Mathematics I - Introduction
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Sets

Exercise (True or false)
A - set of all animals living in Australia.

AacA BbecA CceA DdeA EecA




Sets

Exercise (True or false)
A - set of all animals living in Australia.

AacA BbecA CceA DdeA EecA

True: A, B, C, E



Sets

Exercise (True or false)
A - set of all animals living in Australia.

AadA BbéA CcdA DdgA EedA




Sets

Exercise (True or false)
A - set of all animals living in Australia.

AadA BbéA CcdA DdgA EedA

True: D



Exercise
Let U = {1,2,3,4,5,6,7,8,9},A = {1,3,5,7,9} and
B ={1,2,3,4,5}. Find

1. AUB 3. AC 5. A\ B
2. ANB 4. (BY)F 6. B\ A



Exercise
Let U = {1,2,3,4,5,6,7,8,9},A = {1,3,5,7,9} and
B ={1,2,3,4,5}. Find

1. AUB 3. AC 5. A\ B
2. ANB 4. (BO) 6. B\ A
1. {1,2,3,4,5,7,9} 4. B

2. {1,3,5} 5. {7,9}

3. {2,4,6,8} 6. {2,4}



Sets

Exercise
LetA = {1,2,3}, B={2,4}. Find A x B, B X B and sketch
them.

4



Sets

Exercise
LetA = {1,2,3}, B={2,4}. Find A x B, B X B and sketch
them.
4 ° ° ° 4 ° °
3 3
2 . ° ° 2 ° °
1 1



Sets

Exercise
LetA, = {0,1}, A, = {0,2}, A5 = {0,3}. Find

3
. UAz- 2. ﬂ A;

i€{1,2,3}



Sets

Exercise
LetA, = {0,1}, A, = {0,2}, A; = {0,3}. Find

3
. UAz- 2. ﬂ A;

i€{1,2,3}

{0,1,2,3}, {0}



Exercise
Which sets are bounded from below? Bounded from above?
Bounded?

AN D {xeR:x<m}

B {17%7%7%17%7"'}

C R\QN(-3,2] E (—o0,—1)U{0}U[1,00)



Exercise
Which sets are bounded from below? Bounded from above?
Bounded?

AN D {xeR:x<m}
B {17%7%7%‘,7%7"'}
C R\QnN(-3,2] E (—o0,—1)U{0}U[1,00)

below: A, B, C; above: B, C, D; bounded: B, C



Exercise

Find minimum and maximum:

1
2
3
4

. {1,2,3,4}
[-2,3]

- (=2,3]

. [=2,—1) U (0,25]



Exercise

Find minimum and maximum:

1.

1

2
3.
4

. {1,2,3,4}
. [-2,3]
(_273]
. [=2,—-1)U(0,25]
min = 1, 3. A3
max =4 4. =2,25
. =23 5.0, A

® 2w

00)
7%a%7%7' }
\ Q)N 10,
1

A



Exercise
Find infimum, minimum, maximum and supremum:

1. {1,2,3,4} 6. [~2,—1) U (0,25]
2. {~1,-2,-3,—-4} 7. (=7,-0)U(1,2)
3. [~2,3] 8. [0, 00)
4.(-2,3) 9. {L,z 54}
5. (=2,3] 10. N



Exercise
Find infimum, minimum, maximum and supremum:

Al e

I e

{1,2,3,4} 6.
{—1,-2,-3,—4} 7.
[—2,3] 8.
(-2,3) 9.
(=2, 3] 10.
1,1,4,4 6.
—4, -4, -1, -1 7.
—2,-2,3,3 8.
-2, A, A3 9.
-2, A,3,3 10.

—2,—1) U (0,25]
-7,-0)U(1,2)
,00)

1 11
7555727"'}

Z2S T

-2,-2,25,25
-7, A, A2
0,0, A, oo

0, A 1,1

1,1, A o



Exercise
Find the formula for a,,.

