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To the Student 
 
Mathematical tools of engineering science are based on differential 
calculus and integral calculus. The concept of the limit is essential for 
calculus. Limits express the concepts of infinite small and infinite large 
quantities in mathematical terms.  
The workbook is prepared for students who study calculus and want to 
broaden and methodize their knowledge. It will help you to develop 
problem-solving skills and to focus your attention on important problems 
of calculus. The topics are presented in the same order as in textbook [1].  
The problems concern three content areas: Limits Sequences, Limits of 
Functions, and Continuity of Functions. 
Solving problems try to use graphs that help you with visualization. They 
also help to explain and to interpret the evaluation of limits.  
The tests will reveal your knowledge and skills, your abilities in 
interpreting symbols, justifying statements and constructing proofs. 
After you complete this supplement you should be able to evaluate 
indeterminate forms, to know the most important limits, to operate with 
infinitesimal quantities and infinite large variables, and to use standard 
techniques of taking limits. 
To pass the final test with the excellent mark, you should be able to solve 
basic problems, demonstrate full understanding of all topics, and give a 
significant portion of the answer successfully. Minor calculation errors are 
admissible. 
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Problem 1:  Write down a few terms of the below sequences given by their 
general terms. 
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Problem 2:  Find the general terms of the below sequences given by a few 
first terms. 

a) K,
8
5,

7
4,

6
3,

5
2}{ =na    ⇒    =na  

b) K,
2
4,

2
3,

2
2,

2
1}{ 4

2

3

2

2

2

=nb       ⇒ =nb  

c) K,
6
4,

5
3,

4
2,

3
1}{ −−=nc    ⇒    =nc  

d) K,
20
9,

16
7,

12
5,

8
3,

4
1}{ =nd    ⇒    =nd  

e) K,
720
1,

120
1,

24
1,

6
1,

2
1,1}{ =nx    ⇒    =nx  

f)     ⇒    K,14,0,10,0,6,0,2}{ =ny =ny  

g)        K,10,0,8,0,6,0,4,0,2,0}{ =nz ⇒ =nz  

h)     ⇒    K,0,1,0,1,0,1,0,1}{ −−=nt =nt  

Problem 3: Given a sequence, find the least upper bound and the greatest 
lower bound, if they exist. 
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Limits of Sequences 

If for any arbitrary small number 0>δ   
there exists a number N such that 

the condition Nn > implies the inequality 
δ<− || axn , 

then a is the limit of a sequence , }{ nx
axn =lim . 

 

Problem 4: Give the formal proof of the fact that 1
3
2lim =

+
+

∞→ n
n

n
. 

Solution:  
 
 

Problem 5: Prove that }
5

1{
+n

 is an infinitesimal sequence. 

Solution: 
 
 

Problem 6: Prove that }
1

{
+n

n  is an infinite large sequence. 

Solution: 
 
 

Problem 7: Show that infinitesimal variables 
65

1
2 ++ nn

 and 
73

1
2 +− nn

 are 

equal asymptotically as ∞→n . 
Solution: 
 
 

Problem 8: Show that infinitesimal variables 2
1
n

 and 
nn +24

5  have the same 

order of smallness as . ∞→n
Solution: 
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In Problems 9 through 11 find the order of smallness of the given 

infinitesimal variable with respect to 
n
1  as ∞→n . 

Problem 9:  ~
4

3
2n

 

 
 

Problem 10: ~
125 2 ++ nn

n  

 
 

Problem 11:  ~
74

85
2 ++

+

nn
n  

 
 
In Problems 12 through 15 find the increasing order of the given infinite 
large variable with respect to  as n ∞→n .  
Which quantities can be neglected in the below expressions? 

Problem 12:  ~1193 45 +++ nnn  
 
 
 

Problem 13:  ~7523 69 +++ nnn  
 
 
 

Problem 14:  ~
92

10056
2

23

++
+−+

nn
nnn  

 
 
 
 

Problem 15:  ~
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10056

2

23

++

+−+

nn
nnn  
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Number e 

e
n

n

n
=+

∞→
)11(lim  

In Problems 16 through 23 apply the above statement to evaluate the 
limit of the given variable as ∞→n . 

