
~·m 9 GYMNASIUM MUTTENZ 

Final Exam Mathematics Profile A 
Date: 16.5.2018 
Time: 08:00-12:00 
Formula Book: Adrian Wetzel 
Calculator: TI-NSpire CX CAS (only for part 2) 
Additional Aid: English-German dictionary 

Name: , Class: 

The following conditions apply: 

• The duration of the exam is four hours 

• The grading scale is shown below. 

• Process: At the start of the exam place your calculator away. You will then receive the entire 
exam, which you may work on without your calculator. Once you have finished the first 
part, place all corresponding pages (including the exercises) in the provided envelope, seal it 
and hand it in (Attention: Only the pages in the sealed envelope will be considered for the 
assessment of the first part). Afterward, you can take your calculator and work on the rest 
of the exam. 

• Show your work. 

• Show the use of the calculator (in part 2). The memory of the calculator must be erased 
before the beginning of the exam. 

• Give the results exactly or rounded to two decimal places. In part 1 you may leave terms 
with roots. 

Class Examiner 
4A 
4Eb 

Question: 1 2 3 4 5 6 7 Total 

Points: 4 6 8 8 4 11 11 52 

Achieved points: 

Achieved points 
Grade= 

44 
· 5 + 1 (rounded to half a grade) = 
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Part 1: without calculator 

Name: , Class: 

( 
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Question 1 ( 4 points) 
The following parts (1.1.), (1.2.) und (1.3.) are independent of one another. 

In each case determine the equation of a non-constant function f, that satisfies the given 
conditions. 

Ll. 

17 f(x) dx= O. 

1.2. 
f (1) = f (3) = f (-5) = O and f (O) = 1 . 

1.3. 
J'(2) = J'(-2) = O and f(O) = 1. 

[1 P.] 

[1~ P.] 



Final Exam Mathematics Profile A 16.5.2018 

Question 2 ( 6 points) 
The two points A = (5, O, 2) and B = (-3, 2, O) lie on the circumference of a circle K, whose 
midpoint M lies on the line g. 

2.1. Calculate the coordinates of M. [2 P.] 

2.2. K is the base of a right circular cone with vertex C = (O, 2, ?). Calculate the missing [2 P.] 
coordinate of e. 

Notice: If you could not solve 2.1. and 2.2., continue using the points M = (1, 4, 4) and 
e= co,2,6). 
2.3. An oblique circular cone, whose base corresponds to the base of the right circular cone in [2 P.] 

2.2., but whose volume is twice as large, has the vertex S on the y-axis. Calculate the 
coordinates of S. 
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Question 3 ( 8 points) 
Decide if the following statements are true or false 

Assessment: 

• Correct answer: +0.5 points 
• The first four incorrect answers: O points 
• Further incorrect answers: -0.5 points 
• No answer: O points 

• Minimum possible points: O points 

3.1. A circle has at most a finite number of irrte- D True D False 
ger coordinates. 

3.2. A polynomial of degree 2018 has at most D True D False 
1009 points of inflection. 

3.3. If the first three terms of an arithmetic se- D True D False 
quence are integers, then all the terms must 
be integers. 

3.4. If the first three terms of a geometric se- D True D False 
quence are integers, then all the terms must 
be integers. 

3.5. (2018!) _ (2018!) D True o False 2 - 2016! 

3.6. v'2 v'2 .. D True o False The complex number z = 2 + 21 
hes on 

the unit circle. 

3.7. z2º18 = i (z is defined as in problem 3.6.) o True o False 

3.8. i2018 = -1 o True o False 

3.9. ln(ln(ln(x))) exists for x 2:'. e. o True o False 

3.10. o True o False 
Ì.»; - sin(x)dx < O . 
-2,r 

3.11. If a1, a2, a3,... and b1, b2, b3,... are D True D False 
both geometric sequences, then 
a1 · b1, a2 · bz, a3 · b3, · · · is also a geometric 
sequence. 
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3.12. If a1, a2, a3,... and b1, b2, b3,... D True o False 
are both arithmetic squences, then 
a1 · b1, a2 · b2, a3 · b3, · · · is also an arith- 
metic sequence. 

3.13. The equation a - a· x2 + y2 = O describes a o True D False 
hyperbola for all real numbers a =I O. 

3.14. If the real and imaginary parts of a complex D True D False 
number z1 are both greater than the real and 
imaginary parts of another complex number 
z2, then lz1I is also greater than lz21- 

3.15. If a1, a2, a3, · · · is a geometric sequence with D True D False 
a 1 < a2 < a3 · · · then q > l. 

3.16. The set M = {z E (C I lz - il - 4 
describes a circle in the complex plane. 

O} D True D False 
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Part 2: with calculator (TI-Nspire CAS) 

Name: , Class: 
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Question 4 ( 8 points) 
IKEA is having a contest for a new salad bowl. Martin Mathematician would like to participate 
and uses the following function: 

-1 
f:y=--+l 

x4 + 1 
By rotating the graph of f around the y-axis an (infinitely wide) salad bowl is created. The 
bowl is then cut to achieve a maximal diameter of 3 units: 

Figure 1: The graph of f 

4.1. The bowl is now filled with water to the height y = t What is the area of the water [2 P.] 
surface that is created? 

