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Part |
Laboratory works

INTRODUCTION

Equipment and software.
Lab assignments are carried out by
using Electronics  Workbench
software in a computerized class-
room. This software has been de-
veloped in Canada where the sys-
tem of standards is quite different
from the Ukrainian one. Therefore,
all fugures below should not be
considered as standardized circuit
drawings, but illustrations intended
to help students simulate circuits in
the Electronics Workbench envi-
ronment. Electronics Workbench
is used for computer- based simu-
lation of different electronic cir-
cuits. It contains comprehensive
libraries of close-to-real models of
electronic  components.  These
components are used to design
adequate models of real electronic
circuits. Electronics Workbench
also provides virtual testing
equipment that facilitates observa-
tion of processes occurring in si-
mulated electronic circuits.

General instructions

Program Electronics Work-
bench has become wide spread,

YactnHa 1

NabopaTopHi pobotu

BCTYII

OO0sanHaHHA Ta NMporpaMHe
3a0e3neveHHs. JlabopaTopHi po-
00TH TIPOBOASATHCS 33 JIOTIOMOTOIO
nporpamu Electronics Workbench
y KoMII'IoTepHOMY Kiaci. L{ro mpo-
rpamy pospobneno B Kanani, me
BUKOPHCTOBYIOTh IHIIY CHCTEMY
CTaHAapTH3alii, HDK B YKpaiHi.
Tomy mopmaHi HIXYe PUCYHKH HE €
CXeMaMH, a JIUIIe HAOYHUMH 1ITI0-
CTpallisIMH, IO AONIOMArarTh CTY-
JICHTY MOJICIIOBATH B CEPEIOBHII
nporpamu Electronics Workbench.
ITporpamy Electronics Workbench
MIPU3HAYEHO U1 KOMII IOTEPHOIO
MOJIETIIOBaHHST  (PYHKIIIOHYBaHHS
SNIEKTPOHHUX CXEM pI3HHX IpH-
cTpoiB. Bona micTuTh Benmuki 6i0-
JIOTEKH MoOJeNIel  eJEKTPOHHHUX
KOMIIOHEHTIB, 3 SIKHX CKJIaar0ThCs
Mojeni cxeMm (ONM3BKI J0 peaib-
HUX CXEM 3a BIACTUBOCTSIMH), a
TaKOX MOJENi BipTyaJbHHUX KOHT-
POJBHO-BUMIPIOBATIbHUX  TMpHJIa-
B, 10 JA03BOJISIFOTH KOHTPOJIIOBA-
TH poOOYl MpOLECH B ENEKTPUY-
HUX CXEMaXx.

3arajbHi BKa3iBKu

IIporpama Electronics Work-
bench HaOyjga 3HAYHOrO IIOIIH-



and therefore this manual provides
that the student will be able to
work with it independently with
the teacher’s assistance.

When doing the laboratory
works the student sets up, in the
software environment, the circuit
of a desired measuring bench,
measures the characteristics of this
circuit by means of virtual testing
instruments, makes drawings that
show the results of the measure-
ments. Then the student should
carry out calculations of the basic
characteristics of the electric cir-
cuits under investigation on the
basis of formulas given in the sec-
tion “Brief theoretical informa-
tion”.

Having compared the results
of simulation carried out in the
Electronics Workbench environ-
ment with analytical calculations
based on formulas given in the
course “Fundamentals of circuit
theory. Linear circuits”, the stu-
dent will be able to estimate ob-
viouslly the two ways of electric
circuit analysis. This estimation
should be reflected in the Report.
The student is supposed to be able
to carry out calculations of linear
electric circuits.

peHHS, 1 TOMYy Ie HaBYaIBHUN
MOCIOHUK Tiepeadavae, Mo CTyACHT
oIrmaHye poOOTy 3 HEIO CaMOCTIIHO
3a JIOTTIOMOTOI0 BHKJIa[aqa.

[Tlix yac BuKOHaHHS J1TabOPATO-
pHHX pOOIT CTYAEHT CKIamae y
CEepeIOBHILI IPOrPaMHU CXEMY TOTO
a0o0 IHITIOT0 BUMIPIOBAJIBHOTO CTCH-
Ja, BHUMIPDIOE  XapaKTEPUCTUKU
CXEMH 3a JJOIOMOT'OI0 BipTyaIlbHUX
KOHTPOJIbHO-BUMiPIOBAJTBHUX
npuiaaaiB, Oyaye rpadiku, Mo Bi-
JNOOpakaloTh Pe3yJbTaTh BUMIpIO-
BaHb. [10TIM CTy/E€HT BHKOHYE pO-
3paxyHKH OCHOBHHX XapaKTepHC-
TUK JOCTIKYBaHHX EJCKTPHUUHUX
KiI 3a ¢opMynamu, HaBEACHUMH Y
po3ninax «OCHOBHI TEOpETHUHI
BiZIOMOCTI».