Problem 16:  =+
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n

n n
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Problem 23:  =
+
−

∞→

n

n n
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LIMITS of FUNCTIONS 

Let a function )(xf  be defined in some neighborhood of a point ax = , 
including or excluding . a

A number A is called the limit of )(xf  as x tends to a, 
if for any arbitrary small number 0>ε  there exists a number 0>δ  

such that the inequality  δ<− ax   implies 
ε<− |)(| Axf . 

 

)(xf  is an infinitesimal function as ax → , if . 0)(lim =
→

xf
ax

)(xf  is an infinite large function as ax → , if . ∞=
→

)(lim xf
ax

Problem 1: Give the formal proof that . Then, use some values of 9lim 2

3
=

→
x

x

ε  to find )(εδ . 
Solution: 
 
 
 
 
 

Problem 2: (i) Prove that 
4
5

3
4lim

1
=

+
+

→ x
x

x
.  

(ii) Setting 01.0=ε  and 001.0=ε  find the corresponding values of )(εδ . 
Solution: 
 
 
 
 
 
Problem 3: By contradiction, prove that . 5lim 2

2
≠

→
x

x

Solution: 
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A function )(xf  has an infinite limit as x tends to a, 
if for any arbitrary large number 0>E   

there exists a number 0)( >= Eδδ  such that  
the inequality δ<− ax   implies 

Exf >)( . 

 

Problem 4: Prove that 
1
1)(

+
−

=
x
xxf  is an infinitesimal function as 1→x . 

Solution: 
 
 
 
 

Problem 5: Prove that 
1
1)(

+
−

=
x
xxf  is an infinite large function as 1−→x . 

Solution: 
 
 
 
 

Problem 6: Prove that 
4
1

4
2lim 22

−=
−
+

−→ x
x

x
. 

Solution: 
 
 
 
 
 

Problem 7: Prove that ∞=
−
+

→ 4
2lim 22 x

x
x

. 

Solution: 
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A number A is the limit of )(xf  as ∞→x , 
if for any arbitrary small number 0>ε  

there exists the corresponding number 0)( >∆=∆ ε  
such that the inequality ∆>x  implies 

ε<− |)(| Axf . 
 

Problem 8: Prove that 
1

1)(
+

=
x

xf  is an infinitesimal function as ∞→x . 

Solution: 
 
 
 

Problem 9: Prove that 1
1

lim =
+∞→ x
x

x
. 

Solution: 
 
 
 

Problem 10: Prove that 
1

)(
2

+
=

x
xxf  is an infinite large function as ∞→x . 

Solution: 
 
 
 
Problem 11: Prove that: 
(i)    is an infinite large function as xy 2= +∞→x ,  ; +∞=

+∞→

x

x
2lim

 (ii)  is an infinitesimal function as xy 2= −∞→x , . 02lim =
−∞→

x

x

Solution: 
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  1.    )(lim)(lim xfcxfc
axax →→

= . 

If there exist both limits,  and , then there exist the limits of )(lim xf
ax→

)(lim xg
ax→

the sum, product and quotient of the functions: 

  2.  )(lim)(lim))()((lim xgxfxgxf
axaxax →→→

±=± . 

  3.  )(lim)(lim))()((lim xgxfxgxf
axaxax →→→

⋅=⋅ . 

  4.  
)(lim

)(lim

)(
)(lim

xg

xf

xg
xf

ax

ax
ax

→

→

→
=   (if 0)(lim ≠

→
xg

ax
). 

 
In Problems 12 through 28 evaluate the limit of the given function. 
Hints. Use the following algebraic transformations: 

– factor the numerator and denominator of a fraction to cancel the 
common factors; 

– reduce the sum of (or difference between) fractions to the common 
denominator; then apply the previous hint. 