4.2. What is the volume of the entire bowl? [1! P.] 
4.3. The bowl is filled with 2 volume units of water. How high above the base is the water [1! P.] 

level? 
4.4. The bowl is now 'tipped', such that it always remains in contact with the floor: [3 P.] 

-1 - - 

Figure 2: The 'tipped' graph 

For which angle of slope does the point A (from Figure 1) touch the 'floor' . 
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Question 5 ( 4 points) 
A circle with midpoint M = (2, 6) and radius R = 10 intersects the positive x-axis in point 
P. The circle, the tangent to the circle in P and the y-axis enclose a finite area in the fourth 
quadrant. Calculate its volume. 
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Question 6 ( 11 points) 
The graph of the function y(x) = 2 · sin(x) is rotated by the angle <p around the origin in 
positive direction until, as shown in Figure 1, the point Q touches the x-axis. The point Plies 
on the curve z(t) between the points O and Q. The point P' is the projection of P onto the 
x-axis. The rotated curve z(t) encloses the finite area A with the x-axis. 

y 

z(t) 

P' 

Figure 1 

6.1. Calculate the angle of rotation <p. 

6.2. Calculate the area A. 
6.3. Give a complex valued function for the curve z(t). 
6.4. Calculate the coordinates of P, such that the area of the triangle P'QP is maximal. 

The curves n(t) and m(t) are created by rotating the graphs of Y1 (x) = 2-sin(x) and y2(x) = -2 · sin(x) 
around the origin by 45º, as shown in Figure 2. The horizontal line g touches m(t) and the 
vertical line h touches n( t). 

y D 

X 

m(t) 

n(t) 

Figure 2 

6.5. Calculate the coordinates of D (the intersection of g and h). 

[2! P.] 
[qP.] 
[qP.] 
[2! P.] 

[3 P.] 
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Question 7 ( 11 points) 
In the early years of computers, programs were written on punch cards. A standard punch 
card had 80 columns with 12 rows each. 

ABCDEFGHIJKLMNOPGIR TUVl-l 'r'Z123456r89QIGJ.,$i':8, 0-+<>1, ,î 

DDODODDDO OD DD O 
DDODDDDDD O O O U 

! ooooooooooooooooooOOOOOQQOoooooooooOooooOooooDooTIDDoDooooooooooooooooooooooooooo i t t :a, 11 1 • • 111112:11w1111n11tt•t1nn21121anaa•11:azn:M••n••••1uaMf1tUu1••s:1auseaa1111a•11a1u4••1111•11nnn1t11•nn1t• 
0111111110111111111111111101111111111111111111111111Q111111111111111111111111111 

2Q2222222202222222Q2222222202222222202222222222222222222222222222222222222222222 

33Q33333333Q3333333Q33333333Q333333333QQ3333333333QQ3333333333333333333333333333 
i 
ti .. ~ º 444il44444444Q4444444Q44444444Q4444444Q44Q404444D44444444444444444444444444444444 

~ 5555Q555555SSQ5555555Q555555550555555555555QQQ5555555555555555555555555555555555 

i 
& 66666Q66666666Ü666666606&666666Q6666666666666606Q6666666666666666666666666666666 

111111Q11111111Q1111111011111111Q1111111111111111Q111111111111111111111111111111 

•••••••D••••••••D•••••••D••••••••D••ODDOU•DDDQDDODDIT•••••••••••••••••••••••••••• 

7.1. How many possible ways are there to punch a standard punch card? 
7.2. Due to technical reasons, only two holes were allowed per column. How many possible 

characters could be coded in each column? 

[1 P.] 
[qP.] 

Punch cards were then read into a computer and interpreted - a program consisted of many 
punch cards. From experience it is known that approximately 5% of programs conain an error 
and lead to an error message. At a university 200 programming jobs are entered each day. 

7.3. What is the probability that there are at least 2 error messages? 
7.4. What is the expected number of error messages? 
7.5. What is the probability that the number of error messages differs from the expected value 

by more than five? 
7.6. If there are 10 or more error messages in a day, the computer has to be shut down for a [2 P.] 

long time. How many programming jobs should the university allow per day, such that 
the probability for such a long delay is less than 1 %. 

[1 P.] 
[! P.] 
[1 P.] 

At the university, there are students and professors. The error rate of students is higher than 
that of professors (8% for students vs. 4% for professors). 
7.7. How many of the 200 jobs must be from students and how many from professors for the [1 P.] 

total error rate to remain 5%? 
7.8. Among the 200 jobs in 7.7., there are exactly 10 error messages. What is the probability [3 P.] 

that exactly 5 of these were caused by students? 


