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INTRODUCTION 
 
 
 
 

 The offered written tests on higher mathematics and methodical 
instructions for their performance correspond to the course "Higher 
Mathematics" taught to students majoring in Power Engineering, Electrical 
Engineering and  Electrical Mechanics full-time in the third module of the 
two-semester course. This set of tasks can also be used for students in other 
technical majors who study higher mathematics in a two-semester course. 
 The manual contains tasks for two written tests and methodical 
instructions for their performance (fully solved standard options with all the 
necessary explanations). Each test is composed of ten options. 

Written Test №1 covers the following topics of the third module of 
the course, namely: complex numbers and arithmetic operations on them, 
the geometry of the complex plane, the functions of the complex variable, 
elements of the theory of analytical functions. Written Test №2 covers the 
following topics of the third module of the course, namely: elementary 
differential equations, first-order linear differential equations, linear 
differential equations with constant coefficients, higher-order differential 
equations that allow order reduction. 
At the end there is a list of recommended literature for preparation. It 
includes author's textbooks, as well as manuals on the performance of 
calculation tasks executed by students during the semester as homework. In 
addition to the methodological instructions for solving problems and 
examples of solutions, manual [12] also contains the necessary theoretical 
information and reference material (tables, literature, etc.). 

Students perform each written test at the end of the study of the 
relevant module of the course. Written test is performed during classroom 
classes, it is designed for two academic hours. 

The student chooses the option (the number of the variant) according 
to his number in the register list. The work is done in English in writing, 
preferably in a notebook in a cell. Note fields must be left blank. The name 
of the subject, major, group and course, surname, first name and 
patronymic of the student, name of the teacher who accepts the work 
should be indicated on the title page of the work. 
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 While performing the work, the student should solve the offered 
tasks by the methods specified in the tasks, as well as make all the 
necessary drawings (graphical solutions). The student must show the 
acquired theoretical knowledge of the course . 
 When evaluating a work, the indicator of its quality is, first of all, 
how the student independently and correctly solved the tasks and 
understood the content of the obtained solutions. After checking the work 
by teacher the student receives a certain number of rating points. 
 After checking and evaluating the work, solutions are analyzed and 
discussed. Thus, these tests are an important part of students' independent 
classroom work in practical classes; they help students assess their current 
level of knowledge. In addition, for the teacher these works is a method of 
diagnosis and control of learning material by students. 

The materials of this manual can also be used for practical 
illustration of theoretical positions during the presentation of lecture 
material, during practical classes, as well as for modular control (its 
classroom part). 
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1 WRITTEN TEST №1 
 
 
 
 

1.1 Methodical instructions for performance of Written Test №1 
(solution of a standard option) 

 
 

Option 0 
 

1) Calculate (express the complex number z  in a rectangular form). 
Find the modulus and the argument of the complex number: 

 81
4

4





 i

i

i
z . 

Solution. To reduce the fraction to the rectangular form, we multiply 
the numerator and denominator by the value conjugated to the denominator. 
In our case, this value is i4 : 

 
   17

815

116

1816

44

4

4

4 2 ii

ii

i

i

i 















. 

Then 

             164212111 22222
2228 






  iiii . 

So, we have 

 
17

8

17

287

17

8287
16

17

815
1

4

4 8 iii
i

i

i
z 










 . 

It’s the rectangular form of z . 
 We find the modulus and the argument of the number z . The 

number z  belongs to the ІV quadrant because 0
17

287
x , 

0
17

8
y ; 
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916
17

82433

17

8

17

287
22

.r 
















 ; 

2
287

8

17
287

17
8




 arctgarctg . 

Answer: 
17

8

17

287 i
z  ; 

916
17

82433
.r  ; 2

287

8
 arctg . 

 

2) Solve the equation: 04042  zz . 
Solution. It's a quadratic equation. Let's find its discriminant: 

  1444044 2 D . 

We have the roots of this equation: 

i
i

z , 62
2

124

2

1444
21 





 . 

Answer: iz , 6221  . 

 
3) Find the set of points on the complex plane defined by the 

following condition: zz 212  . Make a graph.  

Solution. Let iyxz  . Then the inequality has the form: 

    iyxiyx 2212  . 

By definition of modulus we have: 

    2222 4212 yxyx  . 

Solving the inequality we get: 

    2222 4212 yxyx  , 

2222 444144 yxxyxx  , 

333 22  yx , 
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122  yx . 