Problem 12:  =
−
−

→ 2
4lim

2

2 x
x

x
 

 
 
 

Problem 13:  =
−
−

→ 1
1lim

1 x
x

x
 

 
 
 
  

Problem 14:  =
−
−

→ 2

3

3 9
27lim
x

x
x
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Problem 15:  =
−−
++

−→ 32
67lim 2

2

1 xx
xx

x
 

 
 
 

Problem 16:  =
+−−

+−
→ )65)(2(

44lim 22

2

2 xxxx
xx

x
 

 
 
 
 

Problem 17:  =
+−

+−
→ )1)(3(

96lim 2

2

3 xxx
xx

x
 

   
 
 

Problem 18:  =
+−
+−

→ 96
)1)(3(lim 2

2

3 xx
xxx

x
 

 
 
 

Problem 19:  =
−
−+

→ 1
23lim

1 x
x

x
 

 
 
 

Problem 20:  =
−

−−
→ 23 9

312lim
x
x

x
 

 
 
 

Problem 21:  =
−+
−−

→ 37
26lim

2 x
x

x
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Problem 22:  =
−
−+

→ 1
28lim

3

1 x
x

x
 

 
 
 

Problem 23:  =⎟
⎠
⎞

⎜
⎝
⎛

−+
−

−−→ 6
1

2
1lim 222 xxxxx

 

   

  

Problem 24:  =⎟
⎠
⎞

⎜
⎝
⎛

−
−

+→ xxxxx 3
11lim 220

 

 
 
 
  

Problem 25:  =⎟
⎠
⎞

⎜
⎝
⎛

−
−

+−→ 1
2

1
1lim 21 xxx

 

 
   
 

Problem 26:  =
−→ x

x
x 3cos1

3tanlim 2

2

0
 

 
 
 

Problem 27:  =
−
++

∞→ xx
xx

x 2

2

3
154lim  

 
 
 

Problem 28:  =
−+
++−

∞→ xxx
xxx

x 23

23

75
142lim  
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 1.    If )(xf  is a bounded function and 
)(xα  is an infinitesimal function as x tends to a, then  

)()( xxf α  is an infinitesimal function. 

 2.  The sum of any finite number of infinitesimal functions is an  
    infinitesimal function. 

 

Helpful Rule: 
malinfinitesi)( += Axf   as ax →  

⇔  
Axf

ax
=

→
)(lim  

In Problems 29 through 34 apply the above rule to evaluate the limits of 
the given functions. 

Problem 29:  =
+

∞→ x
x

x

15lim  

 
 

Problem 30:  =
+
−

∞→ 3
12lim

x
x

x
 

 
 

Problem 31:  =
∞→ 22

1lim
xx

 

 

Problem 32:  =
−

∞→ 22
14lim

x
x

x
 

 
 

Problem 33:  =
−+

∞→ 2

2

2
143lim

x
xx

x
 

 
 

Problem 34:  =
−++

∞→ 2

23

2
143lim

x
xxx

x
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)(xα  and )(xβ  are infinitesimal functions of the same order of smallness 
as x tends to a, 

if  0)(lim =
→

x
ax
α ,  0)(lim =

→
x

ax
β ,  and 

∞<<
→

|
)(
)(lim|0

x
x

ax β
α . 

 

)(~)( xx βα  
Infinitesimal functions )(xα  and )(xβ  are equivalent as x tends to a, 

if   1
)(
)(lim =

→ x
x

ax β
α . 

 

An infinitesimal function )(xα  has a higher order of smallness  
with respect to )(xβ  as x tends to a, 

if   0
)(
)(lim =

→ x
x

ax β
α . 

 

)(xα  is an infinitesimal of the n-th order with respect to )(xβ  
as x tends to a,  

if )(xα  and  are infinitesimal functions of the same order: nx))((β

∞<<
→

|
))((
)(lim|0 nax x

x
β
α . 

