22 sin 2z

Apply chain rule: 3cos(2z + 1) x 2 (M1)
Final answer: 6 cos(2z + 1)

(Total for question 26 is 5 marks)




27

28

29

30

(a)

(b)

(a)

(b)

3 p=cos2z +sine = L =3e% L = _2gin2z +

e Use product rule: u = e o o=

cosz (M1)

e Apply formula: 3e3%(cos 2z + sin z) + e3%(—2sin 2z + cosz) (ML)
e Final answer: €3%(3 cos 2z + 3sinz — 2sin 2z + cos z)

o Apply chain rule: =~ x cosz (M1)

. Simplify to 22 (D
e Final answer: cot

(Total for question 27 is 6 marks)

e Differentiate x with respect to y: Z—”y” = 2sec’y

dy __ 1 _ 1
o Use dz = dz/dy T 2sec?y @

e Useidentity sec’y = 1 + tan’y (M1)
* Substitute tany = Z to get W;/?)Z) (mM1)
o Simplify to 72

(Total for question 28 is 6 marks)

Find y-coordinate: y = cosec(X) 4 cos(3) = v2+0 = /2

. . dy .
Differentiate: % = —cosec x cot x — 2sin2z (M1)
Evaluate gradientatx = 7: m = —v2(1) = 2(1) = -2 — V2 (M1)

Usey — g =mle — )y~ V2= (-2~ vVD(z—5) @D
Final equation: y = (—2 — \/5):13 + ”(%T‘@) +42

(Total for question 29 is 6 marks)
Find y-coordinate: y = sec(3) = 2

Differentiate: g—z = 2sec2ztan2z (M1)
Evaluate gradient of tangent at = §: my = 2(2) (V3) = 4v3 (mD)

Gradient of normal: m,, = —ﬁ = _g M1)
Usey —y1 =m(z —x1):y — :—%(a}_%)

(Total for question 30 is 6 marks)




31

f'(@) = limyo RS D)

dsinz

1. sin(z+h)—sinz
da = limy,_, h @

o — 1iIIleo sin x cos h—i—co}? z sin h—sin z @
sin z(cos h—1)+cos z sin h @

h
T (cosh—1) _- sin h _ : _
= limy,_,o ~——sinz + *= cosz = 0(sinz) + 1 cosz = cosx

e = limp o

(Total for question 31 is 5 marks)

: (@+h)—f(z)
32 o f’(a:) — limy, .o f(z ) f(z @

o 482 — iy, Mﬂ};ﬂﬂ MD)

. h—si in h—

o — ].lmh_>0 COS X COS SIZ(KSIII COS X @

e = limp_o C—Osx(CZShfl) — sinm% (M1)

e =cosz(0) —sinz(l) = —sinz

(Total for question 32 is 5 marks)

33

@) o Fory-axis,z =0=>2t+1=0=t=—0.5.y=(—0.5)%— 1 = —0.75. Point is
(0,—0.75).
o Forz-axis,y=0=t?—-1=0=t=4l.2=2(1)+1=3andz =2(—-1)+1=
—1. Points are (3,0) and (—1,0).

b dz d
=2 =2 @D
d 2t
s Z=3=tMD

o Substitute t = £3F to get & = 1

(Total for question 33 is 5 marks)




34

35

(a)

(b)

(©)

(a)

(b)

(©)

d .
ﬁz—smt

dz 2
& = 2tantsec’t (M1)

dy __ —sint _ 1 3

dr — 2tantsect 2 CO8 t
_ _ _ V2

Att=Fe=1ly=¥

Gradient m = _%(3§)3 _ _Ag D)
y— ¢ =—¥@-1) @

y=—Fo+

Use 1 + tan®t = sec? t (M1)

24 2, 1 _ 1
tant-wandsect-cos?t_?@
1—|—.7c:y—12

1
v = s

de __

¢ = 2sintcost
dy _

~l =2cos 2t

dy 2cos2t  __ _cos2t

2sintcost sintcost m

U
8

dy cos(m/3 0.5

) _ . 2
dz ~ sin(r/6) cos(w/6)  0.5x+v/3/2 V3
Gradient of normal m = —é (M1)
y— P =-L@z-1) @D
y=—Yo+ 3

2v3
3

y = 2sintcost = y? = 4sin’tcos’t (M1)
y? = 4sin’ (1 — sin’t) (M1)

y* =4dz(l —z)

y? = 4z — 4z

(M)