This is the inner domain of the unit circle, including the boundary (fig. 1.1). 
 
 

 

Answer: the unit circle 122  yx . 

 

4) Find the analytic function  zf  having its real part 

  xyxy,xu 522  . 

 Solution. Since the function  zf  is analytic, then its imaginary and 

real parts satisfy the Cauchy-Riemann conditions. Using the first condition, 
we obtain:  

y

v

x

u









, 

 
y

v
xyx x







 522

, 

y

v
x




 52 , 

         xyxyxdyxy,xv  5252 . 

zIm

zRe  

1  1  

Figure 1.1 

1  

1  
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From the second condition we obtain equality: 

x

v

y

u









, 

     xy xyxyxyx 


 52522
, 

 xyy   22 , 

from which we get   0 x  and   Cx  . Consequently: 

  Cyxyy,xv  52 ; 

       y,xivy,xuzf  

     Cyxyixyx 52522  

     iCiyxyixyx 552 22
 

     iCiyxiyx 52
 

iCzz  52 . 
We finally have: 

  iCzzzf  52 . 

Answer:   iCzzzf  52 . 

 
 

 1.2 Options of Written Test №1 
 
 

Option 1 
 

1) Calculate (express the complex number z  in a rectangular form). 
Find the modulus and the argument of the complex number: 

 41
2

2





 i

i

i
z . 

2) Solve the equation: 01362  zz . 
3) Find the set of points on the complex plane defined by the 

following condition:   3
2
zIm . Make a graph.  
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4) Find the analytic function  zf  having its real part 

  xyxy,xu 322  . 

 
Option 2 

 
1) Calculate (express the complex number z  in a rectangular form). 

Find the modulus and the argument of the complex number: 

 312
13

2





 i

i

i
z . 

2) Solve the equation: 01342  zz . 
3) Find the set of points on the complex plane defined by the 

following condition: 3 zRez . Make a graph.  

4) Find the analytic function  zf  having its real part 

  xyxy,xu 222  . 

 
 

Option 3 
 

1) Calculate (express the complex number z  in a rectangular form). 
Find the modulus and the argument of the complex number: 

 
 

32
2

2
2

3





 i

i

i
z . 

2) Solve the equation: 01362  zz . 
3) Find the set of points on the complex plane defined by the 

following condition: 123  zRez . Make a graph.  

4) Find the analytic function  zf  having its real part 

  xyxy,xu  22 . 

 
 

Option 4 
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1) Calculate (express the complex number z  in a rectangular form). 
Find the modulus and the argument of the complex number: 

i

i

i

i
z

21

32

1

1









 . 

2) Solve the equation: 01342  zz . 
3) Find the set of points on the complex plane defined by the 

following condition: 1 zRez . Make a graph.  

4) Find the analytic function  zf  having its real part 

  xyxy,xu 322  . 

 
 

Option 5 
 

1) Calculate (express the complex number z  in a rectangular form). 
Find the modulus and the argument of the complex number: 

   12

12

321
i

i

ii
z 




 . 

2) Solve the equation: 01022  zz . 
3) Find the set of points on the complex plane defined by the 

following condition:   2
2
zIm . Make a graph.  

4) Find the analytic function  zf  having its real part 

  xyxy,xu 222  . 

 
 

Option 6 
 

1) Calculate (express the complex number z  in a rectangular form). 
Find the modulus and the argument of the complex number: 

   21124
i

i

ii
z 


 . 

2) Solve the equation: 0842  zz . 
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3) Find the set of points on the complex plane defined by the 

following condition: 3 zImz . Make a graph.  

4) Find the analytic function  zf  having its imaginary part 

  yxyy,xv 32  . 

 
 

Option 7 
1) Calculate (express the complex number z  in a rectangular form). 

Find the modulus and the argument of the complex number: 

   32

12

532
i

i

ii
z 




 . 

2) Solve the equation: 01022  zz . 
3) Find the set of points on the complex plane defined by the 

following condition: 123  zImz . Make a graph.  

4) Find the analytic function  zf  having its imaginary part 

  yxyy,xv 22  . 

 
 

Option 8 
1) Calculate (express the complex number z  in a rectangular form). 

Find the modulus and the argument of the complex number: 

i

i

i

i
z

32

43

2

2









 . 

