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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. Examples of solving such
problems are contained in the manual [12]. 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 [12] 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.



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
guestions 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.



1 FUNCTIONS OF COMPLEX VARIABLE

Task 1.1. Express a complex number in trigonometric and power

forms. Make a graph.
1) a) z=-2+23i;
2) a) z:\/§;
3)a) z=+2-2i;
4)a) z=%5-35i;
5)a) z=3+1;
6)a) z=-3 +i-3";
7) a) z=2+23i;

8)a) z=+/3-i;
9)a) z =23 -%23i;

10)a) z=—/2-i2;

11)a) 2 =36 -6 ;
12)a) z=-1-1i;
13)a) z =—+/131;

14)a) z =2 - 24/3i;

b) z=-/29;
b) z=1-+/3i;
b) z=-/64;
b) z=-35i;
b) z =-12i;
b) z = —i/3:
b) z=i-2754;
b) z=/261;
) z=2;

b) z=%/6i;

b) z=9,9i;

b) z:—4\/§;
b) z=-2v3-2i;
b) z=-/26;

c)z:i\/g.
¢) z=-15iv/2 .
c) z=-i%/31.
c) 7=4/2.

C) z=-3"
c) z=-43.
c) Z:—ZS%.
C) z:—3‘/§.
c) z:—6%.
¢) z=15"6,
C) 7=%/26.
c) z =5,
c) 7=-5%,
c) z=i7.



15)a) z = +/11; b) z=1++/3i; c) z=-13v2 .

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

1)a) w=(3-i)2+3i); by we L+

2)a) W= (2+i)-1+3i); b) W= -;

3)a) w=(1-i)-3-2i); b)sz_ii;
374
o) W —1+i/3=0
4)ya) w=(3+i)1+2i); b) w = :1%“1
473

owl-1+iv/3=0.

-2+3i

B
3 2

5)a) w=(3-2i)1+2i); b) w=

c) w°+1=0.



6)a) w=(3-2i)-3+i);

7a) w=(1-i)-2+3i);

8)a)y w=(2—i)1+2i);

9)a) w=(1+2i)-1+3i);

10)a) w=(1+2i)3+i);

11)a) w=(2+3i)1-2i);




12)a) w=(-1-2i)-1+3i); b) w=

13)a) w=(-2-3i)1-2i); b) w=11+—21i_
c)w6—|=0

14)a) w=(3+i)2+3i); b)W:11+ii_;
———l

3 2

owl+1=0

15)a) w=(2+i)-1-3i); b)w:_11—+13i
—+—i

4 3

Task 1.3. Using DeMoivre’s law compute the given quantities.
1) (ﬁ + i)126 2) 1+if’

30
3) (2+2i)% 4) [— ; +i fj

5) (/3-3if° 6) (1+i/3)"
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7 (ﬁ+3i)48 8) (;+lf}
46
9) (Va-if* m)[—;—ffJ
52

11) [;—iifJ 12) 3-/3f"
13) (3+iV3 )30 14) (1-i)"
15) (1)

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

_ z|=4,
1nﬂz—M<h—&k b) { ,
—<argz<un.
2
~ —£<Rez<£
2) a) Im(z)2 <1; b) 4 4’
—o<Imz<oo,
L1 |z| =4,
3a) Im=<—=; b) 3
z 2 r<argz<-—.
1 1 1 1 O<Imz<mr,
4)a) —<Re—+Im—<—; b)
4 z z 2 —wo<Rez<0.



5)a)|z|=1Imz-1;

6)a) |2-4]>|1-4z|;

7)a) Re(z)f =1;

8)a) Re(l+2)=|z|;

9)a) [2-3[<[1-3z2;

10)a) |2|-3Imz=6;

11)a) 3 z|-Rez=12;

12)a) |z|=Rez+1;

13)a) Im(z? —z)=2-

11

z[=2,
b
) —§<argz<0

O<Rez<—
b)
0< |mZ<oo
—-n<Rez<mrm,
b)
<Imz<D0.
|4<w
") ”<arz<
4 9 '
O<Imz<ur,
b)
O0< Rez < oo,
Imz >0,
b)
Rez > 0.

|z| <o,
b) <
—<argz<x.
2
—-7<Imz<0,
b)
O<Rez< .