(Total for question 34 is 12 marks)

(Total for question 35 is 12 marks)




36

SN
(b)
3
(b)

u =sinf,v =sinf + cos§ (M1)

du

o
dy _

do

= cos@,% = cosf —sinf (M1)

cos 6(sin 0+cos 6)—sin §(cos 6—sin 6)
(sin +cos )2 @

cos 0 sin 6-+cos’ 6—sin 6 cos H+sin” 0

sin2 §-+2 sin 6 cos §-+cos? 6

— 1
~ 1+sin26

(Total for question 36 is 5 marks)

Differentiate implicitly: 2z — ( Y +y)+4yFE dy =0 (m1) (M1)
2r —y = wdw 4y (M1)

80— 4y) = 20—y > % = o @D

dm L=0=>2r—-y=0=y=2z (M)

Substitute into curve: z* — z(2z) + 2(2z)? = 20 (M1)

z? — 2z + 8z = 20 = T2? = 20 (M1)

2
T= /R = e
Points are (2—‘43_5, @) and (_@, _@)

(Total for question 37 is 9 marks)

Parabola opening upwards with vertex at (3, 5).

End points at (0, 14) and (6, 14).
Correct domain shown.

Lineis y = —z + k, gradient is —1.

Tangentwhen % = —1= —2(3 —z)=-1=6 -2z =1= 2 = 2.5. (M1)
Atz =25y=(3—25)2+5=5.25.k=2.5+5.25 ="7.75. (M1)

Upper limit when line passes through (0, 14) or (6,14): k = 0 + 14 = 14. (M1)
Range: {k : 7.75 < k < 14}.

(Total for question 38 is 8 marks)




39 (a)

(b)

40 (a)

(b)

41 (a)

(b)

10z +3 — 4z = A(1—z)(2z+ 1) + B(2z + 1) + C(1 — z) (M1)
Letz=1:9=3B=B=3

Letz =—-05:-3=15C=C=-2

Compare 2 terms: —4 = —24 = A =2

flz)y=2+31—-2)"'—-22z+1)"! (M)

71(2) = 3(1 - 2)2(~1)(~1) — 22 + 1) 2~ 1)(2) = o + by (D
Since (1 — z)?> > 0 and (2z + 1) > 0 forz > 1, f'(x) > 0, therefore f(z) is
increasing.

(Total for question 39 is 7 marks)

When t = 0, K = 20 + 75¢° = 20 + 75 = 95°C

4K — 75 x (—0.2)e~0% (mD)

= —15e0-2t

(Total for question 40 is 4 marks)

Letu = z* + 4z and v = (z + 2)%. (M1)
@ — 27 +4and L =2(z + 2).
2 2
Apply quotient rule: % = (2$+4)(z+22m122()f+2)($ o) (M1)
Simplify numerator: 2z% + 122% 4 24z + 16 — 22 — 12z% — 16z = 8z + 16.

Final form: 8&+2) — _8

(z+2)4 (z+2)%"

(:cT82)3 < 0 implies (z + 2)3 < 0. (M1)

r+2<0=2< -2

(Total for question 41 is 5 marks)




42

43

44

(a)

(b)

u = sin2z,v = * = Z—; = 2cos 2z, g—; =e”. (M)
f(x) = 2o 2;;:2;& sin 2z

Set f'(x) = 0: €*(2cos 2z — sin2z) = 0. (M1)
Since e” # 0, 2 cos 2z = sin 2z. (M1)

Divide by cos 2z: tan 2z = 2.

2¢ = arctan(2) = 2 = 1.107,4.249, —2.034, —5.176. (M1)
z = —2.59,—-1.02,0.554, 2.12.

Substitute z into f(z) to find y:
(—2.59,11.9), (—1.02, —2.47), (0.554, 0.514), (2.12, —0.107).

(Total for question 42 is 9 marks)

Z—Z‘”‘/’ = 4sec?2y. (M1)

T = Ty (D

Use identity sec? 2y = 1 + tan® 2y: & = sy (MD
Substitute tan 2y = %: % = W. (M1)

Simplify: 1.

a=1,b=4.

(Total for question 43 is 5 marks)

Iny=Inz®* =zlnz. (M1)

Differentiate implicitly: éj—z =Inz+z(l)=1+Inz (M1

#=y(l+nz).
SetZ =0:1+Inz=0. (MD)

lnz=-1=x=e¢ L

(Total for question 44 is 5 marks)




45

46

(a)

(b)

(©)

(a)

(b)

(©)

V=n?h=12=h=2% (M)
S = 2nr® + 27rh. (M1)

S = 2mr® + 27r(2%). (M1)

S =2mr? 4+ 2.