2) Solve the equation: 0842  zz . 
3) Find the set of points on the complex plane defined by the 

following condition: 1 zImz . Make a graph.  

4) Find the analytic function  zf  having its imaginary part 

  yxyy,xv 32  . 

 
 

Option 9 
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1) Calculate (express the complex number z  in a rectangular form). 
Find the modulus and the argument of the complex number: 

 32
14

4





 i

i

i
z . 

2) Solve the equation: 0522  zz . 
3) Find the set of points on the complex plane defined by the 

following condition: 1 zRez . Make a graph.  

4) Find the analytic function  zf  having its imaginary part 

  yxyy,xv 22  . 

 
 

Option 10 
1) Calculate (express the complex number z  in a rectangular form). 

Find the modulus and the argument of the complex number: 

   51

13

524
i

i

ii
z 




 . 

2) Solve the equation: 0522  zz . 
3) Find the set of points on the complex plane defined by the 

following condition: 1 zImz . Make a graph.  

4) Find the analytic function  zf  having its imaginary part 

  yxyy,xv  2 . 
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2 WRITTEN TEST №2 
 
 
 
 

2.1 Methodical instructions for performance of Written Test №2 
(solution of a standard option) 

 
 

Option 0 
 

1) Find the general solution of the differential equation: 

  253 2  yyx  

 Solution. It’s an equations with separable variables. We separate the 
variables and integrate this equation: 

  2253 y
dx

dy
x  , 

3252 


 x

dx

y

dy
, 

 


 3252 x

dx

y

dy
, 

  Cxln
y

arctg  3
55

1
. 

Answer:   Cxln
y

arctg  3
55

1
. 

 
2) Find the general solution of the differential equation: 

22 9xyyyx  . 

 Solution. Write the equation in the normal form: 

9
2











x

y

x

y
y . 
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This equation is homogeneous because the function 9
2











x

y

x

y
 is a 

homogeneous function of zero degree. 

 Let's make the substitution 
x

y
u  , then xuy  , uxuy  . We 

have: 

92  uuuxu , 

x

dx

u

du


 92
, 

 
 x

dx

u

du

92
, 

Clnxlnuuln  92 , 

x

C
uu  92 . 

In the last expression, we return to the variable y : 

Cxyy  22 9 . 

Answer: Cxyy  22 9 . 

 
3) Find the general solution of the differential equation: 

 222
xxcosyy

x
y  . 

 Solution. This is Bernoulli's equation. We make Bernoulli's 
substitution: uvy  , then 

 2222
xxcosvuuv

x
uvvu  , 

 2222
xxcosvu

x

v
vuvu 








 . 
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Step 1: 0
2

0
2


x

v

dx

dv

x

v
v , 

dx
xv

dv 2
 , 

 
x

dx

v

dv
2 , 

and we get 2xv  . 

Step 2:    2222422 xxcosxu
dx

du
xxcosxuxu  , 

 dxxxcosx
u

du 22
2

 , 

   dxxxcosx
u

du 42
2

. 

We integrate  xdxcosx2  twice by parts: 

  xcosxxsinxxdxcosx 2222  , 

and we get  
55

1
22

1 52 C
xxcosxxsinx

u
 , or: 

  52 1025

5

xxcosxxsinxC
u


 . 

 Thus, the general solution of this equation is: 

  52

2

1025

5

xxcosxxsinxC

x
uvy


 . 

Answer:   52

2

1025

5

xxcosxxsinxC

x
y


 . 

 
4) Find the general solution of the differential equation: 

xsinxxyyy 246223 2  . 

 Solution. Find the roots of the characteristic equation: 

0232   , 
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11  , 22  . 

Solution of homogeneous equation: 
xx eCeCy 2

210  . 

 For the given equation a particular solution looks like this: 

xsinExcosDCBxAxynh 222  . 

Let's find nhy  and nhy  : 

xsinDxcosEBAxynh 22222  , 

xsinExcosDAynh 24242  . 

We substitute nhy  and nhy   into the original equation: 

    xsinDxcosEBAxxsinExcosDA 22222324242  

  xsinxxxsinExcosDCBxAx 2462222 22  . 