2 A an:(f%)”—*
1 1
° B.a,=3n+5
0 o >
o1 2 3 § 5 6 7 1
n = =7 —
. . Cap=35n-2
L]
22 ° D. a, = —%n +%
-3 _ 1 5
E.apn=3n—-3
Figure:

https://www.cpp.edu/conceptests/question-library/mat116.shtml



Exercise
Find the formula for a,,.

2 A an:(f%)”—*
1 1
° B.a,=3n+5
0 o >
o1 2 3 § 5 6 7 1
n = =7 —
. . Cap=35n-2
L]
22 ° D. a, = —%n +%
-3 _ 1 5
E.apn=3n—-3
Figure:

https://www.cpp.edu/conceptests/question-library/mat116.shtml

E



Exercise
Find the first 4 terms of the sequences

—1)"
Aan:u Ban
n




Exercise
Find the first 4 terms of the sequences




Exercise
Find the first 4 terms of the sequences

1) 1
A a, = (=1 B a,= nt
n n
1 =1 1 345
L3753 2333
Exercise
Find the formula for the following sequences
1111 1 —11
Al = - - —, ... B -1,=-,—/—,—-, —
727478’ 167 727 3 74? 5



Exercise
Find the first 4 terms of the sequences

1) 1
A a, = (=1 B a,= nt
n n
1 =1 1 345
L3753 2333
Exercise
Find the formula for the following sequences
1111 1 —11
Al = - - —, ... B -1,=-,—/—,—-, —
727478’ 167 727 3 74? 5




Exercise
Which of these sequences are bounded?

8 °

7 °

-
ou
ou
-

A blue B red C yellow



Exercise
Which of these sequences are bounded?

8] °

-
ou
ou
-

A blue B red C yellow

B,C



Exercise
Find non-decreasing sequences.

Aan:—4 Ca
B a, = (-2)"




Exercise
Find non-decreasing sequences.

A an:—4 C a
B a, = (-2)"
A,D




Exercise
Use the definition and check, if the sequence is monotone:
n n

2. a, =
n+1 R



https://www.geogebra.org/calculator/w4twpbu2
https://www.geogebra.org/calculator/w4twpbu2

Exercise
Use the definition and check, if the sequence is monotone:

n n
1. a, = 2. a, =
1 R
?anganJrl
n <i1+1
n+1 " n+2
nn+2)<(mn+1)(n+1)
n+2n<n’+2n+1
0<1
https:

//www.geogebra.org/calculator/widtwpbu?2


https://www.geogebra.org/calculator/w4twpbu2
https://www.geogebra.org/calculator/w4twpbu2

Exercise
Use the definition and check, if the sequence is monotone:

n 5 n
Sy = ———
n+1 4 + n?

1. a, =


https://www.geogebra.org/calculator/w4twpbu2
https://www.geogebra.org/calculator/w4twpbu2

Exercise
Use the definition and check, if the sequence is monotone:

n 5 n
Sy = ———
n+1 4 + n?

1. a, =

?anzan+l
n n+1
>
44n* ~ 44+ (n+1)?
nd+n*+2n+1)>(n+1)4+n?
dn+ P +20 +n>dn+n’+4+n°
n+n>4

true for n > 2.
https:
//www.geogebra.org/calculator/widtwpbu?2


https://www.geogebra.org/calculator/w4twpbu2
https://www.geogebra.org/calculator/w4twpbu2

Exercise
Leta, = 1,2,3,4,5,..., b, = (—1)". Find

A a, + b, B a,/b, C 3aq,



Exercise
Leta, = 1,2,3,4,5,..., b, = (—1)". Find

A a, + b, B a,/b, C 3aq,

a,=1,2,3,4,5...
by=—1,1,—-1,1,—1...

A:0,3,2,5,4. ..
B:—1,2,-3,4,-5...
C:3,6,9,12,15...