[lopiBHSIHHA pPE3yNbTATIB MO-
JIeTFOBaHHSI, MTPOBEJCHOTO y Cepe-
nosumni  mporpamu  Electronics
Workbench, i aHamiTHUYHHUX PO3-
paxyHKiB, BUKOHAHHMX Ha TIiCTaBi
¢dopmyin, BuBYeHHX Yy Kypci «Oc-
HOBU Teopii kinm. JliHilHI Konay,
JO3BOJINTH HAOYHO OLIHUTH [IBa
CHOCOOM  aHallizy  eJIeKTPHYHHX
ki L orinka mae OyTH BigoOpa-
xkeHa y 3BiTi. CTyIeHT Mae moka-
3aTH BMIHHS BHUKOHYBaTH pO3pa-
XYHKH JIHIHHAX eMeKTPUYHHX KiJI.



Laboratory work 2

INTRODUCTION
TO ELECTRONICS
WORKBENCH

(Estimated time: 2 hours)

Aim of the work. Studying
the basic features of Electronics
Workbench; learning how to set up
simple direct and alternating cur-
rent circuits and measure their cha-
racteristics using virtual test
equipment.

When preparing for the labora-
tory work a student should study
this description as well as appro-
priate units of the recommended
literature, and be able to answer
the following test questions

Test questions

1. What components are stored in
the catalogues of the Sources library?

2. What components are stored in
the catalogues of the Basic library?

3. What components are stored in
the catalogues of the Diodes library?

4. What components are stored in
the catalogues of the Transistors li-
brary?

5. What components are stored in
the catalogues of the Indicators li-
brary?

6. What components are stored in
the catalogues of the Instruments
library?

7. How are the properties of the
components set?

8. How are the properties of the
devices set?

JlabopaTopna po6ora 2

BCTYII 10 ELECTRONICS
WORKBENCH

(PexomenoBaHuit
00cHT 3aHATE: 2 TON)

Mera poGoru. Bupuutu oc-
HOBHI ~ MOXJIMBOCTI  MpPOTpaMu
Electronics Workbench, ocsoitu
moOyIOBy HAWTIPOCTIINX KT MTOC-
TIHHOTO 1 3MIHHOTO CTPYMIiB Ta
BUMIPIOBAaHHS 1X XapaKTCPUCTHK
3a JIOTIOMOTOK) BIPTYalbHUX MPH-
NajiB i€l mporpamu.

ITix yac miArOTOBKH IO BHUKO-
HaHHS JabopaTopHOi poboTm He-
OOXiTHO BHBYHUTHA BiJIOBIIHUIMI
MaTepiaj 3a PeKOMEHJIOBAHOIO JIi-
TEpaTyporo, a TAKOXK YMITH BiJlIO-
BiJIaTH Ha KOHTPOJIbHI 3aITUTAHHSI.

KoHTpobHi 3anuTaHHA

1. SIki KOMITOHEHTH PO3MIIIAI0Th-
cs B KaTtajorax 6i0mioreku Sources?

2. SIki KOMIIOHEHTH PO3MIIIAIOTh-
cs B KaTtanorax 0i6mioreku Basic?

3. SIki KOMIIOHEHTH PO3MIIIAOTh-
cs B Karajorax 6i0miorexku Diodes?

4. SIki KOMIIOHEHTH PO3MIIIAIOTh-
¢ B Karajorax Oibmioreku Transis-
tors?

5. Sxi npunaam po3MilalOTHCS B
karanorax 6iomioreku Indicators?

6. SIxi mpunagM po3MIIIAIOTHCS B
Karajorax 6iomiorexu Instruments?

7. SIk 3MIHIOIOTBCS BJIACTHBOCTI
KOMIIOHEHTIB?

8. Sk 3MIHIOIOTBCSA BIIACTHBOCTI
TIpUIIAIiB?
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9. How do the components
change their orientation in the circuit?

10. How are the circuit compo-
nents connected to one another?

Brief theoretical information

The Electronics Workbench
program is intended to simulate the
operation of electronic circuits of
various devices by means of a
computer. It contains an extensive
library of electronic component
models of which circuit models
(whose properties are similar to
those of actual circuits) are made
up. It also contains models of vir-
tual testing equipment that allows
keeping processes in the circuits
under control.

Versions 50 u 5.12 of the
Electronics Workbench Program
has been developed by Interactive
Image Technologies, Versions 8.0
and 10.0 — by National Instru-
ments. The Interactiv Image Tech-
nologies company has been incor-
porated into the National Instru-
ments group, and the latest ver-
sions of the program are known as
Electronics Workbench Multisim
(www.ni.com/russia).

