Tentamen i MVE(041 och MMGL32 Flervariabelmatematik
Den 06 April 2016, kl. 830-1230
Hjalpmedel: Formelblad (bifogat), inga riknare.
Telefon: Ellery Ames, 72 903 67 85

Totalpodng 50. For att f& godkint pa kursen krévs a) 25 poing av 32 pa Godkéntdelen, och b) godként pé alla sex
Matlab laborationer. Bonuspodngen réknas pa godként delen. Maximalt antal podng pa godkéintdelen ar 32 inklusive
bonuspodng. For betyg 4 eller 5 kravs 33 resp. 42 podng sammanlagt pa tentamens alla delar. Bonuspodng réknas inte
pé Overbetygsdelen.

Losningar laggs ut pa kursens webbsida forsta vardagen efter tentamensdagen. Tentan réattas och bedéms anonymt. Re-
sultat meddelas via Ladok ca. tre veckor efter tentamenstillfillet. Forsta granskningstillfalle meddelas pa kurswebbsidan,
efter detta sker granskning alla vardagar 9-13, MV:s exp.

Godkantdel

(2+6)(y+8)

Vaz—y+1 ’

(a) (2 pts) Vad &r definitionsméngden av f(x,y)?

1. Betrakta funktionen f(z,y) =

(b) (2 pts) Bestdm grinsvirdet lim, ) 0,0y f(2, ).
(c) (2 pts) Ar f(z,y) kontinuerlig vid (0,0)? Om s &r fallet, varfor?

2. For funktionen f(z,y) = 2(z? — y?) + 4y, bestim
(a) (2 pts) Gradienten av f(z,y)?

(b) (2 pts) Summan av de andra partiella derivatorna aa—;f(x, y) + aa—;f(x, y)?

3. (5 pts) Bestiim storsta viirdet av f(z,y) = 2 + y? med de begrinsgingar 5z — 6xy + 5y = 32.
4. (4 pts) Integrera f(x,y) = z%y? 6ver omradet i forsta kvadranten mellan kurvorna y = 2% och z = y3.

(4 pts) Pa en viss del av berg- och dalbanan Helix pa Liseberg aker bestkarna enligt
T(t) = 101 4 25 cos(2t)j + 25sin(2t)k for 0 <t < 10. Vad &r hastigheten och accelerationen i det hér avsnittet?

6. (4 pts) Integrera F = yi + 2 + 1k lings kurvan F(t) = e® i+ efj+ 3k mellan ¢ = 0 och t = 1.

7. (5 pts) Verifiera Gauss sats [[[, V-FdV = ¢pc F-NdS for vektorfiltet F = 21 + yj + if( och volymen B &r
22 4+ y? + 22 < 1. Observera att dS = sin #dfd¢ hir.

Overbetygsdel

8. (6 pts) Lat F(x,y,2) = 22 +y — zcos(y) + 2° — 7, och betrakta niva ytan F(z,y, z) = 0. Bestdm 0z/0x och 0z /0y.
Var &r dessa derivator definierade? Kan denna yta skrivas som en graf z = f(z,y) {6r ndgon funktion f? Om sé &r
fallet, vad ar den utatriktade normalvektorn?

9. (6 pts) Integrera funktionen f(z,y, z) = z dver volymen av omradet som dr begrinsat av hyperboloiden %2—&—%—22 =

1 och planen z =0 och z = 2.

10. Divergens och rotation

(a) (3 pts) Ge enkla exempel i planet for ett vektorfélt F si att divF # 0, men curl F = 0, och ett vektorfilt G
sa att div G = 0, men curl G # 0. Ge en skiss av dina vektorfélt.

(b) (3 pts) La F = F'i+ F%j + F3k, och bevisa att div curl F = 0. Vilka villkor pa komponenterna i F kriivs?



Exam for MVE(041 och MMGL32 Flervariabelmatematik
06 April 2016, k1. 830-1230
Help materials: Attached formula sheet. No calculators.
Telephone: Ellery Ames, 72 903 67 85

Total points are 50. Passing this course requires a) 25 points of 32 points on the Passing Part, and b) a pass on all six
Matlab labs. Your bonus points from this course apply to the passing part of the exam. The maximum score on the
passing part is 32 including bonus points. A grade of 4 or 5 is obtained with scores of 33, and 42 respectivley. Bonus
points do not apply to the mastery part of the exam.

Solutions will be posted on the course website on the first weekday following the exam. The exam is graded anonymously.
Results are available on Ladok starting three weeks after the exam day. The first day on which you may contest your
grade will be posted on the course website, and after that you may file a contest with the MV exp weekdays 9-13.