Exercise
Find a sequence, which is

1.

bounded and covergent

2. bounded and divergent
3.
4

. unbounded and divergent

unbounded and covergent



Exercise
Find a sequence, which is

1.

Sl

el

bounded and covergent
bounded and divergent
unbounded and covergent

unbounded and divergent
%, a, =42
a, = (—1)", a, =sinn
impossible

n,2

a, =n,a,=(—1)"n



Exercise
Leta, = 3,7,4,1/2, 7, —1. Find b, = as:

A 6,14,8... C7,1/2,-1...
B 5,96... D 4,1/2,7...

By:https://www.cpp.edu/conceptests/
question—-library/matll16.shtm


https://www.cpp.edu/conceptests/question-library/mat116.shtm
https://www.cpp.edu/conceptests/question-library/mat116.shtm

Exercise (True or false)

Letlima, =A € Randlimb, = B € R.
Ifa, < b,, then A < B.



Exercise (True or false)

Letlima, =A € Randlimb, = B € R.
If a, < b,, then A < B. False. Consider a, = % b, = —%.



Exercise

) . cosn
Find the sandwich for the sequence a, = .

n



Exercise
Give an example of @, — oo and find its lower bound.



Exercise
Give an example of @, — oo and find its lower bound.
a, =logn, b =0.



Exercise

1. 24+ o0
2. —00+3
3. oo

4. —4(—o0)
5. =T

6. =

5



Exercise
Find a sequence {x,} foraset M = [2,5).



Exercise
Find a sequence {x,} foraset M = [2,5).
Xy =4,4542 475, x, =51



Exercise
Find a convergent subsequence:

A a,=(—-1)"
B a,=1{0,2,0,0,2,0,0,0,2,0,0,0,0,2,...}



Exercise
Find a convergent subsequence:
A a,=(—-1)"

B a,={0,2,0,0,2,0,0,0,2,0,0,0,0,2,...

11,11, ..
2. 0,0,0,...



Exercise
Find the domain and range for the following mappings:

Fi gure: Calculus: Single and Multivariable, 6th Edition, Hughes-Hallett, col.



Exercise
Find the domain and range for the following mappings:

Fi gure: Calculus: Single and Multivariable, 6th Edition, Hughes-Hallett, col.

20. [0, 4], [0,2] 22.[-2,2], [-2,2]
21.[1,5],[1,6] 23.10,5], [0, 4]



Exercise
Which of the following functions has its domain the same as its
range?

A x? B x C X D |x| E 2x-3

(Inspired by: Active Calculus & Mathematical Modeling,
Carroll College Mathematics Department)



Exercise
Which of the following functions has its domain the same as its
range?

A x? B x C X D |x| E 2x-3

(Inspired by: Active Calculus & Mathematical Modeling,
Carroll College Mathematics Department)
B,C,E



Exercise

Find the image:

A [-6,-2] B [-1,1) C [0,2) D [2,00)
8
7
6
5 k
4
3e
2
1

977—6—5—4—3—2—\(;/1 pHHe s ey gy
-2




Exercise

Find the image:

A [-6,-2] B [-1,1) C [0,2) D [2,00)
8
7
6
5 k
4
3e
2
1

977-6-5-4-3-2-‘1\(;/1 pHHe s ey gy
-2

A[2,8],B (—1,0]U{3},C (~1,3],D (4,5].



Exercise

Find the preimage:
A {-1} B [2,3] C [0,1] D [0,1)
4
3
5|
1|
o-9 -8 -7 6654 -3 -2.-10 1 /2 3 7 8

-1

=21

EN|



Exercise

Find the preimage:

B [2,3] C [0,1] D [0,1)

A -1}

< m o~ —

4 3 2

-8 -7 -6 -5

-9

0



Exercise

K -2
I’ g _3
I” _4
l’l’ _5
Find g(f(4)).
A -2 B -1 Co

E 2



Exercise

K -2
I’ g _3
I” _4
l’l’ _5
Find g(f(4)).
A -2 B -1 Co

1

E 2



Exercise

Find g(f(4)).
A -2 B -1

A

Find x, if f(g(x)) = 2.

co

E 2



Exercise

Find g(f(4)).
A -2 B -1

A

Find x, if f(g(x)) = 2.

