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Task 1

Expressions
The following statement holds for the non-zero integersaand b: a=-4-b
Task:

Put a cross next to each of the two expressions that definitely result in a natural number.

[2 out of 5]
a-b L]
_% []
a+b []
(~a-b)* | [
a-b []

[0/1p.]
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Task 2

Domain

Six expressions defined on the universal set R are shown below.

For one of these expressions, the set D = R\{1} is the greatest possible domain.
Task:

Put a cross next to the correct expression. [1 out of 6]

x11 L]
| O
1| O
— | O
x=1 L]
” O

[0/1p.]
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Task 3

Equation with a Parameter
a-x—-5=10 is an equation with x € R and the parameter a € R.
Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

If ® , then the equation has @
©, @
a>0 [] no real solutions []
a=0 [] two real solutions []
a<0 [] infinitely many real solutions | [ ]

[0/1p.]
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Task 4

Points on a Line

The line g in R® goes through the points P = (-1, 0, 3) and Q = (3, -1, 2).
The point A lies on g and is distinct from points P and Q.

Task:
Write down possible coordinates of A.

A= )

[0/1p.]
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Task 5

Normal Vector of a Line
The diagram below shows the line g and two points on g that have integer coordinates.

y

Task:

Write down a normal vector n for the line g.

[0/1p.]
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Task 6

Corridor

The not-to-scale diagram below shows a corridor in a building. The corridor has a width of 3 m
and 2 m respectively.

The line segment AB goes through the corner E.

] L]

3m

2m
Task:

Using the angle o, write down a formula that can be used to calculate the length of the line
segment AB.

AB =

[0/1p.]
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Income Tax

Workers in Austria have to pay part of their annual income E to the state in the form of income
tax L (E, L in €).
The table below shows how the corresponding income tax L was determined for each annual

income E from € 0 to € 31000 for the year 2022.

annual income E in € income tax L in €

E < 11000 0

11000 < E< 18000 20 % of (E — 11 000)
18000 < £ < 31000 1400 + [30 % of (E - 18000)]

One of the diagrams below correctly represents the relationship between each annual income E
from € 0 to € 31000 to the corresponding income tax L.

Task:

Put a cross next to the correct diagram. [7 out of 6]

Lin€
4000
1400
Ein€
0 4 T T
0 11 000 18 000 31000
Lin€
5300
1400
Ein€
0 T T
0 18 000 31000
Lin€
5300
1400
Ein€
0 4 T T
0 11 000 18 000 31000

Lin€
5300
4000
Ein€
0 4 T T
0] 11000 18 000 31000
Lin€
5300 o
1400 o—e
Ein€
0 4 T T
0 11000 18 000 31000
Lin€
5300 *r——
4000
1400
Ein€
0 4 T T
0] 11000 18 000 31000

[0/1p.]
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Task 8

Linear Function

The following properties of the linear function f are known:

¢ The function f has a zero when x = —-4.
e Forall x € R, flx + 2) = f(x) - 6 holds.

Task:
Write down an equation of the function f.

fx) =

[0/1p]
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Task 9

Mappings

Mappings are shown in the tables below. Two of these tables each describe a mapping that can
be represented by a function of the form f(x) = %, with a, x € R\{0}.

Task:

Put a cross next to each of the two tables that show a mapping of the type described above.

[2 out of 5]
X f(x)
-2 30 []
-4 15
X f(x)
-2 | -20 []
-4 -30
X )
-2 | -10 []
-4 -30
X )
-2 18 []
-4 -9
X f(x)
-2 | -24 []
-4 -12

[0/1p.]
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Task 10

Argument of a Quadratic Function
Let f be a quadratic function with f(x) =

The table below shows pairs of values of f, where r > 0.

Task:

Determine the value of r.

3

2. x24b-x+c with b,c € R.

X

-1

0

)

5

[0/1 p.]
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Task 11

Exponential Function

The diagram below shows the graph of an exponential function f with f(x) =a - b* with
a, b € R*. The point P = (3, ¢) with ¢ € R" lies on the graph of f.

fix)

Task:

Using a and ¢, complete the equation of the function f shown below.

X

fix)=a -

[0/1p.]
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Task 12

Trigonometric Functions

For two trigonometric functions f and g, the following statements hold:

with a, b € R*
with ¢, d € R*

fix)=a - sinpb - x)
gix)=c -sin(d - x)

The diagrams below show graphs of f and g for particular values of a, b, ¢ and d. The common

zeros for each pair of functions in the region shown are marked on the x-axis.

Task:

Match each of the four pairs of graphs to the corresponding conditions from A to F.

fx), gx) A a>c, b<d
,/ \\\ I"\ ~
7 « / . P B a<c, b=d
) / X C a<c, bsd
/ b\ ’O \ { :
\ 4 \ ’
Sl M’ D |a=c b>d
E a>c, b>d
fx), gx)
F a<c, b>d

%), 9k
f
. /’\\\ 0 "\\ I/"\\I/ X
-~ g ~w N~ -
fix), 9x)
> AN s

[0/72/1 p.]
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Task 13

Differentiation Rules

Let f be a power function with fix) =a - x” with a,b € N and a>1 aswellas b > 1.

For ', f'(x) =c - x? with ¢, d € N holds.

Task:

Put a cross next to the equation that is definitely true. [7 out of 6]

b=c

]

H N NN

[0/1p.]
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Velocity and Acceleration
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Four graphs of acceleration functions and six graphs of velocity functions in terms of time t (each

for the same period of time) are shown in the diagrams below.

Task:

Match each of the four acceleration function graphs to the corresponding velocity function graph

from Ato F

[0/72/1 p.]
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Task 15

Third Degree Polynomial Function

The following statements hold for the third-degree polynomial function f:

e f1)=2

e f/1)=0
e f"1)=0
Task:

Sketch the graph of one such third-degree polynomial function in the coordinate system below.

fix)

[0/1p]
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Task 16

Estimating a Definite Integral
Let f: [0, 2] — R" be a continuous function.

The function fis strictly monotonically increasing in the interval [0, 1] and is strictly monotonically
decreasing in the interval [1, 2].

The definite integral IOZ flx)dx is to be estimated using the values f(0), f(1) and f(2).
Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

The inequalities ® and ® definitely hold.
o @
[[fgax=1-10)+1-71) | [ [[oax<2-f0) | ]
[[Rgax=1-f1)+1-f2) | ] J,wax=2-41) | [0
[fdx>1-70)+1-12) | [ [[ax<2-f) | [

[0/72/1 p.]
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Task 17

Definite Integral
Let f be a polynomial function and F be an antiderivative of f.
Task:

Put a cross next to the equation that is definitely true. [7 out of 6]

[ 709 + x)d = Fib) + b - (Fla) + a)

[*fb - xdx=Fib - b) - Fib - a)

[0+ b~ a)dx = Fib) - Fla) + &~ &

L"b fp)dx = b - Fb) - b - F(a)

L"x fp)dx =b - Fb)—a - Fla)

a 11
Ib f(X)dX:%—%

O oo o|d|d

[0/1p.]
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Task 18

Acceleration
A car in motion has a velocity of 15 m/s at time t = 0.

The equation a(t) =-0.1-t*+1t (tins, a(t) in m/s* holds for the acceleration a of the car at
time t.

Task:

Determine the velocity of the car (in m/s) at time t=5s.

[0/1 p.]
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Task 19

Siblings

A particular number of people is divided into groups A and B.

Each person in these two groups has either O, 1 or 2 siblings.

The number of siblings is represented by two percentage bar graphs shown below (see the

diagram below in which the marked boundaries between the regions shown correspond to
integer percentage values).

group A

group B

0% 50 % 100 %
percentage of the number of siblings

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

The mode of the number of siblings in group A is @ the mode of group B. The
arithmetic mean of the number of siblings in group A is ©) the arithmetic mean of
group B.
@ ®
greater than [] greater than []
less than [] less than []
equal to [] equal to []

[0/72/1 p.]
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Task 20

Maximum Daily Temperatures

At a particular place, the maximum daily temperature was measured on 30 consecutive days. The
table below shows the results of these measurements.

maximum daily temperature T in °C | number of days
156<T<25 9
25<T<30 12
30<T<35 9

The area of a rectangle in the histogram shown below represents the relative frequency of the
maximum daily temperatures in the corresponding class.

Task:

Complete the histogram below with the missing rectangles so that the data in the table above are
represented correctly.

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01 H
O_J\IIIIIIIIIII | . —
0 1516 17 18 19 20 21 22 23 72_4|rn202 26 27 28 29 30 31 32 33 34 35

[0/1p.]
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Task 21

Arithmetic Mean
A list of data x;, X,, ..., X has arithmetic mean a.

This list of data is expanded by 4 values so that a new list of data x;, X,, ..., Xg, X7, X5, Xg, X;0 With
arithmetic mean b is created.

Task:
Write down a formula in terms of a and b that can be used in all cases to calculate the sum below.

X; 4 Xg + Xg + Xy9 =

[0/1p.]
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Task 22

Dice

Stefanie makes a 6-sided dice out of wood. The faces are labelled 1, 2, 3, 4, 5 and 6. After she
has finished making it, she would like to check whether the dice is fair.

She rolls the dice 300 times. A 6 is rolled n times in these 300 rolls. Based on these data, she
determines an estimate p for the probability of rolling a 6 with this dice.

She is satisfied with her dice if 0.12 <p < 0.2 holds.

Task:

Determine the smallest possible and largest possible value of n such that 0.12 < p < 0.2 holds.
smallest possible value of n:

largest possible value of n:

[0/1p.]
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Task 23

Probability Distribution for a Random Variable

The table below shows the probability distribution for a random variable X that can only take the

values 0, 1, 2, 3 or 4.

k 0 1
1| A
6 16

—

3
4
6

—_

4
1

—i

6

Task:

Write down the missing value in the table above.

[0/1p.]
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Task 24

Experiments

A particular experiment is conducted 20 times. Each individual experiment results in success with
the same probability p, independent of all other experiments.

An expression with which the probability of exactly one experiment resulting in success in these
20 experiments can be calculated is required.

Task:
Write down an expression in terms of p with which this probability can be calculated.

[0/1p.]
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Task 1

Comparison of Two Sets

The set A ={x € N|1 <x <8} is asubset of the natural numbers,
and the set B={x € Q|1 <x< 8} is a subset of the rational numbers.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

Both sets A and B contain rational numbers.

Set B is a subset of set A.

The two sets A and B contain exactly the
same number of numbers.

Set A contains exactly 6 numbers that are
also contained in set B.

Both sets A and B contain numbers that are
greater than 7.

0|00

[0/1p.]
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Task 2

Apples and Apricots

A particular fruit seller sells apples and apricots.

The price for 1 kg of apples is a euros; the price for 1 kg of apricots is m euros (@, m € R").

The following statements hold:

e 1 kg of apricots costs 80 % more than 1 kg of apples.

e 1 kg of apricots costs 1.40 euro more than 1 kg of apples.

Task:

Put a cross next to each of the two correct equations. [2 out of 5]

a-08=m []
a+18=m []
a=m-1.4 []
a:% []
%:1.8 ]

[0/1p.]
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Task 3

System of Equations

A system of equations in x and y with a, ¢ € R is shown below.

I. 2-x-y=3
La-x+2-y=c

This system of equations has no solution.
Task:

Write down a value for each of a and c.
a=

C =

[0/1p]



Task 4

Vectors
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Let 3, b € R? be vectors.

Task:

Match each of the four diagrams to the statement from A to F that corresponds to the vectors a

%
and b shown.

[0/72/1 p.]
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Task 5

Vector Equation of a Line

Six lines g4, g,, ..., g are represented graphically below. The points shown on the lines have

integer coordinates.

Task:

Put a cross next to the line whose vector equation has the form X = (Z‘) +1- (
2

and a,,a, € Z.[1 out of 6]

9

3
;

)withte[R

T T T T T
-5 —4 -3 -2 —

95

5-4-3-2-1 01 2 3

[0/1p.]
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Task 6

Unit Circle

For the angle a € [0°, 360°), the following statements hold:
sin(a) =-0.5 and cos(a) <0

A unit circle is shown in the coordinate system below.
Task:

On this coordinate system, draw the point P = (cos(@), sin()).

y

[0/1p]
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Task 7

Acceleration

A body moves along a straight line with constant acceleration in the time interval [0, 5] and comes
to rest at the time t = 5.

The following statement holds for the acceleration: a(t) = -0.4

t..timeins

a(t) ... acceleration at time t in m/s?

v(f) ... velocity at time tin m/s

s(t) ... displacement at time tin m

The movement of the body is represented correctly in two of the diagrams shown below.

Task:

Put a cross next to each of the two correct diagrams. [2 out of 5]

v(t) in m/s a(t) in m/s?
21 21
1 4 1
tins tins
0 " 0 ,
0123 -4 -5 0-1--2 -8 -4 5
a
-1 -1
sf)inm v(t) in m/s
21 21
| S 0 | 0
tins tins
0 ' 0 ;
0—-1-—2-—-3 45 0—-1-—-2--8 -4 5
Vv
—11 -1
a(t) in m/s?
2.
1 a
tins
0 T .
0—-1-—-2 -3 45
-1

[0/1p.]
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Task 8

Racing Bike

The following values are given in the handbook of a racing bike:

number of crank turns per minute | velocity in km/h
60 28.8
85 40.8

The velocity can be modelled in terms of the number of crank turns by the linear function v.

X ... number of crank turns per minute
v(x) ... velocity at x crank turns per minute in km/h

Task:
Write down an equation of v.

v(X) =

[0/1p.]
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Task 9

Power Function
Let f: R\{O} — R be a power function with f(x) = a - x* with a € R\{0} and z € Z.

The following statements hold:

« If the value of the argument x is doubled, then the corresponding value of the function reduces
to a quarter of the original value of the function.

e The point (2, 2) lies on the graph of 1.

Task:

Write down the values of a and z.

7 =

a=

[0/1p.]
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Task 10

Filling a Water Tank
An empty water tank is filled completely with water.
The function d: R" — R" gives the filling time in terms of the inflow rate z (z in m%h, d(z) in h).

The diagram below shows the graph of d.

14 4 diz)inh
13
124
11 4
10
9
8 -
7 4
6 —
5
4 d
34
2 |
14
0

zinméh

T T T T T T T T T T T T T T 11
012345067 891011121314151617

Task:

Write down the volume V of the water tank.

V= m?

[0/1p.]
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Task 11

Half-Life

The mass of a radioactive substance can be described by an exponential function in terms of the
time t. The following statements hold:

N(t) = Ny - €™

N(t) ... mass of the radioactive substance at time t
N, ... mass of the radioactive substance at time t =0
k € R* ... decay constant

The half-life of the radioactive substance is given by T.
An arbitrary time is given by t*.
The following statements hold: t*# T and t* >0

Task:

Put a cross next to the expression that is equivalent to N(t* + T). [T out of 6]

2N, []
N(T) []
vpt) | D
2 - N(17) []
N@ -t []
2N ]

[0/1p.]
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Task 12

Sine Function

The diagram below shows the graph of the function f with f(x) =a - sin(b - x) with a, b € R".

fix

)
£
0 X
P, P,

0

3.1

The points P, = (x;, 0) and P, = (x,, 0) with x; = T and x, =1 lie on the graph of f.
The following statement holds: f(%) =-3

Task:

Determine a and b.

a=

b=

[0/72/1p.]
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Task 13

CO, Emissions

The table below shows the level of CO, emissions in Austria for selected years.

year 1990 | 2005 | 2017 | 2018
CO, emissions in millions of tonnes | 78.5 | 92.5 | 82.0 | 79.0

Task:
Determine the following values:

absolute change in CO, emissions from 2017 to 2018: millions of tonnes

relative change in CO, emissions from 1990 to 2005:

[0/75/1 p.]
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Task 14

Movement of a Cyclist

The polynomial function s approximates the distance covered by a cyclist in terms of the time ¢
(tinh, s(t) in km).

Task:

Complete the following sentence by putting a cross next to one of the given possibilities for each
gap so that the sentence becomes a correct statement.

The expression lim w describes O and the expression w
2 1
describes ®
® @

the instantaneous acceleration ] the average acceleration in the ]

attime t=2 time interval [t,, t.]

the instantaneous velocity at ] the average velocity in the time ]

time t=2 interval [t,, t,]

the distance covered until ] the distance covered in the time ]

time t=2 interval [t,, t,]

[0/75/1 p.]
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Parachute Jump

The velocity of a parachutist during a particular parachute jump can be modelled in terms of the
time t over the interval [0, 14] by the differentiable function v (t in s, v(f) in m/s). The diagram below
shows the graph of v.

Task:

Label the time t, at which the acceleration of the parachutist is 5 m/s* on the diagram below.

50

45

40 -

35

30

25

20

15

10

v(t) in m/s

tins

T
10 11

T T
12 13 14

[0/1p.]
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Task 16

Function and Antiderivative
The diagram below shows the graph of the function f and the graph of one of its antiderivatives F.
An area under the graph of the function f has been shaded in grey in the interval [x,, Xx,].

A line segment of length s has been drawn under the graph of F.

fix), FIx)

Task:

Put a cross next to the equation that correctly describes the relationship between s and the area
shaded in grey. [1 out of 6]

S = F(X1) _F(Xz)

s = ix,) - x)

Flxy) + Flxy)

S = 5

S= _[:2 fix) dx

1

O oo o|d|d

[0/1p.]
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Task 17

Properties of Quadratic Functions

Let f and h be two quadratic functions.
For all x € R, the following statements hold: f'(x) = h'(x) and f(x), h(x) >0

Task:

Put a cross next to each of the two statements that are definitely true. [2 out of 5]

Forall x € R, h”(x) <0 holds. []

h’ is strictly monotonically decreasing.

There exists a number ¢ € R such that for all
x € R, f(x) —h(x) = ¢ holds.

h" is a linear function whose graph goes
through the point (0, 0).

f" has a zero.

OO

[0/1p.]
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Task 18

Area between the Graphs of Two Functions

The graphs of the quadratic function f and the linear function g are shown in diagram 1.
The graphs of the functions F and G are shown in diagram 2.

The following statements hold:
F is an antiderivative of f.
G is an antiderivative of g.

diagram 1

F), Gix)
124

104

I
| —
N
|

Y

e

N -

w —

g

[ =

o —

~ -

o0

© —

diagram 2
Task:

Using the diagrams, determine the area A of the grey shaded area.

[0/1p.]
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Task 19

Comparison of Two Diagrams

In the diagrams below, the list of data A is represented by a stem and leaf diagram, and the list of

data B is represented by a boxplot.

21 27 33 36 44

w
—
Wi
[©)NEaN|
o | ©

Task:

Put a cross next to each of the two statistics that are different for the lists of data A and B.
[2 out of 5]

1t quartile

range

3" quartile

minimum

median

NN

[0/1p.]
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Task 20

Mean
A particular list of data consists of 20 values and has the mean x = 15.5.

The values 4, 6, 13, and 27 are removed from this list of data. The remaining list of data with
16 values has the mean X, .

Task:

Determine the mean X, .

[0/1p.]
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Task 21

Solution Times for Sudoku

6 games of online sudoku are played. The table below shows the solution times for the first

5 games.
game | solution timein s

1 356
2 321
3 378
4 450
5 298
6 t

The median of all 6 solution times is 350 s.

