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INTRODUCTION 
 
 
 
 

 One of the types of unaided work of students is the execution of 
calculation tasks during the semester. Their purpose is to develop practical 
skills of students. They are designed to help students capture theoretical 
material more deeply and learn how to apply the acquired knowledge to 
solve practical problems. The offered typical calculation tasks 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. 
 This task book covers virtually all major sections of the third module 
of the course on higher mathematics; it contains assignments for all the 
topics of the course, and offers 15 options for unaided work. A list of 
recommended literature is also provided. Tasks for solving are selected 
mainly from task books [6, 7, 18, 20]. Examples of solving such problems 
are contained in the manual [31]. For ease of use, in this manual the 
numbering of examples corresponds to the numbering of tasks in the given 
task book. In addition to the methodological instructions for solving 
problems and examples of solutions, manual [30] also contains the 
necessary theoretical information and reference material (tables, literature, 
etc.). 
 Calculation tasks are executed during the semester, which provides 
students with a systematic study of the course. While carrying out these 
tasks, students work with recommended textbooks and manuals, 
independently search for necessary literary sources and materials, analyze 
them and summarize, independently research and make written presentation 
of practical assignments. 
 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 doing the work, the student can use both the lecture and 
practical material, as well as the supporting literature listed at the end of 
this manual. Before starting the work, it is recommended to study the 
relevant theoretical material, then to understand the solutions of the tasks 
that were performed in the practical classes, and only after that to start the 
actual calculation work. 
 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. That is why additional 
questions may be asked to protect the student's work, including the 
theoretical material presented for the exam. 
 Completed work is submitted to the teacher for verification and 
subsequent protection in the form of an interview (usually during modular 
control). The student must be able to: 
 –  present the content of the tasks and to prove their solutions; 
 – answer questions about the content of the solutions obtained; 
 –  answer additional questions. 
 If the work is successfully protected, the student receives a certain 
number of rating points. If the specified requirements are not fulfilled, then 
the work is returned to the student for completion, indicating the term of re-
protection. 
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1 FUNCTIONS OF COMPLEX VARIABLE  
 
 
 
 

 Task 1.1. Express a complex number in trigonometric and power 
forms. Make a graph. 
 

 1) a) iz 322  ; b) 29z ;  c) 5iz  . 

 2) a) 3z ;  b) iz 31 ;   c) 215iz  . 

 3) a) iz 22  ; b) 5 64z ;  c) 3 31iz  . 

 4) a) iz 33 55  ; b) iz 5,3 ;  c) 2z . 

 5) a) iz  3 ;  b) iz 12 ;  c) 73z . 

 6) a) 1515 33  iz ; b) 3iz  ;  c) 15 3z . 

 7) a) iz 322  ; b) 52 iz 4;  c) 
3 325z . 

 8) a) iz  3 ;  b) iz 26 ;  c) 33z . 

 9) a) iz 66 2323  ; b) 
25

3
z ;   c) 

7 66z . 

 10) a) 22 iz  ; b) iz 5 6 ;  c) 615z . 

 11) a) 55 66 iz  ; b) iz 9,9 ;   c) 5 26z . 

 12) a) iz  1 ;  b) 34z ;  c) 1005z . 

 13) a) iz 13 ; b) iz 232  ;  c) 255z . 

 14) a) iz 322  ; b) 26z ;  c) 7iz  . 
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 15) a) 11z ;  b) iz 31 ;  c) 213z . 

 
 
 Task 1.2. Express a complex number in rectangular form іbа  . 
Make a graph. 
 

 1) a)   iiw 323  ;   b) 

i

i
w

2

1

3

1

21




 ; 

       c) 08  iw . 

 2) a)   iiw 312  ;  b) 

i

i
w

3

1

4

1

31




 ; 

       c) .iw 013   

 3) a)   iiw 231  ;  b) 

i

i
w

4

1

3

1

21




 ; 

       c) 0314  iw . 

 4) a)   iiw 213  ;   b) 

i

i
w

3

1

4

3

1




 ; 

       c) 0316  iw . 

 5) a)   iiw 2123  ;  b) 

i

i
w

2

1

3

1

32




 ; 

       c) 015 w . 
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 6) a)   iiw  323 ;  b) 

i

i
w

4

3

4

1

1




 ; 

       c) 018 w . 

