For at finde den danske version af proven, begynd i den modsatte ende!

Please disregard the Danish version on the back if you participate in this English
version of the exam.

Exam in Calculus

First Year at the Technical Faculty for IT and Design and the Faculty of
Engineering and Science

June 12,2017, 9:00 — 13:00

This test consists of 9 pages and 14 problems. All problems are “multiple choice”
problems. Your answers must be given on these sheets.

It is allowed to use books, notes, xerox copies etc. It is not allowed to use any
electronic devices such as pocket calculators, mobile phones or computers.

The listed percentages specify by which weight the individual problems influ-
ence the total examination.

Your marks will be evaluated as follows: For each sub-problem, every wrong
mark will annul one correct mark.

Remember to write your full name (including middle names) together with
your student number below. Moreover, please mark the team that you parti-
cipate in.

Good luck!
NAME:
STUDENT NUMBER:
[] Hold 4: ROB Anathanasios Georgiadis

[] Hold 2: EIT -ITC-PDP Diego Ruano

with solutions
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Problem 1 (8 points)

A planar curve is given by

x =é,

y=Int;

the parameter t can take any positive real value.

(@) (2 points) For which parameter ¢ does the curve pass through the point
P = (e,0)?

0 -1 o V1 e
(b) (2 points) Which of the following vectors is the velocity vector at P?
e e 0 0 e
afi] o) of] o] ol

(c) (4 points) Which of the following numbers agrees with the curvature «(P)

at P?
2e 2e 2e e
|:| €2+1 |:| €2+1 m €2+13 D \/m\?’ D O

Problem 2 (7 points)

The function f is defined by

Flry) = 2.

Via z = f(x,y) it defines a surface containing the point

P=(1,-1,e).
(@) (4 points) Which of the following equations determine(s) the surface’s tan-
gent plane at P.
M 2e(x—1)—e(y+1)=z—e []z=2x
J2(x—1)—(y+1)=z—e Mz=ex—y—2)
M 2e(x—1)—e(y—1) =z+e [Jz=2x—y—2

(b) (3 points) Which of the following expressions corresponds to the second
order partial derivative fy,(x,y)?

[] 27V [] x%e7Y M —2xe ¥ 0 —%e?
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Problem 3 (6 points)

A space curve is given by

x = 1In(t),
y=V2t,
_1,
Z—2i',

the parameter ¢ can take any positive real value

(a) (3 points) Mark the correct expression for the speed v(t).

0 VE2+1 0 /2 vt+l O vVt +2t+1
(b) (3 points) Which of the following agrees with the arc length between t = 1

and t = e?

Oe+tl-2 PiE+1) Qgg+1 Oe—2% 0 In(2) +1

Problem 4 (6 points)

A function is given by
F(x) = sin(+?)

for a real parameter x.
(a) (2 points) Which of the following is the derivative f'(x)?

[] cos(x?) [] 2xsin(x?) [ £ cos(x?)
[] 2x cos(2x) M 2x cos(x?) [] —2xcos(2x)

(b) (4 points) Which of the following is the second degree Taylor polynomial
of the function f at x = 0?

] x> —x M 2 []1+x2 [] 2x + 2 O %
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Problem 5 (7 points)

A complex number has standard form z = 1+ /3i.

(a) (3 points) Which of the following agrees with Z (z conjugate) in polar form?

M 2e % [] e [] %e‘gi ] 205 ] 20 %
(b) (4 points) Which of the following agrees with z3 in standard form?
[] -2 []8 []1-3V3i
1 -8 [] 8i ] -1-+3i
Problem 6 (9 points)

A complex number z on the imaginary axis is called purely imaginary, i.e., it has
to be of the form z = iy for some real number y.

(a) (3 points) For some complex numbers z, their square z? is purely imagi-
nary.

Which of the following is a correct description of all these numbers?

[] z purely imaginary M z=x(1+1i), xreal
[] all complex numbers [Jz=x(1%i), x>0
[]z=x(141i), xreal []z=x(1—1i), xreal

(b) (3 points) For some complex numbers z, the product zzZ is a real number?
Which of the following is a correct description of all these numbers?

[] all real numbers M all complex numbers

[] all purely imaginary numbers [l z=x(1+1i),xreal

(c) (3 points) For some complex numbers z, the quotient % is a real number?
Which of the following is a correct description of all these numbers?

M all numbers that are real or pure- [] all complex numbers
ly imaginary apart from 0 [ z = x(1— i), real

[] all real numbers [] z=x(1+1),xreal

[] all purely imaginary numbers
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Problem 7 (9 points)
A second order homogeneous differential equation is given by
y' —4y' +8y=0.

(@) (3 points) The list below contains a number of function expressions inclu-
ding arbitrary constants c; and c¢;. Mark the expression that describes all
solutions of the differential equation.

(y(t) = cie cos(2t) + cze sin(2t)

Oy(t) = c1e® + ce™

Oy(t) = c1e® + cpte?