Task:

Determine t.

t= S

[0/1p.]
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Task 22

Removing Balls

There are n balls in an urn. Of these n balls, 6 balls are red and the rest are white. 2 balls are
selected at random and removed from the urn without replacement.

The corresponding probabilities are shown in the tree diagram below.

6 n-6
n n
red white
5 n-6 6 n-7
n-1 n-1 n-1 n-1
red white red white

The probability that both of the balls removed are red is p.
Task:

Write down an equation in terms of n that can be used to calculate p.

p:

[0/1p.]
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Task 23

Probability Distribution

A fair 6-sided dice with faces numbered 1, 2, 3, 4, 5, and 6 is thrown 2 times.
The random variable X describes how often a 6 is thrown in these 2 throws.

Task:

Put a cross next to the diagram that correctly represents the probability distribution of X.

[1 out of 6]
P(X = k) PX = k)
L] L]
k ‘ Lk
| | | |
0 1 2 0 1 2
PX = K) PX = K)
L] L]
k k
0 2 o 1 2
PX = K) PX = K)
L] L]
| K ‘ K
0 2 o 1 2

[0/1p.]
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Task 24

Computer Game

A particular computer game consists of a number of rounds to play.

In each round, there are 5 questions each with 4 possible answers of which only 1 possible
answer is correct.

A round can be won if more than half of the questions are answered correctly.

The 4 possible answers for each question are arranged at random.

In a particular round, Gerhard chooses the first possible answer for each question without reading
the questions.

Task:

Determine the probability that Gerhard wins this round.

[0/1p.]
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Task 1

Knowledge about Sets of Numbers
Let a and b be two natural numbers with b > a.

Task:

Complete the following sentence by putting a cross next to the correct option for each gap so

that the sentence becomes a true statement.

a—b is definitely ® and b —a is definitely ®
® @
a natural number [] a natural number

a rational number but D
not a natural number

a rational number but ]
not an integer

an integer but not a
natural number

a rational number but
not a natural number

[0/72/1 p.]
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Task 2

Volume of a Sphere

A particular sphere has radius r and volume V, where r, V € R".
Another sphere has radius 2 - r and volume k - V.

Task:
Determine k.

k=

[0/1p.]
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Task 3

Language Trip

A language trip is attended by U lower-secondary school pupils, O upper-secondary school
pupils and B chaperones. The total number of pupils (lower- and upper-secondary) is at least as
great as 5 times the number of chaperones.

Task:

Write down an inequality that describes the relationship between U, O and B given above.

[0/1p.]
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Task 4

Vektors in R®
5 ar\ b, N n, o
Letbe a=|a,|,b=|b,| and n={n,| be three non-zero vectors in R".
aS bS nS

The following statements hold:

The vector B)_)ls pergendioular to both vector 3 and vector B
The vectors a and /9) are not perpendicular to each other.
The vectors a and b are not parallel to each other.

Task:

Put a cross next to each of the two statements that are definitely true. [2 out of 5]

2. B=B-7 ]

> o
n

+b) - 0

WA

(

a,*ny+a, - n,+a;-ny=0

There exist§ a gumber_) ke R
suchthat a + b =k - n holds

There exist_s) a nurr_w)ber ke R
such that a =k - b holds

OO0

[0/1p.]
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Task 5

Directions

A path goes from point A via point B to point C. At point B, the path branches off to the right at a
right angle. The path is straight between points B and C.

The path AB is modelled in the coordinate system below.

Task:

Write down a vector a that gives the direction of the path BC.

[0/1p.]



KL24 PT2 Teil-1-Aufgaben (18. September 2024) Englisch.pdf

Task 6

Sine and Cosine

For a particular angle «a € [0°, 360°), the relationship sin(®) > cos(®) holds.
Task:

Write down the largest possible interval for a such that this relationship holds.

O(E[ ° o]

[0/1p.]
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Task 7

Profit

The diagram below shows the graph of the cost function K: x — K(x) and the graph of the
revenue function E: x — E(x) for a particular product (x in units of quantity, £(x), K(x) in monetary
units).

150 1 E(x), K(x) in monetary units
140
130
120
110
100
90
80
70
60
50
40
30
20
109 X in units of quantity
0 T T T T T T T T T T T T T

T
0O 25 50 75 100125150 175 200 225 250 275 300 325 350

It can be assumed for this product that all of the units of quantity produced are also sold.

A positive profit for this product is first reached at more than x, produced and sold units of
quantity.

The profit for this product reaches a maximum at x, produced and sold units of quantity.
Task:
Determine x, and x, using the diagram above.

X, = units of quantity

X, = units of quantity

[0/72/1 p.]
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Task 8

Parameters of a Linear Function

Let ©: R — R be a linear function with f(x) = k - x + d with k, d € R. The graph of this linear
function goes through the points A =(a,a) and B=(3-a, 2 - a), where a € R\{0}.

Task:

Complete the following sentence by putting a cross next to the correct option for each gap so
that the sentence becomes a true statement.

@ holds for the parameter k, and O, holds for the parameter d.

[0/1 p.]
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Task 9

Amount of Water in a Swimming Pool

The linear function V: [0, 10] — R; models the amount of water in a swimming pool in terms of
the time t (t in min, V(t) in ).

The following statement holds for all t € [0, 9J:
Vit +1)-V(t)=-10

Task:

Interpret the equation above in the given context; write down the corresponding unit.

[0/1p.]
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Task 10

Oxygen

The function S assigns the temperature T of water to its maximum absorption capacity S(T) of

pure oxygen (T in °C, S(T) in mg/l). A table of values for S is shown below.

temperature T | maximum absorption
(in °C) capacity S(T) (in mg/l)
0 14.6
20 9.1

It can be assumed that S is an exponential function.

Task:

Determine the temperature T, at which S(T,) is only half the value of S(0).

[0/1p.]
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Task 11

Gamma Radiation

In an experiment with a radioactive compound, the intensity of the gamma radiation after
penetration of three lead plates of various thicknesses (2 cm, 5 cm and 7 cm) is measured. The
results are shown in the table below.

plate thickness (in cm) 2 5 7
intensity (in %) 38.94| 9.46 | 3.69

Julian claims: “The data suggest that the intensity decreases approximately exponentially with
increasing plate thickness.”

Task:

Show by calculation that Julian’s claim is correct.

[0/1p.]
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Task 12

Period Length

Let £ R — R with fx) =sin(@-x) and g: R — R with g(x) = sin(;—-x) be functions.
For these functions, a € R and a > 1.

The (smallest) period length of fis given by p,; the (smallest) period length of g is given by p,.

Task:

Complete the following sentence by putting a cross next to the correct option for each gap so
that the sentence becomes a true statement.

@ holds for p,; @ holds for % .
g
® ®
_ Pr_ 2
,Og—2'ﬂ |:| p a |:|
g
_2-m br_ 1
pg a |:| pg_aZ |:|
p,=2-m-a L] %zZ m-a® | []
g

[0/1p.]
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Task 13

Price Difference

A particular product costs x euros in a local shop; from an online retailer it costs y euros.
The following statement holds: x >y > 0

The relative proportion by which the product is more expensive in the local shop than from the
online retailer is given by h.

Task:
Write down a formula in terms of x and y that could be used to calculate h.

h =

[0/1p.]
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Task 14

Difference Quotient and Differential Quotient

The diagram below shows the graph of a 3" degree polynomial function f.

f(x)

Task:

Put a cross next to each of the two statements that are true for the function f. [2 out of 5]

B0 |

fid)

flc)
c

> f'(c)

OO

[0/1p.]
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Task 15

Values of an Antiderivative

The diagram below shows the graph of the polynomial function f.

6 - f(X)

—6 - \

A, ... area of the region between the graph of f and the x-axis in the interval [0, 4]
A, ... area of the region between the graph of f and the x-axis in the interval [4, 6]

The following statement holds: A, = A, = %
For an antiderivative F of f, F(O) =0 holds.
Task:

Write down the values of F(4) and F(6).

[0/72/1p.]
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Task 16

Derivatives of two Functions
The graphs of the two twice differentiable real functions f and g are shown below.

fix), 9x)

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

g’(1)> 1 []
f'3)>g'(d) ]
f'(5) > g'(d) ]
(1) >g"(1) ]
(3) > 9"(@3) ]

[0/1p.]
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Task 17

Definite Integral

Let f be a linear function with f(x) =-0.5-x +a with a > 0.

jo fix)dx = 0 with x, >0 holds.

Task:

Write down the missing number in the equation below in the box provided.

o=l s

[0/1p.]
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Task 18

Geometric Interpretation of the Sum Rule
Let fand g be polynomial functions with g(x) = f(x) + 2 with x € [a, b].

The region between the graph of g and the x-axis in the interval [a, b] can be divided into a
subregion with area A and a subregion with area B.

The following statements hold:
b b
A=|["fox and B =[ 2dx

Task:

Draw the subregion with area A on the diagram below.

gix)

[0/1p.]
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Task 19

Email Addresses

As part of a survey, teenagers and adults were asked how many email addresses they use. The
responses are summarised in the table below.

at most 2 email addresses | more than 2 email addresses
teenagers 205 295
adults 935 565

The relative proportion of all people surveyed (teenagers and adults) who use more than 2 email
addresses is given by p.

The relative proportion of the teenagers surveyed who use more than 2 email addresses is given
by q.

Task:

Determine p and g.

p:

q:

[0/72/1p.]
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Task 20

Statistical Parameters

The list of data x;, x,, ..., X;, comprises 10 different numbers and is in ascending order.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

The number x, is the 3" quartile g, of the list of data.

The number x; is the 1% quartile g, of the list of data.

The sum of the numbers x, ..., X,, is 10-times as big as
the mean of the list of data.

The mean of the list of data is definitely less than x,.

The number x; is the median of the list of data.

0|0 d| g

[0/1 p.]
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Task 21

Football Team

The heights of the 11 players of a school football team are measured.
The collected data are listed in order of size.

e The shortest player is 1.40 m tall.

e Exactly 2 players are 1.45 m tall.

e The rest of the players are taller than 1.70 m.
e The tallest player is 1.80 m tall.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

The range of the collected data is 0.5 m.

The median of the collected data is greater than 1.70 m.

The mean of the collected data is greater than 1.75 m.

More than 60 % of the players are taller than 1.70 m.

Fewer than 20 % of the players are shorter than 1.50 m.

H N NN

[0/1p.]
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Task 22

Balls in a Jar

There are 12 red and 15 white balls in a jar. 3 balls are removed from this jar at random without
replacement.

Task:

Put a cross next to the event E whose probability can be calculated with: P(E) = 1 - 15,14 13

27 26 25
[1 out of 6]

At most 1 white ball is removed.

At least 1 red ball is removed.

At least 1 white ball is removed.

No white balls are removed.

At most 1 red ball is removed.

oo g

At least 2 white balls are removed.

[0/1p.]



KL24 PT2 Teil-1-Aufgaben (18. September 2024) Englisch.pdf

Task 23

Expected Values and Standard Deviations

The tables below show the respective probability distributions for the random variables X and Y
with a € R.

random variable X:

k a-2 a a+?2

PXX = k) 0.1 0.8 0.1
random variable Y:

k a a+2 a+4

P(Y = k) 0.4 0.2 0.4

Task:

Complete the sentence below by putting a cross next to one of the options for each gap so that
the sentence becomes a correct statement.

® holds for the expected values, and @ holds for the standard
deviations.
©) ®
EX) < E(Y) [] o) < o(Y) []
EX) = E(Y) [] o) = o(Y) []
EX) > E(Y) [] o(X) > o(¥) []

[0/75/1 p.]
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Task 24

Experiment

An experiment is made up of n independent trials (N € N, n > 2). Each trial occurs under the
same conditions and can only result in the two possible outcomes A and B with probabilities
P(A)=a and P(B) =b.

The probability P, corresponds to the event that outcome A occurs at most 2 times.

Task:

Write down an expression that could be used to calculate P,.

P, =

[0/1p.]
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Task 1

Sets of Numbers

let A={x € R|-1<x<0} and B={y € Q|-1 <y <0} be sets.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

A and B each contain integers.

The sum of two elements of B is definitely an element of A.

Every element of B is also an element of A.

The product of two elements of B is definitely an element of A.

NN

A and B are both subsets of the complex numbers.

[0/1p.]
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Task 2

Tilting a Box

A box with height h (in cm) and a depth of 50 cm is to be lifted into place in a room of height H (in
cm) (see diagram below).

As the box is being lifted, a gap of 2 cm between the box and the ceiling must be maintained.

o

Task:

Write down an expression that can be used to determine the maximum height h of the box for
any room height H with H > 52 cm.

h =

[0/1p.]
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Task 3

Vectors in a Right Circular Cylinder

A right circular cylinder of height 6 cm is shown below. The diameter of the base of this cylinder is
4 cm; the centre of this base lies at the origin. The base lies in the xy-plane.

—
The diagram below shows this cylinder and the vector AB.

zincm

yincm

xincm

Task:

Write down the missing numbers in the boxes provided below.

.
8-
—

[0/1 p.]
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Task 4
Coordinates of Two Points

. . — (5 .
Two points A= (x,3) and B = (-2, y) with x,y € R as well as the vectorr AB = (6) are given.

Task:
Determine x and y.

X =

y:

[0/1p.]
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Task 5

Equations of Lines
Let g and h be two lines in R®,
2 6
g X=[(5]+t-|0 with t € R
1 -4
h:X=B+u-h with veR

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

For ©, and ®

, g and h are identical.

©

o 0

vy}

I
T o o
w

([@JeN]

vy
I
I/_\

© 01 2N
Ol ~—m ——— |~~~k _—
~ =

9]
I
- T

[0/1p.]
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Task 6

Hochstein

The ski slope at Hochstein in Lienz runs from the valley station T of the Hochstein lift (altitude
673 m) to the Hochstein hut H (altitude 2023 m).

The 4000 m long, straight ski slope is represented as a line in the (not-to-scale) diagram below.

H

4
T ¢

Task:
Determine the angle of elevation of the ski slope according to this model.

[0/1p.]
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Task 7

Power of Wind Turbines

The power P of wind turbines depends on the density g of the air, the radius r of the rotor blades,

and the wind speed v. The following statement holds:
p_Q ré-mev®

5 with o,r,veR"

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

If the wind speed increases from 6 m/s to 18 m/s, the power for the
same radius and the same density is 27 times as large.

If the density increases, the power for the same radius and the same
wind speed decreases.

If the radius doubles and the wind speed doubles, the power for the
same density is 6 times as large.

If the density decreases by 25 % and the wind speed doubles, the
power for the same radius is 6 times as large.

If the wind speed decreases by half and the radius trebles, the power for
the same density remains the same.

0|00 | d

[0/1p.]
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Task 8

Properties of Functions
A number a > 1 and four equations of functions are shown below.
Task:

Match each of the four equations of functions to the corresponding equation that holds for all
x,he RfromAtoF

f) =x +a A | fix +h) =fx)
fix) = a* B | fx+h)=fx)+h
f)=a-x C |fx+h=1fx-h
fix) =a D |fx+h)=fx+a
E |fx+h)=f)+a-h
F | fx+h) =fix)-a"

[0/72/1 p.]
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Task 9

Properties of Linear Functions

The graph of the linear function f is shown in the coordinate system below. For a linear function g,
the following relationship with f holds:

gx+1)—gx)>2-[fix+1)—f(x)] forall x e R

1T 1T 17 17 "1 1 I 1T 1T 1T 1
-7 -6 -5 -4 -3 -2 -1 y/z 3 4 5 6 7

Task:

In the coordinate system above, draw the graph of one such function g.

[0/1p.]
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Task 10

Zeros and Extrema of Polynomial Functions

The possible number of zeros and the possible number of extrema of a real polynomial function
depend on the degree of this polynomial function.

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

A 3" degree polynomial function can have O) ; a 4" degree polynomial function can
have ®
@ @
exactly 3 distinct zeros and exactly 3 distinct zeros and
[] []
0 extrema 0 extrema
exactly 2 distinct zeros and exactly 2 distinct zeros and
[] []
exactly 1 extremum exactly 1 extremum
exactly 1 zero and exactly
5 extroma [] exactly 1 zero and 2 extrema []

[0/72/1 p.]
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Task 11

Number of Breeding Pairs
In a conservation area, a particular type of bird is observed. Over the course of 15 years, the

number of breeding pairs of this type of bird increased from an original value of 3 to 24.
It can be assumed that the number of breeding pairs increases exponentially over time.

Task:

Determine the number of years it takes for the number of breeding pairs to double.

[0/1p.]



KL24 PT3 Teil-1-Aufgaben (1. Janner 2025) Englisch.pdf

Task 12

Parameters of a Sinusoidal Function

The graph of the function f: R — R with fix)=a-sin(b-x) and a € R, b € R" is shown below.

fix)

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

For the parameter a, @ holds; for the parameter b, @ holds.
@ ©,
a<0 [] b<1 []
ae0, 1 | b= []
a>1 [] b>1 []

[0/72/1 p.]
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Task 13

Account Balance
The balance of a particular account is € 187.50.
An invoice of € 37.50 is paid from this account.

Task:

Determine the percentage by which the balance of this account was reduced by paying the
invoice.

[0/1 p.]
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Task 14

Difference Quotient

The graph of the function f and the point P = (0, 1) are shown in the diagram below. The
following statement holds for the point Q = (x,, y,) on the graph of f:

The difference quotient of 7 in the interval [0, x,] has the value 2.

Task:

Draw point Q on the graph of f.

fix)

(@]

[0/1p.]
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Task 15

Differentiation

Let f, g and h be polynomial functions.

The following statement holds for all x € R:

hix) =fx) + 2 - gx)

Determine h'(2).

[0/1p.]
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Task 16

Derivative and Antiderivative

The diagram below shows the graph of the differentiable function f: R — R, the graph of its

derivative f" and the graph of an antiderivative F of f.

Task:

Complete the boxes provided in the diagram above with f, f" and F.

[0/1 p.]
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Task 17

Derivative

The diagram below shows the graph of the derivative f* of a polynomial function f.

f(x)

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

The function f has at least 3 local extrema in the
interval [-4, 3].

The function f is strictly monotonically decreasing
in the interval (-4, 0).

The function f has at least 3 points of inflexion.

The function f has at least 3 zeros in the
interval [-4, 3].

0|0 d| g

The function f has a local maximum when x = 0.

[0/1p.]
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Task 18

Drawing the Graph of a Function

The piecewise linear function f is defined over the interval [-4, 4].
The graph of fin the interval [-4, 0] has been drawn on the coordinate system below.

The following statement holds: Ii fix)dx = 2.5
Task:

Complete a possible graph of fin the interval [0, 4].

fix)

[0/1p.]
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Task 19

Product Evaluation

As part of the introduction of a new product, people in Vienna and Linz aged 20 to 60 years are
surveyed about their opinion on this product.

The distribution of the people surveyed according to age and location is given in Table 1.

20- to under 40-year-olds 40- to 60-year-olds
Vienna 26 % 25 %
Linz 27 % 22 %

Table 1

The proportions of people who evaluated the product as “very good” are given in Table 2. For
example: The value 15 % in Table 2 means that 15 % of all people aged 20 to under 40 in Vienna
surveyed evaluated the product as “very good”.