95 — g — 24772 (M)
Set% =0:47r = 3_121. (M1)

Pepet @

r={/S~124m,

S =2m(1.24)> + Z;. (MD)
S =29.02... ~ 29 m?>.

(Total for question 45 is 10 marks)

u=22>+3z,v=€e"= g—; :4:3—1—3,% =—e " (M)
f'(x) = (4z + 3)e ® — (222 + 3z)e *. (ML)
fl(z) =e*(4z + 3 — 222 — 3z) = e %(z + 3 — 222?).

r+3-222=0=22>—-2z—-3=0. (M0
2z -3)(z+1)=0=z=32=-1
F(3) =22 +3(3))e? =972
f(=1) = (2(1) — 3)e! = —e.

Coordinates: (2,9e7%2) and (—1, —e).

(i) Min value of f(z) is —e, so g(z) > —2e.
(i) For > 0, f(z) has max 9e~%/2 and approaches 0. Range: 2 < h(z) < 9e%/2 4 2,

(Total for question 46 is 9 marks)




47

48

49

50

(a)

(b)

(a)

(b)

(2)

(b)

e Differentiate implicitly: 1 = cos? z — sin® z + 2%. (M1)

. 20— 1 _eimlp 1 =1 9ain2 dy
Usecos’z =1 —sin"z: 1 =1-2sin"z + 2. (M1)

o 0=—2sin’z+2%. (M1

. % = sin’z.

. % = 2sinz cosz = sin 2z. (M1)
e Setsin2z =0=2z=7m== 7.
5:0+2y:>y:7r+4¢.

o Substitute x = 7 into original: 5 +

(Total for question 47 is 7 marks)

u=5+nz,v=3+2lhz=u =1+ =2 (M)

1 2
' _ 2(3+2Inz)—2(5+Inz)
f'(z) = (3+2Inz)? . (M)
f/($) — 134+2lnz-10—2Inz _ —7
x (3+2Inz)? z(3+2Inz)? "

Since > 0 and (3 + 2Inz)? > 0, f'(z) < 0 forall z.

(Total for question 48 is 3 marks)

y=x+5z ' +Inz. (m1)
« #=1-52"+1 A
2

Bl A i G

2
° $2+w—5:0:>w:_1i 1;4(1)(_5):71i2¢ﬁ‘ @
. Sincex>0,m:’1+T‘/ﬁz1.79.
o y= L1254 1n1.79 ~ 5.17. (AD)

(Total for question 49 is 7 marks)

dr _ _ 9 o—t
dy __ t
« % =52m2 MWD
dy _ 52'm2 528 5 o2
* = 3rmz = 357 =327 (AD

_ 3 t _ 3
z-2=5=2= %5 (MD

[ ]
<
I
(@)
—~~
i
[ e
[\
~—
|
w
I
8.
|
w

(Total for question 50 is 5 marks)




51

52

(a)

(b)

(c)

(d)

5000 (WMD)

.

dzy + 2z* (ML)

Az (R00) 4 2g2 = 2000 4 952

o 44— —20000x—2 +4z (M1) (A1)

e Stationary when =0 (M1)
. 42 = 20000 = 2% = 5000 = & = 17.1

|OH

v
Y
e A
A

o 44 — 400002 + 4 (M1

e Whenz = 17.1, &

s dxz

A= B0 4 9(17.1)2 (M)
A = 1754 cm?

2:1:-1—2:63/% (M1)

Stationary point where % =0=2x+2=0 (M1
z=-1

Whenz = -1,1-2=¢e-3=2=¢ (M1
y=1In2

(—1,In2)

= 12 > 0, therefore minimum.

(Total for question 51 is 12 marks)

(Total for question 52 is 7 marks)




53

54

55

56

(a)

(b)

(©)

z>3 @

ol

e u=uz,v= 2z —3)
il (o3 @D
1 1
22—3)2 —z(22—3) 2
* f(z) = ERZEEEE @D

e Multiply numerator and denominator by (2 — 3)% to get (2m_3_)§ = ( “’_3) -
22-3)% 22-3)?