Fly(t) = c1e? cos(2t) 4 cpe* sin(2t)
Oy(t) = cre”* cos(2t) + coe™? sin(2t)

My (t) = c1e? cos(—2t) + cpe? sin(—2t)

Oy () = cre’” cos(2) + coet” sin(2)

(b) (3 points) Which of the following expressions is a solution of the differen-
tial equation with initial conditions y(0) = 2,y/(0) = 62

[ e +e 2 [] 2% cos(2t) + e 2 sin(2t)
[] e* —te % [ % cos(—2t) + e* sin(—2¢)
[] e* cos(2t) + 2¢% sin(2t) [0 %e* cos(2t) — Le? sin(2t)
[] ¢* cos(2t) + e? sin(2t) V] none of these

(c) (3 points) Which of the following function expressions is a (particular)
solution of the inhomogeneous differential equation

y' — 4y + 8y =122

3.1 2t 1 2 _t_ 1
O &+ 3t b s+st+= 8§ 8 32
2
[] = —4t+8 Ot+3 O2+t—g
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Problem 8 (9 points)

A function is given by the expression

z=flx,y) =x* +y* —day +1

The graph of this function opens upward.

(a) (3 points) Which of the following are critical points for the function f?

V1 (0,0) 0 (-11) v (1,1
(b) (3 points) Which of the following numbers is the minimal value of the
function f?
0 -3 0 -2 01
M —1 []0 [] none of these

(c) (3 points) Does the function attain a local maximum at the point (0,0)?

[] Yes M No

Problem 9 (6 points)
Which of the formulas below is the Laplace transform F(s), s > 2 of the function

f(t) = e* +cos(3t), t > 0?

2522549 252425—9 s2—2549
m (s—2)(52—:9) D (s—2§(52+9) D (s—2)(sz+—3)

2522549 2522549 252549
D (st)(sSZi9) D (Siz)(:zi?,) D (sj2)(§;——9)'
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Problem 10 (6 points)

Which of the formulas below is the inverse Laplace transform f(t), t > 0 of the
function

75 —7
F(s)= — 27 ?
)= 6=3650 >3
m 2e3t_|_5ef4t D 63t+4ef4t D 3631‘_’_58741?
I:l 763t _ 76_4t I:I e3t _ €—4t |:| 563t + 26_4t.

Problem 11 (7 points)

Consider the function

2

z=f(x,y) = (x+y)e" V.

(@) (3 points) Which of the following numbers agrees with the directional de-
rivative Dy f (P) at the point P = (1, 1) in the direction determined by the
unit vector
u=0.8i+0.6j = (0.8,0.6)?

[] —0.6 [] 0.6 [] 5.8
[] —04 []O M 2.2
(b) (4 points) Each of the following vectors v determines a unit vector u poin-

ting in the same direction as v. Mark all vectors in the list below for which
the directional derivative Dy f(P) = 0.

gv-|3 gv-|23] o=
0v={0s) 0v= 4] 0v=[3)
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Problem 12 (7 points)
A function is given by the expression

2
flx,y) = m

(@) (2 points) Mark whether the domain of the function f consists of all points

satisfying

O x# —y x=y=0
[]x>00gy>0 M x#0ory #0
[] x#0andy #0 [] x#0

(b) (3 points) Which of the following descriptions fits with the level curve
1
= 22
f (‘x’ y ) 4 °

[] A circle with center at (1,0) and radius 1.

[] A line through (0, 0) with slope /3.

[] Two lines through (0, 0) with slope ++/3.

] Two lines through (0,0) with slope ++/3 — apart from the origin.
[] A line through (0, 0) with slope /3 — apart from the origin.

[] Two lines through (0,0) with slope :l:\/i§ — apart from the origin.

(c) (2 points) Which of the following descriptions fits with the level curve

flxy) =42
an ellipse the origin (0,0
p g
a hyperbola the empty set
yp pty
two straight lines a parabola
& P
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Problem 13 (6 points)
A surface F in 3D space is given implicitly by the following equation
F(x,y,z) =2xy+3xz—yz =2.

Which of the following equations below are descriptions of the tangent plane to
the surface F at the point P = (1,—1,1)?

[]2x+3y—z=2 M —x—y—4z=—-4
[]2z4+3y—x=2 [Jx—y+z=3
Mx+y+4z=4 M2x+2y+8z=38
[Jx—y+4z=6 [Jx+y+4z=38

Problem 14 (7 points)

The figure below shows the graph of a function

r=f(0), 0<6<2m

in polar coordinates.

Which of the functions below gives rise to that graph?

[ f(6) =1+ cos(6) [] f(8) =2+ sin(20)
[1 f(0) =2+sin(6) M f(0) =2+ cos(20)
0 £(6) = 2+ cos(6) 0 £(6) = (1 —sin(0))?
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