20- to under 40-year-olds 40- to 60-year-olds

Vienna 15 % 12 %
Linz 18 % 32 %
Table 2

Task:

Determine the percentage of all people asked who evaluated the product as “very good”.

[0/1p.]
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Task 20

Statistical Parameters

An ordered list of data with 11 values with a, b € R* and b > a + 3 is shown below.

| a | a |a+3|a+3|a+3| b | b |b+1|b+2|b+2|b+6|

Task:

Match each of the four parameters to the corresponding expression from A to F.

median A a
mode
B b
range
mean C a+3
D 5.a+6:-b+20
11
E b+6-a
a+b+6
- 2

[0/72/1 p.]
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Task 21

Pizza Temperature

A pizza deliverer has measured the temperature of the pizzas he delivers.

At least 75 % of the pizzas delivered had a temperature of 50 °C or more.
At least 25 % of the pizzas delivered had a temperature of 50 °C or less.
The median was 60 °C.

The minimum temperature was 40 °C.

The maximum temperature was 90 °C and is equal to the 3" quartile gs.

Task:

Draw the corresponding boxplot in the diagram below.

T T T
30 40 50 60 70 80 90
temperature in °C

[0/1p.]
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Task 22

Favourite Song
Taylor has saved 20 different songs on her smartphone. One of these songs is her favourite song.

Out of all 20 songs, 1 song is chosen randomly and played. When a song finishes, another
1 song out of these 20 songs is chosen randomly and played with the same probability.

Task:

Determine the probability that Taylor’s favourite song is played for the first time as the 5" song.

[0/1p.]
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Task 23

Probability Distribution

Mika claims that the diagram below shows the probability distribution of a random variable Y.

Task:

Justify why Mika’s claim is not correct.

Y=y,

054 =

0.4 -

0.3 -

0.2-

0.1- | |
Vi Yo Yo Y4 Vs

[0/1p.]
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Task 24

Medication

It is known empirically that 75 % of all people who have taken a particular medication experience
side-effects.

10 people who have taken this medication are selected randomly.
Task:

Write down an event E in the given context for which the following probability holds:

PE)=1-(0.25-0.75°- 10 + 0.75™)

[0/1p]
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Task 1

Numbers and Sets of Numbers
Five statements about numbers and sets of numbers are stated below.

Task:

Put a cross next to each of the two true statements. [2 out of 5]

\/g is a rational number.

—/100 is an integer.

V15 is a terminating, non-recurring decimal number.

Every rational number is also a real number.

v/ —4 is a real number.

0|0 d| g

[0/1p.]
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Task 2

Flight Tickets

A fifth of the tickets for a particular flight are sold to private passengers; the rest are sold to travel
companies.

Each ticket sold to a travel company is 5 % cheaper than a ticket sold to a private passenger.
The variable x gives the price per ticket for a private passenget.

Task:

Write down an expression that can be used to calculate the average price per ticket in terms of x.

average price per ticket:

[0/1p.]
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Task 3

Smoothie

The vitamin C content of blackcurrants is on average 177 mg per 100 g; the vitamin C content of
kiwis is on average 46 mg per 100 g.

These two types of fruit are to be mixed in a smoothie so that a total of 75 g of smoothie contains
100 mg of vitamin C.

Task:

Determine the amount of blackcurrants (in g) and the amount of kiwis (in g) that need to be mixed
for this smoothie.

[0/1p.]
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Task 4

Graphical Representation of Vectors
The diagram below shows the two vectors a and ¢ as arrows starting at point P.

Task:

Starting at point P, draw the vector b as an arrow such that @ + b = ¢ holds.

ol

[0/1p.]
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Task 5

Equations of Lines

The lines g and h with equations g: X = (8) +t- (1) with t € R and

h: X = (g) +s- (;) with s € R are given.

The lines g and h are identical.

Task:

Determine the real numbers a and b.

a=

b=

[0/72/1p.]
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Task 6

Triangle

The not-to-scale diagram below shows a right-angled triangle. The angles are measured in

degrees and the side lengths in cm.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

36

sin(a) = % ]
cos(f) = % []
tan(a) = 2 ]
sin(90° — B) = ;—g ]
cos(90° — @) = \1)—8 ]

[0/1p.]
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Task 7

Graph of a Polynomial Function

A fourth-degree polynomial function f has the following properties:

e fhas alocal maximum when x = -3.
e The graph of fis symmetrical about the vertical axis.

Task:

In the coordinate system shown below, sketch the graph of one such polynomial function f in the
interval [-4, 4].

[0/1p]
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Task 8

Length of a Candle

A cylindrical candle has a length of 10 cm at time t = 0. After burning for 120 min, the candle has
a length of 4 cm.

The linear function L models the length of the candle in terms of the burning time t with

0 <t<200 (tinmin, L(t)in cm).

Task:

Write down an equation of the function L.

[0/1p.]
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Task 9

Parameters of a Quadratic Function

The graph of the quadratic function f with equation f(x) = a - x* + b has a local minimum at point
S = (0, -2) and goes through the point P = (1, 0).

Task:
Determine the real parameters a and b.

a =

b=

[0/72/1 p.]
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Task 10

Zeros, Maxima, Minima and Points of Inflexion

The number of real zeros, local maxima and minima and points of inflexion of a polynomial
function depends on the degree of the function, among other things.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

Every 1 degree polynomial function has
exactly 1 local maximum or minimum.

Every 2™ degree polynomial function has
at least 1 real zero.

Every 3" degree polynomial function has
at least 1 real zero.

Every 4" degree polynomial function has
exactly 3 local maxima or minima.

Every 5" degree polynomial function has
at least 1 point of inflexion.

0|00

[0/1p.]
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Task 11

Annual Interest Rate

The capital K, grows exponentially under a consistent annual interest rate /.
After n years, the capital reaches the value K, which can be calculated with the formula shown
below.

K=K, -(1+i)" with neN
After 6 years, the capital K, has increased by a total of 8.62 %.
Task:

Determine the annual interest rate /.

[0/1p.]
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Task 12

Windmill

The tips of the rotor blades of windmills move in a circle whose diameter is known as the rotor
diameter.

The function h: R — R, t — h(f) models the height of the tip of one of the rotor blades of a
particular windmill above the ground in terms of the time t (t in s, h(f) in m).

The graph of the function h is shown in the diagram below.

1804 h(t)inm

160

140

1201

100
80
60
40 1
201

0 ! !
0 3 6 9 12

tins

Task:

Using the diagram above, write down the rotor diameter as well as the time that a rotor blade
requires for a full revolution.

rotor diameter: m

time for a full revolution: S

[0/72/1 p.]



Task 13

Gradient of a Tangent

The function : R — R is an n" degree polynomial function with n > 2.

Task:

KL23 PT1 Teil-1-Aufgaben (3. Mai 2023) Englisch.pdf

Put a cross next to each of the two limits that, in all cases, correspond to the gradient of the

tangent of the graph of the function fat x = 5. [2 out of 5]

lim f(x4) = f(5)
X1—’5 5_X1

. f(5+h)-1(5)
hln;no 5+h

im f(5 + h)-1(5)
h—5 h

X1—’5 X1_5

I f(5 + h)-1(5)
h—0 h

N A I A I O O

[0/1p.]
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Task 14

Cyclist

The differentiable function v: R; — Ry, t — v(f) models the velocity of a cyclist on her journey to
school in terms of the time (t in s, v(f) in M/s).

Forall t € [0, 6], v'(t) >0 holds.
Task:

Describe the meaning of the inequality shown in the given context.

[0/1 p.]
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Task 15

Production Costs

The monthly fixed costs of a business for the production of soft drinks are € 200,000.
The function K models the total monthly costs for this production (in euros) in terms of the
amount produced x.

The marginal costs for this production are described by the function K.

K’'(x) = 0.003 - x* - 6 - x + 3500

X ... amount produced in units of quantity
K'(x) ... marginal costs for the amount produced x in euros per unit of quantity

Task:
Write down an equation of the function K.

K(x) =

[0/1p.]
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Task 16

Derivative

The diagram below shows the graph of the constant derivative function f of a function f. For this
function f, the statement f(O) = 2 holds.

Task:

Draw the graph of the function f on the diagram below.

fl

fix), F'(x)

[0/1p]
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Task 17

Points on a Graph

The graph of a 3 degree polynomial function f is shown below.

Four points with x-coordinates 0O, x,, x, and x, are also displayed. These four points are

characteristic points of the graph (points of intersection with the axes, maxima or minima, point of

inflexion).

Task:

flx)

Match each of the four x-coordinates 0O, x,, x, and x; to the corresponding statement from A to F.

At the point with this x-coordinate,
the first derivative is zero and the
second derivative is negative.

At the point with this x-coordinate,
the first and the second derivatives
are negative.

At the point with this x-coordinate,
the first derivative is zero and the
second derivative is positive.

At the point with this x-coordinate,
the first and the second derivatives
are positive.

At the point with this x-coordinate,
the first and the second derivatives
are zero.

At the point with this x-coordinate,
the first derivative is positive and
the second derivative is zero.

[0/75/1 p.]
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Task 18

Area

The graph of the function f: R — R with integer zeros is shown below.

fix)

The areas of each of the two regions shaded grey are of equal size.

Task:

Put a cross next to each of the two expressions with which the total area of the regions shaded

grey can be calculated. [2 out of 5]

2. j: () dx

L4 fix)dx — Ij f(x)dx

2. ji f(x) dx

J.j f(x)dx — J-: fix)dx

[ fogdx ‘

-4

0|0

[0/1p.]
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Task 19

Monthly Wages
A particular company has two departments.

In the first department, there are 14 employees, and in the second department there are 26
employees.

The following information is known about the monthly wages of the employees:

e The mean of the monthly wages of all 40 employees is € 2,280.50.
¢ The mean of the monthly wages of the employees of the second department is € 2,200.00.

Task:
Determine the mean x of the monthly wages of the employees of the first department.

x=€

[0/1p.]
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Task 20

Random Experiment

A particular random experiment results in either “success” or “failure”. The random variable
X gives the number of times the experiment results in “success” if the random experiment is
conducted 7 times.

Task:

Match each of the four probabilities to the corresponding equal probability from A to F.

PX < 3) A | PX>2)

P(X < 3) B |1-PX<4)

PX > 3) C |PX<2

PX > 3) D |PX=23)+PX>4)
E | PX=4)+PXz=5)
F | 1-PX>3)

[0/72/1 p.]
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Task 21

Card Game

The following statements hold for the 8 cards of a card game:

e 3 cards are labelled with “1”.
e 3 cards are labelled with “2”.
e 2 cards are labelled with “3”.
These 8 cards are shuffled. Then, 2 cards are dealt.

Task:

Determine the probability that at least 1 of the 2 cards dealt is labelled with an odd number.

[0/1p.]
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Bit Combinations

A computer calculates with so-called bits. A bit can either take the value O or the value 1. An
arbitrary array of eight bits is also known as a byte.

Task:

Put a cross next to the correct interpretation of (g) in the given context. [T out of 6]

(g) gives the probability that the first three bits of a byte

are all 1s.

(2) gives the probability that exactly three 1s appear in a

row in a byte.

(2) gives the probability that there are exactly three 1s in
a byte.

(g) gives the number of possibilities for there being

exactly three 1sin a byte.

(g) gives the number of possibilities for exactly three 1s

to appear in a row in a byte.

(2) gives the number of possibilities for the first three

bits of a byte to all be 1s.

I O B O

[0/1p.]
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Task 23

Wheel of Fortune

A pointer is mounted in the middle of the wheel of fortune shown below. For each revolution of
the pointer, the following statement holds:
The pointer lands in each sector with probability %

The winning sums to be paid out when the pointer lands in the various sectors are shown on the
wheel of fortune below (@ € RY).

The pointer is spun once.

The random variable X gives the amount of the winning sum to be paid out.
The expectation value in euros is given as: E(X) = 4.5

Task:

Determine a.

[0/1 p.]
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Task 24

Binomial Distribution

The five random variables X, X, X;, X, and X, can only take integer values between O and 8.
Their probability distributions are shown in the diagrams below.

Task:

Put a cross next to the two diagrams that could show a binomial distribution.
[2 out of 5]

P(Xw—k)
L] ]«
| | | | | | | | |
O 1 2 3 4 5 6 7 8
P, = k)
Ll L
| | | | I | | | |
O 1 2 3 4 5 6 7 8
PX, = k)

l I I | L
| | | | | | | | |
O 1 2 3 4 5 6 7 8
P, = K

‘ ‘ N
| | | | | | | |
O 1 2 3 4 5 6 7 8
PX, = k)

| | L K
1 | | | | | | |
O 1 2 3 4 5 6 7 8

[0/1p.]
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Task 1

Integers and Irrational Numbers
Four properties of numbers as well as six numbers are shown below.

Task:

Match each of the four properties of numbers to the number with this property from A to .

negative integer A 2-,/10
negative irrational number B 107
positive integer C -J/10?
positive irrational number D 2 +(-10)
E [J10=z2
- ko

[0/72/1 p.]
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Task 2

Taxi Journey
A particular taxi company sets their daily rate as follows:

In addition to the predetermined base fare G, a charge K is to be paid per kilometre of distance
travelled.

For a journey that starts at night between 22:00 and 6:00, an extra charge of 30 % of the daily
rate is to be paid.

A passenger gets into a taxi from this taxi company at 22:00 and covers a distance of
S kilometres.

Task:

Write down an equation that can be used to calculate the total travel costs F for this journey.
Write the equation in terms of G, S and K.

F=

[0/1p.]



KL23 PT2 Teil-1-Aufgaben (19. September 2023) Englisch.pdf

Task 3

Apple Juice and Orange Juice

At an event, the only drinks that are sold are apple juice and orange juice in cups.

In total, 375 cups are sold at the event, of which a cups contain apple juice at € 0.80 each and
b cups contain orange juice at € 1.00 each.

The revenue earned from these sales is € 339.00.

Task:

Write down a system of equations that can be used to calculate a and b.

I:

II:

[0/72/1 p.]
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Task 4

Cuboid

The diagram below shows a cuboid ABCDEFGH in a three-dimensional coordinate system. The
lengths of the edges of the cuboid can be read from the diagram (lengths in centimetres).

Task:

—
Write down the coordinates of the vector DF.

=
S
—

[0/1p]



KL23 PT2 Teil-1-Aufgaben (19. September 2023) Englisch.pdf

Task 5

Vector and Line

The diagram below shows the points A and B as well as the line g: y = x.

The points A and B have integer coordinates.

y

Task:

—
Show by calculation that the vector AB is perpendicular to the line g.

[0/1p.]
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Task 6

Triangle

The diagram below shows a right-angled triangle ABC.

C

Task:

Put a cross next to the equation that is definitely true. [7 out of 6]

h= SirV%a) -cos(a) | []

- co‘;v(a) wsin(@) | [
h= Sir%) tan(a) | []
=gty o) | O
h=20 tane) | [
h= Sir;ga) cos(@) | []

[0/1p.]
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Task 7

Exponential Functions

Let . R — R be an exponential function of the form f(x) =a - b* with a,b € R with a,b >0
and b = 1.

Task:

Put a cross next to each of the two statements that are true about every exponential function of
the form given above. [2 out of 5]

f has no zeros.

fis strictly monotonically increasing.

f has at least one local extremum (maximum or
minimum).

The graph of fis concave up.

For x — oo, the graph of f tends towards the
positive x-axis.

0|0 d| g

[0/1p.]
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Task 8

Acceleration

A vehicle moves forwards at a velocity of 20 m/s along a straight path.

At time t = 0, it accelerates uniformly at 3 m/s? for 5 s. The direction of the movement remains
unchanged.

The function v describes the velocity of the vehicle (in m/s) after t seconds in the time

interval [0, 5].

Task:

In the coordinate system shown below, draw the graph of v.

v(t) in m/s
40

35 -
30 -
25 -
20 -
15

10+

tins

[0/1p.]
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Task 9

Quadratic Function

Let f be a quadratic function of the form fix) =a - x* + b with a, b € R\{0}.
Task:

Write down a condition that the parameters a and b must satisfy such that f has two real zeros.

[0/1p.]
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Task 10

Number of Zeros of a Polynomial Function

There is a relationship between the number of possible real zeros and the degree of a polynomial
function.

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

Every ® degree polynomial function has @ one real zero.
@ @
second [] exactly []
third [] at least []
fourth [] more than | [ ]

[0/1p.]
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Task 11

Doubling Time

The number of bacteria in each of six bacterial cultures grows exponentially. Each of the
corresponding doubling times is different.

The number of bacteria in each bacterial culture is modelled in terms of time t by
N: Ry — R t— Nt with i€ {1,2,..., 6} (tinhours).

Task:

Match each of the four statements about the doubling times to the corresponding equation of a
function from Ato

The number of bacteria A N, () = N,(©) - 1.5
doubles once an hour.
_ At
The number of bacteria B No(t) = No(0) - 4
doubles twice an hour. C N = N(0) - 2
3 - 3

The number of bacteria )
doubles 3 times an hour. D | N,t)=N,0)-16
The number of bacteria E | Nyt) = N0) - 3
doubles 4 times an hour.

F | Nolt) = Ng(O) - 8

[0/72/1 p.]
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Task 12

Period Length

Let R — R be a function with f(x) = sin(g-x) with ¢ € R".

The (shortest) period length of fis %
Task:
Determine c.

[0/1p.]
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Task 13

Bitcoin

Bitcoin is a digital artificial currency. On 17.12.2017, the exchange rate per bitcoin was

€ 16,198.60.

The table below shows the exchange rate per bitcoin over the course of a year.

date exchange rate per bitcoin
17.12.2017 € 16,198.60
17.03.2018 €6,422.98
17.06.2018 €5,571.62
17.09.2018 € 5,362.46
17.12.2018 € 3,145.20

During one of the three-month time periods, the value of the absolute change in the exchange rate

was the greatest.

Task:

Determine the relative change of the exchange rate of bitcoin in this time period.

relative change:

[0/1p.]
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Task 14

Average Speed
The movement of a particular body is modelled by the distance-time function s with s(t) = d - t*

(tins, s(t)in m).
The average speed of this body in the time interval [0 s, 2 s]is 10 m/s.

Task:

Determine d.

[0/1p.]
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Task 15

Antiderivative of a Sine Function

The function F: R — R with F(x) =—-1.25 - cos(b - x) is an antiderivative of the
function f: R — R with f(x) =2 - sin(b - x) with b € R\{0}.

Task:

Determine b.

[0/1 p.]
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Task 16

Value of a Definite Integral

The function g is an antiderivative of the polynomial function . Some pairs of values of the
function g are shown below:

X | 9i)
2 | 3
-1 | 0
0 | -
1 0
2 3
3 8
4 | 15

Task:

Write down the value of the integral shown below.

[0/1p.]
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Task 17

Properties of a Polynomial Function

A 4™ degree polynomial function f has a local maximum at each of the x-coordinates a € R and
b € R with a < b. Six statements about ¢ € R with a < ¢ < b are shown below.

Task:

Put a cross next to the statement that is definitely true. [T out of 6]

There is exactly one ¢ for which f’(c) = 0 holds.

There is exactly one ¢ for which “(c) = 0 holds.

There is no ¢ for which f(c) = 0 holds.

There is no ¢ for which f’(c) = 0 holds.

There is exactly one ¢ for which f(c) = O holds.