 
Problem 35:  Prove that 

5
1)(
+

=
x

xα    and   
83

1)(
+

=
x

xβ  

are infinitesimal functions of the same order as ∞→x . 
Solution: 
 
 
Problem 36:  Prove that 

2
1)( 2 +

=
x

xα    and   
74

1)( 2 −
=

x
xβ  

are infinitesimal functions of the same order as ∞→x . 
Solution: 
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Problem 37:  Prove that 

52
1)( 2 ++

=
xx

xα    and    
83

1)( 2 +−
=

xx
xβ  

are infinitesimal functions of the same order as ∞→x . 
Solution: 
 
 
 
Problem 38:  Prove that 

9)( 2 −= xxα    and    186)( −= xxβ  
are equivalent infinitesimal functions as 3→x . 
Solution: 
 
 
 
Problem 39:  Prove that 

452)( 2 −−= xxα    and   93)( −= xxβ  
are equivalent infinitesimal functions as 3→x . 
Solution: 
 
 
 
Problem 40:  Prove that 

9)( 2 −= xxα   and   186)( −= xxβ  
are equivalent infinitesimal functions as 3→x . 
Solution: 
 
 
 
Problem 41:  Prove that 

44)( 2 +−= xxxα  
is an infinitesimal function of the second order of smallness with respect to  

2)( −= xxα  
as 2→x . 
Solution: 
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Problem 42:  Find the order of smallness of the infinitesimal function 
xxxx ++= 56)( 2α  

with respect to 
xx =)(β  as 0→x . 

Solution: 
 
 
Problem 43:  Find the order of smallness of the infinitesimal function 

xxxx ++= 56)( 2α  
with respect to 

xx =)(β  as 0→x . 
Solution: 
 
 
Problem 44:  Find the order of smallness of the infinitesimal function 

xxxx ++= 56)( 2α  
with respect to 

xxx −=)(β  as 0→x . 
Solution: 
 
 
 

Problem 45:  Let  xxxx ++= 73)( 2α . 
Which terms of )(xα  are negligible quantities with respect to x  as 0→x ? 
Which terms of )(xα  are negligible quantities with respect to x  as +∞→x ? 
Solution: 
 
 
Problem 46:  Compare with each other the orders of smallness of the 
infinitesimal functions 

33 52)( xxxx ++=α  
and 

xxxx +−= 4)( 3β . 
Which terms of )(xα  and )(xβ  are negligible quantities with respect to x  as 

0→x ? 
Solution: 
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)(xα  and )(xβ  are infinite large functions of the same increasing order 
as ax → ,  

if      ∞=
→

)(lim x
ax
α ,      ∞=

→
)(lim x

ax
β ,    and 

∞<<
→

|
)(
)(lim|0

x
x

ax β
α . 

 

)(~)( xx βα  
Infinite large functions )(xα  and )(xβ  are equivalent as ax → , 

if   1
)(
)(lim =

→ x
x

ax β
α . 

 

An infinite large function )(xα  has a higher increasing order 
with respect to )(xβ  as x tends to a, 

if    ∞=
→ )(

)(lim
x
x

ax β
α . 

 

)(xα  is an infinite large function of the n-th increasing order 
with respect to )(xβ  as x tends to a, 

if  )(xα  and  are infinite large functions of the same order: nx))((β

∞<<
→

|
))((
)(lim|0 nax x

x
β
α . 

 
Problem 47: Prove that 

52)( 2 ++= xxxα  
and 

83)( 2 +−= xxxβ  
are infinite large functions of the same order as ∞→x . 
Solution: 
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Problem 48: Prove that 

9
1)( 2 −

=
x

xα     and     
186

1)(
−

=
x

xβ  

are equivalent infinite large functions as 3→x . 
Solution: 
 
 
 
Problem 49:  Prove that 

44
1)( 2 +−

=
xx

xα  

is an infinite large function of the second increasing order with respect to  

2
1)(
−

=
x

xα  

as 2→x . 
Solution: 
 
 
 
Problem 50:  Determine whether or not 

xxx
x

++
=

56
1)( 2α  

is an infinite large function of a higher increasing order with respect to  

xx
x

−
=

1)(β  

as 0→x . 
Solution: 
 
 
 
Problem 51:  Compare with each other the increasing orders of the infinite 
large functions 

33 52
1)(

xxx
x

++
=α     and    

xxx
x

+−
=

4
1)( 3β . 