. u:w—3,v:(2m—3)%
U v 1
o du—7 & _3(2z—-3) (MD
22-3)3 —3(x—3)(22—3)?
N f”(w) _ )2 (2a§—3)3)( )2 @
o f'(2)=0= (22 —3)3(2z —3 -3z +9) =0 (M)
e (2z—3)(6—z) =0
o = % (not in domain) or z = 6
* Check change of sign in f”(z) around z = 6 (M1)
¢ Conclude exactly one point of inflection at z = 6

(Total for question 53 is 12 marks)

dy _ Lok
7 = ke

(Total for question 54 is 2 marks)

v __

T =2

dv 2

o =dnr

dr dr dav 1

(Total for question 55 is 4 marks)

Iny =2In3 (M1)

1dy _

% =yln3 =3"1n3

(Note: 2 marks total for question)

(Total for question 56 is 2 marks)




57 o u:ez’”+1,v:x2:>2—2:262‘”1,3—;:233 (M1
o % _ Zzzezﬁlg;?me”“ (m1)
e Stationary point where Z—g =0= 21222 — 2z) =0 (M1)
e 2z(zx—1)=0=z=0o0rz=1
e z = 0 is undefined for the curve
e Therefore exactly one stationary pointat x = 1

(Total for question 57 is 7 marks)

58
@ o Ify = 0,2(0) + 22(0) = 0 # 10

o Ifz =0, (0)y*+ (0)y =010

(b) e Differentiate wa: y2 + 2933/% @
e Differentiate 2%y: 2zy + 5132% (M1)
o y2+2xyj—g+x2g—z—|—2xy:0
. %(ac2 + 2zy) = —y* — 22y (M1)
o W _ _ylyt2e)

dz =  z(z+2y)

© o @ 0= —y(y+22)=0 (MD)
e y = 0 (no intersection) or y = —2x
e Substitute y = —2z into wy2 + xzy = 10; zc(—2:1:)2 + ;1;2(_21;) =10 @
e 473 223 =10=22=10=2z =5

y=—2V5

(Total for question 58 is 12 marks)

59

Wheny =1,2+2—-6=0= (z+3)(z—2)=0=z=2(sz > 0) (M) (A1)
o . d d
Implicit differentiation: 2> Z+2zy+azil+y=0 (M)
o d _ dy _ dy _
At(2,1):4% 44+ 2% +1=0=6%L = 5= % =_2 (M) (AD
R

(Total for question 59 is 7 marks)




60

61

62

63

64

(a)

(b)

(c)

(a)

(b)

(a)

(b)

(a)

(b)

0551n7r—i—\/§c0s— fA@
o BB L — BA=3/3=4V3=>A=3 (A

. 5cosy%+cosy—xsiny%:3 (mM1) (M1)
. %(5cosy—wsiny):3—cosy (M1)

dy _ _ 3—cosy
* Eg o 5cosycoas:s1ny .
° s éy:—z—?)il

ALV 8) & = e D

_ — 25 _9

B Rl v Al e A CYY)
5 =13(z—Vv3) M

(Total for question 60 is 11 marks)

‘é_f —3_—¢2and %2: 3¢ 2 % 3“ z (ML) Multiply numerator and
- 2. 3241
denominator by t*: £
Stationary points occur where % =0,503t>+1=0 (M) ¢t* = —%. Since t2 is always

positive for real ¢, there are no solutions.

THy=6t = t=j(z+y) MDz-y=% = t=1 M) P =2 =
(z+y)(z—y) =12 MD)z? —y?> =120r2? = y2 + 12

(Total for question 61 is 10 marks)

Use productrule: u = z,v =lnz — % =1+Inzx @Setj—g:() — Inz =

—1 = z=¢! M)y=elln(e!)=—e! (A1) Coordinates: (e, —e!)
2 2

Ty — 1 M)Atz =e !, L4 = e (A1) Since e > 0, the turning point is a minimum. (A1)

(Total for question 62 is 7 marks)

Differentiate implicitly: 3z% — (222 + 2zy) — 2% =0 32% — 2zy = L (2% +2)
dy _ 32°-2
=
2
At (1,2), % = % = 34 = —1 (M) Gradient of normal = 3 (MD)y — 2 =

3z—1) (MDy=3z—-1

(Total for question 63 is 8 marks)

f’(x) _ limhao (m+h)3+5(a:—;l-h)—(z3+5a:) @ _ limhﬂo $3+3$2h+3zh2+f5+5m+5h—m3—53: @ _