N NN

There is no ¢ for which f”(c) = 0 holds.

[0/1p.]
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Task 18

Integral and Area

The diagram below shows the graph of the function 7, which crosses the x-axis at O, a, b and c.
The graph of f and the x-axis bound three regions with areas A, = 17, A, = 50 and A, = 2.

Task:

Match each of the four expressions to the corresponding value from A to F.

jo x) dlx A |-31

jo floqy o + [ fio o B |69

[“ o0~ [ g o + [ ax C |-33

0 a b

[“fo)ax + 100 D |52
E |67
F | 152

[0/72/1 p.]
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Task 19

List of Data

A list of data with n natural numbers (n € N, n > 2) is given.

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

If all the values of the list of data are increased by a (a € R"), then ®
increases by a, while ® remains unchanged.
® ©,
the range [] the mean []
the median [] the mode []
the variance [] the standard deviation []

also

[0/72/1 p.]
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Task 20

Number of Births

The following sentence about a particular region appears in a local newspaper:

“In 2019, the number of births in the region was higher than the average value in the 4-year
period from 2015 to 2018.”

Task:

Put a cross next to each of the two statements that are definitely true according to the sentence
above. [2 out of 5]

The number of births in 2019 was higher than in each year of the
period from 2015 to 2018.

The total number of births in the period from 2015 to 2018 was
lower than four times the number of births in 2019.

The number of births in at least one year in the period from 2015
to 2018 was higher than in 2019.

The number of births in at most three years in the period from
2015 to 2018 was higher than in 2019.

The number of births in at least two years in the period from 2015
to 2018 was lower than in 2019.

0|0

[0/1p.]
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Task 21

Game

The probability of winning 1 round of a particular game has the value p.
The probability of winning 2 consecutive rounds of this game has the value p,.
Consecutive rounds are independent of each other.

Task:

Put a cross next to each of the two statements that are definitely true about the game described
above. [2 out of 5]

py=2-p []
p,=(1-py L]
py=p-(1-p | [
p;<p []
p,=p° []

[0/1p]
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Task 22

Ice Cream Parlour
In an ice cream parlour, 24 flavours of ice cream are sold.
Task:

Write down the number of possible ways of choosing 3 different flavours of ice cream out of the
24 flavours sold. (The order of the choices is not to be considered.)

[0/1 p.]
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Task 23

Probability of an Event

A random experiment is conducted n times (n € N with n > 12).

The random variable X corresponds to how often a particular event occurs in these n
experiments.

The probability that this event occurs at least 10 times is 35 %.

Task:

Put a cross next to each of the two statements that are definitely true. [2 out of 5]

PX=0)=0 []
PX <10)=0.35 []
PX <9)<0.65 L]
P(X >10) =0.35 []
PX>11)>0.4 []

[0/1p.]
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Task 24

Quality Assurance

As part of the quality assurance in the production of porcelain figures, the figures are checked
for faults once they are finished. It is known from experience that 2 % of the porcelain figures are
faulty.

A random sample of n porcelain figures is taken (n € N with n > 2). The number of faulty
porcelain figures is assumed to be binomially distributed.

The event that at least 1 of the n porcelain figures is faulty is given by E.

Task:

Write down a formula in terms of n that can be used to calculate the probability P(E).

PE) =

[0/1p.]
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Task 1

Linear Equation

An equation in the variable x € Z is shown below:
2:x—c=0 with ceR

Task:

Write down all real numbers ¢ for which this equation has a solution in Z.

[0/1p.]
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Task 2

Donations

Anton donates an amount of a euros to each of 3 research institutes and an amount of (@ + 10)
euros to each of 5 animal welfare organisations.

Task:
Write down the average amount G (in euros) that Anton has donated in terms of a.

G= euros

[0/1p.]
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Task 3

Force and Acceleration

If a force acts on a body at rest, this body accelerates in the direction of the force. The absolute
value of the force is given by F=m - a, where m is the mass and a is the acceleration of the
body (F in Newtons (N), m in kg, a in m/s?).

Aforce of F, =5 N acts on a particular sphere at rest. This sphere thus accelerates at a rate of
a, = 0.625 m/s?. A second sphere at rest with the same mass is acted on by a force F, so that
this sphere accelerates at a rate of a, = 0.5 m/s”.

Task:

Determine £, in N.

[0/1p.]
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Task 4

Position of a Ship

A ship travels with constant velocity along a straight path on a particular day from 8:10 am to
8:30 am.

In a Cartesian coordinate system, the position of this ship at 8:10 am is given by the point
A = (2, 3); its position at 8:30 am is given by the point B = (10, 5).

The vector 5) gives the change in the position of this ship in a time period of 5 minutes.
Task:
Write down the components of the vector 5’

[0/1p.]
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Task 5
Parallel Vector
(3]
The vector a = (-1 | is given.
3

A vector b is parallel to the vector a and has a greater length than a.
Task:

Write down the components of a possible vector b.

[
B-|_
—

[0/1 p.]
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Task 6

Sailing Boat

A model of a sailing boat is shown in the diagram below.

Task:
Write down a formula in terms of h, d and b that can be used to calculate the size of the angle a.

a =

[0/1p.]
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Task 7

Monotonicity and Concavity of a Polynomial Function

The graph of a 3 degree polynomial function f is shown below. All the characteristic points of this
graph (intersections with the axes, maxima, minima, points of inflexion) have integer coordinates.

fx)

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

The function f is strictly monotonically increasing in the interval @ and its concavity
changes when ©)
@ ©,
(~o0, ~2) ] X=-2 []
-1, 1) [] X =-1 []
-2, 0) [] x=0 []

[0/72/1 p.]
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Task 8

Swimming Pool
Water is let out of a swimming pool.

The function h: [0, 6] — R with h(t) = 180 — 30 - t models the height of the surface of the water
in terms of the time t (t in h, h(f) in cm).

Task:
Interpret the coefficients 180 and —30 in the given context with the corresponding units.

180:

-30:

[0/72/1 p.]
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Task 9

Graph of a Quadratic Function
The graph of a function f: R — R of the form fix) =a - x* + b with a, b € R is shown below.

For a function g: R — R of the form g(x) = ¢ - x* + d with ¢, d € R, the following statements
hold: c<-a and d>b

Task:
On the diagram below, sketch the graph of one such function g.

fix), gx)

[0/1p.]
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Task 10

Number of Zeros, Maxima, Minima and Points of Inflexion
Let f be a 4" degree polynomial function.

Statements about the exact number of distinct zeros, local extrema (maxima or minima), and
points of inflexion are shown below.

Task:

Put a cross next to each of the two statements that could be true about f. [2 out of 5]

The function f can have O real zeros, 1 local extremum ]
(maximum or minimum) and O points of inflexion.

The function f can have 1 real zero, 3 local extrema
(maxima or minima) and 2 points of inflexion.

The function f can have 2 distinct real zeros, 2 local
extrema (maxima or minima) and 2 points of inflexion.

The function f can have 3 distinct real zeros, 2 local
extrema (maxima or minima) and 0 points of inflexion.

The function f can have 4 distinct real zeros, 3 local
extrema (maxima or minima) and 1 point of inflexion.

OO0

[0/1p.]
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Task 11

Video Views

A video is uploaded to an internet platform. At the beginning of the observations, the video had
500 views. In the time period [0, t,], the number of views is described by an exponential function.

The table below shows pairs of values of this exponential function.

time since the beginning .
of the observations inh | UTOSr Of views
0 500
1 700
2 980
8 1372
L 10330
Task:
Determine t,.

[0/1 p.]
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Task 12

Sine Functions

Four graphs of functions of the form f(x) =a - sin(b - x) with a € R and b € R" are shown in

the diagrams below.

Task:

Match each of the four graphs to the corresponding condition for a and b from A to F.

A a<0and b<1
B a<0 and b>1
C O<a<1and b<1
D O<a<1and b>1
E a>1and b<1
F a>1and b>1

o]0

- f

0 Ix
R Y 7 AR
-5 = m m

_1_

_2_

o]0

1 f

0 X
ITI'I T 71[ I T 3 T I
—§ 0 § m ? 21

14

_2_

5| ™)

14
\ o /,\f £
_ m 3
A/ |0 M M’T

_1_

_2_

o]0

14 f
\ o x
R PR B
= 0 5 T 5 21
-1

Zo|

[0/72/1 p.]
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Task 13

Relay Marathon

Every year teams of four people participate in the relay marathon in Linz. Four consecutive
sections comprise the marathon (in total around 42.2 km).

A particular team is made up of the people A, B, C and D. The table below shows the running
times they achieved in the years 2017 and 2018 for each of the sections.

1%'section | 2" section |3 section | 4" section
year |personA person B person C person D
2017 |43 min 1h 4 min 41 min 1h 8 min
2018 |41 min 58 min 42 min 1 h2min

Task:

Write down the person who has seen the greatest percentage change in their running time and

calculate this percentage change.

person:

percentage change:

%

[0/72/1 p.]
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Task 14

Graph and Secant Line

The diagram below shows the graph of the differentiable function f as well as the secant line
through the points (a, f(a)) and (b, f(b)).

f(x)

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

The expression ali[nb f(%) — Za) is O) and corresponds to the ©)
@ ©,

the difference quotient in the ] gradient of the secant line in the ]
interval [a, b] interval [a, b]

the differential quotient at the .

ooint where x = b [] gradient of the tangent at (a, f(a)) []
the average rate of change in .

the interval [a, b] [] gradient of the tangent at (b, (b)) []

[0/1p.]
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Task 15

Air Pressure

Air pressure decreases as the height above sea level becomes greater.

The function p: R; — R* models the air pressure p in terms of the height above sea level h
(h in m, p(h) in hectopascals (hPa)).

It is known that h, = 300 m and h, = 500 m.

Task:

Interpret the expression W in the given context and write down the corresponding unit.
2 1

[0/1p.]
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Task 16

Graph of a Derivative

The graph of the derivative f* of a polynomial function 7 is shown below. The derivative f’ is a 3"
degree polynomial function and has 3 integer zeros.

()

Task:

Put a cross next to each of the two statements that are definitely true about the polynomial

function f. [2 out of 5]

fis strictly monotonically increasing in the interval [2, 3].

fis concave up in the interval 2, 3].

The statement f(-3) < f(3) holds.

f has exactly 2 points of inflexion.

f has exactly 2 local maxima.

NN
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Task 17

Third Degree Polynomial Function

Let f be a 3 degree polynomial function with f(x)=a - x*+b - x*+c - x+d with a,b, ¢, d € R,
a=0 and d=0.

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

For b=0 and ¢ = 0 the point where x =0 is definitely a ® and for ¢ =0 and
b = 0 itis definitely a @,
® ®
zero [] Zero []
maximum or minimum | [ ] maximum or minimum | [ ]
point of inflexion [] point of inflexion []

[0/72/1 p.]
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Task 18

Marginal Costs and Total Costs

The marginal costs for the production of a particular product are modelled by the function K’. The
following statements hold:

_L.(
~ 100

X ... amount produced in units
K'(x) ... marginal costs for the amount produced x in euros per unit

7 X2
K'(x) x3—§+3-x+4>

The total costs are given in euros.
Task:

Determine the amount by which the total costs rise if 110 units are produced instead of 100 units.

[0/1p.]
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Task 19

Stem-and-Leaf Diagram

Data are displayed below in a stem-and-leaf diagram.

Task:

22556

2377

1112222

Alo|(nv|=

127799

Match each of the four values listed below to the corresponding statistical parameter from A to F.

31

32

37

49

A median

B mode

C mean

D range

E standard deviation
F maximum

[0/72/1p.]
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Task 20

Sign of Statistical Parameters

The list of data with values x; < ... <x, with x, <0 and x, > 0 is given.

Task:

Put a cross next to the two statistical parameters that are definitely positive for the list of data

given above. [2 out of 5]

range

mean

standard deviation

minimum

median

Do oo

[0/1p.]
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Task 21

Heads or Tails
A coin has a heads side H and a tails side T.
This coin is tossed 3 times. An example of a possible result of this random experiment is THH.

In this string of letters, the 1% letter gives the result of the 1% toss, the 2™ letter the result of the 2™
toss, and the 3" letter the result of the 3" toss.

The event that the 2™ toss results in T is given by E.
Task:

Write down the event E as a subset of the corresponding sample space of this random
experiment.

£- | }

[0/1p.]
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Task 22

Balls

There are 5 red and n green balls in a container (n > 2).

3 balls are removed from the container without replacement.

The probability that exactly 2 green balls are removed is given by p.
Task:

Put a cross next to the correct statement. [1 out of 6]

n n-1 5

p:n+5'n+5 n+5 L
p:<n25)2'/%5 D
’O:n,15./r774_-1.n45-3' D
p:ni5'<n25>2'3 L]
p=ni5'n24'g:tg3 L
1o 5 n_n-=1 ]

:n+5'n+5'n+5

[0/1p.]



Task 23

Penalties

KL23 PT3 Teil-1-Aufgaben (10. Janner 2024) Englisch.pdf

Johanna regularly shoots penalties with her football team.
She has 5 attempts. The random variable X gives the number of goals k scored.

The table below shows the probability distribution of X based on empirical values.

Task:

K

0

2

3

4

5

PX =K

0.001

0.008

0.131

0.310

0.372

P(X =

5)

Determine the probability that Johanna scores more than 3 goals in 5 attempts.

PX > 3) =

[0/1p.]
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Task 24

Therapy

The application of a particular therapy is successful in 90 % of people.

A specialist doctor applies this therapy to 30 people.

The random variable X is assumed to be binomially distributed and gives the number of people
for whom the therapy is successful.

Task:

Determine the probability that the number of people for whom the therapy is successful is greater
than the expected value E(X).

[0/1p.]
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Task 1

Values of Expressions

Five expressions with a € R and a < 0 are shown below.

Task:

Put a cross next to both expressions that always have a positive value. [2 out of 5]

=1 10
1—§-a 0
T ]
a2 -1 []
a 0

[0/1p.]
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Task 2

Quadratic Equation

A quadratic equation in the variable x is shown below.
3-X*+a=2-x+6-x—-4 with ae€ R

Task:

Determine all values of a for which the equation shown above has two distinct solutions in R.

[0/1p.]
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Task 3

Point on a Line

1 -3
Let g be alinein R® with g: X = <2>+s- <7> seR,
-5 2

10
and A be a point with A = (—19), aeR.
a

The point A lies on the line g.
Task:
Determine a.

a=

[0/1p.]



Task 4

Perpendicular Vectors

Let 3:(

Task:

Put a cross next to both vectors that are perpendicular to 3. [2 out of 5]

7
-3-a

) with a > 1 be a vector.

KL22 PT1 Teil-1-Aufgaben (3. Mai 2022) Englisch.pdf

%) |0
(357 | O
e | O
(657a) | O
(2:%) | O

[0/1p.]
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Task 5

Calculations for a Triangle

The diagram below shows a triangle that has been divided into two right-angled triangles by the
altitude h.

Task:

Match each of the four lengths to the corresponding expression that could be used to calculate
that length from A to F.

a A | b-cos(a)
b
o)
. B | Cos()
h
h C @@
D q - tan(a)
h
= 9 @
q
F cos(a)

[0/72/1p.]
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Task 6

Intervals

Six different intervals are shown below.
For all angles « in one of these intervals, the following statements hold: sin(a) > 0 and sin(a) = 1.

Task:

Put a cross next to the correct interval. [T out of 6]

[270°, 360°)

[90°, 180°]

(0°, 180°)

[0°, 90°)

(90°, 270°]

N NN

[180°, 2707

[0/1p.]
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Task 7

Properties of Real Functions
Properties of a real function f are shown below.
Task:

Match each of the four properties to the corresponding statement from A to F.

Forall x € R, f(x) = fi=x). A fis strictly monotonically

increasing.
For a particular m € R, B The graph of fis symmetrical
fix + m) = fix) forall x € R. about the vertical axis.
Forall x,, x, € R with x; <x,, c The graph of f has an
fix,) > f(x,). asymptote.
Forall x € R, fix) = 0. D fis strictly monotonically

decreasing.

E fis periodic.

The graph of f has no point of
intersection with the x-axis.

[0/72/1 p.]
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Task 8

Linear Function
Let : R — R be a linear function with fix)=m -x+c¢ and m,c € R.
Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

Forall x € R, the following statement holds: O, = @
® ®
fix + 1) [] fixX)+2-m []
fix + 2) [] fix) + ¢ []
fix+ 1) +fx+1) | [] 2 flx) + 2 []

[0/1p.]
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Task 9

Indirect Proportion
Six mappings with x € R are shown below.

Task:

Put a cross next to the mapping that describes an indirectly proportional relationship. [7 out of 6]

X—3-x

]

X+ 3 x

X — 3

X — x°

0|00

[0/1p.]
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Task 10

Odd Function

For the function f: R — R with f(x)=a-x" (@ € R, a = 0) withan odd n € N, the table of
values shown below is given.

In this table, v, w € R.
Task:

Write down the relationship between v and w as an equation.

[0/1p.]
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Task 11

Half-Life

The half-life of a particular radioactive substance is T years.

The amount of the radioactive substance that is still present after t years is given by m(t) for which
m(0) > O.

Task:

Put a cross next to both correct equations. [2 out of 5]

m(T) =% - m(O) ]
m2-T)=0 []
m@-N=5-mo | ]
ma-T)=7-mT) | [
mE-T)=5-m4-T) | []

[0/1p.]
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Task 12

Sounds

The functions f, g and h each describe vibrations that create sounds in terms of the time t (in
seconds).

For these functions:
f(t) = sin(600 - 1)
g(t) == -sin(800 - t)

h(t) =

oo Mon

- sin(500 - 1)

The volume of a sound is higher the greater the amplitude (maximum displacement) of the
corresponding vibration.

The pitch of a sound is higher the greater the frequency (number of vibrations per second) of the
corresponding vibration.

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

The vibration of the sound with the highest volume is given by the function @ ;
the vibration of the sound with the lowest pitch is given by the function @

O, @
f ] f ]
g [] g []

[0/72/1 p.]
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Task 13

Body Weight of a Baby

The body weights of babies in the first 6 weeks of life can be approximated by the
function G: [0, 6] — R with G(t) = G, + 190 - t.

t ... time after the birth in weeks

G(t) ... body weight of a baby at time tin g
G, ... body weight of a baby at birth in g
Nora weighed 3200 g when she was born.

Task:

Using the function G, determine the relative change in Nora’s weight from her birth until 6 weeks
after birth as a percentage.

%

[0/1p.]
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Task 14

Average Speed

The graph of the distance-time function s of a moving body is shown below. The time t is given in
seconds and the distance s(t) is given in metres.

sit)inm
1.2

0.8 1
0.6 1
0.4 1

0.2

tins

Task:

Determine the time t, such that the average speed of the body in the intervals [0, 4] and [1, t.] is
the same.

t, = seconds

[0/1p.]
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Task 15

Differentiation Rules

Let f and g be two differentiable functions and a be a positive real number.

Task:

Put a cross next to both functions that definitely correspond to (a2 - (f + g))’. [2 out of 5]

2-a-f+2-a-g |[]
a?-f'+a2-g’ L]
2-a-(f+g) L]
a’- (f+g) []
f+g L]

[0/1p.]
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Task 16

Antiderivative

The diagram below shows the graph of the real function f: [0, 8] — R, x — f(x). The function F
with F(O) = O is an antiderivative of f. The points shown in bold have integer coordinates.

fix), F(x)

Task:

On the diagram above, sketch the graph of F in the interval [0, 8] using the values of the
function F(0), F(4) and F(8).