B,D

co

E 2



Exercise

In the table we can find values of functions f and g.

Find g(f(1)).

A -2

X 20-110 (|12
FO 10 221
gx) -1 |1 [2 |0]-2
B -1 co D1

E 2



Exercise

In the table we can find values of functions f and g.

Find g(f(1)).

A -2

X 20-110 (|12
FO 10 221
gx) -1 |1 [2 |0]-2
B -1 co D1

E 2



Exercise

In the table we can find values of functions f and g.

X 20-110 (|12
7o) 1 221
gx) -1 |1 [2 |0]-2
Find g(f(1)).
A -2 B -1 co D1
A
Find £(£(0)).
A -2 B -1 co D1

E 2

E 2



Exercise

In the table we can find values of functions f and g.

X 20-110 (|12
7o) 1 221
gx) -1 |1 [2 |0]-2
Find g(f(1)).
A -2 B -1 co D1
A
Find £(£(0)).
A -2 B -1 co D1

E 2

E 2



Exercise
In the table we can find values of functions f and g. If

fg(x)) = =2, find x.

x |2[-1]01]2
fO 1[0 [2]2]-1
gty |11 [2]0]=2

A -2 B -1 co D1



Exercise
In the table we can find values of functions f and g. If

fg(x)) = =2, find x.

x |2[-1]01]2
fO 1[0 [2]2]-1
gty |11 [2]0]=2

A -2 B -1 co D1



Exercise
A € B X3 C sinx

‘Which functions are onto R?
Which functions are one-to-one?
Which functions are bijections?

D tanx

E

==



Exercise
A € B X3 C sinx

Which functions are onto R?
Which functions are one-to-one?
Which functions are bijections?
B,D

A,B,E

B

D tanx

E

==



Exercise
Find inverse mappings at R:

A €&
B 2x+1



Exercise

e* vs log x 2x+ 1 vs )%1

X vs \/x X% Vs \/x



Exercise
Decide, which functions are monotone on its domain:

\ ] e
| | \ | |

R EREIEmuE




Exercise
Decide, which functions are monotone on its domain:

: SN
\ \ \‘\ N\
et
| | \ | |
| | | | 1 | |
IERIIERIER AR RREEEE
I
5
>
1
T2 e T35
a
2
3

non-decreasing, nothing,
decreasing, nothing



Exercise
Decide, which functions are bounded from above, bounded
from below, bounded:




Exercise
Decide, which functions are bounded from above, bounded
from below, bounded:

T T AN T

M(\MUA”AVA/\/\M
T

red: bounded, blue: bounded from below,
green: unbounded, yellow: bounded from above




Exercise
Decide, which functions are even or odd:

==y
.



Exercise
Decide, which functions are even or odd:

e

A odd, B even, D odd, E odd



Exercise
Decide, which functions are even or odd:

AxXP+1 C |x—2] E |1+ cosx|
B x(x* +1) D ¢ sinx



Exercise

Decide, which functions are even or odd:

AxXP+1 C |x—2]
B x(x* +1) D ¢ sinx

B odd, D odd, E even

E |1+ cosx|



Exercise
Decide, which functions are periodic

0 S Pt P PPt P P 2 2



Exercise
Decide, which functions are periodic

0 S Pt P PPt P P 2 2

No, yes



Exercise
Sketch in the function so that it is periodic with the smallest
possible period

Pt

\
1
b




Exercise
Sketch in the function so that it is periodic with the smallest
possible period




Exercise
Find lim, ¢ f(x)

A -3 B O CS5 D 7 E oo

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise
Find lim, ¢ f(x)