Which terms in the denominators of )(xα  and )(xβ  are negligible quantities 
with respect to x  as 0→x ? 
Solution: 
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The Most Important Limits 

1.   1sinlim
0

=
→ x

x
x

. 

xx ~sin , 
xx ~tan , 
xx ~arcsin , 
xx ~arctan , 

2
1~cos

2xx −  

as 0→x  

In Problems 1 through 16 evaluate the limit of the given function. 

Problem 1: =
→ x

x
x 5

2sinlim
0

 

 

Problem 2: =
→ x

x
x 3sin

4sinlim
0

 

 

Problem 3: =
→ x

x
x 3tan

4tanlim
0

 

 

Problem 4: =
→ xx

x
x 4tan3

8sinlim 32

5

0
 

 

Problem 5: =
→ x

x
x 3sin4

5arcsin3lim
0

 

 

Problem 6: =
→ x

x
x 2arcsin3

6arctan2lim
0

 

 

Problem 7: =
−

−

→ 1tan
cossinlim 2

22

4
x

xx
x π
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Problem 8: =
−

→ x
x

x 5sin
6cos1lim 20

 

 
 

Problem 9: =
∞→ 2

3

4
1sinlim
x

x
x

 

 
 

Problem 10: =
−

−
→ )cos1(tan

2cos1lim
0 xx

x
x

 

 
 

Problem 11: =
−
−

→ 12
1)sin(lim

21 x
x

x

π  

 
 

Problem 12: =
−→ 3

)tan(lim
3 x

x
x

π  

 
 

Problem 13: =
−

−
→ 4

1tanlim
4 ππ x

x
x

 

 

Problem 14: =
−

→ x
xx

x

6cos2coslim
0

 

 

Problem 15: =
−

→ 2

22

0

cos3coslim
x

xx
x

 

 

Problem 16: =
−

→ x
xx

x 2
3sin5sinlim

0
 

 
 



The Most Important Limits 

 24

Problem 17: Calculate approximately . Compare your result with the °15sin
exact value 

24...348898837651025207620,2588190415sin =°  
Do not forget to transform the degrees to the radian measure of angle before 
calculating! 
Solution: 
 
 

Problem 18: Calculate approximately . Compare your result with the °80cos
exact value 

693...851716626776669303480,1736481780cos =°  
Solution: 
 
 
 

Problem 19: Calculate approximately . Compare your result with the °60sin
exact value 

5294...763723170737844386460,8660254060cos =°  
Solution: 
 
 
 
 

Problem 20: Calculate approximately . Compare your result with the °15tan
exact value 

9413...472553658424311227060,2679491960tan =°  
Solution: 
 
 
 

Problem 21: Calculate approximately °80cot . Compare your result with the 
exact value 

6862...471090386807084649730,1763269880cot =°  
Solution: 
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  2.          ex x
x

=+
→

1

0
)1(lim , 

e
x

x

x
=+

∞→
)11(lim , 

(e = 2.71828…). 
If  )(xα  and )(xβ  are infinitesimal functions as ax → , then 

 
)(

))(1ln(lim
)(

1

))(1(lim x
x

x
ax

axex β
α

βα
+

→

→=+ . 

In Problems 22 through 32, apply the above formulas to evaluate the 
limit of the given function. 