[0/72/1 p.]
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Task 17

Third Degree Polynomial Function

The minimum T = (-1, 2) and the maximum H = (1, 4) of the graph of a third degree polynomial

function f are known.
Task:

Put a cross next to both true statements. [2 out of 5]

The function f is strictly monotonically
decreasing in the interval (1, 3).

The function f changes monotonicity in the
interval (-1, 1).

The function f is strictly monotonically
decreasing in the interval (-3, 1).

The function fis always concave down in the
interval (-1, 1).

The function f changes monotonicity in the
interval (O, 2).

0|00

[0/1p.]
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Task 18

Garden Pond

The function f models the instantaneous rate of change of the water level of a particular garden
pond in terms of the time t.

t...time in days
f(t) ... instantaneous rate of change of the water level at time t in mm/day

The function F is an antiderivative of f.

2_
1_
0~

T
2 5 6

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

The integral JZ fit)dt has the value ©O) , and gives the ® of the water
level in the time interval [O, 7].

® ®
2 [] average rate of change []
-2 [] relative change []
0 [] absolute change []

[0/75/1 p.]
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Task 19

Wealth Distribution

The diagram below shows the relative proportion of the Austrian net wealth held by the richest
members of the population in the year 2017.

—_—
o
(@]

96 %

e8]
o

(o))
(@]

40

204

relative proportion of the net wealth (in %)

04

richest 1 % richest 5 % richest 10 % richest 50 %

Data sources: https://awblog.at/vermoegensverteilung-oesterreich/ [04/05/2020],
https://www.vienna.at/vermoegensverteilung-in-oesterreich-arm-und-reich-wird-meist-vererbt/6468838 [30/05/2020].

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

In the year 2017, the @ of the population held in total @ of the
Austrian net wealth.

O, ©)
poorest 50 % [] 43 % []
richest 6 % [] more than 60 % []
poorest 95 % [] 4 % []

[0/1 p.]
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Task 20

Average Income

Of all the employees of a particular company, 40 % work in sales and 52 % in production. The
remaining employees work in administration.

The table below shows information about the average net annual incomes in the year 2018.

average net annual income in the year 2018
per person (in euros)

sales 26376
production 28511
administration 23427

Task:

For this company, determine the average net annual income per person in the year 2018.

[0/1p.]
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Task 21

Newborns

The table below shows the number of newborns in Austria with respect to their birth weights
(weight immediately after birth) for the year 2018.

birth weight number of newborns
less than 2500 g 5282
at least 2500 g and less than 3500 g 47152
at least 3500 g 32370

Data source: https://www.statistik.at/wcm/idc/idcplg?ldcService=GET_PDF_FILE&RevisionSelectionMethod=LatestReleased&dDoc-
Name=110630 [10/04/2020].

If a newborn weighs less than 2500 g, they are classified as “underweight”.
Task:

For the year 2018, determine the relative proportion of newborns in Austria who were classified
as “underweight”.

[0/1p.]
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Task 22

Sports Competition

20 people participated in a sports competition. These people were divided into groups.

Task:

20

Interpret ( 4

) = 4845 in the given context.

[0/1p.]
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Task 23

Probability Distribution of a Random Variable

Let X be a random variable that can only take the values 1, 2, 3, or 4.
It is known that P(X = 2) is twice as large as P(X = 1).

Task:

In the diagram below, draw the missing values P(X =2) and P(X = 3) in the probability
distribution of X.

PX = k)
14
0.8
0.6
0.4+
0.2+
k
0 ! ! ! !
1 2 3 4

[0/1p.]
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Task 24

Binomially Distributed Random Variable

A particular random experiment either results in “success” or “failure”. This random experiment
is conducted 30 times. The binomially distributed random variable X gives the number of times
“success” occurs. The expectation value is E(X) = 12.

Task:

Determine the probability P(18 < X < 20).

P18 < X <20) =

[0/1p.]
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Task 1

Sets of Numbers
Statements about sets of numbers are shown below.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

The set of integers is a subset of the set of natural
numbers.

The set of rational numbers contains all integers.

The set of rational numbers contains all real numbers.

The set of complex numbers is a subset of the set of
real numbers.

All irrational numbers are contained within the set of
real numbers.

O oo g

[0/1p.]
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Task 2

Museum Visits

The entrance fees for a particular museum are determined as follows:
The entrance fee for an adult is x euros. For students, this entrance fee is reduced by p %.
Children and youths pay nothing to enter.

On a particular weekend, E people pay the entrance fee for adults and S people pay the entrance
fee for students. In addition, K children and J youths visit the museum on this weekend.

The total income of the museum from entrance fees on this weekend is given by G.

Task:

Write down a formula that can be used to calculate G.

G=

[0/1p.]
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Task 3

Changing Schools

At a particular academic secondary school (AHS), k pupils decide to attend the upper secondary
school at this school at the end of the 8" class. All of the remaining m pupils decide to change to
a college for higher vocational education (BHS).

The following statements hold:

* A third of the pupils of this 8" class change to a BHS.
e The number of pupils who will attend the upper secondary school at this school is 47 greater
than the number of pupils who will change to a BHS.

Task:

Put a cross next to each of the two correct equations. [2 out of 5]

k+m=3-m []
k=2-m-47 []
m=k—47 []
k=3-m []
3-k-m=47 L]

[0/1p.]
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Task 4

Points and Vectors

Three points A, B and C as well as three vectors ?, v and w are shown in the coordinate system
below.
The points have integer coordinates, and the vectors have integer components.

y

=4

5
0 w X
I
o

T T T 1
7 8 9 10 11 12 13 14

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

A=B+t-rforateR []

B:C+t~7fora te R

C:B+t‘7vfora te R

%
B=A+t-w forateR

C=A+t-v forateR

HENERREEEE

[0/1p.]
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Task 5

Vectors in a Rectangle

A rectangle with vertices A, B, C and D is shown below. The point of intersection of the two
diagonals is given by M.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

AD=1.26+1.8D ]
2 2

MA =1 .CM n

3 H__g —>

z CD=-%-4AB []

DG =BD - AD ]

1. 20--1.28

5 AD=-7-CB ]

[0/1p.]
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Task 6

Perpendicular Lines

The vector equation of the line g is given by:

-2 4
gX=10]+s-|-4] with se R
7 2

For a line n, the following statements hold:

e nis perpendicular to g.

e n intersects with g at the point P = (2, -4, 9).

Task:

Write down a vector equation of one such line n.

n:X=

[0/1p.]
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Task 7

Centripetal Force

When a body moves along a circular path of radius r at constant velocity v, the absolute value of
the centripetal force F is a function of the mass m of this body.

m - V2

The following equation holds: F(m) = -

Task:

On the diagram below, sketch the graph of F so that it goes through the point A.

Fm)

[0/1p.]
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Task 8

Graphs of Functions

Four types of functions as well as characteristic sections of six graphs of functions are shown

below.

Task:

Match each of the four types of functions to its corresponding graph from Ato F.

exponential function

linear function

fix)

2" degree
polynomial function

sine function

N
/.

AN

o\
flx)
0]

7

(@]

[0/72/1p.]
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Task 9

Revenue and Profit

The diagram below shows the graph of the linear revenue function E: x — E(x) and the graph of
the linear profit function G: x — G(x) (x in kg, E(x) and G(x) in €).

4000

3000+

2000+

1000+

EX), GK) in €

xin kg

-1 000+

-2 000

-3 000

-4 000

Task:

T T T T T T T T T
0 200 400 600 800 O 1200 1400 1600 1800 2000 2200

Write down the sales price and the fixed costs.

sales price: €/kg

fixed costs: €

[0/72/1p.]
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Task 10

Filling Machines

If four equally fast filling machines are used simultaneously, they require 24 minutes to fill
6000 bottles of mineral water.

The function f assigns a number n of such simultaneously working filling machines to the time f{n)
required to fill 6000 bottles (n € N\{O} and f(n) in minutes).

Task:
Write down an equation of the function f.

fin) =

[0/1p.]
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Task 11

Flu Infections

On the evening of the 10" February 2019, 2000 people were infected with flu in a particular
country; on the evening of the 21t February 2019, 4000 people were infected. It can be assumed
that the number of people infected with flu rose by the same percentage each day in this country
in February 2019.

Task:

Determine this percentage.

[0/1p.]



KL22 PT2 Teil-1-Aufgaben (20. September 2022) Englisch.pdf

Task 12

Properties of a Sine Function
Let f: R — R be a function with fix) =a - sin(b - x) with a,b € R".

Task:

Put a cross next to each of the two statements that are true about the function f. [2 out of 5]

The greater the value of b, the greater the length of the
(shortest) period is.

]

The smaller the value of a, the greater the length of the
(shortest) period is.

The smaller the value of a, the smaller the number of zeros
in the interval [0, 2 - r] is.

The greater the value of a, the greater the difference
between the greatest and lowest value of the function is.

The greater the value of b, the smaller the distance between
two consecutive zeros is.

OO

[0/1p.]
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Task 13

Relative Change of a Polynomial Function

The graph of the polynomial function f is shown below.

fix)

Task:

Determine the relative change of fin the interval [2, 4].

[0/1p.]
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Task 14

Decline of a Population

The number f(t) of individuals in a population during an observation period of 100 weeks is
modelled by a function 7. The time t is given in weeks.

Task:

f(100) - f(0)

100 =-35 in

Put a cross next to the statement that correctly describes the relationship
the given context. [7 out of 6]

The number of individuals reduced by 35 per week during the
observation period.

At the beginning of the observation period, there were 35 %
more individuals than at the end of this time period.

The number of individuals reduced by an average of 35 per
week during the observation period.

The number of individuals reduced to 35 % of the original
population during the observation period.

The number of individuals reduced by 35 % per week during
the observation period.

O oo o|d|d

The number of individuals reduced by a total of 35 during the
observation period.

[0/1 p.]
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Task 15

First Derivative

Let : R — R, x — f(x) be a differentiable function.
The following statement holds: f'(0) = 2

Let g: R — R be a function with g(x) = a - f(k - x) for two numbers a, k € R.
Task:

Write down a formula that can be used to calculate g’(0) in terms of a and k.

9'0) =

[0/1p.]
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Task 16

Derivative and Antiderivative

The diagram below shows the graph of the 3 degree polynomial function f. All local maxima and
minima and the point of inflexion of f have integer coordinates.

fix)
4_
3_
2_
f
‘]_
0 T
0 1
_‘|_

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

The graph of the 1t derivative of f

and the graphs of all antiderivatives of f

@
@ @
. have a point of inflexion with a
he x- h =4 .

crosses the x-axis when x horizontal tangent when x = 6 u
is strictly monotonically , _

decreasing in the interval (—e, 4) cross the x-axis when x =6 u
is concave down in the are strictly monotonically decreasing ]
interval (o, 4) in the interval (2, 6)

[0/75/1 p.]
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Task 17

Derivative of a Third-Degree Polynomial Function

A 3 degree polynomial function f has a local maximum at x, = -2 and a local minimum at
X, =2.

The function has the 1t derivative f’.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

f" is positive over the whole interval (-2, 2).

f" has the same value at x, as at x...
1 2

f" is negative over the whole interval (-3, —2).

f" has a positive value at x = 4.

NN

f’ has the value 0 at x = 0.

[0/1p.]
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Task 18

Fungal Spores
Fungi reproduce using spores.
In an experiment, the spores of a particular fungus cover an area of 5 pm? at time t = 0.

The function f models the speed at which the covered area increases in terms of the time t.

t...timeinh
f(t)... speed at which the covered area increases at time t in pm?/h

Task:

Interpret 5 + IOS fit)dt in the given context.

[0/1p]
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Task 19

Speed Check

On a section of motorway the speeds of vehicles are measured, and then the histogram shown
below is created. The area of a rectangle corresponds to the absolute frequency of the speeds in
each class.

O ‘_\/\ T
0 90 100 110 120 130
speed in km/h

Task:

Determine the number of vehicles that were included in the creation of the histogram.

[0/1p.]
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Task 20

Points on a Test

In the lower secondary school, Sophie took 16 mathematics tests. In each of these mathematics
tests, 48 points were available. The mean of the total number of points achieved by Sophie was
38.5 points.

In the first two mathematics tests in the upper secondary school, Sophie scored 41 points and
47 points respectively out of a maximum of 48 available points.

Task:

Determine the mean x of the number of points achieved by Sophie across all 18 mathematics
tests.

[0/1p.]
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Task 21

Median and Mean

For a particular group of 11 people, the following statements hold: the mean of their gross
salaries is € 5,690; the median of their gross salaries is € 3,200.

Task:

Put a cross next to the two statements that are always true. [2 out of 5]

At least 1 person in this group has a gross salary
of exactly € 3,200.

At least 1 person in this group has a gross salary
of exactly € 5,690.

At least 6 people in this group have a gross salary
of at most € 3,200.

At most 1 person in this group has a gross salary
of more than € 5,690.

At least 5 people in this group have a gross salary
of more than € 5,690.

0|0 d| g

[0/1p.]
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Task 22

Christmas Presents

According to a survey, 87 % of the Austrian population buy Christmas presents. Out of this
section of the population, 3 % are “last-minute shoppers”, who only start buying presents a few
days before Christmas.

Data source: https://ooe.orf.at/stories/3020487/ [07.11.2019].
Task:

Using the data from this survey, determine the proportion p of “last-minute shoppers” of the
Austrian population as a percentage.

p = %

[0/1p.]
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Task 23

Binomial Coefficients

Let @ and b be two natural numbers with 0 <a <b < 9.
For two binomial coefficients, the following statement holds:
(2)= )

al  \b

Task:

Write down an expression for a in terms of b.

a =

[0/1p.]
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Task 24

Expected Values and Standard Deviations

Let X and Y be two random variables, which can each take exactly 7 integer values with a positive
probability. The probability distributions for X and Y are shown below.

PX = k)
0.4 1

0.3 1
0.2

0.1 4

0.0 1 |

P(Y = K)
0.4

0.3 4

0.2 A

0.1 4

0.0 T ! T T I I I

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

For the expected values E(X) and E(Y), the statement @ holds;
for the standard deviations ¢(X) and o(Y), the statement @ holds.
® ®
EX) < E(Y) [] oX) < o(¥) []
EX) = E(Y) [] o) = a(Y) []
EX) > E(Y) [] o) > o(Y) []

[0/72/1 p.]
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Task 1

Sum and Product of Two Numbers
Let a and b be two numbers with a, b € R suchthata+b=a-b
Task:

Justify in general why it is not possible for both a and b to be negative under this condition.

[0/1p.]
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Task 2

Pure Water

Pure water consists solely of water molecules. It can be assumed that one water molecule has a
mass of 3 - 1022 g.

Task:

Determine the number of water molecules in 3 kg of pure water.

[0/1 p.]
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Task 3

Rental Properties

Alexander rents out four apartments.
The table below shows the gross rents and the running costs for a particular year.

gross rent (in €) | running costs (in €)
apartment 1 4800 1200
apartment 2 5500 1400
apartment 3 6000 1800
apartment 4 7000 1900

The columns of the table can be written as vectors. The vector B gives the gross rents, and the
vector K gives the running costs.

The gross rents are the sum of the net rents and the running costs. The profit (after tax) is 60 % of
the net rents.

Task:

Determine the vector G, whose components give Alexander’s profits from renting the four
apartments.

[0/1p.]
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Task 4

Point on the Side of a Rectangle

A rectangle with vertices A, B, C and D is shown below. The point T divides the line segment CD
in a ratio of 3 : 1 (see diagram below).

D T C

For the point T, the following statement holds:
—> —>
T=A+r-AB+s-DA withr,se R

Task:
Determine r and s.

=

S =

[0/72/1 p.]
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Task 5

Two Lines in Three-Dimensional Space
Let g and h be two lines in R®,

e g:X=A+t-a with teR
e :X=B+s-b with seR

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

If ® holds, then the lines g and h must @
©) ®
Ag¢handa=hb L] intersect ]
B € g and a-b=0 [] be identical ]
a=r-b with re R0} and B¢ g | [ be skew ]

[0/1p.]
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Task 6

Quadrilateral

The diagram below shows a quadrilateral.

C

Task:

Using the required side lengths, write down a formula that can be used to calculate tan(f).

tan(g) =

[0/1p.]
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Task 7

Containers
Cylindrical containers are produced that all have the same volume V.

The function h describes the height of one such container in terms of the area G of its base
(G in cm?, h(G) in cm). The graph of the function h is shown in the diagram below.

h(G)incm
251

20
15
10
5
0

G incm?
I I I I I I I I I I I
0O 5 10 15 20 25 30 35 40 45 50 55

Task:

Determine V.

[0/1p.]



Task 8

Properties of Functions

Real functions including the parameters a € R and b € (0, 1) are shown below.

Task:

KL22 PT3 Teil-1-Aufgaben (11. Janner 2023) Englisch.pdf

Match each of the four equations of functions shown below to the corresponding property from

AtoF
fix)=a-x+b fx) = fi=x) forall x € R holds.
fxy=a-x2+b
fix) = —f(-x) forall x € R holds.
fix)=a - b
fix) =a - sin(b - X) fis strictly monotonically decreasing in R.

f has exactly two zeros.

fis concave down for all x € R.

f has exactly one zero.

[0/72/1 p.]
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Task 9

Falling Ball

A ball falls from a viewing platform. The function h models the height of the falling ball above the
ground in terms of the time t.

The following statement holds: h: R; — R, h(t) =30 -4.9 - 2 (tin s, h(f) in m).
Task:

Determine the point in time at which the ball is 4 m above the ground.

[0/1 p.]
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Task 10

Costs of a Business

The function K with K(x) = 100 - x3 - 1800 - x2 + 11200 - x + 20000 gives the total cost in euros
to a company when it produces x (in tonnes) of a particular product.

Task:

Determine the production amount (in tonnes) for which the total cost is € 48,000 higher than the
fixed costs.

[0/1p.]
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Task 11

Height of a Tree

The height of a particular tree can be modelled by an exponential function for the first 15 years
after planting.

This tree has a height of 2.2 m 10 years after planting and a height of 2.7 m 15 years after
planting.

Task:

Determine the height of this tree at the time of planting.

[0/1p.]
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Task 12

Graph of a Sine Function

The diagram below shows the graph of the sine function f with f(x) = a - sin(b - x) with
a,beR".

The graph of f goes through the points P, = (3m, 3) and P, = (4m, Q).

fx)

Task:

Write down the values of a and b.

a=

b=

[0/72/1 p.]
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Task 13

Population Growth

In a particular country, the population has increased rapidly since 1960.
B(f) gives the population of this country in year t.

Task:

B(2017) — B(1960)

Interpret B(1960)

= 3.23 in the given context.

[0/1p.]
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Task 14

Fuel Consumption

The function V describes the amount of fuel in the tank of a car in terms of the distance x
covered. After a journey of x kilometres, there are V(x) litres of fuel in the tank.

The car has completed a journey of 180 km without refuelling.
Task:

Using the function V, write down an expression that can be used to calculate the average fuel
consumption (in litres per kilometre) for this journey.