The Electronics Workbench
program has great functional ca-
pabilities, so its description can be
found in a large number of
sources. Some of them are referred
to in the list of recommended lit-
erature, others are available on the
Internet. For these sources not to

9. SIx  3MiHIOETBCS
KOMITOHEHTA B cXeMi?

10. Sk 3’€qHYIOTBCS KOMIIOHEHTH
y cxemi?

opi€eHTAaIis

OcHoBHIi TeopeTH4Hi BizomMocTi

ITporpamy Electronics Work-
bench MPU3HAYCHO JUTST
KOMIT'FOTEPHOTO  MOJICJTIOBaHHS
poOOTH ENeKTPOHHUX CXEeM Pi3HUX
npucTpoiB. Bona mictuth 6i0mio-
TEKH MOJEJEH EIEeKTPOHHHX KOM-
MOHEHTIB, 3 SKHX CKJIAJAI0ThCs
Mojeni cxeMm (OaHM3bKi 10 peanb-
HUX CXEM 3a BJACTHUBOCTSIMH), a
TaKoXXK MOJIETi BipTyambHUX KOHT-
POTBHO-BUMIPIOBATIbHUX  TMpHJIa-
B, 10 J03BOJISIFOTH KOHTPOJIIOBA-
TH po0OO0Yi ITPOIECH B CXEMaX.

IMporpamy Electronics Work-
bench Bepciit 5.0 1 5.12 po3po0iie-
HO ¢ipmoro Interactive Image
Technologies, a mporpamy Bepciit
8.0 1 10.0 — xonnepHom National
Instruments. ®ipma Interactive
Image Technologies ysiiinura mo
cki1any xonuepHy National Instru-
ments, i ocTaHHI Bepcii mporpamu
HazuBatoTecs Electronics Workbench
Multisim (www.ni.com/russia).

[Iporpama Electronics
Workbench mae Benwki (QyHKIIO-
HaJbHI MOXKITUBOCTI, TOMY JKEPEIL,
1o il ONUCYIOTh, JOCUTH Oarato.
Jesiki 3 HUX HaBEJICHO B CIHCKY
PEKOMEH/IOBAHOI JIITEpaTypH, dac-
THHY 3 HUX pO3MileHo B [HTepHe-
Ti. Jly1st TOTO, TII00 HE AyOIIOBAaTH B
BOMY TIOCIOHMKY Wi JpKepena (1o
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be duplicated in this manual
(which is impossible), students are
supplied with just brief informa-
tion about the model libraries of
the program that allows them to

start studying the Electronics
Workbench within this series of
laboratory works.

The Electronics Workbench win-
dow has a menu bar (Fig. 1.1.1, up-
per row). Individual menu com-
mands can be invoked by pressing
special buttons in the medium row
(Fig. 1.1.1). In addition, in the me-
dium row on the right there are
three buttons with which you can
change the scale of the working
field of the program window.

“=Electronics Workbench

HEMOJKJINBO), HIKYE HABOAATHCS
JUIIe Ti KOPOTKI BiIOMOCTI MpO
010JTIOTEKH MOJENe TpPOTpaMH,
SKi JJO3BOJISIFOTH TIOYATH OCBOEHHS
Electronics Workbench y wmexax
LUKy T1a00paTOpPHUX POOIT.

Bikano mnporpamu Electronics
Workbench mictuts mnone MeH:o
(BepxHiii psg puc. 1.1.1). Oxpemi
KOMaH/I! MEHIO MOXYTb JOIATKO-
BO BHKIMKATUCS HATHCKAHHAM
KHOTIOK, TOJAHUX Y CEPEeIHbOMY
psani (puc. 1.1.1). Kpim Toro, y
CepeTHbOMY psi/li MPaBOPYY PO3-
MIIIEHO TPH KHOIKH, 32 JOTIOMO-
rOI0 SIKHX MOJKHAa 3MIHIOBATH Mac-
mTad poOodoro Moy BiKHA IPO-
rpamu.

File Edit Circuit  Analysis Window Help
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Fig. 1.1.1. Window of Electronics Workbench
Puc. 1.1.1. Bikno mporpamu Electronics Workbench

The lower row of Fig. 1.1.1
contains buttons for invoking li-
brary components and testing in-
struments. When pressing them,
the appropriate library directory
appears in the working field. Li-
brary directories that are used in
this series of laboratory works are
presented below.

The second button in the lower
row of Fig. 1.1.1 invokes the Sources
library catalog (Fig. 1.1.2).

VY mwxabOMY psiny puc 1.1.1 mi-
CTATHCS. KHOIIKM BHUKJIHMKY O010J1I0TEK
KOMIIOHEHTIB 1 KOHTPOJILHO-BUMIPIO-
BaNbHUX npmiaaiB. [Ipu X Harwc-
KaHHI Ha pOOOYOMY TION 3’ SIBIISIETHCS
KaTajgor BIAMOBIAHOI  O10JIOTEKH.
Hmwxye HaBOOATBCS KaTalmorn THX
0i0MiOTeK, SIKI BUKOPUCTOBYIOTHCS B
LK JaOOPaTOPHUX POOIT.