A -3 B O CS5 D 7 E oo

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise

Find lim, ,, f(x)
A oo C?2 E does not exist
B 3 DO

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise

Find lim, ,, f(x)
A oo C?2 E does not exist
B 3 DO

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise

Find lim, 4 f(x)
A 4 co E does exists
B 8 D > not

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise

Find lim, 4 f(x)
A 4 co E does exists
B 8 D > not

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise
Find
A BT
B P~
C B~
D Pt

1,1/2)
—2,1/4)
+00,1/50)
— o0, 1/42)

N /N A/~



Exercise
Find

A B+(1 1/2)
P=(~2,1/4)
B~ (+00,1/50)
D P*( 00, 1/42)

A [1,1.5)

B (—2.25,—2)

C (50, 00)

D (—o0,—42)



Exercise
Find lim, ,,_ f(x).
Find lim, ,,, f(x).

A0 B 1 C2 D 3

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise
Find lim, ,,_ f(x).
Find lim, ,,, f(x).

A0 B 1 C2 D 3

Figure: Calculus: Single and Multivariable, Hughes-Hallet

D, C



Exercise
Find lim,_,;; f(x) + 2g(x)

A 13 C8
B9 D6
(1,4
4
(1,3) \f(w)
2 |
|
|
0 | L
1 2

E 3
6
(1,5)
4 I
2 1(1.1) 9(x)
[ —
0 | L
1 2

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise
Find lim,_,;; f(x) + 2g(x)

A 13 C8
B9 D6
(1,4
4
(1,3) \f(w)
2 |
|
|
0 | L
1 2

E 3
6
(1,5)
4 I
2 1(1.1) 9(x)
[ —
0 | L
1 2

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise
Find lim,_,;_ f(x)g(x)

A 20
B 15

vl

(1,4)

1
(1,3) \f(a:)
2 |

W

|
|
|
1

E does not exist

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise
Find lim,_,;_ f(x)g(x)

A 20
B 15

vl

(1,4)

1
(1,3) \f(a:)
2 |

W

|
|
|
1

E does not exist

Figure: Calculus: Single and Multivariable, Hughes-Hallet



Exercise
Which functions are continuous at R?

A xX*+sin(4—x) C 2 E In(2 + x%)
, -
B z%x D cos(eV¥)



Exercise
Which functions are continuous at R?

A x3’—|— sin(4 —x) C 2=

3.X
B z%x D cos(eV¥)

A,C,D,E

E In(2 + x%)



Exercise

A0

B 1




Exercise

A0

Exercise

w >
- o

B 1

lim cos —
X—»—00 X

D —

E does not exist



Exercise

A0 B 1 C Inl D —3 E oo
Exercise
lim cos —
X——00 X
A0 Cr E does not exist
B 1 D —x
Exercise

1
lim arctan =
x—0 X



Exercise
Is there x € [0, 2] such that

X —2x—1=0

o X — 4 +4x+1=0

@5 — 158+ 10x+1=0
https:
//www.geogebra.org/calculator/pgbtmk54


https://www.geogebra.org/calculator/pqbtmk54
https://www.geogebra.org/calculator/pqbtmk54

Exercise
Is there x € [0, 2] such that

exX —2x—1=0
o X — 4 +4x+1=0
o 5 — 1522+ 10x+1=0

https:
//www.geogebra.org/calculator/pgbtmk54
Yes, Hard to say, Hard to say


https://www.geogebra.org/calculator/pqbtmk54
https://www.geogebra.org/calculator/pqbtmk54

Exercise
Find the derivative of a function f(x) = x* at the point a = 2.



Exercise
f = cosxsinx. Find f’.

A cos?x C cos

B sin’x D —sinxcosx

2x —sin’x



Exercise
f = cosxsinx. Find f’.

A cos?x C cos

B sin’x D —sinxcosx

2x —sin’x

C



Exercise
f = cosxsinx. Find f’.