Equating the coefficients at xcos 2 , xsin2 , 2x , 1x  and 0x  in the left-
hand side and the right-hand side of the last equality, we obtain a system of 
algebraic equations with respect to A , B , C , D  and E : 

.CBA

,BA

,A

,DE

,ED

x

x

x

xsin

xcos

4232

626

22

162

062

2

2

0

1

2











 

From the obtained system we find that 1A , 0B , 1C , 
20

3
D , 

20

1
E . So, 

xsinxcosxynh 2
20

1
2

20

3
12  . 

 The general solution of the equation: 

 nhyyy 0  
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xsinxcosxeCeC xx 2
20

1
2

20

3
122

21  . 

Answer: xsinxcosxeCeCy xx 2
20

1
2

20

3
122

21  . 

 
5) Solve the Cauchy problem using the operational method: 

tcosxx 6 ;    00 x ,   40 x ; 

 Solution. Let    pXtx  , then by the differentiation theorem for 

the original we have: 

       ppXxppXtx  0 , 

          400 22  pXpxpxpXptx . 

In addition, we find in the table 
12 


p

p
tcos . We get the operator 

equation: 

   
1

6
4

2
2




p

p
pXpXp . 

We solve the equation and find the  unknown function  pX : 

    4
1

6
1

2
2 




p

p
pXp , 

 
  1

4

1

6
222 





pp

p
pX . 

 This is an operator solution. Let's find the original function for it. We 
find according to the table (see Appendix D): 

tsin
p


1

1
2

,  
 

tsint
p

p



22 1

2
. 

So,      txtsinttsintsintpX  4343 .  

Answer:     tsinttx 43  . 
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 2.2 Options of Written Test №2 
 
 

Option 1 
 
Find the general solution of the differential equation: 

1)  ydyxdxy 3292  ; 

2) 0







 dy

x

y
cosxdx

x

y
cosyx ; 

3) 02 35  xeyxyyx ; 

4) xyy  9 . 

Solve the Cauchy problem using the operational method: 

5) 1x ,   00 x ,   10 x . 

 
 

Option 2 
 

Find the general solution of the differential equation: 

1) 0
53


x

dy

y

dx
; 

2)  yxyxyxy  222 ; 

3) 2x
x

y

dx

dy
 ; 

4) xyy  4 . 

Solve the Cauchy problem using the operational method: 

5) tx  ,   00 x ,   10 x . 

 
 

Option 3 
 

Find the general solution of the differential equation: 

1) ydylndxyex  ; 
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2)   22yxyyyxx  ; 

3)   dydxyxx 22 ; 

4) xyy  . 

Solve the Cauchy problem using the operational method: 

5) tx  ,   10 x ,   10 x . 

 
 

Option 4 
 

Find the general solution of the differential equation: 

1) 3 23 yy  ; 

2)  yxyyx 2 ; 

3)  xcosxyxy  ; 

4) xyy  25 . 

Solve the Cauchy problem using the operational method: 

5) 1 tx ,    00 x ,   10 x . 

 
 

Option 5 
 

Find the general solution of the differential equation: 

1) ylny
dx

dy
ctgx  ; 

2) 022  yxyxy ; 

3)   yxlnyx 21  ; 

4) xyy  16 . 

Solve the Cauchy problem using the operational method: 

5) 2 tx ,   00 x ,   30 x . 

 
 
 

Option 6 
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Find the general solution of the differential equation: 

1) 025  ctgy)x(
dx

dy
; 

2) 0







 dy

x

y
xtgdx

x

y
ytgx ; 

3) 322 yxyxy  ; 

4) xyy  9 . 

Solve the Cauchy problem using the operational method: 

5) 3 tx ,   20 x ,   00 x . 

 
 

Option 7 
 

Find the general solution of the differential equation: 

1)   0416 22  y
dx

dy
x ; 

2) 225 yxyxy  ; 

3) 322  xyyx ; 

4) xyy  4 . 

Solve the Cauchy problem using the operational method: 

5) 3 tx ,   20 x ,   10 x . 

 
 

Option 8 
 

Find the general solution of the differential equation: 

1) 3 y
dx

dy
tgx ; 

2) 0







 dy

x

y
sinxdx

x

y
sinyx ; 
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3) 
2

2 xxexy
dx

dy  ; 

4) xyy  . 

Solve the Cauchy problem using the operational method: 
 

5) 2 tx ,   10 x ,   10 x . 

 
 

Option 9 
 

Find the general solution of the differential equation: 

1) 01 2  ytgxy ; 

2)   yxylnyyx  ; 

3) 
xcos

ytgxy
1

 ; 

4) xyy  16 . 

