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Exercise 1 - Vector Geometry 
a b c d e Points 

1.5 2.5 1 2.5 3 10.5 
 
 
The triangular, right prism ABCDEF (see sketch below) is given by the vertices 

 A 33 /18 / 40 ,  E 0 /12 / 0 ,  F 7 / 12 /15   and 
17 55

M / 9 /
2 2

 
 
 

 where M is the midpoint 

of the quadrilateral CBEF. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a. Calculate the coordinates of the vertices B and C and verify that D has the coordinates 

 D 9 / 0 / 0 . 

 
b. Show that the triangle DEF has a right angle at the vertex D, and determine the volume of 

the prism ABCDEF. 

 
c. Set up the Cartesian equation of the plane PAEM. 

 

d. The line 1  passes through the centroid S of the triangle DEF and through the point M. 

Calculate the intersection angle  between the line 1  and the xz-plane. 

 

e. Calculate the minimum distance of the vertex D from the line 2  through the vertices C 

and E. 
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Exercise 2 – Calculus 
a b c1 c2 Points 

5.5 2 1.5 2 11 
 
 

The functions  
3 2

2

x x 4
f (x)

2x

 
   with x ≠ 0 and  21 1 3

p(x) x x
8 2 2

      are given. 

 
 
a. Determine the first three derivatives, domain, symmetry, zeros, maximum and minimum 

points (= extrema), points of inflection and asymptotes of f(x) and then draw the graph of 

the function f(x). Units: 2 squares or 1cm. 

 
 
b. Prove that the parabola p(x) touches the curve of f(x). Find the coordinates of the points 

of contact S as well. 

 
 
c. An isosceles trapezoid ABCD is inscribed into the region between the parabola p(x) and 

 the x-axis. The points A and B are the in-

tersection points of p(x) with the x-axis; C 

and D are points on the graph of p(x) (see 

figure). 

 
 c1. Show that the area G of the trapezoid 

ABCD is given by the function 

 

        G u p u u 2    
 

  where u is the x-coordinate of the 

point C(u/v). 

 
 c2. Determine the coordinates of point C so that the inscribed trapezoid ABCD has the 

largest possible area. 
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Exercise 3 – Calculus 
a b c d e Points 
3 3 1 2 2.5 11.5 

 
 

The function   
x

3
2f (x) x 2



  e   is given. 

 
 
a. The curve f(x), its tangent of inflection and the x-axis enclose a region which stretches to 

infinity to the right. Calculate the area of this region. 
 
 

b. An open upwards parabola 2p(x) ax bx c    intersects the curve f(x) at its zero and at 

 x = 6; the area enclosed by the parabola p(x) and the curve f(x) measures A = 24 e . De-

termine the function equation of p(x). 

 
 
c. The area enclosed by the curve f(x), the x-axis and the vertical line x = d (d > 2) rotates 

about the x-axis. Find the value of d if the volume of the corresponding solid of revolu-

tion measures V =  42 13e   . 

 
 
 

Now, we will consider the more general function   
x

3
kg(x) x k



  e   depending on the pa-

rameter k with k > 0. 
 
 
d. Find the value of k so that the maximum point H of g(x) has a y-coordinate of y = 3. 
 
 
e. Prove: The intersection angle  of the graph of g(x) with the x-axis does not depend on 

the value of the parameter k. Calculate the angle  as well. 
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Exercise 4 – Combinatorics / Probability 

a1 a2 b c1 
Points 

0.5 1 1.5 1 
c2 c3 d e 

10 
1 1 2 2 

 
 

Mrs. Molar is redecorating the waiting room (three walls and a window front) of her dental 

hygiene practice. There are seven different colors to choose from. 
 
a. In how many different ways can she paint the walls of the waiting room if 
 

 a1. all three walls should be painted in a different color; 
 

 a2.  exactly two of the three walls should be painted in the same color? 
 
 

On each one of the freshly painted walls she identifies two places where she could present a 

diploma. 
 

b. In how many different ways can she hang up her four diplomas if the only restriction is 

that there is at least one diploma on each wall? Note that it matters on which one of the 

two places on a wall each diploma is positioned. 
 
 

Mrs. Molar knows out of experience that 60% of all her clients are women and 40% are men. 

There are seven half-hour sessions in the morning. These sessions are always booked out. 
 
c. Calculate the probability that on a given morning 
 

 c1.  all seven sessions are booked for clients of the same sex; 
 

 c2.  there are exactly two female and five male clients booked; 
 

 c3.  there are more men than women booked. 
 

d. There are always some clients that do not show up on the appointed date: On average, 7% 

of all men forget the appointment, whereas 4% of all women miss an appointment. What 

is the probability that all of 7 randomly selected clients will see the doctor as arranged? 
 

e. A marketing company is hired to assess client satisfaction. The company telephones peo-

ple from the customer list at random. Mrs. Molar is especially interested in knowing more 

about the reasons why clients forget about their appointment. 
 

 How many telephone numbers of clients does the marketing company need to have at 

least, if they want to reach at least one client who has forgotten the last appointment with 

a probability of at least 99 %? Use 0.948 for the probability that a client doesn’t forget an 

appointment, if you could not find this value. 
 