, =2

<argz<—
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_ |2[=5,
14)a)[2-1|<|1-2]; b) 4~
“<argz<ax.
2
~ —3—<Rez<3—7Z
15)a) Im(z)f > 2: b){ 4 4

—oo<|Imz<oo.

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

u(x,y), v(x,y).

1) u(x,y)=2%"cos(yIn2) 2) v(x,y)=2%sin(yIn2)
3y ulx,y)=x>-y*+1 4) v(x,y)=-2y—2xy
5) u(x,y)=x3-3xy® +y 6) V(X,y)=2xy —17y

7 u(x y)=x?—y? -7x 8) u(x,y)= cos xchy

9) v(x,y)=—-2sinxshy 10) v(x,y)=3x’y - y?
11) u(x,y)=2x + x% — y? 12) v(X,y) = —2xy +8x

13) v(x,y)=—e?*sin 2y 14) u(x,y)=e**cos 2y
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2 DIFFERENTIAL EQUATIONS

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

1) ——4t 3Ux 2) 3x° ji —1=cos2y

3) sinx- ctgydx—izo 4) 2x°yy'—y* =8
sinx

5) (L+e” )dx—e? sin® xdy =0 6) y'ctgx+y =2

dZ X—2 dy 4
7)) —=5 8) 2y—+5t" =1
)dx ) ydt
9 QZM 10) xy’+y:2y2
dx X+1

11) x(1+ y2)+ y(1+ xz)%zo 12) x*y?y' +2 =2y
X
13) (x2 —1)ﬂ +2xy=0 14) dy_ X2y? + 2xy?
dx dx
15) sinydx+ xcosydy =0

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

1) x2y' =y? —2xy 2) ydx+(2x2/y+x)dy:0
3) 2xdy = (x + 2y)dx 4) xy' =y —5xe>/
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' d +6X
5) In(y/x)xy’ = y 6) d_y:y_
X X
7) xy' =y =(x+y)n Y 8) (5x +2y)dx — xdy =0
X
9) (x—y)dx+(x+y)dy =0 10) xy' — y =5xctg Y
X
dy xy+ y2e—x/y 3., 2 2
11) ==——7— 12) 2x°y" = y|2x° -
)T ) 2y = y(2x* - y?)
13) y* + X2y = xyy' 14) (x2 + yz)y’ = 2Xy

15) (y3 - 2x2y)dx +x%dy =0

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

1) y':5e2X+y 2) %:[l—Zdey
y X y
3)ﬂ:y4cosx+ytgx 4) xﬂ+y:sinx
dx dx
5) xﬂ+yzlnx+1 6) x2ﬂ+xy+1:0
dx dx
7) xy' =2y +x*=0 8)——2xy 3x? —2x*

9) %—yctgx:ZXSinx 10) y'+2y = y%*
X
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dy Yy X2 X
11) —=—+— 12) (xy +e* Jdx—xdy =0
)dx 2x+2y )(y )d Y
2., dy —sinx
13) X°y'+xy+1=0 14)d——ycosx=e
X

15) xy' — 2x2\[y = 4y

Task 2.4. Find the general solution of the exact differential equation.
1) (3y? +2xy + 2x)dx + (Bxy + X2 +3)dy =0

2) (x+ y+1)dx+(x— y? +3)dy:0

3) eVdx— (Zy + xe’y)dy =0

2
4) (4—y—2de+ﬂdy:0
X X

5) (sin2x + 2cos(x + y))dx —2cos(x + y)dy =0
6) xy’dx + y(x2 + yz)dy =0

X2

7) (xeX . jdx—idyzo
X

2X y? —3x°
—3dX+ 7

8) dy=0

9) 3x%e’dx + (x’e’ —1)dy =0

10) (2x+3x2y Jdx + (x° —3y? )dy = 0
11) (2xy+3y2)dx+(x2 +6xy—3y2)dy:0
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12) (2 - 9xy2)xdx + (— 6x° + 4y2)ydy =0
13) 2xydx + (x2 - yz)dy =0