 7) a)   iiw 321  ;  b) 

i

i
w

3

1

3

2

1




 ; 

       c) 016 w . 

 8) a)   iiw 212  ;   b) 

i

i
w

3

2

3

1

3




 ; 

       c) 018 w . 

 9) a)   iiw 3121  ;   b) 

i

i
w

3

1

2

1

32




 ; 

       c) 0226  iw . 

 10) a)   iiw  321 ;  b) 

i

i
w

3

2

3

1

21




 ; 

       c) 06  iw . 

 11) a)   iiw 2132  ;  b) 

i

i
w

2

1

4

1

21




 ; 

       c) 08  iw . 
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 12) a)   iiw 3121  ;  b) 

i

i
w

2

1

3

1

1




 ; 

       c) 014  iw . 

 13) a)   iiw 2132  ;  b) 

i

i
w

2

1

2

1

21




 ; 

       c) 06  iw . 

 14) a)   iiw 323  ;  b) 

i

i
w

2

1

3

1

21




 ; 

       c) 016 w . 

 15) a)   iiw 312  ;  b) 

i

i
w

3

1

4

1

31




 ; 

       c) .iw 0316   

 
 
 Task 1.3. Using DeMoivre’s law compute the given quantities. 
 

 1)  126
3 і    2)  1371 і  

 3)  2822 і    4) 

30

2

3

2

1








 і  

 5)  36
33 і    6)  40

31 і  
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 7  48
33 і    8) 

24

2

3

2

1








 і  

 9)  128
3 і    10) 

46

2

3

2

1








 і  

 11) 

52

2

3

2

1








 і   12)  24

33 і  

 13)  30
33 і    14)  721 і  

 15)  1371 і  

 
 
 Task 1.4. Find the set of points on complex plane defined by the 
following conditions. Make a graph. 
 

 1) а) zz 818  ;   b) 













.zarg

,z




2

4

 

 2) а)   1
2
zIm ;    b) 












.zIm

,zRe
44



 

 3) а) 
2

11


z
Im ;    b) 













.zarg

,z

2

3

4




 

 4) а) 
2

111

4

1


z
Im

z
Re ;  b) 









.zRe

,zIm

9

0 
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 5) а) 1 zImz ;   b) 













.zarg

,z

0
2

2

  

 6) а) zz 414  ;   b) 











.zIm

,zRe

0

2
0



 

 7) а)   1
2
zRe ;    b) 









.zIm

,zRe

0


 

 8) а)   zzRe 1 ;   b) 













.zarg

,z

44

  

 9) а) zz 313  ;   b) 








.zRe

,zIm

0

0 
 

 10) а) 63  zImz ;   b) 








.zRe

,zIm

0

0
 

 11) а) 123  zRez ;   b) 












.zarg

,z




2

 

 12) а) 1 zRez ;   b) 








.zRe

,zIm

0

0
 

 13) а)   zImzzIm  22 ;  b) 













.zarg

,z

2
0

3
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 14) а) zz  11 ;   b) 













.zarg

,z




2

5

 

 15) а)   2
2
zIm ;   b) 












.zIm

,zRe
4

3

4

3 

 

 
 
 Task 1.5. Find the analytic function having its real or imaginary part 

 y,xu ,  y,xv . 

 

 1)    22 lnycosy,xu x   2)    22 lnysiny,xv x  

 3)   1, 22  yxyxu    4)   xyyy,xv 22   

 5)   yxyxy,xu  23 3   6)   yxyyxv 172,   

 7)   xyxyxu 7, 22    8)   xchycosy,xu   

 9)   yshxsiny,xv 2   10)   323, yyxyxv   

 11)   222 yxxy,xu    12)   xxyyxv 82,   

 13)   ysiney,xv x 22   14)   ycosey,xu x 22  

 15)   xchycosy,xv 2  
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2 DIFFERENTIAL EQUATIONS 
 
 
 
 

 Task 2.1. Find the general solution of the separable differential 
equation. 
 