Jpyra KHOIIKa HUKHBOTO DALY
puc. 1.1.1 Bukimkae katayjor 0i0-
miorexu Sources (puc. 1.1.2).
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Fig. 1.1.2. Library catalog Sources
Puc. 1.1.2. Karanor 6i0mioTeku Sources

To install a component from the
catalog in the working field of the
program window, you need to place
the cursor on the component, press
the left button of the mouse and,
holding it, move the component to
the desired place on the working
field. The following components of
the Sources library will be used in
our laboratory works:

— in the upper row of Fig. 1.1.2
(left to right): “Ground”, “DC Vo-
tage”, “DC Current”, “Harmonic
Voltage Source”, “Harmonic Cur-
rent Source”;

— in the lower row of Fig. 1.1.2
(left to right): “Amplitude-Modu-
lated Voltage Source”, “Frequen-
cy-Modulated Voltage Source”.

The third button ins the lower
row of Fig. 1.1.1 invokes the Basic
library catalog (Fig. 1.1.3).

JIns yCTaHOBJICHHS KOMIIOHE-
HTa 3 Karajory Ha pobode Ioie
BiKHa IpOrpaMH HEOOXiJHO IOoC-
TAHOBUTH KypCOp Ha KOMIIOHEHT,
HAaTUCHYTH JIiBy KJaBIilly MUIII i,
HE BiAMycKamouu ii, MepeHecTH
KOMIIOHEHT y MOTpiOHE Micue po-
6ouoro nosst. 3 Gidmiorekn Sources
OyIlyTh BUKOpPHCTaHI B IUKJI J1a0o-
paTopHUX POOIT TaKi KOMIIOHECHTH:

— Y BepXHbOMY psiy puc. 1.1.2
(3:miBa HampaBo): «3eminsiy, «Jlxe-
peno moctiiiHoi Hampyru», «/Ixe-
peno MoCTiHHOTO cTpyMy», «Jlxke-
perIo  TapMOHIYHOI  HANpyTH»,
«JlKepesio TapMOHIYHOTO CTPYMY»;

— Yy HWKHbOMY psiny puc. 1.1.2
(3miBa wHampaBo): «J[xepeno amri-
JITYI0-MOJYJIbOBAHOI  HAIIPyTW»,
«JIxeperao 4YacTOTHO-MOJYJIHOBa-
HOI Hapyru».

TpeTst KHOTIKa HIKHBOTO PSIY
puc. 1.1.1 Buknukae karaior 0i6-
mioteku Basic (puc. 1.1.3).

iBasic il
o R s e = e oA o 2 e 5
| eR B 9| | | e 3E]

Fig. 1.1.3. Library catalog Basic
Puc. 1.1.3. Karanor 6i6miorexu Basic
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The following components of
the Basic library will be used in
our laboratory works:

— in the upper row of Fig. 1.1.3
(left to right): “Node”, “Constant
Resistance”, “Constant Capacity”,
“Constant Inductance” and the
seventh and eighth components in
the row “Switches”;

— in the lower row of Fig. 1.1.3
(left to right): “Variable Resis-
tance”, "Variable Capacity” (the
fifth component in the row),
“Variable Inductance” (the sixth
component in the row).

The fourth button in the lower
row of Fig. 1.1.1 invokes the Di-
odes library catalog (Fig. 1.1.4).

The following components of
the Diodes library will be used in
our laboratory works: “Diodes”
(the first component in the row).
This section of the library includes
diodes for various applications:
rectifier diodes, converter diodes,
varicaps, tunnel diodes.

YiDiodes

3 6ibmiorexku Basic OymyTh BH-
KOpHUCTaHi B LUKI J1a0OpaTOPHUX
POOIT TaKi KOMITIOHEHTH:

— y BepxHbOMY psaay puc. 1.1.3
(3miBa HampaBo): «Byzom», «Iloc-
TiliHUH omipy, [locTiifHa €MHICTBY,
«[locTiliHa iHAYKTUBHICTB» 1 CHO-
MU 1 BOCBMHH KOMIIOHEHTH B PsI-
ny «[lepemukadiy;

— y HIKHBOMY psany puc. 1.1.3
(3:1iBa HampaBo): «3MIiHHUIA OMip»,
«3MiHHa €MHICTBY» (II’SATHH KOMIIO-
HEHT y psni), «3MiHHA IHAYKTHB-
HIiCTh» (WIOCTUH KOMIIOHEHT y Psi-
ay).

UerBepra KHOIKA HIKHBOIO
psny puc. 1.1.1 BuUKIHKae KaTajor
6i6miorexu Diodes (puc. 1.1.4).

3 ©6iomiotrekn Diodes Oymyth
BUKOPUCTaHI B IMUKJII JIabopaTop-
HUX POOIT Taki KOMIOHEHTH: «Jlio-
I» (epLmii KOMIIOHEHT psay). Y
e posain  Oi0TIOTEKH BXOISTH
oMM Pi3HOTO  (PYHKI[IOHATEHOTO
MPU3HAYCHHS: BUIPSIMHI, TIEPETBO-
PpIOBaJIbHI, BapUKAIH, TYHEJIbHI.

X
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Fig. 1.1.4. Library catalog Diodes
Puc. 1.1.4. Karanor 6i6miorekn Diodes

The fifth button in the lower
row of Fig. 1.1.1 invokes the Tran-
sistors library catalog (Fig. 1.1.5).

