2010
Paper |
Al. x = 1,307“ 2. 2.(a) —2xe‘x2; (b) 2sinh x cosh x. 3.(a) xInx — x; (b) zero.

(n+ 1)(n+2)

4. (a) 1. 5. Radius 3 centre (3,1). 6. x = e?, k = e~ 2. 7. (a) 1000; (b) . 8.—
9.x = —2, x = —4 (if one allows the negative root). 10 x = —07”5—”
2x3

B11. (a) 2.0305; (b)(i) x + x2 + ?,' (i) x + Ex -5

12. (a) (1 = p)*; (b) (;)p" (1 = )"~ ()Fp, Fp(1 = p); (d) (", )p"(1 = p)F ™

(&) Xeze (", - m.

13. (a) 1,3 + V15, eigenvector for A = 1is (1 1 3)7 (lost the will to live beyond that);
(b) (_3 7 _ E)T.

2 2 2
14. (a)(i) 2,25 i) 0, % + 2nm; (i) 0, ~1; (iv) —1,—— (b) 2:e!GE5) n = 0,1,2, 3.
15. (a)x:al_f:’k:\lz)( ); (b)) x = a+( )c ifb-c=1thenx=a+ ycforany y.
16. -.

1
17.(d)y = —iln(l +el—x);(b)y= (4(1 + x3))3;
_ _ -1 xz 3
(c)y =Ae*+ B,y = 4e* " — (7+x+5).
18. (a)(i) at® 1y + t22 1ph%axy’; (i) t**b3%y""; (b) a = —%,b = 3.
19. (b) 2edx + edy; (c) u = Asin 3x sin4y + B sin 4x sin 3y.
20. (a) (i) Yes (€2); (i) No; (b) 2 < x < 4; (c) (i) 4; (i) %

Paper Il

V3(xE _m
AL 6 =0.906rad. 2.2 3. (£1,0). 4. +%2% 5 -2 7 6 1_ (5 (35

8.g 9.y = 1.10. y%z% + 4y3 + x3y2.
B11.(a)x =rcosf,y =rsinf; (c) AC2,C~ 1.

k m . k
12. (b)x—Xocos\/;t,y—VO\/;sm\/;t.

13. (a) minimum at (0,0); (b) Saddles at (+4,0), Minimum at (0,2), Maximum at (0, —2).
14. (a) (i) 1.

sin pm
15. + -
U Zn 1 p2—n2

16. (0,2,2),(0,0,0); F;: (a) 1, (b) E; F,:(a) 0, (b) 0.

34\ /64

((1)0(0))
7

(i) a = Min(P(BlA) P(B|A)), = Max(P(B|A), P(B|A)).

18. (a) 224; (b) = (e—1) (c)‘”—"

19.(a) C = 6; (b)D =—1,E =5.

20.(a) Hy = 1,H, = 2x,H, = 4x% — 2.

Zn(~1)" sin yme SlnuT[cosnx A=3,B=3.

17. (a )()— (i )— (b) (c) (i) @ = P(BIA)P(A), B = (P(B|A) — DP(A) + 1;
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AL 1. 2.(a) —5In(3 — 2x) + c. 3. (a) (0,1); (b) (e, /).

4. (a) spiral, starting from (0,41) and going clockwise into origin; (b) 7z /2. 5. m: 3+/3.
6. 2, +5—" 7.In;orln>. 8.e7* sinx. 9. ——. 10. (a) 10%; (b)g.

B11. (b)(l)——— (||)31n2+3—x——+— (|||)1+x+ x?

12.(a) 26755 (d) = (01— ==) €755 () 5.

13. (a) (i) 16; (i) = (5 3) (iii) 2 and 8 1) = 11); (b)b=5c=—6d=5

515
@22 +8y?=1,8=( 1)

2 -2

14.(d) @y = by = 0if m # 1,a; = —V3,b; = 1;(e) 2sin(x —2); (g) 4.
__ [abn] __[abm]

15.(d) s = bmn] © = [amal

16.(a)y =2Ilnx —1; (b) y = (x% — 1)e‘x2; )y = gcos 2x — gsin2x + %cosx + %sinx.
. T —1o. [ ST, +inG+2D
17. (b) (i) 2, — 3; (ii) V5, tan™1 2; (iii) \/E,E, (b) e * 3,
18. (b) first not exact, second is exact (c) 4 = 1/sinx, y = —LIn (sinx) + z (d) (6_a) .
x x ad/,

19. (a) zero; (b) 7 (or -, if you take dS to be in negative y direction); (c) 4mkr3; (d) +4m.
20. (a) All cases continuous and differentiable except: x = 0 and +m, f; is continuous and
differentiable, f; and f, are not even continuous (limit is non-zero but function is defined to be zero there).