 1) xt
dt

dx 34     2) ycos
dx

dy
x 213 2   

 3) 0
xsin

dy
dxyctgxsin   4) 82 22  yyyx  

 5)   01 32  xdysinedxe yy  6) 2 yctgxy  

 7) zx

dx

dz  5     8) 152 4  t
dt

dy
y  

 9) 
 

1

12






x

y

dx

dy
    10) 22yyyx   

 11)     011 22 
dx

dy
xyyx  12) yyyx 2223   

 13)   0212  xy
dx

dy
x   14) 222 2xyyx

dx

dy
  

 15) 0 dyycosxdxysin  

 
 
 Task 2.2. Find the general solution of the homogeneous  differential 
equation. 
 

 1) xyyyx 222     2)   02 2  dyxyxydx  

 3)  dxyxxdy 22     4) xyxeyyx 55  
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 5)   yyxxyln      6) 
x

xy

dx

dy 6
  

 7)  
x

yx
lnyxyyx


   8)   025  xdydxyx  

 9)     0 dyyxdxyx   10) 
x

y
xctgyyx 5  

 11) 
2

2

x

eyxy

dx

dy yx
    12)  223 22 yxyyx   

 13) yxyyxy  22    14)   xyyyx 222   

 15)   02 323  dyxdxyxy  

 
 
 Task 2.3. Find the general solution of the linear differential equation 
of the first order or Bernoulli’s equation. 
 

 1) ye
y

x
y x  2     2) dyx

yx

dx








 2

1
 

 3) ytgxxcosy
dx

dy
 4    4) xsiny

dx

dy
x   

 5) 1 xlny
dx

dy
x    6) 012  xy

dx

dy
x  

 7) 02 2  xyyx    8) 42 232 xxxy
dx

dy
  

 9) xsinxyctgx
dx

dy
2   10) xeyyy 22   
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 11) 
y

x

x

y

dx

dy

22

2

    12)   0 xdydxexy x  

 13) 012  xyyx    14) xsinexcosy
dx

dy   

 15) yyxyx 42 2   

 
 
 Task 2.4. Find the general solution of the exact differential equation. 
 

 1)     036223 22  dyxxydxxxyy  

 2)     031 2  dyyxdxyx  

 3)   02   dyxeydxe yy  

 4) 0
2

4
2

2









 dy

x

y
dx

x

y
 

 5)      0222  dyyxcosdxyxcosxsin  

 6)   0222  dyyxydxxy  

 7) 0
1

2









 dy

x
dx

x

y
xex  

 8) 0
32
4

22

3



 dy

y

xy
dx

y

x
 

 9)   013 32  dyexdxex yy  

 10)     0332 232  dyyxdxyxx  

 11)     03632 222  dyyxyxdxyxy  
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 12)     04692 232  ydyyxxdxxy  

 13)   02 22  dyyxxydx  

 14)   0213
3

2 







 dy

y

x
ydxylnx  

 15)   012 22  dyyxdxyxx  

 
 
 Task 2.5. Find the general solution of the differential equation of 
order higher than the first. 
 

 1) 22 yyx     2)   01  yey x  

 3)  ctgxyy 12    4) 
y

x

x

y
y






2

 

 5) 02  yyxyx   6) yxyy   

 7)   yxxy  212   8) 02  yyx  

 9)   12  xyy    10)   21 2  yxyx  

 11) 12 2  yyyx   12)   011 22  yyx  

 13)  22 xyxyyx   14) yyyxyxy  2  

 15) yxyyx   

 
 
 Task 2.6. Solve the Cauchy's problem. 
 

 1). ylnyyyy 22  ,     100  yy  
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 2) 232 yy  ,   12 y ,   12 y  

 3) 32 yyyy  ,   11 y ,   11 y  

 4) 13 yy ,   11 y ,   01 y  

 5) 134  yyy ,   20 y ,  
2

2
0 y  

 6) yey 2 ,   00 y ,   10 y  

 7) yy  2 ,   10 y ,   10 y  

 8)  12 2  yyy ,   21 y ,   11 y  

 9) yeyy 3 ,   03 y ,   13 y . 

 10) 02  yysinyycosy ,  
6

1
π

y  ,   21 y  

 11) 03 2  yyy ,   00 y ,   10 y ,   00 y  

 12)  21

2

y

yy

y

y








,   00 y ,   10 y  

 13) 22 yyyy  ,   10 y ,   00 y  

 14) 22 432 yyyy  ,   10 y ,   00 y  

 15)  142  yy ,   00 y ,   20 y  

 
 
 Task 2.7. Find the general solution of the linear differential equation 
using method of undetermined coefficients. 
 