3
14) 3x*(1+1In y)dx—[Zy —ijdy =0

15) 2x(1+\/x2 - y}jx—\/x2 —ydy=0

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

1) X°y"=y"” 2) y”(eX +1)+ y'=0

3) y" =2(y" —1)ctgx 4) y' = % + x72’

5) Xy" +xy? —y' =0 6) y"=y"—xy"

7) y(x% +1)=2xy’ 8) 2xy"+y" =0

9) y”(2y’ + x) =1 10) (1— XZ)Y" +Xy'=2
11) 2xy'y" =y? -1 12) (1+ XZ)Y" +y?+1=0

!

13) xy" =Yy + x(y’2 + x2) 14) xyy” —xy'* = yy
15) Xyl" — y” + Xy"

Task 2.6. Solve the Cauchy's problem.

1). yy' - y?=y’Iny, y(0)=y(0)=1



17

2) 2y"=3y%, y(-2)=1, y'(-2)=1
Yy =y -y? y1)=1, yl)=-
) vy =-1, y(1)=1, y(1)=

5) y* —y%y" =1, y(0)=+2, y'(0)=%

6) y'=e”, () 0, y(0)=1

7y =2y, y0)=1, y'(0)=1
8) 2y”=y'(y- ) y1)=2, y(1)=-
9) 3yy"=e’, y(-3)=0, y(-3)=1.

10) y"cosy +y”siny -y =0, y(-1)=

11) yy"-3y"* =0, y(0)=0, y'(0)=1, y"(0)=0
y" 2yy ,

12) L = v(0)=0, y(0)=1
VTt y? y(0)=0, y'(0)

13) yy"—y? =y*, y(0)=1, y'(0)=

14) 2yy"-3y”? =4y?, y(0)=1, y'(0)=0

15) y" =4(y'-1), y(0)=0, y(0)=2

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

1) y" =5y =3x* + sin5x 2) y'—2y' +y =3xe*
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3) y' -2y +y=2xe"

5) y'+2y' +y=xe " +CosX
7)Y —2y"Y +y" =3x+5¢*
9) y'—2y'+2y =€+ XCos X
11) y"—y=2sinx—4cos x

13) y"+ Yy =C0S X + C0S 2X

15) y" -4y’ +3y = xe* —3e*

4) y" -5y’ = 4x* —e>
6) y' -2y +y=4e
8) y" -8y =xe™ +x
10) y"+y =4xe*

12) y" +4y =sin2x
14) y" -3y’ =e* —18x

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) y"+2y'+5y =e*((2x +1)cos 2x + sin 2x)

2) y' -4y =(x-1) + x%e**

3) y"¥ —y=(x+2)cosx +e"

X/2

4) y"—-y=e" cos§x+sinx

5) yW' —y¥ =2xe* + x

6) V' +4y= ezx(x2 sin 2x + cos 2x)
7) y"-3y"+3y' —y=2xe*+4

8) y"—2y"+y =4x+e" +cosdx

9) y'+3y' +2y =42
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10) y" +y" =7x—3cos x

11) y"+4y' = 2x +e > 4+ xc0s 2X

12. y" —9y' =3+e* +e*sin3x

13. y" —5y" + 4y’ = x* + 2x°e* + cos X

14. y" —5y" +6Yy" =65in X + xe** + € cos 3x

15. y"V —4y" +5y" = x? cos 2X + 2" sin 2x
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3 OPERATIONAL CALCULUS

Task 3.1. Find a Laplace transforms for a given function.