Problem 22: =⎟
⎠
⎞

⎜
⎝
⎛ +

→

x

x

x 5

0 2
1lim  

 
 
 

Problem 23: =⎟
⎠
⎞

⎜
⎝
⎛ −

→

x

x

x 2

0 3
41lim  

 
 

Problem 24: =⎟
⎠
⎞

⎜
⎝
⎛ +

+−

→

32

0 4
1lim

x

x

x  

 
 
 

Problem 25: =⎟
⎠
⎞

⎜
⎝
⎛ −

∞→

x

x x
x 32lim  
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Problem 26: =⎟
⎠
⎞

⎜
⎝
⎛ + +

∞→

532lim
x

x x
x  

 
 

Problem 27: =⎟
⎠
⎞

⎜
⎝
⎛

+
−

∞→

x

x x
x

3
4lim  

 
 
 

Problem 28: =⎟
⎠
⎞

⎜
⎝
⎛

+
−

∞→

x

x x
x 7

25
25lim  

 
 
 

Problem 29: =⎟
⎠
⎞

⎜
⎝
⎛

−
+ +

∞→

47

25
25lim

x

x x
x  

 
 

Problem 30: =− −
→

2
3

2
)32(lim x

x

x
x  

 
 
 

Problem 31: =− −
→

32

3
)8(lim x

x

x
x  

 
 
 

Problem 32: =
−

→

2
1

0
)6cos(lim x

x
x  
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3.  1)1ln(lim
0

=
+

→ x
x

x
, 

xx ~)1ln( +    as  0→x . 

IN PROBLEMS 33 THROUGH 46, APPLY THE ABOVE FORMULAS 
TO EVALUATE THE LIMITS OF THE GIVEN FUNCTIONS. 

Problem 33: =
+

→ x
x

x 6
)41ln(lim

0
 

 
 

Problem 34: =
−

→ x
x

x 5
71lnlim

0
 

 
 

Problem 35: =
+

→ x
x

x 4
)3sin21ln(lim

0
 

 
 
 

Problem 36: =
+

→ x
x

x 4
)3tan21ln(lim

0
 

 
 
 

Problem 37: =
−

→ x
x

x 3tan8
)5arcsin31ln(lim

0
 

 
 
 

Problem 38: =
−
−

→ 4
)3ln(lim

4 x
x

x
 

 
 
 
Problem 39: =−−⋅

+∞→
)ln)4(ln(lim xxx

x
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Problem 40: =−−⋅
+∞→

)ln)4(ln(lim xxx
x

 

 
 
 
Problem 41: =+−+⋅

+∞→
))1ln()3(ln(lim xxx

x
 

 
 
 
Problem 42: =−−+⋅

+∞→
)2ln5(lnlim xxx

x
 

 
 
 
 

Problem 43: =
−
+

⋅
∞→

)
2
5ln(lim

x
xx

x
 

 
 
 
 

Problem 44: =
−
+

⋅
∞→

)
23
53ln(lim 2

2
2

x
xx

x
 

 
 
 
 

Problem 45: =
→ x

x
x 6arctan2

)4ln(coslim
0

 

 
 
 
 

Problem 46: =
+−

+−+−
→ xxxx

xxxxx
x 3arcsin45

)2tan434cos2ln(lim 32

2

0
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4.  11lim
0

=
−

→ x
ex

x
, 

xex ~1−   as  0→x . 

In Problems 47 through 52, apply the above formulas to evaluate the 
limit of the given function. 

Problem 47: =
−

→ x
e x

x 3
1lim

5

0
 

 
 

Problem 48: =
−
−

→ xx
e x

x 2
1lim

0
 

 
 
 

Problem 49: =
−

→ x
e x

x 3
1lim

4arcsin

0
 

 
 
 

Problem 50: =
−
−

→ 2
lim

2

2 x
eex

x
 

 
 
 

Problem 51: =
++

−
→ xxx

xe x

x sin2
6coslim 2

3

0
 

 
 
 

Problem 52: =
−+−

−+−
→ 13arctan63

arcsin4)71ln(45tan2lim 420 xx exx
xxx  
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5.        n
x
x n

x
=

−+
→

1)1(lim
0

, 

nxx n ~1)1( −+      as  0→x . 

In Problems 53 through 58, apply the above formulas to evaluate the 
limits of the given functions. 