2 2
limy, o S-Sl h+5h = limp,0(32% + 3zh + h% +5) (M) Ash — 0,3zh — 0 and
h* — 0,50 f'(z) = 322 + 5

(Total for question 64 is 6 marks)




65

66

67

68

69

(a Iny=2z’Ina @ldy—2ac1na @%:2mylna:2ma””2lna
(b) At(1,a), gradientm = 2(1)a’ Ina = 2alna (ML) Gradient between (1,a) and (3,0) is
1‘1:0(_)5 = 2a @2alna:2a — Ina=1 MDa=e

(©) Usinga =e, % = 2z¢” Ty _ 2e$2 +2z(2ze” ) = € (2 + 4a2) e’ >0
and (2 + 422 ) > 0forallz (M1) Slnce Y > 0, the curve is convex. (A1)

(Total for question 65 is 12 marks)

(a)  Use chain rule: 5(2z + 5)* x 2 = 10(2z + 5)*
(b) Useproductrule:u = 3z2,v =lnz = & =6z, & =1 6zlnz + 3z2(L1) =
dx dx T T
6xlnx + 3z

(Total for question 66 is 5 marks)

(a) S =2nr?+2rrh =800 (M1)400 = 7r® + mrh = h = 4—00;”2 M)V = mr?h =
7rr2(400—7”" ) (ML) V = r(400 — 7rr?) = 400r — 773

(b)  4¥ =400 — 37r? (MD)Set & =0 = 37r2 =400 = r =4/ ~ 6.51
V = 400(6.51) — m(6.51)3 ~ 1737

2 . . . .
(c) ‘jlr = —67r (M1) Since r > (), e 4V is negative, therefore it is a maximum.

(Total for question 67 is 11 marks)

2

% = 3z% + 2kz d % = 6x + 2k (M1) At point of inflection, Z—m% =0 (M1)6(2) + 2k =
0 = 12+2k=0 = k= -6 (a1A1)

(Total for question 68 is 5 marks)

(a) 2w—(2y+2mdy)+8ydy—0 (MIAD) 2z — 2y = 203! — 8ygt (MDz —y = (z -
by) = F =L Ay

(b) AtQ, % =0 = z =y.Subintocurve: 2% — 222 + 42> =12 — 32> =12 —
& = £2. From diagram @ is (—2, —2). (M1A1)At P, d—g is undefined = x = 4y. Sub
into curve: (4y)? — 2(4y)y + 4y2 = 12 — 12y?> = 12 = y = +1. From diagram P
is (4,1). (M1A1) PQ = /(4 )2+ (1 —(-2))2 = /62 + 3% = /45 = 3+/5.
M1aDk =3 (AD

(Total for question 69 is 10 marks)




70 (a)

(b)

(©)

71

72 (a)

(b)

(©)

2 cos(2z + 5)
Use quotient rule: v = 3z2,v =2z — 1 — g—; = 6z, g =2 @ﬂ%%i’&l
HE = G
2z sec?(z?)
(Total for question 70 is 7 marks)
Find derivatives: fli—‘f = —2sintand %ff =cost (M1)

cost
—2sint

Att = 3’da: _i .

Calculate gradient dy

Find coordinates att = 5:z =1,y = @
Form equation oftangent: Yy — @ = —‘/?g(:t; —1) (M)
Find y-intercept: y = %

(Total for question 71 is 6 marks)

d
© @ =8t
o y=1> -8t — L _32_3

dy _ dy . dz _ 3t°-8
® 4z at ot 8t

e Rearrange line to y = l:l: + 2 to find gradient m = i (M1)

o SetiS_1 32— g0 D)

e Solve fort: (3t +4)(t —2) = 0,s0t = 2 (since t > 0)
e Substitute ¢ = 2 into z and y: (16, —8)

1/2

e Rearrange x = 4t fort: t = \/gz . (M1)
. Subst1tute1ntoy—t3—8t y_( /2) _8(351;) @

e Simplify: y = — 41/?

(Total for question 72 is 9 marks)




73

(a)

(b)

Rewrite y = (1 + 22)~! and find % = —2z(1 +2?)"? (M1)
Use product or quotient rule for second derivative (M1)
2
=21+ e) 7 81+ a?)
T 2 2
Simplify to (1i9;2)3 — (1+2I2)2 or (?gfmz?s

d2
Set 7% < 0 (M1)
622 —2<0 = 322-1<0 )
Solve inequality: —? <z < g

(Total for question 73 is 7 marks)