Passing Part

(z46)(y+8)

Va2—y+1

(a) (2 pts) What is the domain of f(z,y)?

(b) (2 pts) Evaluate the limit lim, ) (0,0) f(, ).
(¢) (2 pts) Is f(z,y) continuous at (0,0)? If so, why?

1. Consider the function f(z,y) =

2. For the function f(z,y) = 2(z? — y?) + 4y,
(a) (2 pts) What is the gradient of f(x,y)?
(b) (2 pts) What is the sum of the second partial derivatives aa—;f(x, y) + aa—;f(m, y)?

3. (5 pts) What is the maximum value of f(x,y) = 22 + 3? subject to the constraints 522 — 6zy + 5y = 327

4. (4 pts) Integrate the function f(z,y) = x%y* over the region in the first quadrant between the curves y = x and
3
T =y°.

5. (4 pts) On a particular section of the Helix roller coaster at Liseberg visitors travel the path
T(t) = 10t1 + 25 cos(2t)j + 25sin(2¢)k, for 0 < ¢t < 10. What are the velocity and acceleration of the riders in this
section?

6. (4 pts) Integrate F = yi + zj + 1k along the curve F(t) = e2i + e'j + e3'k between t = 0 and t = 1.

7. (5 pts) Verify the divergence theorem [[f, V- FdV = ¢ F - NdS for the vector field F = 21+ yj + if{ and where
B is the region 22 4+ y? + 22 < 1. Note that dS = sin #dfd¢ here.

Mastery Part

8. (6 pts) Let F(z,y,2) = 22 +y — zcos(y) + 2° — 7, and consider the level surface F(z,y, z) = 0. Compute 9z/0x
and 0z/0y. Where are these derivatives defined? Can this level surface be written as a graph z = f(z,y) for some
function f? If so, what is the outward pointing normal vector?

9. (6 pts) Integrate the function f(x,y, z) = z over the volume of the region bounded by the hyperboloid %4—% —22=1
and the planes z = 0 and z = 2.

10. Divergence and curl
(a) (3 pts) Give simple examples in the plane of a vector field F such that div F # 0, but curl F = 0, and a vector
field G such that div G = 0, but curl G # 0. Provide a sketch of your vector fields.

(b) (3 pts) Let F = F'i+ F2j+ F3k and prove that div curl F = 0. What conditions on the components of F are
required?



Equations and Formulas MVE(041

Geometri

Cirkel av radie a: Omrade = ma?. Cylinder radie a, héjd h: Vol. = ma?h, Omrade = 2mah.
Sfar av radie a: Vol. = 3 a3, Omrade = 4ma? Cirulir kon rad. a, hdjd h. Vol. = 1/3ma?h
Trigonometri

sin(2x) = 2sin(x) cos(x) cos(z) cos(y) = (cos(z — y) + cos(z + y))
cos(2z) = 1 — 2sin?(z) sin(z) sin(y) = %(cos(z —y) —cos(x +y))
cos(z + y) = cos(z) cos(y) — sin(z) sin(y) sin(x) cos(y) = 5 (sin(z — y) + sin(x + y))
sin(z + y) = sin(x) cos(y) + cos(z) sin(y) cos?(z) + sin*(z) =1

Derivater

Lgo = qzrt, Ler = v 4 cos(z) = —sin()
dr=1yx Az)=L2>0 4 sin(z) = cos(z)

grad f(z,y,2) = Vf(z,y,2), div F(x,y,z) =V F(x,y,z), curlf‘(x,y,z) =V x F(x,y,z)

Integrals

sin(z)dx = — cos(z) + C, /el'd:l; —et 4 (O

/x“dx:
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x
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cos(z)dz = sin(z) + C / In(z)dz = zln(x) — 2 + C,

/Sm (z)dz = 5 18 sin(2z) + C, / = _§ sin?(x) cos(z) — 3 cos(x) + C,
/COS2((E)d$C =24 1Sl]ﬂ(?gc) +C 2003 o 2.
5T ’ - COS (x)sin(z) + 3 sin(x) + C,
dz .1 /(T d 1
/ﬂzfsln 1(a)+c7 (a>0,|f17|<(1) /az_x‘rz:%ln r+a +C (a>0)
dz 1 1/ d 1
———=—tan ' (=) +C, (a>0 o _ 1. —1‘§‘
/a2+m2 a (a) ( ) /xm—abec a—i—C, (a>0,]|z|>a)
Maclaurinutvecklingar
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