 1) xsinxyy 535 2    2) xxeyyy 32   
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 3) xxeyyy 22     4) xexyy 5245   

 5) xcosxeyyy x  2   6) xeyyy 42   

 7) xIVV exyyy 532    8) xxeyy xIV  28  

 9) xcosxeyyy x  22  10) xxeyy 4  

 11) xcosxsinyy 42    12) xsinyy 24   

 13) xcosxcosyy 2   14) xeyy x 183 3   

 15) xx exeyyy 3334   

 
 
 Task 2.8. Find the general solution of the linear differential equation 
using method of undetermined coefficients (without finding the numerical 
values of the coefficients). 
 

 1)   xsinxcosxeyyy x 221252   

 2)   xexxyy 422
14   

 3)   xIV excosxyy  2  

 4) xsinxcoseyy x  

2

32  

 5) xxeyy xVVI  2  

 6)  xcosxsinxeyy x 224 22   

 7) 4233  xxeyyyy  

 8) xcosexyyy x 442   

 9) 223 2   xeyyy  
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 10) xcosxyyIV 37   

 11) xcosxexyy x 224 2    

 12. xsineeyy xx 339 33   

 13. xcosexxyyy x  22 245  

 14. xcosexexsinyyy xxIV 3665 22   

 15. xsinexcosxyyy xIV 22254 2   
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3 OPERATIONAL CALCULUS 
 
 
 
 
 Task 3.1. Find a Laplace transforms for a given function. 
 

 1)   tsintf 2    2)   tcostf 3  

 3)   tsintf 4    4)   tcostsintf 32  

 5)   tsintsintf 32   6)   tcostcostf 32  

 7)   tcostf 2    8)   tsintf 3  

 9)   tcostf 4    10)   tsinttf 3  

 11)   tcosttf 2   12)   ttetf   

 13)   tcosttf 2   14)   tshttf 3  

 15)   tcosetf t 75  

 
 
 Task 3.2. Find an original function for a given Laplace transforms. 
 

 1)  
12 




p

e
pF

p

   2)    12

3/






pp

e
pF

p

 

 3)  
  41 2

2






ppp

e
pF

/p

 4)  
4

3

3

2

2

62

p

e

p

e

p

e
pF

ppp 

  

 5)  
522 




pp

e
pF

p

  6)  
1

32
2

432








p

eee
pF

ppp
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 7)  
42

2






p

pe
pF

p

  8)  
 1




pp

e
pF

p

 

 9)  
 2

3

1




p

e
pF

p

  10)  
92

2






p

pe
pF

p

 

 11)  
342

3/






pp

e
pF

p

 12)  
2

2

p

e
pF

p

  

 13)  
3

2

p

e
pF

p

    14)  
9

3
2

2






p

pe
pF

p

 

 15)  
 2

4

1




p

pe
pF

p

 

 
 
 Task 3.3. Solve the Cauchy's problem. 
 

 1) texxx  32 ,    00 x ,   10 x  

 2) 1 xx ,     10 x ,   00 x  

 3) tsinxx 2 ,    10 x ,   10 x  

 4) texx  ,     00 x ,   20 x ,   00 x  

 5) tsintxx  2 ,      000  xx  

 6) tcosxx  ,    00 x ,   20 x ,   00 x  

 7) 1 xx ,     00 x ,   10 x  

 8) txx  4 ,     10 x ,   00 x  
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 9) 0 xx ,     10 x ,   00 x  

 10) txxx  152 ,     000  xx  

 11) 1x ,      00 x ,   10 x  

 12) tcosxx  ,    20 x ,   00 x  

 13) texx  3 ,     00 x ,   10 x  

 14) 133  xxxx ,       0000  xxx  

 15) texx 22  ,      000  xx  
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Appendix A 
Table of the derivatives 
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Appendix B 
Table of the basic indefinite integrals 

 

 In the table  xuu   is a differentiable function 
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Appendix C 
Properties of the Laplace transformation 
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Appendix D 
Table of Laplace transforms 
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