At + g, I think the question is just a more tiresome version of the supervision sheet question Mich Term
Examples | J1. At + E , fo is not even continuous; f; is continuous but not differentiable; f> is continuous and

differentiable. The idea of plotting f; and/or f, is horrendous. (b) x?2 tost 0(

X18

Paper ll

Al.c =6. 2. ln(x2 +3x —2) +c. 3. x = —1,-5, discontinuitiesat x = =2, 1. 4. -.
—_1)\2

5.Re=1,Im=—2 61+ 222 7 5= _In(1 - 2In(x? + 1)).

8. Circle, radius 2, centre (1,0). 9. y = 12x — 15. 10. Zero.
B11. (a) (i) mr; (ii) Zero; (iii) Zero; (b) (i) and (ii) are both +10emk (don’t know which until the rim
traversal direction is specified?)

12. -.
13. (b) —V/3.
1 1
14. (a) (i) 45; (iii) ( 2 ), anything satisfying x + 2y — 3z = 0, eg (1)
-1 1

= Vox (1 _o-vty , = (Yoz 4 9 (1 _ -ty _ 9t
15.(a)x—y(1 e "),z (y+2)(1 e ")

(b)z =35 [n (1~ ) + (y )]

16. (a) EC,5); () == (3a? + b?).

(3213 (b )l—3

64!1(160)2’ 4

17.(a)

|



18. (a) RT:,- (b)%; (<) 8.

2w, 2
19. () W(x,y) = —tan™" (1_x2y_y2).
1 10
20. (a) L10 = Hxlo - ;xg + .-
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Al.f=—-1x=2. 2.y=—1x+2. 3.p=7;x2+2x+4rem5.

X

4. (a) (1 — 2x)e~2%; (b) x—lz _nx o5 = 3’1,

8. (a) 5 (b) 84x3. 9.- 10.% 7.
Bil.(a)a=0orb=+c;(b)k(6 1 —-3)T;(c)a=0b= —%c =§(d) no.
12. (a) (i) Re = 2 Im = 3 (i) Re = 0 Im = 32; (ii) Re = & Im = 0; (b) ¥2es ™",
(c) == (sin 50 — 55in 36 + 105in 0); (d) z = (1 + 2n)i.
X ory = 0; (b)y = 2 (k - 2x2); (¢) y = 2snmemmeos D Him ram)e”
14. (a) (a.c)b — (a.b)c; (b) lines parallel; (c) a.c =y, ab = 4; (e) /A2/|b|2 + u?/|c|2.
15. (a )(3 25 ) (0 8.
16. (a) —g; (b) (0, £v2), (£V2,0); (c) saddle point.
17. (a) 0 unlessm = n # 0 in which case L, orm = n = 0 in which case 2L;

—e—1 (-1
(b) - ; + Xn=1 % (cos nmx — nm sin nmx).

2 2
18.(a) () (2) 5 i) (2) 5 i 185 () 2V2 (0) ) [ £ G0y (i) 2 e (o), [ e — PG
(c) (i) A = A%; (ii) 2/2, 2/22.

kx

13.(a)y = —

19. (a) (ii) continuous and differentiable; (iii) zero; (|v) (b) (i) 2; (ii) limiting value = 2 always.
20.(a)h=1w=1[=2; (b)(‘*f V2 - \E)
Paper Il
) 4.Re=— L, Im=22,
41’ 41

Ala=2b=1c=3.2.2(e—1). 3%(
. 7.

. 8.3x + 6z, (0,2x,3y). 9—

wINw

5.1n4+(x—2)—z(x—2)2. 6.w =
10.x = 0,+/2 — /2, /2 + /2.

1 T T 1 _NT -1 _ RpT
Bll.(c)z(1 0 D0 1 05,51 0 -1)"()B B

UJI[\J

12. (a) cos¥ x(1 — sin® x)™, —cosX y(1 — sin® y)", 0; (b) f(n) = (e ) ( )

13.(a)y=—ex+—e‘2x'(b)y= (A+Bx)e‘3x+§—;;(c)y=Ae +Be‘2x—%—5+5e

3n+1’ 3(n+ 1)

14. (a)(.)f(u)A_£ =i(1 1 2)T,—1(1 1 2)T;(m)j—g;(b)3.