[0/1p.]
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Task 15

Differentiation Rules
Let g: R — R and h: R — R be differentiable functions and k € R.

Task:

Put a cross next to each of the two statements that are always true. [2 out of 5]

For the real function f with f(x) = g(x) — h(x) the
statement f'(x) = g’'(x) — h'(x) holds.

]

For the real function f with f(x) = h(k - x) the
statement f'(x) = h'(k - x) holds.

For the real function f with fix) = k - g(x) the
statement f'(x) = k - g’(x) holds.

For the real function f with f(x) = g(x) + k the
statement f'(x) = 9’(x) + k - x holds.

For the real function f with f(x) = g(x) + h(x) the
statement f'(x) = g'(x) - h'(x) holds.

OO

[0/1p.]
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Task 16

Overtaking
The acceleration of a particular vehicle whilst it is overtaking is described by the function a.

The following statement holds:
af)=-t*+3-t? with 0<t<3

t ... time since the vehicle starts to overtake in s
a(t) ... acceleration of the vehicle at time t in m/s?

The function v assigns each time t to the velocity of the vehicle v(t) (in m/s).
When the vehicle starts to overtake, the vehicle’s velocity is v(0) = 20 m/s.
Task:

Write down an equation of the function v.

[0/1p.]
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Task 17

Second Derivative

The diagram below shows the graph of the 2" derivative f” of a 3@ degree polynomial
function f. The graph of " is a straight line that goes through the origin.

(%)
fll

Task:

Put a cross next to each of the two diagrams that could represent the graph of a polynomial

function f as described above. [2 out of 5]

[0/1p.]



Task 18
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Definite Integral

Each of the four diagrams below shows the graph of the quadratic function f. The graph of f

crosses the x-axis at x =-1 and x = 2. The local minimum of fis at x = 0.5.

Task:

Match each of the areas shaded in grey in the four diagrams to the corresponding expression that

can be used to calculate the size of the area from Ato F.

; 441(x)
3_
2_
14
0

4 -3 -2 \
2

3
_4-

o| 1

k

O“'\.’(f’*?
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4 -3 -2 5

0 1

\

fix)
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0
4 3 2 \
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3
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1

0
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—2

3_
4
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Task 19

Course Participation

In the time period from 2015 to 2020, a particular course was offered every year in an educational
institution. The table below shows the number of course participants for each year in this time
period. The number of course participants in 2016 is given by x.

year | number of course participants
2015 12
2016 X
2017 11
2018 12
2019 12
2020 15

The mean number of course participants in the time period from 2015 to 2020 is 12.
Task:

Determine x.

[0/1 p.]
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Task 20

Success and Failure

A particular random experiment comprises n independent trials (n € N\{0}). Each trial results in
“success” with a probability of p; otherwise the trial results in “failure”.

Task:

Describe a possible event E for this random experiment that occurs with probability 1 — (1 - p)".

[0/1p.]
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Task 21

Coin Toss

A random experiment involves tossing a coin many times. After each toss, the coin shows either
“heads” or “tails”. The probability that the coin shows “heads” is equal to the probability that it
shows “tails” after each toss. The results of the tosses are independent of each other. The coin is
tossed as many times as it takes until the second “heads” or the second “tails” appears.

The random variable X describes the number of required tosses.

Task:

Determine the probability P(X = 3).

[0/1p.]
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Task 22

Binomial Coefficient

(120> is a binomial coefficient.

Task:

Put a cross next to each of the two amounts that correspond to the binomial coefficient <12O> .
[2 out of 5]

the amount of two-element subsets of a set with ten elements

the amount of numbers that can be created with two digits

the amount of possible ways of selecting two people from a group of
ten people

the amount of possible results when a coin is tossed ten times

the amount of possible results when two ten-sided dice each with the
numbers from 1 to 10 on their faces are rolled

0|00

[0/1p.]
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Task 23

Probability Distribution
The diagram below shows the probability distribution for the random variable X.

PX =K
0.5

0.4+
0.3
0.2

0.1+

The random variable X only takes the values 1, 2 and 4 with a positive probability.
Task:

Determine the expected value E(X).

[0/1p.]
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Task 24

Wheel of Fortune

A wheel of fortune with 24 equally sized sectors is spun. Two of the sectors are green; all the
others are red.

For each spin:

e The pointer lands in each sector with equal probability.
e [f the pointer lands in a green sector, a prize is won.
e [f the pointer lands in a red sector, no prize is won.
The wheel of fortune is spun n times. The results of the spins are independent of each other.

Task:

Write down the expected value for the number of prizes won in terms of n.

[0/1p.]
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Rational Numbers

Statements about rational numbers are shown below.

Put a cross next to each of the two correct statements. [2 out of 5]

The statement a + b > 0 holds for all rational numbers a and b.

For each rational number a, there exists a rational number b
such that the statement a + b = 0 holds.

There are rational numbers a and b for which a - b < b holds.

If exactly one of the two rational numbers a and b, b = 0,

is positive, then the quotient % is always positive.

If at least one of the two rational numbers a and b is negative,
then the product a - b is always negative.

I I O O O A O

[0/1p.]
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Task 2

Item of Clothing

The price of a particular item of clothing was € 49.90 at the end of the year 2017. At this point in
time, it was 17.8 % more expensive than it had been at the beginning of the year 2017.

Task:

Determine the price increase in euros of the item of clothing over the course of the year 2017.

[0/1 p.]
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Task 3

School Sport Week

For a school sport week, a school books x rooms with four beds and y rooms with six beds at
a youth hostel. All of the rooms that are booked will be fully occupied.
The booking can be described by the system of equations shown below.

I. 4-x+6-y=>56
ILx+y=12

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

Exactly 4 rooms with four beds and exactly 6 rooms with six beds are booked.

Fewer rooms with four beds are booked than rooms with six beds.

Exactly 12 rooms are booked.

Beds for exactly 56 people are booked.

Do oo

Exactly 10 rooms are booked.

[0/1p.]
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Task 4

Vector Equations of Lines

The diagram below shows the two lines g and h. Three points are shown on each of the lines:
A B, Pegand B, C,Q € h.
In addition to this, a direction vector for each of the lines is shown.

Task:

Put a cross next to each of the two statements for which s, t € R with s =0 and t =0 can be
chosen such that the corresponding statement is true. [2 out of 5]

A=C+s-V+t-w []
B=C+s-v ]
B=Q+t-w []
A=P+s-v+t-w []
C=P+t-w []

[0/1p.]
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Task 5

Square

A square has vertices A, B, C and D. The vertex C = (5, -3) and the point of intersection of
the diagonals M = (3, 1) are given. The vertices A, B, C and D of the square are labelled in an
anti-clockwise direction.

Task:

Determine the coordinates of the vertices A and B.

[0/72/1p.]
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Task 6

Ramp

A ramp with a (sloped) length of d metres has been designed to overcome a vertical rise of
h metres (d > 0, h > 0). The angle of elevation of the ramp is given by «.

Task:

Put a cross next to each of the two equations that correctly describe the situation. [2 out of 5]

h
9= @ L
d=nh-cos(Q) []
h
- cos(90° - a) []
d=h-sin@0°-a) | []
d=~h-tan(a) []

[0/1p.]
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Task 7

Ideal Gas
The equation p -V =n-R - T models the relationship between the pressure p, the volume V, the
amount of substance n and the absolute temperature T of an ideal gas, whereby R is a constant

(V,n,Re R and p, T € R)).

The function p models the pressure p(T) in terms of the temperature T when the other quantities
given in the equation remain constant.

Task:
In the coordinate system shown below, sketch the graph of one such function p.

p(T)

[0/1p.]



Task 8

KL21 PT1 Teil-1-Aufgaben (Haupttermin 2021) Englisch.pdf

Types of Functions

Four types of functions as well as six tables of values of the functions f, to f, which each
correspond to a particular type of function, are shown below. The values of the function £, are

rounded to two decimal places.

Task:

Match each of the four types of function shown below to the corresponding table of values

(from A to F).

linear function

quadratic function

exponential function

sine function

X f.(x)
-2 -0.91
-1 -0.84

0 0

1 0.84

2 0.91

X 1)
-2 8
-1 2

0 0

1 2

2 8

X f,(x)
-2 -7
-1 -1

0 0

1 1
2 9

X f,)
-2 0.25
-1 0.5

0 1

1 2

2 4

X f.(x)
-2 -3
-1 -1

0 1

1 3

2 5

X f(x)
-2 -0.5
-1 -1
0 undefined

1 1

2 0.5

[0/75/1 p.]
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Task 9

Direct Proportion

The graph of a linear function f: R — R with f(x) =m - x + ¢ with m, ¢ € R goes through the
points A = (x,, 6) and B = (12, 16).

Task:

Determine the coordinate x, of the point A such that the function f describes a directly proportional
relationship.

Xy =

[0/1p.]
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Task 10

Quadratic Functions

The diagram below shows the graphs of the two real functions f and g. The following statements

hold:

fix)=a-x>+b with a,b € R
gx)=c-x2+d with ¢c,d e R

MECED
£

2 -

1

0 X

The points shown in bold have integer coordinates.
Task:

Put a cross next to each of the two correct statements. [2 out of 5]

d =10) []
b=d []
a=-c []
—fix) = g(x) forall x € R ]
f2) = 9(2) []

[0/1p.]
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Task 11

Half-Lives of Decay Processes

The three exponential functions N,, N, and N, each describe a decay process with the
corresponding half-lives ., T, and T,.
Sections of the graphs of these three functions are shown below.

Task:

Write down the half-lives T,, T, and T, in increasing order of magnitude. Start with the shortest
half-life.

[0/1p.]
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Task 12

Equation of a Function
The following information is known about a real function f: R — R™:

e f(1)=3
e For all real numbers x, fix + 1) is 50 % greater than f(x).

Task:
Write down the equation of one such function 7.

f(x) =

[0/1p.]
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Task 13

Diet

Hannes went on a diet that lasted ten weeks. At the start of each week and at the end of the diet,
he recorded his body mass (in kg). These values are shown in the diagram below.

body mass in kg

90 -

88 ¢

84 - i

82

80 A
? time in weeks

0 1 2 3 4 5 6 7 8 9 10

(@]

Task:

Write down the absolute change (in kg) and the relative change (in %) of Hannes’s body mass
from the beginning to the end of the diet.

absolute change: kg

relative change: %

[0/72/1p.]
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Task 14

Rates of Change of a Polynomial Function

The diagram below shows the graph of a polynomial function f and the point A = (x,, f(x,)) on the
graph of f.

A=(x,, f(x))

For an x, on the diagram above with x, > x,, the following conditions hold:
» The differential quotient of f at x, is negative.
* The difference quotient of fin the interval [x,, x,] is zero.

Task:

In the diagram above, label the point P = (x,, f(x,)) for which both of the conditions given above
are fulfilled.

[0/1p.]
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Task 15

Carp

The number of carp in a pond should be restricted to 800 carp. For modelling purposes, it
is assumed that the number of carp increases each year by 7 % of the difference from the
maximum number of 800 carp.

The number of carp after n years is given by F(n) and F(O) = 500 holds.

Task:

Put a cross next to the difference equation that correctly describes the development of the number
of carp. [1 out of 6]

F(n + 1) = F(n) + 0.07 - (800 — F(n))

F(n) = F(n + 1) + 0.07 - (800 — F(n + 1))

Fin + 1) = F(n) + 1.07 - (800 — F(n))

F(n + 1) = F(n) + 0.07 - (F(n) — 800)

F(n + 1) =800 - 0.07 - F(n)

N NN

F(n) = 800 — 0.07 - F(n + 1)

[0/1p.]



Task 16

Definite Integral

The function F is an antiderivative of the polynomial function .

Task:

Put a cross next to the expression that definitely corresponds to J.: fix)dx. [T out of 6]

KL21 PT1 Teil-1-Aufgaben (Haupttermin 2021) Englisch.pdf

]

0|0 0| d

[0/1p.]
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Task 17

Properties of a Function

The diagram below shows the graph of the first derivative f* of a polynomial function f.

'(x)

Task:

Put a cross next to each of the two statements that are definitely true about the function f.

[2 out of 5]
In the interval [-3, 3] the function fis strictly monotonically increasing. []
The graph of fis symmetrical about the vertical axis in the interval [-3, 3]. []
The function f has at least one point of inflexion in the interval [-3, 3]. []
In the interval [-3, 3] all values of the function f are positive. []
The function f has at least one local maximum or minimum in the interval [-3, 3]. | []

[0/1p.]
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Task 18

Water Inflow

A container is filled with water for 6 minutes.
The inflow rate gives the number of litres of water that flow into the container per minute.
The inflow rate Z(f) decreases linearly in terms of the time t.

The diagram below shows the graph of the function Z (t in minutes, Z(t) in litres per minute). The
points shown in bold have integer coordinates.

Z(t) in litres per minute
25 4
Z
20 A
15 A

10 4

tin minutes

Task:

Determine the number of litres of water that flow into this container in these 6 minutes.

litres

[0/1p.]
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Task 19

Entrance Exam

For a particular entrance exam, the maximum score is 10 points. The bar chart shown below
gives the relative frequencies of the points scored as a percentage.

25
20
15

10

relative frequency in %

0 1 2 3 4 5 6 7 8 9 10
points scored

The points scored in the entrance exam are shown in the box plot below.

I

a b

points scored

Task:

Determine a and b.

a=

b=

[0/72/1 p.]
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Task 20

Salaries

Seven people work at a small company. Their monthly salaries are given as follows:
€ 1500, € 2300, € 1500, € 1400, € 4500, € 2200, € 1300.

One more person is to be employed, but the median salary value will not change.

Task:

Based on the information given above, write down the largest possible salary of this additional
person.

[0/1p.]
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Task 21

Tossing a Coin

After being tossed, a coin shows either “heads” or “tails”. The probability of the coin showing
“heads” is exactly the same as the probability of the coin showing “tails” for each toss. The results
of the tosses are independent of each other.

In a random experiment, the coin is tossed 4 times.

Task:

Determine the probability of “heads” occurring more often than “tails” in this random experiment.

[0/1p.]
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Task 22

Probabilities of a Random Variable
A particular random variable X can only take the value —4, the value 0 or the value 2.

For the probabilities, the following statements hold:
P(X=-4)=0.3

PX=0)=a

PX=2)=b

a and b are positive real numbers.

The expectation value of X'is zero i.e. E(X) = 0.
Task:

Write down the values of a and b.

a=

b=

[0/72/1 p.]
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Task 23

Smoking Behaviour
According to a study, 34 % of all smokers want to quit smoking.
Task:

Interpret the expression shown below in the given context.

<200

. 57 . 143
57 > 0.34°" - 0.66

[0/1p.]
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Task 24

Corked Wine

The flavour of wine can be impaired by a particular substance that can get into the wine from the
cork. If this happens, the wine is said to be “corked”.

In a winery, all wine bottles from a particular vintage are sealed with corks from the same
production batch. During a later check of 200 wine bottles from this vintage, it is found that the
wine in 12 of these bottles is corked.

The relative proportion of corked wine bottles from a sample is given by h.

Task:

For this winery and this vintage, write down a 95 % confidence interval that is symmetrical about
h for the unknown relative proportion of wine bottles in which the wine is corked.

[0/1p.]
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Task 1

Difference between Two Natural Numbers

The following statement holds for two natural numbers n.and m: n = m.

For the difference n —m to be a natural number, a particular mathematical relationship between
n and m must hold.

Task:

Write down this mathematical relationship.

[0/1p.]
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Task 2

Quadratic Equation

Let x2-6-x+c =0 with ¢ € R be a quadratic equation.

Task:

Determine all ¢ € R such that the equation has no real solution.

[0/1p.]
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Task 3

Height

The components of the vector K, give the heights of the children of a particular school class (in
cm) at the beginning of a school year.

The components of the vector K, give the heights of these children (in cm) n months later

(n € N\{0}). (The heights given in both vectors K., and K, are ordered alphabetically by the names
of the children.)

Task:

Interpret the vector /17— - (K, = K,) inthe given context.

[0/1p.]
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Task 4

Cube and Vector

The diagram below shows a cube whose base ABCD lies in the xy-plane.

Z
IH G

Two vertices of this cube constitute a particular vector that goes in the direction of the vector
N 1
v={-1].

—1

Task:

Put a cross next to this vector. [7 out of 6]

H
EC

H
FD

H
GA

—

GD

—

HA

O oo o|d|d

—

HB

[0/1p.]
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Task 5

Vectors

The vectors a and ¢ are shown_i)n the c_g)org)inate system below.
The following statement holds: ¢ =2 - a + b.

Task:

Draw the vector B into the coordinate system below.

y

Ol

QL

T
-7

T
-6

T
-5

T
-4

T
-3

T
-2

[0/1p.]
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Task 6

Angles and Sides of Right-Angled Triangles

For particular right-angled triangles, the following statements hold:

The angles &, B and y are opposite the sides a, b and c in this order.
The angles are measured in degrees and the side lengths are measured in centimetres.

Furthermore, cos(a) :% and cos(y) = 0 hold.

Task:

Put a cross next to each of the two statements that are true for every one of these triangles.
[2 out of 5]

c=5cm []
B <90° L]
snB)=2 | [
a<b<c L]
tan(@)=0.75 | []

[0/1 p.]
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Task 7

Shirts

A company produces and sells shirts.

The linear function K describes the costs K(x) in euros in terms of the number x of items
produced.

The linear function £ describes the revenue E(x) in euros in terms of the number x of items sold.

The diagram below shows the graph of the function K and the graph of the function E.

K(X), E(x) in €
40000
30000
20000
10000 K
E
X in numbers of items
0 T T

| | T
0 100 200 300 400 500

The point of intersection of K and E has coordinates (200, 12000) and K(0) = 6000 holds.
Task:

Put a cross next to each of the two true statements. [2 out of 5]

The sales price of a shirt is € 60.

The production cost of a shirt is € 25.

If the company produces and sells 400 shirts, a profit
of € 6000 will be made.

There are no fixed costs in the production.

If the company produces and sells fewer than 200
shirts, a profit will be made.

O o g g

[0/1p.]
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Task 8

Revenue Function

For a particular product, the relationship between the amount in demand x and the demand price
p(x) can be modelled by the linear function p shown below.

X ... amount in demand in units of quantity, 0 < x < 12
pX) ... demand price for the amount x in monetary units per unit of quantity (GE/ME)

px) in GE/ME
3500

3000
2500
2000 p
1500
1000

500
x in ME

O T T T T T I T T T

0 2 4 6 8 10 12 14 16 18
For the revenue function E, the following statement holds: E(x) = p(x) - x.
Task:

Write down an equation of the function E.

Elx) =

[0/1p.]
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Task 9

Expansion of a Bridge

The length of a particular bridge is dependent on its temperature.

At a temperature of the bridge of =14 °C, it is 300 m long.

When the bridge warms up by 25 °C, it expands by 0.1 m.

The linear function / models the length of the bridge in terms of its temperature 7. Each
temperature T € [-20 °C, 40 °C] is associated with the length of the bridge /(T)

(T'in °C, I[(T) in m).

Task:

Write down an equation of the function /.

I(T) =

[0/1p.]
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Task 10

Two Quadratic Functions

A particular cross-section is bounded by the graphs of the quadratic functions f, and f, as well as
the lines x =-4 and x = 4.