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

1) F(p)=

3) F(p)=

e—p/3

2) F(p)zm

e P 2P e3P

4) F(p)=—5+ +
p2  p° p*

e 2P 4 2e73P £ 3e74P

p?+1

6) F(p)=
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-2p -p
pe e
7) F(p)= 8) F(p)=
p? -4 ®) p(p-1)
e_3p pe_zp
9 F(p)=_° 10) F
(p) (011 ) F(p) 71
e_p/3 e—2p
11) F(p)=——— 12) F(p)=— -
(p) 4013 ) F(p) ~
2P 3pe 2P
13) F(p)=""4 14) F(p)="F
p p-+9
—4p
pe
15) F(p)=
) (p+1)?
Task 3.3. Solve the Cauchy's problem.
1) X" +2x' —3x=¢e", x(0)=0, x'(0)=1
2) X"+x=1, x(0)=-1, x'(0)=0
3) X"+ x =2sint, x(0)=1, x'(0)=-1

4) X"+ x’=et, X

6) X"+ x"=cost, X

7)xX"+x =1, X

)
)
(0)
(0)=0,
5) X" +2x'=tsint, x(0)=x'(0)=
(0)
(0)
(0)

8) X"+4x=t, X



9) x"+x=0,

10) x"—=2x"+5x =1-t,

11) x" =1,
12) X"+ x" =cost,

13) X" +3x' =¢e!,

14) x"+3x"+3x'+x =1,

15) X" —2x' =e?t,

22

x(0)=1, x'(0)=0
x(0)=x'(0)=0
x(0)=0, x'(0)=1
x(0)=2, x'(0)=0
x(0)=0, x'(0)=-1
x(0)=x'(0)=x"(0)=0
x(0)=x'(0)=0



10.

11.
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Appendix A
Table of the derivatives

In the table u = u(x) is a differentiable function

(C)’ =0, C =const (tgu)'

(x) =1 (ctgu)

(U”) (arcsinu) =

(\/U ) (arccosu) = —

(a“) =a"-Ina-u’,a =const (arctgu) =
1+u

(S ) (arcctgu) =—

1+u?

' 1 shu) =chu-u’
(1og, u) - o)

(Inu)’ % (chu) =shu-u

!

(sinu) =cosu-u’ (thu) = 12
ch?u

!

(cosu) =-—sinu-u’ (cthu) = —
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Appendix B
Table of the basic indefinite integrals

In the table u = u(x) is a differentiable function

[ctgu du =Insinu[+C

| dl; =tgu+C
cos’ u

je”du:e”+C fshudu:chu+C

jsinudu:—cosu+C fchudu:shu+C

jcosudu:smu+C d_l;:thquC

ch“u

[tgu du =—Injcosu|+C J':_g:—cthu+C
sh“u
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=—arcth+C

J- du 1
u’+a a a

Izduzzll u-— a+C
uc —a 2a u+a

u
= arcsm +C

-

= In‘u +\/u2 ia2‘+C

J du
Ju? +a?

I a’ —u?du = %u\/a2 —u? +%a2 arcsine +C

a

j uziazdu=%u u? +

1
izazln‘u ++u®+a?

+C
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Appendix C

Properties of the Laplace transformation

Property

The calculation formula

Linearity

2 A fi () © 2 AR (p)

k=1 k=1

Delay theorem

ft—7)-nt-7) e ™F(p)

Shifting theorem

e f(t) o F(p-a)

Similarity theorem

f(at)eEF(Bj

a a

Differentiation of
original

f'(t) < pF(p) - 1(0),

n
fM(t) o p"F(p)- p*tf&D(0)
k=1

Differentiation of
image

t"f (1) & ()" I:(IO)
dIO

Integration of
original

j f(r)dr fop)

Integration of
image

O jF(p)dp

Convolution
theorem

f (t) = fz(t)=f fi (O (t-7)dz & F(p)- F2(p)
0
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Appendix D
Table of Laplace transforms

Original Laplace transform Original Laplace transform
function function

f(t) f(t)

1
n(t) P sh ot

t" neN e® . cos wt

t?,B>-1 e .sin ot

e? .ch ot

e? .sh ot

t-cos wt

t-sin wt

t-ch ot

t-sh wt




