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Exercise 1 a b C d Points
Calculus 1 6 1 2 2 11
2
We consider the function f(x) = w with the first two derivatives
. -9x + 36 " 18x -108
f'(x) = — f"(x) = —

a. Determine the domain, the zeroes, the stationary points (maximum and min-
imum points), the limits at the not-defined x-values and for x —>+o0, and the
asymptotes of f and then draw the graph of the function f for -14 <x <15.
Sketch the asymptotes as well. Units: 1 square per unit.

b. Show that the function F(x) =9 -In(x) + 2x + % + C is an antiderivative of f.

c. Now, we consider the more general antiderivative of F(x) =9 -In(x) + ax + ;,

where ¢ = 0 and x > 0. Find the values of a and b in such a way that the an-
tiderivative F has the slope m = 8 at the point P(1]|3).

d. Determine the equation of the tangent from point O(0|0) at the graph of f in
the first quadrant. Round the answer to three digits.




Exercise 2
Calculus I1

Points

=

4.5

12.5

We consider the function

1

f(x) = o (x* —4x?)

as sketched in the graph at the right.

a. What is the size of the acute inter-
section angle between the graph of f
and the x-axis at the positive zero of
the graph of f?

h Al

b. The shaded area A between the graph of the function f and the x-axis in the
4t quadrant rotates about the x-axis. Determine the volume of the obtained

solid, without finding and evaluating the antiderivative.

c. Now, we consider the tangent at the inflection point of the graph of f in the
4th quadrant. This tangent, together with the graph of f and the positive x-
axis enclose a region. Calculate its area, without finding and evaluating the

antiderivative.

d. In this exercise, we consider the
function

L
9(x) =75 %

besides the function f.

Between the graphs of f and g, the
triangle APQZ is inscribed, where

the side PQ is parallel to the y-axis.
Point P lies on the graph of g, point

Q

Q on the graph of f, and point Z is the zero of the graph of f on the positive

X-axis.

Find the coordinates of point P in order for the area of the triangle APQZ to

be as large as possible.




—h

Exercise 3 a b C d e Points

Vector Geometry 1.5 1.5 1 3.5

N
N

11.5

The plane @, passing through the points A(-1|4|2), B(1]0]2) and C(1]-4|4), and
the line /, passing through the points G(2|6|7) and H(-4|9|-2) are given.

a. Determine the Cartesian equation of the plane ®.

b. Calculate the angle ¢ between the plane ®and the xy-plane.

c. Find the equation of a line n, which intersects the line / normally in point G.

d. Find the coordinates of the point P on the y-axis in order for the angle
«(APB) to be equal to 90°.

Furthermore, the plane R : 5x - 2y - 4z + 30 = 0 is given.

f. Show that the plane R is perpendicular to the plane @, and that the plane R,
contains the line /.

g. Determine the line k of intersection between the plane P and R .. In what
special position is the line k?




Exercise 4 a b C d e f g Points

Probability 0.5 1.5 1 1.5 1 2.5 4 12

The entrance area of a large leisure park has 6 cash desks, no. 1 up to no. 6.
Eight employees can operate these cash desks.

a. In how many ways can the 8 employees be assigned to the 6 cash desks?

b. In how many ways is this possible if employee Fritz and employee Susi can
only work at the cash desk if they are both assigned (= eingeteilt) together,
namely Fritz at his favorite cash desk no. 2 and Susi at her favorite cash
desk no. 1?

Each cash desk is chosen with the same probability. 4 families arrive and each
pays at a cash desk.

c. What is the probability that all the families choose different cash desks?

A game is offered to the 18 children (10 girls and 8 boys) present in the leisure
park, in which a group of four is chosen at random.

d. What is the probability that there are exactly 2 boys and 2 girls in the group
of four?

Those children who do not want to take part in the game can draw lottery tick-
ets. Each lottery ticket has a probability of 0.05 for winning.

e. What is the probability that a child who draws 10 lottery tickets will have ex-
actly two winning lottery tickets?

f. How many lottery tickets would a child have to draw at least in order to have
at least one winning ticket with a probability of at least 0.99?

For the adults, the following game of chance is of-
fered, in which admission cards for the leisure
park can be won:

At the beginning of the game, a fair dice is rolled. @
If you get a “6”, you can then spin a wheel of for-

tune with three sectors N, A and C. q

If the pointer stops on sector C, you win a chil-

dren's admission card worth 28 francs; if it stops
on sector A, an adult admission card worth 36
francs is won. In sector N you go away empty-
handed.

The center angle of sector N measures 160°. The angles a and B of sectors A and
C are chosen so that an average win of 3 francs per game can be expected.

g. Calculate the central angles of sectors A and C.
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Exercise 1 a b C d Points
Calculus I 6 1 2 2 11

a. domain: ID={xeR/x=0}=R\{0}

zeroes: Z,(-610),Z,(1.510)
stat. points: H(4]3.13)
2 —
behavior: x = 0 is a vertical asymptote with Iinguzx18 = —
X X
2 J—
lim f(x) = lim w =2 (due to the same highest
powers in num./denom.)
y = 2 is a horizontal asymptote
2Ty
= Y.rA N
" : H43.13)
V=2 ! N ¢
................ — 1 ’ A‘
3:E2-E1-10.- T, W 1 6.7 10.11.12.13.14.15...
N
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b. Differentiate the given antiderivative to prove: F'(x) = f(x).

C. a=1,b=2




d. idea: in point P, the first derivative (= slope) of the function f is the same as
value of the slope, based on the triangle of slope
tangent: t(x) = 1.904x
Exercise 2 a b C d Points
Calculus II 2 1 5 4.5 12.5
a. ¢= 81.12°
b, 163847 _ 35 68
1575 =——
c. t(x)=-1.6x+1.6
A= 4 0.16 X
25
d. The triangle APQZ reaches its maximum area if the point P has the coordi-
nates P(3/8.1).
Exercise 3 a b C d e f Points
Vector Geometry 1.5 1.5 1 3.5 2 2 11.5
a. P:2x+y+2z2-6=0
b. ¢=70.53°
X 0
c. common point: G(2|6|7) n:|y|l= +t| 3
z 1
d. Pi(0]1]0); P>(0|3][0)
2 5
e. n,=|1 n, =| -2 with n,+n =0 soP LR
2 —4




Ge®R: 10-12-28+30=0 —» GeR
He®: -20-18+8+30=0 —» He®

If G and H are on the plane ®, than the line through these points lies also
on the plane R,

f. idea: Find two points lying on both planes; their connection line is then the
line of intersection
x = 0: there is no solution for this case — line k is parallel to the yz-plane
or perpendicular to the x-axis
y=0:S5,(-2]0]5) z=0:5,(-2/0]10)
X -2 0 -2 0
line of intersection k:|y|=| 0 |+t/10|=| O |[+¢t| 2
z 5 -5 5 -1
Exercise 4 a b C d e f g Points
Probability 0.5 1.5 1 1.5 1.5 2 4 12
a. 20'160
b. 1080
c. p=0.28
7
d =-—=0.41
P 17 ——

e. P[exactly 2 winning tickets in 10 tickets] = 0.07

f. atleast 90 tickets

g. The sector C has a quarter of the full angle of 360°, which means 90°, and

the sector A has the remaining part, 360° - 160° - 90° = 110°.