The following statements hold:

fol-4,4 - R, x—a-x+b with a,b € R

f:[4,4 - R, x~c-x*+d with ¢c,d € R

The situation is represented in the diagram below.

4 f,(x), 1,(x)
f1 \

2_

1_

0 X

I I I I I I
4 -3 -2 - 0 1 2 3 1

-1

Task:

“ "

Complete the statements (1) and (2) below by choosing from the symbols "<”, “=”" or “>” so that
each sentence becomes a correct statement.

[0/72/1 p.]
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Task 11

Medication

The pain-relieving active ingredient of a medication reduces in the body of a particular patient
approximately exponentially. The amount of active ingredient decreases by 8 % per hour.

At time t =0 the amount of active ingredient is 700 micrograms.

Task:

Determine after which period of time (in h) the active ingredient in the body of the patient has
reduced to 100 micrograms.

[0/1p.]
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Task 12

Half-Life

The diagram below shows a model of the development of the radiation intensity of a particular
radioactive substance in terms of time.

1004 radiation intensity in %

90
80
70
60
50
40+
30
20

10
time in years

O T T T T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100 110 120
Task:

Write down the half-life T of the radioactive intensity of this radioactive substance.

T = years

[0/1p.]
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Task 13

Cooling

The differentiable function T assigns the time t > O to the temperature T(t) of a body (t in h,
T(t) in °C).

The diagram below shows the graph of this function T.

T{t)in °C

The following statement holds: T'(1) = -15.
Task:

Put a cross next to each of the two true statements. [2 out of 5]

At the time t = 2, the instantaneous rate of change of the temperature
of the body is smaller than —15 °C/h.

The temperature of the body one hour after the start of the cooling
process is 15 °C lower than at the time t = 0.

At the time t = 1, the instantaneous rate of change of the temperature
of the body is =15 °C/h.

73 = T1(1)

5 > —15.

The following statement holds:

0|00

Over the course of the first hour, the average speed of cooling of the
body is 15 °C/h.

[0/1p.]
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Task 14

Difference Equation

Let x ., =1.2-x -2 with n € N be a difference equation with the starting value x, € R.

!
Task:

Write down a formula that could be used to calculate x, in terms of x,,.

[0/1p.]
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Task 15

Derivative and Antiderivative
The polynomial function f has the derivative f* and the antiderivative F.
Task:

Put a cross next to each of the two statements that are true in all cases. [2 out of 5]

The expression F(a) gives the gradient of f at the point (a, fla)) ]
foralla € R.

The antiderivative F is unique. There exist no other
antiderivatives of f.

The derivative " is unique. There exist no other derivatives
of f.

The expression F’(0) gives the gradient of the function f at the
point (O, f(0)).

OO0

The following statement holds: F’(a) = f(a) for all a € R.

[0/1p.]
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Task 16

Derivatives

The graph of the 3 degree polynomial function f is shown below. The points marked in bold (the

minimum T, the point of inflexion W and the maximum H) have integer coordinates.

fix)

Various statements about the 1st and 2™ derivatives of f are shown below.

Task:

Put a cross next to each of the two true statements. [2 out of 5]

f0) >0 []
(0) > 0 ]
(1) >0 []
f2)>0 []
(2) > 0 ]

[0/1p.]
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Task 17

Petrol Consumption on a Journey on a Country Road

Maria drives her car on a country road for a distance of 10 km.
The function b gives the instantaneous petrol consumption b(s) (in L/km) in terms of the distance
covered s (in km) from the start of the journey (see diagram below).

b(s) in L/km

0.1+

sin km

The expression V has units L/km and can be calculated using the formula shown below.
_ L ) 10
V= 10 jo b(s)ds

Task:

Interpret V in the given context.

[0/1p.]
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Task 18

Statements about Definite Integrals

The diagram below shows the graph of the function fin the interval [0, 6].

fix)

Various statements about definite integrals of the function f are shown below.

Task:

Put a cross next to each of the two true statements. [2 out of 5]

j: fx)dx > jo fgdx | [
[[fgox>[fax | O
j: ) dx > jo fgdx | [
j: fx)dx = 0 []
jf fx)dx > 0 []
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Task 19

Results of a Mathematics Examination

For a particular mathematics examination, in which 30 pupils participated, the maximum possible
score was 48 points.
The results of this mathematics examination are represented below in a boxplot and a stem and

leaf diagram.
T T T T T T I T T T
0 5 10 15 20 25 30 35 40 45
points
tens digit | units digit
0 a 6,6,7,7,8,8
1 0,1,5,5,9
2 1,5,8
3 b,3,33,3,4,4,5,5,7,8,8,9
4 0,0
Task:

Write down the values of a and b.
a =
b=

[0/72/1 p.]
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Task 20

Changing Numbers

A particular list of data comprises 100 numbers x,, x,, ..., X,,,. The mean of the list of data is 86,

the minimum value is 29, and the maximum value is 103.

A second list of data also comprises 100 numbers. This list is generated by subtracting 20 from
each number in the original list of data.

Task:
Write down the mean and the range of the second list of data.

mean:

range:

[0/72/1p.]
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Task 21

Two-Step Random Experiment

A random experiment can either result in a “success” with a probability of p or a “failure” with a
probability of 1 —p.

This random experiment is conducted twice. Each experiment is independent of the other. The
probability that at least one of these experiments results in a “success” is 0.36.

Task:

Determine the probability p.

[0/1p.]
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Task 22

Selection Possibilities

In a particular competition, annual passes for the zoo can be won.
In this competition, 1000 people have each participated 1 time.
To determine the winners, two people are selected at random.

Task:

Write down the number of possibilities of randomly selecting these 2 people from the
1000 participants.

The number of selection possibilities is:

[0/1p.]
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Task 23

Short-Sightedness

The approximately normally distributed random variable X gives the number of short-sighted
people in a sample. The function fis the density function of the random variable X and takes its
maximum value when x = 2000. The graph of f is shown in the diagram below.

1
2000 2060

The area of the region shaded in grey is 0.46.
Task:
Write down the probability that there are at least 2060 short-sighted people in this sample.

P(“at least 2060 short-sighted people”) =

[0/1p.]
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Task 24

Binomially Distributed Random Variable

A particular random experiment with an unknown probability of success p is conducted 400
times. The binomially distributed random variable X gives the number of successes. For the
expectation value the following statement holds: u = 80.

Task:

Determine the probability of success p as well as the standard deviation ¢ of the random
variable X.

p:

0=

[0/72/1 p.]
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Task 1

Representations of Numbers

There are various ways of representing numbers. For example, % = 0.5 can be represented as a
terminating decimal number, or = = 0.16 can be represented as a recurring decimal number.

6
Statements about the possible representations of various numbers are shown below.

Task:

Put a cross next to each of the two correct statements. [2 out of 5]

Every rational number can be represented as a terminating
decimal number or a recurring decimal number.

Every real number can be represented as a fraction of two
integers.

Every fraction of two integers can be represented as a
terminating decimal number.

There are rational numbers that cannot be represented as
a fraction of two integers.

There are square roots of natural numbers that cannot be
represented as a fraction of two integers.

O o g g

[0/1p.]
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Task 2

Braking

A car travels at a velocity of 30 m/s. The driver applies the brakes until the car comes to a
complete stop such that the velocity of the car decreases by b m/s per second.

The time period from when the driver begins to apply the brakes until the car comes to a
complete stop is given by t (t in s).

Task:

Write down an equation that describes the relationship between t and b.

[0/1p.]
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Task 3

Parameter of a Quadratic Equation
Let X2+ k-x+4-k=0 be a quadratic equation with parameter k € R.
Task:

Determine two distinct values k, and k, of k for which the equation above has exactly one
solution.

[0/72/1 p.]
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Task 4

System of Equations

Equation I of a system of linear equations with two equations in the two variables x and y is
shown below.

L2-x+y="1

The system of equations has no solutions.

Task:

Write down an appropriate equation II in x and y.

1I:

[0/1p.]
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Task 5

Point on a Line

The line g goes through the points A and B and can be described by the equation
g:X=A+t-AB with t € R.

For the point C € g, it is known that t =-1.5.

Task:

Plot the point C on the diagram below.

[0/1p.]
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Task 6

Staircase

The diagram below shows a staircase with step height h (in cm), step length [ (in cm) and angle of
elevation ¢.

The following conditions must be satisfied:
e« 2-h+[=63
e The step length [ lies in the interval [21 cm, 36.5 cm].

Task:

Determine the smallest and largest possible angles of elevation ¢ (in °) such that the conditions
stated above are satisfied.

smallest possible angle of elevation ¢: °
largest possible angle of elevation ¢: °

[0/72/1 p.]
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Task 7

Pairs of Values

The diagram below shows the graph of a quadratic function f. The points shown in bold have
integer coordinates.

fix)

Task:

Complete the following sentence below by putting a cross next to one of the given possibilities for
each gap so that the sentence becomes a correct statement.

For @ it holds that f(x) < 5; for x € [3, 5], it holds that @
® @
x €1, 5] [] fix) € [1, 2] []
X € [2, 6] [] fix) € [0, 1] []
x €[3,7] [] fix) € [2, 5] []

[0/72/1p.]
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Task 8

Point of Intersection of a Line with the x-axis

Every equation of the form y=m - x + ¢ with m, ¢ € R describes a line in two-dimensional
space.

Task:

Write down the conditions that must be satisfied by the parameters m and ¢ of a line such that
this line has no point of intersection with the x-axis.

condition for m:

condition for c:

[0/72/1p.]
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Task 9

Areas of Rectangles

The function f assigns the width x (with x > 0) of a rectangle with an area of 26 cm? to the
length f(x) (x, f(x) in cm).

Task:
Write down an equation of the function f.

fx) =

[0/1p.]
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Task 10

Degree of a Polynomial Function

The graph of the polynomial function f is shown below. Outside of the section of the graph
shown, f has no zeros, maxima, minima, or points of inflexion.

x)

Task:

Justify why the degree of f must be at least 4.

[0/1p.]
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Task 11

Physical Performance
As part of a study, the physical performance of a particular group of people is investigated. The
result is given in points. It can be assumed that this point score decreases exponentially as a

person ages.

Lena is one of these people. Her scores are shown in the following data set:

age in years 55 60
number of points | 1800 | 1650

Task:

Using an exponential model, determine the age from which the model predicts Lena will score at
most 1200 points.

[0/1p.]
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Number of Inhabitants

It has been recorded how the number of inhabitants in various cities has changed in the last five

years.

Two of the situations given below can be described as exponential growth of the corresponding
number of inhabitants.

Task:

Put a cross next to each of the two situations that can be appropriately described with an

exponential function. [2 out of 5]

The number of inhabitants increased each year by 11—0 of the
number of inhabitants of the previous year.

The number of inhabitants increased by 10000 in the first
year, by 20000 in the second year, by 30000 in the third year,
by 40000 in the fourth year and by 50000 in the last year.

The number of inhabitants was always 5 % greater than in the
previous year.

The number of inhabitants was always 20000 greater than in
the previous year.

The number of inhabitants was 5 % greater than in each
of the previous years for the first two years and then 15 %
greater than in each previous year in subsequent years.

[0/1p.]
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Task 13

Boundary of an Interval

Let f be a function with equation f(x) = —x*+ 3 - x + 2.

In the interval [0, b] (with b > 0), the average rate of change of f is exactly zero.
Task:

Determine the boundary of the interval b.

b=

[0/1p.]
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Task 14

Grape Juice

A particular container is filled with grape juice. The function f describes how full the container is
with grape juice in terms of the time t. The following conditions hold:

¢ The container is filled without interruption.
e The increase of the liquid in the container slows down continuously (i.e. strictly monotonically).

t ... time since the container began to be filled in s
f(t) ... how full the container is with grape juice at time t in cm

t,, t, ... two particular times during which the container is being filled with t, < t,

Task:

Put a cross next to each of the two true statements. [2 out of 5]

The 1% derivative of f is positive at time t..

The 1° derivative of fis negative at time t,.

The 18t derivative of f at time t, has the same value as
the 1% derivative of f at time .

The 2™ derivative of f is positive at time t..

0|00

The 2" derivative of fis negative at time t,.

[0/1p.]
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Task 15

Velocity-Time Function

The function v(t) gives the velocity of a particular body at time t (t in s, v(t) in m/s). The graph of v is
shown in the diagram below.

v(t) in m/s
10+

tins

Statements about the distance-time function s and the acceleration-time function a for this
movement are shown below (t in s, s(f) in m, a(t) in m/s?).

Task:

Put a cross next to each of the two true statements. [2 out of 5]

The statement s(10) < 10 holds.

There exists a time t, € [0, 30] with a(t,) = 0.

At the time t = 15, the acceleration is maximal.

The statement s(30) — s(0) > 300 holds.

NN

Forall t,,t, € [0, 30] with t,>t, the statement s(t,) > s(t,) holds.

[0/1p.]
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Task 16

Monotonicity and Concavity

Let f be a polynomial function with two x-values x, and x, where x, < x,.
For the first derivative  of f, the statements f'(x,) <0 and f(x,) > 0 hold.

Task:

Put a cross next to each of the two statements that are definitely true. [2 out of 5]

1772

In the interval (x,, x,), there is at least one x-value x, for ]
which f'(x,) = 0.

The function f has a local maximum in the interval (x,, X,).

The function f has a point of inflexion in the interval (x, x,).

The graph of f crosses the x-axis at least once in the

interval (x., x,).

OO0

The concavity of f changes in the interval (x,, x,).

[0/1p.]
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Task 17

Definite Integral

The polynomial function f: R — R has a particular antiderivative F. Pairs of values for this
antiderivative F are shown below.

Y
=

| IN|=]|O|X
[N EE T @)

—_ |
o |O

The function g: R = R with g(x) = f(x) + 2 is also given.
Task:

Determine J.j g(x)dx.

[0/1p.]
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Task 18

Inflow and Outflow

The amount of liquid in a particular container changes due to inflow and outflow.
The real function r assigns each point in time t € [0, 6] to the instantaneous rate of change r(t) of
the amount of liquid in this container (t in h, r(f) in I/h).

3 rit)inl/h
2_
B
17 ,
tinh
0 T
1 0 1
_2—
_3—

The following statements hold:
[‘rityat=2 and [ ritydt=-8
0 2

Task:

Put a cross next to each of the two true statements. [2 out of 5]

It is possible that at time t = 0 there are exactly 5 | of
liquid in the container.

At time t = 2, there are exactly 2 | of liquid in the
container.

At time t = 2, there is the greatest amount of liquid in
the container.

At time t = 4, there is less liquid in the container than
attime t=06.

At time t = 6, there are 6 | less liquid in the container
than at time t = 0.

0|0

[0/1p.]
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Task 19

Vocabulary Test

In a test, 16 school pupils are asked to

translate 10 words.

The bar chart on the right shows the

result of this test.

Task:

number of pupils
o =<2 N W M O

o 1 2 3 4

number of words translated correctly

5

6

7

8

9 10

Put a cross next to the boxplot that correctly displays the data from the bar chart. [7 out of 6]

- :

4 5 6 7 8 9 10
number of words translated correctly

o 1 2 3 4 5 6 7 8 9 10
number of words translated correctly
o 1 2 3 4 5 6 7 8 9 10
number of words translated correctly
o 1 2 3 4 5 6 7 8 9 10
number of words translated correctly
o 1 2 3 4 5 6 7 8 9 10
number of words translated correctly
o 1 2 3 4 5 6 7 8 9 10
number of words translated correctly

[0/1 p.]
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Task 20

Supplementing a List of Data

A list of data contains the following values:
17, 20, 22, 25, 27, 28, 30, 31

Task:

Supplement the list of data by adding two integer values a and b to the list, so that the
median m =26 and the mean x = 25 remain the same.

a=

b=

[0/1p.]
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Task 21

Fire Service Call-Outs

The fire services in Lower Austria published the following data about the number of call-outs in
the year 2017.

total 65270
in which the following were mentioned specifically:

rescue 2395
fire 4026
fire safety monitoring 12708
false alarms 5283

Data source: https://www.noen.at/niederoesterreich/chronik-gericht/bilanz-noe-feuerwehren-mussten-im-vorjahr-65-000-mal-ausruecken-
bilanz-feuerwehr-noe-feuerwehreinsaetze-79417723 [23.09.2019].

Task:
Using the data provided above, write down the relative frequency h of call-outs that were for a fire.

h =

[0/1 p.]
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Task 22

Sectors of a Wheel of Fortune

A particular wheel of fortune has three sectors of different sizes. One of these sectors is coloured
green, one is coloured red and one is coloured yellow.

The probability that the pointer on the wheel of fortune lands on the yellow sector after being
spun takes a constant value p for every spin of the wheel of fortune (independent of the previous
spins).

Task:

Describe a possible event in the context described above whose probability can be calculated by
(1-pp.

[0/1p.]
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Task 23

Competition

A code for a competition is printed on the label of a bottle of drink.

e The probability of winning € 10 with this code is 1 %.
e The probability of winning € 2 with this code is 4 %.

There are no other amounts that can be won.
The random variable X gives the amount of money (in €) won for a code.
Task:

Determine the expectation value E(X).

[0/1p.]
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Task 24

Approximation with the Normal Distribution

A binomially distributed random variable is approximated by the normally distributed random
variable X with expectation value u and standard deviation o.

Task:

Put a cross next to each of the two expressions whose value is at least 66 %. [2 out of 5]

PO <X < 1) []
P(u < X) []
PIX < - 0) ]
Plu-o<X<u+o) | L]
Pu-2-0<X) []

[0/1p.]
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Task 1

Numbers and Sets of Numbers
Five statements about numbers and sets of numbers are given.
Task:

Put a cross next to each of the two correct statements.

% is a rational number.

—4/100 is an integer.

v/ 156 has a terminating decimal representation.

/2 is a rational number.

-4 is not the square of a real number.

0|0 d| g

[0/ 1 point]
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Task 2

Prize Distribution

A team consisting of three players wins € 10,000. The prize is divided up as follows: player B
receives 50 % more than player A, player C receives 20 % less than player B.

The variable x represents the amount of money that player A receives (x in €).
Task:
Write down an equation that can be used to calculate x.

[0/ 1 point]
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Task 3

Delegation
A delegation is to be formed from a large group of youths and adults.

The following three rules should apply:

1. The delegation should consist of at least 8 members.
2. The delegation should consist of no more than 12 members.
3. The delegation should consist of at least twice as many youths as adults.

Two of the three rules have been described by inequalities below. The number of youths in the
delegation is described by J and the number of adults in the delegation is described by E.

Task:

Put a cross next to each of the two correct inequalities.

J+E<12

J>2 - -E

J+E<8

J-2-E<O

Do oo

E>2-J

[0/1 point]
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Task 4

Directions on a Compass

The illustration below shows a symmetric wind rose showing the compass points.

y

-a
The velocity of a ship travelling in a north-west (NW) direction is described by the vector U= ( a )
witha € R".

Task:

Write down a vector 7 that describes the velocity of a ship travelling in a north-east (NE) direction.

9
V =

[0/ 1 point]
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Task 5

Scaling Coordinate Axes

The following coordinate system with axes in different scales shows a straight line g.

a has been marked on the x-axis and b has been marked on the y-axis. Both a and b are
integers.

The line g is described by y =-2 - x + 4.