A cos?x

B sin’x

C

Exercise
f =e¢' . Findf"

A 7eb

C cos

2

x —sin®x

D —sinxcosx

co



Exercise
f = cosxsinx. Find f’.

A cos®x C cos?x —sin’ x
B sin’x D —sinxcosx
C
Exercise
f =¢€’. Findf".
A 7eb B e’

C



Exergise

f =5 Findf".
X

exr — 2xe*

e 2x + x2e*



Exergise

f =5 Findf".
X

exr — 2xe*

e 2x + x2e*



Exercise
f =sinx 4 ¢ Find f'.
COS X

A cosx+e

sin x

B cosx+ e

COS X

C cosx+sinxe

sin x

D cosx + cosxe



Exercise
f =sinx 4 ¢ Find f'.
COS X

A cosx+e

sin x

B cosx+ e

COS X

C cosx+sinxe

sin x

D cosx + cosxe



«Or aFr

it
v
[Tl

Q>



Exercise (True or false?)
1. If f'(x) = g'(x), then f(x) = g(x). (For every x.)
2. If f'(a) # ¢'(a), then f(a) # g(a).

(We are talking about particular point a.)



Exercise (True or false?)
1. If f'(x) = g'(x), then f(x) = g(x). (For every x.)
2. If f'(a) # ¢'(a), then f(a) # g(a).

(We are talking about particular point a.)
False. For example f(x) = x?, g(x) = x* + 4.
False. For example f(x) = x2, g(x) = x.



Exercise
o Inx
Iim — =
x—o0o X

A oo

B O

D A



Exercise
o Inx
Iim — =
x—o0 X

A oo B 0 C1 D A

Exercise
Decide, when it is a good idea to use 1’Hospital’s rule:

1
A lim e x E )
=T X C lim ) sinx — x
. 0 x—0+ X lim —m—MM—
B lim e *x . arctan x x—0 COS(ZX) —1
X—00 D lim



Exercise
o Inx
lim — =
x—o0 X

A oo B 0 C1 D A

Exercise
Decide, when it is a good idea to use 1’Hospital’s rule:

. CcoSx 1
A lim . e x E )
=T X C 11%1 —_— , sinx — x
. . x—04+ X im ——
B lim e *x* . arctanx x—0 cos(2x) — 1
X—00 D lim
x—0 X



Exercise

Find
i )
x—d g(x)
A 4 co E -2
B 1 D -1

Figure: Calculus: Single and Multivariable, 6th Ed., Hughes-Hallett,
col.



Exercise

Find
i )
x—d g(x)
A 4 co E -2
B 1 D -1

Figure: Calculus: Single and Multivariable, 6th Ed., Hughes-Hallett,
col.

E



Exercise
Find the asymptote of the function f(x) = ¢*



Exercise
Find the asymptote of the function f(x) = "

y:O’/H




Exercise
Find the asymptote of the function f(x) = x + arctan(x* — 1)



Exercise
Find the asymptote of the function f(x) = x + arctan(x* — 1)
y=x+73




Exercise

Let us assume that a function y = f(x) is continuous at R.
Sketch f.

Figure: Calculus, Hughes-Hallet, Gleason, McCallum



Exercise

Let us assume that a function y = f(x) is continuous at R.
Sketch f.




Exercise
Let us assume that a function y = f(x) is continuous at R.
Sketch f.

3’ undefined y' =0
y' >0 y' <0 Iy >0
i i @
x1 z2
i i
4’ undefined }
| I
1/” >0 } y” >0

Figure: Calculus, Hughes-Hallet, Gleason, McCallum



Exercise
Let us assume that a function y = f(x) is continuous at R.
Sketch f.

3’ undefined y' =0
y' >0 y' <0 Iy >0
i i @
x1 z2
i i
4’ undefined }
| I
1/” >0 } y” >0

Figure: Calculus, Hughes-Hallet, Gleason, McCallum