15. (a)V——+A V———+B (c)B_OA_—%

16. (a) 162(t cos* t + cos® t sint — 3t cos? t sin?t) + 9(cos? t —sin?t) + 2,—7; (b) a = 2; (c)
XXy 2
st Xy = k.
2
17.(6) 2 () In2 + 5+ =
13 54 8 4

18. ( )_'_1_'_ o ( )_ (d)_

18’9’5’13" 9’

19. (a) f(a,a) + foa af:;'a) dx; —% + 2e



20. (c) u(x, t) = ax.
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Al. (b) maxy = V2. 2. (a) (%,i); (b) /2. 3.(a) y = In(e* + ¢); (b) y = In(e* + 1).
(lnx)

1 m+1 1 5 2
4.-2,85. 5.(b)3. 6.(a) =—(Inx ———) + ¢; (b) +c. 7)==+ (b) (x — 3)* +5.
8. (a) a* Ina; (b) — cos (cos x) sinx. 9. Assuming b(0) = 0: (a) V100 + 16t2; (b) 12/\/10. 10. %
B11. (a) (1 2 3)T; (b) a and b axes plus circles radii 1,2,3... centred on origin.

. . 6
12.(2) 2,—1 £ iV3; (b) 2 + i or 1; () -2,—; (d) 7o e
— _ 1
13.(a)y = (1 + x?)72 (tan 1x+1);(b)x=ylny—2+cy;(c)y=m.
14.(c)x —4y —z + 5 = 0; (e) 75V2/8.
3

15. (a) az = r2; (b) %((% +1) - 1); (c) (i) mah?/2; (ii) (0,0,2k/3).

16. (a) Saddles at (0,0), (£1,0), (0, £1), minima at + ( 1) maxima at + (— —%);

(b) (ii) y = sin 2x cos 5t.

17.(a) L (— + 50k +bE); (0) 4 T, ——
18. (a )() (b) (|) (i) 1 — 0.5a; (m)°8 02¢a

19. (b) h > f > g; (d) diverges if p < 1 convergesif p > 1.

sm nx

cos(2n — 1)x

20. (a)3\/3
Paper I

T. (b - p)—2_ 3 3> _12 , 7 (2 (1
AL (@) (—4 =9 13)7;(0)-4. 2.(a) 1 (0) 7 3.~ 5, — 12 47 5.0:( ). 5:(5).
6. l_ (x——) 7.(a)r =V3 ¢ —g = E 8. (a) (cos xy + xy cos? xy — xy sin xy)eS"*Y;
(b) 2xz + 3y?%z. 9. (a)—— 10. (a)z_m(b)ﬁ

a>2;(d)F(x)=1—x"%x=2Y%(e )

a’

B11. (b) —, @ > 1;(c) m'

-37
-6~
1
12. (a) (i) (a. b)?; (ii) a. b + |al?|b|?; (iii) (a. @)®; (b) (i) zero; (i) | (2) (|||)<
T2

© 3w ()(ziin((l) Nem (2 o)

13. (a) Vr; (b)(i) I, = L,_o; (i) =0,1, = —\/n (c)(ii) zero; (d) — \/3

ol O

14.(a)y = —gx —gx —;x + d + ce3¥; (b) (i) y = A cos 2x + B sin 2x +§sinx;
(i) y = Acos 2x + B sin 2x —Ecos 2x; (iii) y = A cos 2x + B sin 2x +§sinx —Ecos 2x;
(c)y = 3et — eZt

yZ

15. (a) (a, 0); (b i =1;(c)y » i%x,x > a; (d) difference in distances is 2a.

16. (a) (i) (6x2 2y —1 67T (i) (1 1 0)T; (i) 25 (iv) f, " Vde = 62

7.6 (57), = (), (), == &)y (), = G)g v =er -5



18. (b) (0,0); (c)x =0,y = x? + x5/2; (d) Min and zero on both branches at x = 0, max on
negative branch at x = 16/25, zero on negative branch at x = 1.
19. (b) —a?m.