Task:

Determine a and b.

a =

b=

[0/ Y2/ 1 point]
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Task 6

Train Track

The slope of a straight train track is measured in per mille (%o). For example an altitude change of
1 m per 1000 m distance travelled horizontally translates to a slope of 1 %eo.

Task:

Write down an equation with which one can exactly calculate the angle of the slope a (o > 0) of a
straight train track with a slope of 30 %eo.

[0/1 point]
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Task 7

Cost Function

The total costs that accumulate while producing a product can be modelled using the
differentiable cost function K. In this function, K assigns the cost K(x) (x in quantity units (QU),
K(x) in monetary units (MU)) to the production volume x.

The following conditions apply for the cost function K: [0, x,] — R and x, with 0 < x, <X,:

e K is strictly monotonically increasing in the interval [0, x,].

e The fixed costs are 10 MU.

* The cost function is digressive in the interval [0, x,), which means the costs rise more slowly
as the production volume increases.

* The point of cost reversal lies at a production volume of x,. The point of cost reversal of K is
the point from which the costs rise more and more.

Task:

Sketch the shape of the graph of one such cost function K into the coordinate system below.

K(x) in MU
30 -

25
20
15

10

[0/ 1 point]
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Task 8

Train

A train moves forward at a constant speed until the time t = 0. After the time t = O, the train
increases its speed.

The function v assigns the point in time t with 0 <t <60 tothe speed v(f)=a-t+b
(tins, v(t)inm/s,a, b € R).

Task:

Complete the following sentence by putting a cross next to one of the given possibilities for each
gap so that the sentence becomes a correct statement.

For parameter a ® holds and for parameter b ® holds.
® @
a<0 [] b<0 []
a=0 [] b=0 []
a>0 [] b>0 []

[0/ Y2/ 1 point]
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Task 9

Linear Function

Alinear function f: R — R with fix) =k -x+d with k,d € R and k=0 is given.

f5) - fla)

5 =k fora € R holds.

Task:
Determine a.

a =

[0/1 point]
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Task 10

Grape Harvest
The grape harvest in a vineyard progresses faster the more people are involved. The function f
models the indirectly proportional relationship between the time needed to harvest the grapes

and the number of people involved. f(n) describes the time needed to harvest the grapes when n
people are involved (n € N\{0}, f(n) in hours).

Task:

Write down f(n), if it is known that the time needed to harvest the grapes when 8 people are
working is 6 hours.

f(n) = with n € N\{O}

[0/ 1 point]
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Task 11

Number of Animals

It can be assumed that the number of animals of a specific species of animals on earth increases
by 1.8 % each year.

Task:

Determine the time period in years that it takes for the number of animals of this species to
double on earth.

Duration: approximately years

[0/1 point]
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Task 12

Movement on a Circle

A point P moves counter-clockwise along a circle with centre M = (0,0) at constant speed.
At the beginning of the motion (at time t = 0), the point P lies on the positive x-axis, as shown in
the following illustration.

The function f assigns the time t to the second coordinate f(t) = a - sin(b - t) of the point P at
the time t (tin's, f(t) in dm, a, b € R"). The following illustration shows the graph of f, which goes
through the point H, whereby f(1.5) = 0 holds.

~

Task:

Determine the radius of the circle and the period of the point P (the time required for one
revolution).

Radius of the circle: dm
Period: S

[0/72/1 point]
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Task 13

Absolute and Relative Change of a Function

The absolute change of a function f: R — R in aninterval [a, b], is described by A. The relative
change of fin an interval [a, b] is described by R, whereby f(a) # 0 and a <b hold.

Task:
Write down an equation that shows the relationship between A and R.

[0/ 1 point]
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Task 14

Price of Oil

The following diagram shows the price trend for crude oil in the period from 8.6.2012 until
8.9.2012.
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Source: http://www.heizoel24.at/charts/rohoel [14.12.2012] (adapted).

Task:

Determine the average rate of change of the price per barrel of crude oil per month during the
period from 1.7.2012 until 1.9.2012.

average rate of change: Euros per barrel of crude oil per month

[0/1 point]
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Task 15

Population

The number of deer in a forest at the end of the year i (/ = 1, 2, 3) is described by R.. By the end
of the first year, there are 60 deer in this forest.

The following equation describes the development of the population of the deer.
R.,,=12-R-2fori=1,2

Task:

Determine the number of deer in this forest at the end of the third year.

The number of deer at the end of the third year is

[0/ 1 point]
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Task 16

Growth of a Plant

At the beginning of a three week long observation process, a certain plant is 15 cm tall. The
instantaneous rate of change of the height of this plant is modelled by the function v in terms of
the time t.

The following holds:

v(t)=3-0.3-t2 with t € [0, 3] in weeks and v(t) in cm/week

The function h assigns each time t € [0, 3] to the height h(t) of the plant (t in weeks, h(f) in cm).
Task:

Write down h(f).

h(t) =

[0/ 1 point]
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Task 17

Graphs of Curves

The four graphs given below on the left each show a tangent t to a polynomial function f at a
point P = (x,,f(x.)). The point P is the only common point between the graph of f and the
tangent t. In the table given below on the right, there are six statements about '(x.) and ”(x,).

Task:

Match each of the four graphs to the corresponding statement (from A to F).

f'(x,) >0 and f"(x.) >0

f'(x,) >0 and f"(x,) <0

and ”(x,) >0

f'(x.)) <0 and f"(x.) <O

m|O|l O || X>»
X
=
A
o

f'(x.) >0 and f"(x,)

0

0

n
]

=<
AN
o

and (x,)

[0/ Y2/ 1 point]
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Task 18

Comparison of Definite Integrals

Five graphs of polynomial functions are illustrated below.

Task:

Put a cross next to the two graphs for which I_: f(x)dx > E f(x)dx holds.

f

7 6 5 -4 3 2 -

34
2
14
0

-2
-3

[0/ 1 point]
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Task 19

GDP 2018

The gross domestic product (GDP) of Austria in the year 2018 amounted to 385.71 billion Euros.
Source: https://de.statista.com/statistik/daten/studie/14390/umfrage/bruttoinlandsprodukt-in-oesterreich/ [21.11.2019].

If the revenue generated from exports exceeds the expenditures from imports then there is

an account surplus. Otherwise there is an account deficit. The following illustration shows the
account surpluses and deficits, respectively, for certain countries as account balances given as a
percentage of each GDP for the year 2018.

account balances 2018 given as a % of the GDP

deficit surplus
Netherlands 11.2
Germany 7.7
[taly 2.6
Austria 2.5

—0.2 | Czech Republic
-0.3 Hungary
-0.4 Poland
-0.6 France
-1.6 Slovakia

Source: https://www.oenb.at/isaweb/report.do?report=10.18 [21.11.2019].
Task:
Calculate the account surplus (in billions of Euros) for Austria in the year 2018.

account surplus: billion Euros

[0/1 point]
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Task 20

List of Numbers

A'list of numbers x,, X,, X;, ..., X,,, for which x, < x, < ... <x,, holds, is given.

Task:

Put a cross next to the number that can be added to the list of numbers above so that the
median of the given list does not change.

Xi + Xy
2

X+ Xuo

O oo o|d|d

[0/ 1 point]
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Task 21

Favourite Subject

All children attending the first or second grade of a school were asked what their favourite subject
was. Each child was allowed to choose exactly one subject. The following table shows the
gathered data.

favourite other favourite
subject math | subject
first graders 47 241
second graders 33 287
total 80 528

A child attending the first grade is randomly selected. (The probability of selecting any child from
the first grade is the same for all first graders.)

Task:
Calculate the probability that this child chose math as his or her favourite subject.

[0/ 1 point]
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Task 22

Probability Distribution

An urn holds only white and black balls. Three balls are selected without replacement. The
random variable X describes the number of white balls drawn from the urn.

The following table shows the probability distribution of the random variable X.

X 1 2 3
P(X = x) 0.3 0.6 0.1

Task:

Put a cross next to each of the two correct statements.

The probability of selecting no more than two white
pballs is 0.9.

The probability of selecting at least one white ball
is 0.3.

The probability of selecting more than one white ball
is 0.6.

The probability of selecting exactly two black balls and
one white ball is 0.1.

The probability of selecting at least one black ball
is 0.9.

0|00 d|d

[0/ 1 point]
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Task 23

Room Booking

A hotel manager assumes, due to years of experience, that every room booking made
independently from another room booking is cancelled with a probability of 10 %. For a specific
date, he accepts 40 independent room bookings.

Task:

Calculate the probability that no more than 5 % of the 40 room bookings on that specific date are
cancelled.

[0/ 1 point]
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Task 24

Conditioning Experiment
During a conditioning experiment, German shepherds learn to operate a mechanism to receive
feed. After a training phase in which 50 German shepherds participate, 40 of them can operate

the mechanism.

The relative proportion of these German shepherds that can operate the mechanism after the
training phase is described by h.

Out of this data, a confidence interval [a, 0.91] symmetrical to h with a € R for the unknown
proportion p of all German shepherds that can operate the mechanism after such a training
phase is determined.

Task:

Determine the lower boundary a of the confidence interval.

[0/ 1 point]
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Task 1

Calculation Operations
Let a and b be two natural numbers for which b # 0 holds.

Task:

Put a cross next to each of the two expressions that always result in a natural number.

a+h ]
a-b ]
° O]
a-b ]
45 O

[0/ 1 point]
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Task 2

Active Ingredient

A particular medication is consumed in liquid form. Per millilitre of liquid, there are 30 milligrams
of the active ingredient. Martin consumes 85 millilitres of this medication. 10 % of the active
ingredient reaches his bloodstream.

Task:

Write down how many milligrams of this active ingredient reach Martin’s bloodstream.

milligrams of the active ingredient reach Martin’s bloodstream.

[0/ 1 point]
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Task 3

Movement of a Body

A body moves in a straight line with a constant velocity of 8 m/s and covers 100 m.
Task:

Interpret the solution to the equation 8 - x — 100 = O in the given context.

[0/ 1 point]
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Task 4

Vectors

The diagram below shows four points P, Q, R and S as well as two vectors Uand V.

Q

R
L]
-
\
P
(]

i
u .

Task:

Match each of the four vectors to the corresponding expression (from A to F).

PQ A |2.0-v
PR B [2.v-0
oR c |
:?9) D 2-7+3

E |2.0

F olo.0+2-v

[0/ Y2/ 1 point]
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Task 5

Lines in R®
For two lines g and h in R?, the following statements hold:
. e - —
* The line g with direction vector g has the normal vector n, .
. e > —
* The line h with direction vector h has the normal vector n, .
e The lines g and h are perpendicular to each other.
Task:

Put a cross next to each of the two statements that are always true.

‘h=0 ]

=

%
-n, =0

<

—r-h with re R\{0O}

Ql

- -,
g=r-n, with r € R\{0}

OO

5> -

g-n=0

[0/ 1 point]
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Task 6

Ladder

A 4 m long straight ladder is placed on a horizontal surface and is leaned against the vertical wall
of a house.

The ladder must make an angle of between 65° and 75° with the floor in order to avoid either
toppling over or slipping.

Task:

Determine the minimum distance and the maximum distance between the lower end of the ladder
and the wall of the house.

minimum distance from the wall of the house: m
maximum distance from the wall of the house: m

[0/ Y2/ 1 point]
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Task 7

Graph of a Polynomial Function

A polynomial function f: [-3, 3] — R, x — f(x) has the following properties:
* The graph of fis symmetrical about the vertical axis.
e The function f has a local minimum at the point (2,1).
* The graph of f crosses the vertical axis at the point (0,3).

Task:

Sketch the graph of one such function fin the coordinate system shown below over the
interval [-3, 3].

fix)

3 2 1 o1 2 3

[0/ 1 point]
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Task 8

Feed Requirement

Horses are kept in a stable for t days. The daily feed requirement for each of these horses is
assumed to be constant and is represented by c.

The function f describes the total feed requirement f(p) for t days in terms of the number p of
horses in this stable.

Task:

Put a cross next to the correct equation.

flp)=p+t+c []
flp)=c+p-t []
flo)=c 5 ]
flo) =% ]
flp)=c-p-t []
fip) = £ O

[0/ 1 point]



KL20 PT2 Teil-1-Aufgaben (16. September 2020) Englisch.pdf

Task 9

Power Function

Let £ R\O} — R with f(x)

Task:

)% with a € R\{O} be a power function.

Put a cross next to each of the two statements that are always true about the function f.

]

OO

[0/ 1 point]
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Task 10

Pressure and Volume of an Ideal Gas

When the temperature remains constant, the pressure and the volume of an ideal gas are
indirectly proportional to each other. The function p assigns the pressure p(V) to the volume V
(Vin m3, p(V) in pascals).

Task:

Write down p(V) where V € R™ if the volume is 4 m? at a pressure of 50000 pascals.

p(V) =

[0/ 1 point]
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Task 11

Half-Life

The function f with f(t) = 80 - b* with b € R* describes the mass f(t) of a radioactive substance
in terms of the time t (t in h, f(t) in mg). The half-life of the radioactive substance is 4 h.

The substance is observed from time t = 0.

Task:

Determine the mass (in mg) of the radioactive substance that remains after the first 3 half-lives.

[0/1 point]
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Task 12

Alternating Current

For sinusoidal alternating current, the value of the current changes periodically.
The diagram below shows the current I(t) in terms of the time t for a sinusoidal alternating current
(tins, I(t) in A).

It) in A

2_

I
1_

tins

0

0.01 002 0. 0/04 0
_1_
_2-

Task:
Write down the maximum value of the current and the length of one period.

maximum value: A

length of one period: S

[0/ Y2/ 1 point]
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Task 13

Difference Quotient and Differential Quotient
The diagram below shows the graph of a third degree polynomial function f.

fx)

Task:

Put a cross next to each of the two correct statements.

In the interval (O, 2), there is a point a such that the

fla) - f0)
a

following holds: =0

=f0)

In the interval (4, 6), there is a point a such that the

fla) - f(0)

following holds: 220

=10)

For alla € (0, 1) the following statement holds: The

fla) - f(0)

smaller a is, the less
a-0

differs from £/(0).

For all a € (2, 5) the following statement holds: The

fla) - fO)

larger a is, the less 220

differs from £/(0).

For all a € (2, 3) the following holds:

fla) - f(0)

270 > f'(0)

[0/1 point]
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Task 14

Rates of Change

The diagram below shows the graph of a function f over the interval [1, 7].

fix)

Task:

On the diagram above, draw the point P on the graph of f for which the differential quotient of the
function f corresponds to the difference quotient over the interval [1, 7].

[0/ 1 point]
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Task 15

Bacterial Culture

The number of bacteria in a bacterial culture in terms of the time t is investigated. The number of
bacteria in this bacterial culture increases each minute by the same percentage.

In the equations shown below, N(t) is the number of bacteria in this bacterial culture at time t (in
minutes) and k € (0, 1) is a real number.

Task:

Put a cross next to each of the two correct equations.

Nt + 1) = N(t) = —k - N(D

Nt + 1) = N(B) = k

Nt + 1) = NE) = k - N(t)

Nt + 1) =k - N(D

Do oo

Nt +1)=N@E) - (1 +K)

[0/ 1 point]
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Task 16

Antiderivative

Letf: R — R, x — f(x) be a function.

The function g: R — R, x — g(x) is an antiderivative of f.

For afunction h: R — R, x — h(x) and ¢ € R\{0} the statement h(x) = g(x) + ¢ holds.
Task:

Write down whether h is also an antiderivative of f and justify your answer.

[0/ 1 point]
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Task 17

Polynomial Function

The diagram below shows the graph of a fourth degree polynomial function f: x — f(x). The x-axis
has not been included in the diagram.

fx)

Task:

Put a cross next to each of the two statements that are true for the polynomial function f shown
above regardless of the position of the x-axis.

There are exactly two x-values x, and x, for which f(x,) = 0 and
fx,) = 0.

There are exactly two x-values x, and x, for which '(x,) = 0 and
f'(x,) = 0.

There is exactly one x-value x, for which ”(x,) = 0.

There is exactly one x-value x, for which f'(x,) = 0 and ’(x,) > O.

O oo g

There is exactly one x-value x, for which f’(x,) > 0 and f”(x,) = O.

[0/ 1 point]
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Task 18

Velocity Function

The function v with v(t) = 0.5 - t + 2 assigns each point in time t to the velocity v(t) of a body
(tins, v(t) in m/s).

The following calculation is carried out:
05 t+2)dt=14
Task:

With regard to the movement of the body, write down a question that can be answered with the
calculation shown above.

[0/ 1 point]
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Task 19

Boxplots of Heights

The boxplots below show the distributions of the heights of the pupils in two classes (4A and 4B).
There is the same number of pupils in both classes.

AA |i I

135 140 145 150 155 160 165 170 175
height in cm

« = N

135 140 145 150 155 160 165 170 175
height in cm

Task:

Put a cross next to each of the two statements that are definitely true.

In 4A, more than half of the pupils are shorter than
150 cm.

In 4B, more pupils are taller than 160 cm than in 4A.

The range of the heights in 4A is larger than in 4B.

The tallest pupil across both classes is in 4B.

0|0 d| g

In 4A, the most commmon height is 160 cm.

[0/ 1 point]
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Task 20

Estimate of a Probability

A dice with faces that show the numbers 1, 2, 3, 4, 5, and 6 has one corner that is damaged.
Therefore, it is assumed that the probability of rolling a particular number is not the same for every
number.

A person conducted two separate series of throws in which they rolled the dice 50 times each.
The absolute frequencies of the numbers that were rolled were recorded. The table below shows
these recordings.

number shown on the dice 1 2 3 4 5 6
frequency in series 1 7 8 7 10 8 10
frequency in series 2 6 9 7 9 10 9

Task:

Based on the results of both series of throws, write down an estimate for the probability p
(as a %) of rolling a 6 with this dice.

p= %

[0/ 1 point]
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Task 21

Test Tasks

For an international comparative study, a large number of test tasks have been created.
Experience has shown that 20 % of the tasks are discarded during a preliminary evaluation
process due to the design of the tasks. The rest of the tasks undergo a second evaluation
process. Experience has shown that 10 % of these tasks are discarded during this process due
to the task content.

Task:
Determine the probability that a task will be discarded.

[0/ 1 point]
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Binomial Coefficient
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A group contains 12 school pupils.

Task:

Complete the gaps in the following sentence by putting a cross next to one of the given
possibilities for each gap so that the sentence becomes a correct statement.

The binomial coefficient (122> has the value ® ; it can be used to determine the
number of different possibilities of ©)
® ®
selecting 2 pupils from this group who should hold a
24 u presentation together u
66 [] awarding 2 pupils from this group 2 different prizes []
144 [] dividing the pupils into 2 groups of 6 pupils each []

[0/72/1 point]
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Task 23

Tossing a Coin

After being tossed, a coin shows either heads or tails. For each toss, the probability of the coin
showing heads is exactly the same as the probability of the coin showing tails. The results of the
tosses are independent of each other. The coin is tossed 20 times.

Task:

Determine the probability that the coin shows heads exactly 12 times during these 20 tosses.

[0/ 1 point]
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Task 24

Confidence Interval

Based on the relative sample frequency h from a representative survey of 500 people, the 95 %
confidence interval [h — 0.04, h + 0.04] for the unknown relative proportion of the supporters of a
bypass is det