Reexam in Calculus

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

21 February 2018

The present exam set consists of 8 numbered pages with 12 multiple-choice pro-
blems. A number of points are specified for each question. The total number of
points equals 100.

It is allowed to use books, notes etc. It is not allowed to use electronic devices.

Your answers must be marked directly in this exam set. The grading of the exam
is based solely on these marks. Remember to write your full name and student
number below.

Good luck!
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Problem 1 (13 points)

(a) (5 points). A second order differential equation is given by
y" —10y' 4+ 25y = 0.
Below is a list of function expressions containing two arbitrary constants

c1 and cp. Mark the expression which constitute the general solution of the
differential equation.

O y(t) = cre™>" + e
O y(t) = cre™ + cpe®
0 y(t) = cre’ + cze™
O y(t) = c1e™ + cate™
O y(t) = c1e® + cote®
[ y(t) = c1e?t cos(5t) + cpe? Fsin(5t)
[] y(t) = c1e’ cos(6t) + cpe’ sin(6t)
[ y(t) = cre? f cos(3t) + cpe? fsin(3t)
(b) (4 points). Mark the solution to the initial value problem

y' =10y +25y =0, y(0)=2, y'(0)=7

among the following options:

O y(t) = —Fe ' + Feoe! 0 y(t) = 262 + 3te

[] y(t) = 3e™ — cpe? [] y(t) = 2% cos(5t) + 3¢ sin(5t)
O y(t) = —Let 4 265 0 y(t) =2e cos(6t) + 4e' sin(6t)
[0 y(t) = 2% — 3ted O y(t) = e* cos(3t) + e sin(3t)

(c) (4 points). Consider the inhomogeneous differential equation
y" — 10y’ + 25y = 5t + 3.

Which one of the following functions is a particular solution to that equa-

tion?
0 3t+3 Ot-1 O#-5t-2  [J2!
O e+l []5t—1 22 —t+1 []3t—4
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Problem 2 (7 points)

A plane curve is given by
x=1t— et,
y=t+e,

where the parameter t runs through the real numbers.

(a) (8 points). The point P = (—1,1) lies on the curve. Which value of the
parameter f corresponds to this point?

0 -2 0 -1 01 03
[ —In(2) 0o [ In(2) 0%
(b) (4 points). What is the curvature of the curve for t = 0?
O3 0% 04 0 s
0% 0 V5 03 O
Problem 3 (8 points)
A curve in space is given by
X = %t,
y =3,
zZ = %tz,
where the parameter t runs through the positive real numbers.
(a) (3 points). What is the derivative y'?
+1 [] tin(t) ]t [] tVt
0 3 0 e 0 vt O £t
(b) (5 points). What is the arc length of the curve fromt =1tot = 5?
[] 14 [] 10v2 ] 7v3 ] 18
05 8 01 0%
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Problem 4 (7 points)

A function is defined by
1

f(x) = 21

(a) (3 points). What is the derivative f'(x)?

0 2 0 (x2+2)72 [ 2x(x2+2)?
2x
I:l _(x2+2)2 |:| —m I:l ln(x2 +2)

(b) (4 points). Which one of the polynomials below is the second order Taylor
polynomial for f at the points x = 0?

0 1+ x— 322 O 3 +x—3x? [] 2+ 4x — 5x2
Db O34 04
Problem 5 (7 points)

Consider the differential equation

dy e*

There is a unique solution y(x) with initial value y(0) = 2. Answer the fol-
lowing questions regarding this solution:

(a) (3 points). What is the derivative y'(0)?

0 -2 0} 02
0 -3 1 3
(b) (4 points). What is the function value y(1)?
05 03 0 In(2)
[]e+1 []1 [] v2e+2
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Problem 6 (6 points)

Two complex numbers are given by

443

1 . , — 2+%i3
2—i+ +1 Zn (e )

Z1

(@) (3 points). What is z; written in standard form?
[0 2+3i 0i+3 01— 0 8i
1+ 0 2+2i 0 -3i [0 —5+i

(b) (3 points). What is z, written in standard form?

[ 14 ¢ [ 1—¢% 1 —¢ [] e+ e%
[] e® []1+e% [] et []1+3i
Problem 7 (6 points)

A function is defined by
f(x,y) = xcos(y) — ysin(x).

(a) (2 points).What is the partial derivative fy(x,y)?

[] —sin(y) — cos(x) [] tan(y) + sin(x)
[ cos(y) [ cos(y) — ycos(x)
0 tan(y) — 1 0 x*cos(y)

(b) (4 points). The graph of f has a tangent plane at the point P = (5,0, f(7,0)).
Mark an equation for this plane.

[Jx—y—z=0 0 x+2y—3z=7
] 2x+y—2z=0 x—y+z=m
Ox+y—z=7% [l x+y+2z=—m
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Problem 8 (16 points)

A function of two real variables is given by the transformation rule

_ ¥
f(x,}/) - 1+x2+y2'

Answer the questions below regarding this function.

(a) (4 points). The domain of f consists of all those points (x, ) which satisfy

[J]x>0andy >0 [Jy#0
[Jx>0andy >0 [] x and y are real numbers
[ x#0andy #0 Ox+#y

(b) (4 points). Which of the following points are critical points for f? (Remark:
One false mark will cancel one true mark in this subquestion.)

0 (0,1) 0 (0,2)
O @1 0 (0,-1)
0 @ -1 0 2 -1)

(c) (4 points). What is the directional derivative Dy f (P) at the point P = (1,1)
and in the direction of the unit vector u = %i + %j = (3,%)?

575
0§ 01
% 0 -3
02 0-#

(d) (4 points). The level curve with equation f(x,y) = }L can be described as:

[] A parabola with equation y = x? + 3.

[] A parabola with equation y = x> — x + 4.

[] A straight line through (0, /3) with slope 2.
[] A straight line through (0, 3) with slope —3.
[] A circle with center at (0,2) and radius /3.

. . . 1
[] A circle with center at (1,1) and radius 5.
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Problem 9 (7 points)

Alamina covers a region R in the plane precisely. The region R consists of those
points (x, y) which satisfy the inequalities

0<x, 0<y, 3x+y<e6.
The density of the lamina is 6(x,y) = x. What is the mass of the lamina?
0 3 2 03 0 5v2 [0 12
1 [ 4 5 ] 10 [ 14

Problem 10 (10 points)

A region R in the plane consists of those points (x, y) which satisfy the inequa-
lities
0<x<y, 1§x2+y2§9.

Mark the value of the double integral

y
//Rx2+y2dA.

NIN

0 v2 [] 06 [ 12
03 0 5v2 010 0%

Nl— Q=

Problem 11 (8 points)

A region 7 in space consists of those points (x,y,z) which satisfy the inequali-
ties
0<x<2 0<y<l, 2y§z§9—3xy2.

What is the volume of 77?

]2 O3 ] 12 [] 16 [] 18V3
50

[]3 []9 [] 14 [] 20 [] 3
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Problem 12 (5 points)

The figure below shows the graph of the function

r=f£(0), 0<6<2m

in polar coordinates.

Which one of the following transformation rules for f corresponds to the figure?

[ f(0) =1+ cos® [1 f(0) =1—cos®
O f(6) =1—6? [] £(6) = 8sin206
0 f(6) =6(2r —9) 0 £(6) =10 — 62
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