IT’sTa KHONIKA HIDKHBOTO PSITY
puc. 1.1.1 Buxnmkae karanor 0i0-
miorexu Transistors (puc. 1.1.5).
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Fig. 1.1.5. Library catalog Transistors
Puc. 1.1.5. Karanor 6i6moTexu Transistors
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The following components of
the Transistors library will be
used in our laboratory works:
“Bipolar n-p-n Transistors” (the
first component in the row), “Bi-
polar p-n-p Transistors” (the sec-
ond component in the row).

The sixth button in the lower row
of Fig. 1.1.1 invokes the Indicators
library catalog (Fig. 1.1.6).

MIndicators

3 6iomioreku Transistors Oy-
IyTh BUKOPUCTaHI B I[bOMY LMK
nabopaTopHUX POOIT Taki KOMIIO-
HeHTH: «bimomsipHi TpaH3HCTOPH
TUIy N-pP-N» (mepumid KOMIIOHEHT
psny), «bimonspHi TpaH3UCTOPH
THITy P-N-P» (APYTUil KOMIIOHEHT
pany).

ITocTa KHOIIKA HIKHBOTO Py
puc. 1.1.1 BukiMKae karanor 0i0i-
oreku Indicators (puc. 1.1.6).

X|
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Fig. 1.1.6. Library catalog Indicators
Puc. 1.1.6. Karanor 6i6miorexu Indicators

The following components of
the Indicators library will be used
in our laboratory works: “Voltme-
ters” (the first component in the
row), “Ammeters” (the second
component in the row).

The seventh button in the lower
row of Fig. 1.1.1 invokes the Instru-
ments library catalog (Fig. 1.1.7).

10

3 0i0miorexku Indicators Oy-
OyTh BUKOPHUCTaHI B IMKJI Jabo-
paTopHUX POOIT TaKi KOMIIOHEHTH:
«BonpT™MeTpu» (mepmmii  KOMIO-
HEHT psny), «Ammnepmerpu» (Apy-
Ui KOMIIOHEHT PSAY).

ChoMa KHOIIKa HIDKHBOTO PSTY
puc. 1.1.1 Bukmkae karajior 6i6mio-
teku Instruments (puc. 1.1.7).
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Fig. 1.1.7. Library catalog Instruments
Puc. 1.1.7. Karanor 6i6miorexu Instruments

The following components of
the Instruments library will be
used in our laboratory works:
“Multimeters” (the first component
in the row), “Oscilloscope” (the
third component in the row), “AFC
and PFC Meters” (the fourth com-
ponent in the row).

After a component has been
installed in the working field of
the window, you specify its prop-
erties. For this purpose you select
the component, then press the
Component Properties button in
the Circuits menu (Fig. 1.1.1)
after which, in the working field
of the window, a component’s
individual menu appears in which
you set its properties. You can
also call the component’s indi-
vidual menu by pressing the thir-
teenth button in the medium row
on the left (Fig. 1.1.1). A third
way to call it is double-clicking
the left button of the mouse after
placing the cursor on the compo-
nent.
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3 6iomiotexku Instruments Oy-
IyTh BUKOPWCTaHI B IUKII J1a00-
paTopHUX POOIT TaKi KOMIIOHEHTH:
«MynpTumMeTpu» (Tepmuid  KoM-
MOHEeHT psxy), «Ocuumorpadim
(Tperiit KoMIOHeHT psixy), «Bumi-
proBaui AUX i ®UX» (ueTBepTHii
KOMITOHEHT psLy).

[licna ycTaHOBIEHHS KOMIIO-
HeHTa Ha poOOYOMY TMIOJi BiKHA
HEOOXIJIHO 3aJaTH HOTo BIaCTUBO-
cti. JIIsS MbOro KOMIIOHEHT BHIi-
JsI€ThCs, @ oTiM Y Mento Circuits
(muB. puc. 1.1.1) HaTHCKaeThCS
kuHorka Component Properties,
ITiCJIs 9Y0T0 Ha poO0YOMY IO BiK-
Ha 3 ABJISETbCA  IHIUBIAyaJlbHE
MEHIO KOMIIOHEHTa, y SKOMY i 3a-
JAloOThCsl HOro BIACTUBOCTI. IH-
OIMM CHOCOOOM BUKJIMKY 1HAMBI-
JNYIbHOTO MEHIO KOMITOHEHTa €
HAaTHCKaHHS TPHUHAALATOI KHOIKH
JBOpYY y cepenHboMy psiny (IuB.
puc. 1.1.1). Tperim crioco0oM Bu-
KIUKY 1HAWBIAyaJbHOTO  MEHIO
KOMIIOHEHTa € TIO/ABiiiHE HaTHC-
KaHHS JIIBOKO KJIaBIIIE0 MMIII i
4yac YCTAaHOBJEHHS Kypcopy Ha
KOMIIOHEHTI.