Problem 53: =
−+

→ x
x

x 2
171lim

0
 

 
 
 

Problem 54: =
−−

→ x
x

x 5
14sin31lim

0
 

 
 
 

Problem 55: =
−+

→ x
x

x 2sin3
16tan21lim

4

0
 

 
 
 

Problem 56: =
−+
−−

→ 151
131lim

5

0 x
x

x
 

 
 
 
 

Problem 57: =
−−

→ x
x

x 8
1)41(lim

50

0
 

 
 
 

Problem 58: =
−
−++

→ 2

4

0 5sin
6cos321lim

xx
xxx

x
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CONTINUITY OF FUNCTIONS 

A function )(xf  is continuous at a point a, if 
)()(lim)(lim

00
afxfxf

axax
==

+→−→
. 

 

A point a is the point of discontinuity of the first kind, if the jump 
|)(lim)(lim|

00
xfxf

axax +→−→
−  

is a finite non-zero number. 
Otherwise, the point a is point of discontinuity of the second kind. 

A point a is the point of removable discontinuity, if 
)()(lim)(lim

00
afxfxf

axax
≠=

+→−→
. 

 

Properties of Continuous Functions 
1.    The sum of a finite number of continuous functions is  
    a continuous function. 
2.    The product of a finite number of continuous functions is 
    a continuous function. 
3.   The quotient of two continuous functions is a continuous function 

except for the points where the denominator is equal to zero. 
 

All elementary functions are continuous in their domains. 

In Problems 1 through 34 test the given functions for continuity. 
If there exist points of discontinuity, determine their kind. 
If some point is a point of removable discontinuity, redefine the function 
at that point by the supplementary condition to include that point into 
the domain of the function. 

Problem 1:  53)( 2 +−= xxxf
 
 
 
 
Conclusion and Explanation: 
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Problem 2:  xexxf 3sin2)( +=
 
 
Conclusion and Explanation: 
 

Problem 3: 143arctan5)( 2 +−= xxxf  
 
 
Conclusion and Explanation: 
 

Problem 4: 
2

1)(
−

=
x

xf  

 
 
Conclusion and Explanation: 
 
 

Problem 5: )
2

1sin()(
−

=
x

xf  

 
 
Conclusion and Explanation: 
 
 

Problem 6: 2
1

)( −= xexf  
 
 
Conclusion and Explanation: 
 
 

Problem 7: xe
xf −+
= 31

1)(  

 
 
Conclusion and Explanation: 
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Problem 8: 
ee

xf x −
=

1)(  

 
 
Conclusion and Explanation: 
 

Problem 9: 
4

1

23

1)(
−+

=
x

xf  

 
 
Conclusion and Explanation: 
 

Problem 10: 
4
15

23

1)(
−
+

+

=
x
xxf  

 
 
Conclusion and Explanation: 
 

Problem 11: 
14

1)(
3 −

=
+x
xxf  

 
 
Conclusion and Explanation: 
 

Problem 12: 
14

)(
3 −

=
+x
x
xxf  

 
 
Conclusion and Explanation: 
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Problem 13:  
⎩
⎨
⎧

>

≤
=

2if,

2if,4
)( 2 xx

xx
xf

 
 
 
Conclusion and Explanation: 
 

Problem 14:  
⎪
⎩

⎪
⎨

⎧

>−

≤≤−
<+

=

3if,8

30if,3
0if,3

)(
2 xx

xx
xx

xf

 
 
 
Conclusion and Explanation: 
 

Problem 16: 
⎪
⎩

⎪
⎨

⎧

≥

<≤
<

=

4if,

40if,2
0if,sin

)(

xx

x
xx

xf  

 
 
 
Conclusion and Explanation: 
 

Problem 17: 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

>−
−

≤≤

<

=

4
if|,

4
4|

4
0if,tan

0if,5

)(

ππ

π

xx

xx

x

xf

x

 

 
 
 
 
Conclusion and Explanation: 
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