Solve the Cauchy problem using the operational method: 

5) 3 tx ,   30 x ,   00 x . 

 
 

Option 10 
 

Find the general solution of the differential equation: 
1) 4 yyx ; 

2)   023 22  xydxdyxy ; 

3) 422 xyyx  ; 

4) xyy  25 ; 

Solve the Cauchy problem using the operational method: 

5) 5 tx ,   00 x ,   10 x . 
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Appendix A 
Table of the derivatives 

 

 In the table  xuu   is a differentiable function 

 

1   0


C , constC   
11 

  u
ucos

tgu 
2

1
 

2   1


x  
12 

  u
usin

ctgu 
2

1
 

3   uunu nn 
 1  

13 
  u

u
u 





21

1
arcsin  

4   u
u

u 


2

1
 

14 
  u

u
u 





21

1
arccos  

5   consta,ualnaa uu 


 
15 

  u
u

arctgu 





21

1
 

6   uee uu 


 
16 

  u
u

arcctgu 





21

1
 

7 
  u

alnu
uloga 




1
 

17 uuchush )(  

8 
  u

u
u 
 1

ln  
18 uushuch )(  

9   uucosusin   
19 

u
uch

uth 
2

1
)(  

10   uusinucos   
20 

u
ush

ucth 
2

1
)(  
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Appendix B 
Table of the basic indefinite integrals 

 

 In the table  xuu   is a differentiable function 

 

1   Cudu  10 Cusin lnductgu   

2 

 





C
u

duu
1

1




 , 

1  

11 
  Cu tg

ucos

du
2

 

3 
  Cu

u

du
2  

12 
  Cu ctg 

usin

du
2

 

4 
  Cu ln

u

du
 

13 
  C

u
tg ln

usin

du

2
 

5 

  C
aln

a
dua

u
u  

14 

 







 C

u
tg ln

ucos

du

42


 

6   Cedue uu  15 Cuchduush   

7   Cuduu cossin  16   Cushduuch  

8 Cusinduucos   17 
  Cuth

uch

du
2

 

9   Cucos lndutgu  18 
Cucth

ush

du
  

2
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19 
 


C

a

u
arctg

aau

du 1
22

 

20 
 







C

au

au
 ln

aau

du

2

1
22

 

21 
 

 22 ua

du
C

a

u
arcsin   

22 
 

 22 au

du
Cauu ln  22  

23 
 duua 22 22

2

1
uau  C

a

u
arcsina  2

2

1
 

24 
  duau 22 22

2

1
auu  Cauunla  222

2

1
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Appendix C 
Properties of the Laplace transformation 

 

Property 
 

The calculation formula 

 
Linearity 




n

k
kk

n

k
kk pFtf

11

)()(   

Delay theorem   

)()()( pFettf p   

Shifting theorem  

)()( apFfe tat   

Similarity theorem 
  










a

p
F

a
atf

1
 

 
Differentiation of  

original 

)0()()( fppFtf  , 





n

k

)k(knn)n( )(fp)p(Fp)t(f
1

1 0  

 
Differentiation of  

image 
)()1()( pF

dp

d
tft

n

n
nn   

 
Integration of  

original p

pF
df

t )(
)(

0

   

 
Integration of  

image 




p

dppF
t

tf
)(

)(
 

 
Convolution 

theorem 
)()()()()()( 212

0
121 pFpFdtftftftf

t

    
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Appendix D 
Table of Laplace transforms 

 

Original 
function  

 tf  

Laplace transform 

 pF  

Original 
function  

 tf  

Laplace transform 

 pF  

 
)(t  p

1
 

 
tsh  22 



p
 

 
nt , Nn  1

!
np

n
 

 

te t  cos    22 







p

p
 

 
t , 1  

 
1

1







p
 

 

te t  sin    22 



p
 

 
te  p

1
 

 

te t  ch    22 







p

p
 

 
tnet  , Nn    1

!
 np

n


 

 

te t  sh    22 



p
 

 
tet  , Nn  

 
  1

1







p

!
 

 
tt cos  

 222

22









p

p
 

 
tsin  22 



p
 

 
tt sin   222

2





p

p
 

 
tcos  22 p

p
 

 
tt ch  

 222

22









p

p
 

 
tch  22 p

p
 

 
tt sh   222

2





p

p
 

 