After an instrument has been
installed in the working field of the
window, its properties are to be
specified. This involves the same
steps as in setting the properties of
components. But in this case an
enlarged front panel (not an indi-
vidual menu) appears in the work-
ing field of the window, where you
can sets the properties of this in-
strument.

For conveniently connecting
components to form a circuit, they
should be moved around the sur-
face of the working field. For this
purpose, the Circuits menu pro-
vides the following commands that
arrange the graphic images of
components on the working field:

— Rotate — rotates a compo-

nent by 90° counterclockwise;

— Flip Horizontal — makes
mirror imaging of a component in
the horizontal plane;

Flip Vertical makes
mirror imaging of a component in
the vertical plane.

The same commands can be
actuated by pressing the eighth,
ninth and tenth buttons in the me-
dium row of the Electronics
Workbench window (Fig. 1.1.1).

Smooth movement of the

[licna ycraHoBneHHs mpuiaxy
Ha  pobouoMy  TmoJi  BiKHA
HEOOXiTHO 3ajatu foro
BIacTUBOCTI. ISl LBOIO BHKOHY-
I0ThCS Taki cami [ii, mo # y pasi
3MIHIOBaHHSI BJIACTHBOCTEH KOM-
MIOHEHT. AJle B IbOMY BHIIQJIKy Ha
poOoUOMy TIOJIi BiKHA 3 SIBISETHCS
HE IHAWBIIyalbHE  MCHIO, a
30i/bIIIeHa JIMIIFOBA TIAHENh TPHUIIa-
Iy, Ha sIKiii po3MileHi Tabmo st
PETYJIOBaHHS BIACTHBOCTEH IHOTO
npuiamy.

Hdus  3pydHOCTi  3’€aHAHHS
KOMITOHEHTIB Y CXeMy iX HeoOxi-
HO TIepeMilllaTh 10 IJIOMIMHI po-
6ouoro moms. s LpOro B MEHIO
Circuits mepenbaueni Taki KOMaH-
I KepyBaHHS PO3MIIIICHHSIM Tpa-
(bivHOTO 300pakKeHHS KOMITOHEH-
TiB:

— Rotate — moBopoT KoMIIOHE-

ara Ha 90° NpOTH rOJMHHUKOBOI
CTPLITKH;

— Flip Horizontal — m3epka-
JbHE BiJOOpaKEHHS] KOMITOHEHTA
10 TOPU30HTA;

— Flip Vertical — n3epxanbhe
BiJOOpaKEHHSI KOMIIOHEHTa  TI0
BEPTHUKAII.

i >x koMaHIM MOXYTb OyTH
BUKOHaHI HATHUCKaHHSM BOCHMOT,
JIeB’ATO1 1 IecsITOi KHOIIOK cepe-
HBOTO psAAY Y BIKHI MporpaMu
Electronics  Workbench  (mus.
puc. 1.1.1).

[InaBHE mepeMilIeHHsST KOMIIO-

components over the working field HenTiB y mionuni po6o4oro moss
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can be done with the arrow keys
on the computer’s keyboard.

After the components have
been arranged, their leads are con-
nected with conductors. For this
pirpose, you place the mouse poin-
ter on a component’s lead, and af-
ter a black dot appears, you press
the left button of the mouse, and a
conductor that appears in this case
extends to the lead of another
component until the a similar black
dot appears on it, after which the
button of the mouse is released,
and so the connection is done. You
should bear in mind that only only
one conductor can be wired to a
component’s lead. If you need to
have other conductors connected
to the same lead, you select the
black dot in the Basic library (the
“node” component) and place it on
the previously installed conductor.
To make the dot black (originally
it is red), you click the mouse on
the free space of the working field.
Another two conductors can be
connected to the “Node”. If you
need to connect a lead to a conduc-
tor existing in the circuit, you con-
nect the conductor from the com-
ponent’s lead to the specified con-
ductor by means of the mouse
pointer. After the connection dot
appears, you release the mouse
button.
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MO>K€ BUKOHYBATHCS 13 KJIaBiaTypu
KOMIT'I0Tepa KJaBilllaMu 3i CTPii-
KaMHu.