20.(2) F(5(0), 0) 52 — £ (@(0),6) s+ 1) 22 i (0 F(©) = [Te=t2
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Al. (a) — W’ (b) cosx e3™*. 2. (a) —a*Ina; (b) InxIn(Inx) —Inx + c. 3.(a) %ln 2; (b) —1In 2.
4.(a)tany = ¢ — cos x; (b) y = 3e3*. 5.(a) (i Z) and (—1, O)' (b) ellipse centre (1,0).

6. (a) 1/40m; (b) 1/3V2. 7.-.8.(a) x = Zor-1; (b) Min. 9.2.10.y = —x — % ——+

4’ x—4 x+9
B11. (a) Det A=0, Tr A=6, at least one eigenvalue zero; (b) /1 =0x=01 2 17,

A=—-6x=(01 0 -DL2=12x=01 -1 17;(c)e=k(1 2 1)7;Arliesintheplane L
a1 2 -
12. (a) modulus = ¥/2, arg =~ + Zn—n ;(b)z = l(—— + mr) ()1, (1 + ).
13. (a)(i) y = ze ™3 +5; (i) y = esmx — (1 +sinx); (b) (2 + 2x)e~3% — e=4%,
14. (a) (a — ). (i) A (i)/|(i) A (i)|; (b) Quick: just say it’s a plane, slower p.q # 0: Ap +
(k—2p.p)/p.q+vpAQq,p.q=0:kp/p.p+tuq+vpAq;(c)r=1,¢ =t,0 =cot 1t
15. (a)ii) 22— 2 (i) £ — %2, (b) x0 (av/r)".
16. (a) Saddles at +(3,4), minimum at (5,0), maximum at (—5,0);
(b) Saddle at (0,0), minima at +(3,3).
17. (b) coshr[
64

18. (c)(,) (..) (|||) ; mean= var-E

19. (a) |x| <2, dlverges at x = —2, converges (conditionally) at x = 2; (b) 1 — = + U x?%;

(c)(i) diverges; (ii) converges; (d) S(x) = (x3 — 2x? + 2x)e* — 2x.
20. (a) V8.

Paper Il
2
Al.@)a=1,b= g. 2. (a) Re=cosh a cos B, Im=sinh a sin 8. 3. x + % 4.y = Ae* + Be3¥,y =
X +§ 5.div=—e"*cosz—e ¥Ysinz, curl=(—eYcosz —e *sinz 0)7.
_ 3 3
6.u = cos(x —ct). 7.e®ande?. 8. (n,g), (g,n), (n,;ﬂ) ( i ) 9. (a) zero; (b) — =
10.(a) 1 (b) 27* — 377,

B11. (a) L2 (b) A = 0 mean=af (c )(m+”)0m(1—9)n.

3 2 3
12.(a) (ii)M~1 = é( 1 -2 1), no; (b) (i) x = =2,y =3,z=2; (iila=1lora=3
-4 0 4

(ivViz=1x+y=2.
13. (a)(i) x + e* + 3 (i) gIn (x? + 5+ 2) - “tan 1 25
(d) 2" sin(x? + x°).

+ ¢ ; (b) zero; (c) f(x);

x%y?%  y? 12—4x2 1 ON oM
140 f =2 + 4 T ey = [T 0@ =5 (G- 5) mv =[5 (5 - 5) &
244/
(c) x3y? + x%y = k and hence y = xi+43+4kx.

V2x V2 p N2 4
7T+n3(4 )X+ -+;

15. (b) up = (D(=2)(=5) -+ (4 — 3n)x"/3"nl; (c) f(x) = = —
(d) Inx? +~+ —



16. (a)(i) 0; (i) 0; (b) only F, is conservative, ¢ = x3y?z + ¢, 2.
2
17. (@) dp = (5 = 25 ) dn + (555 = 55 ) dV + 22dT; (0) £’ (1); () 1 () = (2 =3 DT,

18. (a) Maxima at x = nm/2 n odd, minima at x = nt/2 n even;

(c) _tr
2yVIny’ 4y?

(In y)_g(l + 2Iny); (d) cos x; (e) —sin x; (f) —sin x.

19.¢2 =Ly =Z5in< sinZ + Lsin 2L sin 2.
p c 2 2 5¢ 2 2
—1 3 i 3 _ —1 2 _ i 2. ! = —1 = -1 = E
20. (b) —Cosx™ + 3x sinx — €Os 3x* — 6sin3x~*; (c) I'(a) — I(a) =tan"ta, I(1) "