[Ticnst po3MimIeHHsT KOMITIOHCHT-
TiB 1X BHBOJAHM 3’ €JHYIOTHCS POBi-
OHUKaMu. J{7s mpuenHaHHS MPOBi-
JHHKIB KypcOp MHIII MiJBOJUTHCS
0 BUBOAY KOMIIOHEHTa 1 TiCIA
MOSIBU YOPHOI TOUKH HATHCKAETHCS
jmiBa kinasima. [IpoBimHWK, 110
3’ SIBJISIETHCSI npu IBOMY,
3’€IHY€TbCA 3 BHMBOAOM IHIIOTO
KOMIIOHEHTa 10 TOSIBY Ha HHbOMY
TaKoi ’ YOPHOI TOYKH, MiCIsl YOTO
KJIaBillla MHII BiJITyCKAaeThCH, 1
3’e¢lHaHHA BUKOHaHO. [lo BUBOIY
KOMIIOHEHTa MOKHa NPHEAHYBATH
JIMILIE OJUH IMPOBIAHUK. SIKIIO He-
0OXI/IHO TPHETHATH JIO LBOTO BH-
BOJly 1HIII TPOBITHUKH BUOWpa-
eTbcst B OibOmiorerni Basic uopna
TOYKa (KOMITIOHEHT «By301m»), mo
MEPEHOCUThCST Ha paHile 3’€1-
HaHuii mpoBigHuk. II[o6 Touka
MOYOpHiNa (CIIOYaTKy BOHA Mae
YEpBOHUI KOJIp), CIiJ KIAIHYTH
MUILEI0 1O BIUIBHOMY HPOCTOPY
pobogoro moms. o «Bysma» mo-
JKHA TIPUEJHATH I JIBa TPOBIJ-
HUKH. SIKIO0 HEOOXiTHO TpHEIHA-
TH BHBIJ 10 HasgBHOrO Ha CXeMi
MPOBIIHUKA, TO NPOBIAHHUK BiJ
BHUBOJly KOMIIOHEHTa KypCOpOM
I IBOIUTRCS JI0 IIHOTO IMPOBiTHUKA
1 Iciasg IOSIBM TOYKH 3’ €IHAHHSA
KJIaBillla MM BiJITyCKAETHCS.



To break a connection, you se-
lect it with the left button of the
mouse and then delete it using the
Delete key. Connections to the
testing instrumentation circuit are
done in a similar way.

Work procedure

1. Activate the Electronics
Workbench program.

2. Transfer the sources of DC
current, DC voltage, AC current,
and AC voltage from the Sources
library onto the working field. Set
the following operating parameters
of the sources:

— DC voltage supply — 10 V;

— AC voltage supply — 10 V,
1000 Hz;
— DC current supply — 10 mA;

— AC current supply — 10 mA,
1000 Hz.
Change the orientation of these

components of the circuit by 90°
and shift them 3 positions verti-
cally and horizontally.

3. Transfer the following ele-
ments from the Basic Library onto
the the working field: a fixed and a
variable resistor, a fixed and a
variable inductance, a fixed and a
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1106 3’egHaHHS PO3ipBaTH, TIPO-
BIIHUK BHUOUIIETECS JIBOIO KJIaBi-
IICI0 MMIII, a IIOTIM BHIAIIETHCS
kiasimero Delete knasiarypu. ITink-
JIOYCHHS JI0O CXEMH KOHTPOJIBHO-
BUMIPIOBaJIbHUX TPHJIAIiB 37iic-
HIOETHCS aHAJIOT19HO.

ITopsinox Mmoae/IlOBaHHA
BUMIPIOBaHb Ta aHAJI3
ioro pe3yJjabTaTiB

1. VBimkHyTH TIporpamy Elec-
tronics Workbench.

2. 3 6ibmioTeku Sources Ha
pobode moJie MepeMIiCTHTH IKepe-
Ja TIOCTIHHOTO CTPYyMYy Ta IOCTiH-
HOI HaIllpyrd, a TakoX JUKepesa
3MIHHOTO CTPyMy Ta HalpyrH.
VYcraHoBUTH Taki pobodi mapame-
TPHU JIKEpelr:

— JpKeperia MoCTiHHOT HanpyTy —
10 B;

— JKepena 3MIHHOI Hapyra —
10 B, 1000 I'm;

— JKepelia IOCTIMHOTO CTpyMy
— 10 MA;

— JDKepena 3MIHHOTO CTpyMy
— 10 MA, 1000 T,

3MIHUTH  Opi€HTAIlil0 X

mxepen Ha 90°1 mepemicTuTh X
Ha 3 MO3MuIIii 10 BepTUKAII i TOpH-
30HTAI.

3. 3 6ibmiorekn Basic Ha po-
0oue Ioe TEPEeMICTHTH ITOCTIiH-
HUH 1 3MIHHUH pE3UCTOPH, TOCTIMH-
Hy Ta 3MiHHY i1HIyKTHBHOCTI, ITOC-
TilHY Ta 3MIHHY €MHOCTI. ¥YCTaHO-



variable capacitance. Set the fol-
lowing performance parameters of
the passive components:

— fixed resistor — 100 Q;

— variable resistor — 10 kQ,
(activation by the “1” key);

— fixed inductance — 100 mH;

— variable inductance — 10 pH,
(activation by the “2” key);

— fixed capacitance — 100 pF;

— variable capacitance -
1000 pF, (activation by the “3” key).

Change the orientation of these

components of the circuit by 90°
and set the values of the variable
elements to the positions “25 %”
and “75 %”.

4. Transfer a voltmeter and an
ammeter from the Indicators li-
brary onto the the working field.

Set the following operating pa-
rameters of the devices:

— Voltmeter: — inner resistance —
10 MQ, operating mode — constant
voltage;

— Ammeter: — inner resistance —
10 mQ, operating mode — alternat-
ing current.

Change the orientation of the

leads of these devices by 90° .

5. Set up a circuit according to
Fig. 1.1.8. Activate the simulation
of the circuit using and stop it
by pressing “Pause”.
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BHTH Taki po0odi mapaMmeTpu Ia-
CHBHHUX KOMIIOHEHTIB!

— TIOCTIMfHOTO pe3ucropa —
100 Owm;

— 3MIHHOIO  pe3ucTopa —
10 kOm, yBIMKHEHHS KJaBimero «1»;

— TIOCTIHOI 1HAYKTUBHOCTI —
100 mI'H;

— 3MIHHOI 1HOYKTUBHOCTI —
10 Mkl'H, yBIMKHEHHS KJIABIIIEIO
«2»;

— mocTiHoi eMHOCTi — 100 nd;

— 3MiHHOI eMHOCTI — 1000 D,
YBIMKHEHHS KIIABIIICIO «3»;

3MIHUTH OpI€HTAII0 TAaCHB-

HUX KOMIOHEHTIB cxemu Ha 90° i
BCTAHOBUTH NOKAXYHKH 3MiH-
HUX €NIEMEHTIB Y Mo3uIii «25 %» i
«75 %».

4. 3 6ibmiorexku Indicators Ha
pobode ToJe MepeMiCTUTH BOJIBT-
METp 1 aMIepMeTp.

YcranoButu Taki poboui ma-
paMeTpH mpuIIaiB:

— BOJIBTMETpa — BHYTPIIIHIN
omip 10 MOwm, pexum pobotu —
MOCTifiHA HANpPYyTa;

— amrmepMerpa — BHYTPIIIHIN
omip 10 MOmMm, pexum poboTH —
3MiHHUH CTPYM.

3MIHUTH Opi€HTALiI0 BUBOJIB

nanux npuiaazais Ha 90° .

5. Ckmactu cxeMmy 3TiHO 3
puc. 1.1.8. 3amycTuTH MOAEIIO-
BaHHSI POOOTH CXEMHU KJIaBIIICIO
i 3ynMHMTH #Oro Kiapimiero
«Pause».



Fig. 1.1.8. Diagram of direct voltage divider
Puc. 1.1.8. Cxema moninbHAKa NOCTIHHOT HATIPYTH

Make measurements using ap-
propriate instruments. Calculate
the currents and voltages in the
circuit. Compare the calculations
and measurement results, make
conclusions.

6. Set up a circuit according to
Fig. 1.1.9. (Mind the operation
modes of the devices!). Activate
the simulation of the circuit using
and stop it by pressing

“Pause”.

Bukonatn BuMiproBaHHS 3a
JIOTIOMOTO0 MIPUJIAZIiB Ta PO3paxy-
BaTH CTPYMH 1 HANPYTH Y CXEMi.
[lopiBHSTH pe3ynbTaTH BUMIPIO-
BaHb 1 pO3paxyHKiB, 3p0OUTH BH-
CHOBKH.

6. Ckmactu cxeMmy S3TiHO 3
puc. 1.1.9. (3BepHyTH yBary Ha
pexxumu poboTu mpuiafis!). 3a-
MYCTUTH MOJICNIOBAHHSA PO0OTH
CXEeMHU KIIABIIIEO 1 3yIUHHATH
Hioro kiasimero «Pause».

Fig. 1.1.9. Diagram of direct and alternative voltage divider
Puc. 1.1.9. Cxema noxinbHUKA NOCTIHHOT Ta 3MIHHOI HAaNpyT

16



Make measurements using ap- BukoHatH BHMIpIOBaHHS 3a
propriate instruments. Calculate momomororw npunagiB i pospaxy-
the currents and voltages in the BaTtu mocTiiiHi Ta 3MiHHI CTpyMH i
circuit, both direct and alternating. wampyru y cxemi. ITopiBHsATH pe-
Compare the calculations and 3ynbpraTu BuMiprOBaHB 1 po3paxy-
measurement results, make con- HKiB, 3pOOUTH BUCHOBKH.
clusions.

7. Take a multimeter from the 7. 3 6ibmioreku Instruments
Instruments library and place it Ha poGode mosie nepeMicTUTH MyJTb-
on the working field. THMETP.

Set the following operating pa- YcraHoBUTH Taki poOoui ma-
rameters of the device: pameTpu IpuiIaay:

— Mode of operation - — peKHM pOOOTH — MOCTIHHUI
constant current; CTPyM;

— Sort of instrument - — BUJI IPUJIAJTy — OMMETD.
Ohmmeter.

Set up a circuit according to CxiacTd  cxemy 3rigHO 3
Fig. 1.1.10 and study the operation puc. 1.1.10 i mocmimutu pobdoty
of the ohmmeter. OoMMeTpa

-0.000p

)1k Ohm 100%

Fig. 1.1.10. Diagram of circuit for multimetr investigation
Puc. 1.1.10. Enextprdna cxema OCIiPKEHHS MYJIbTUMETpa

Activate the simulation of the 3amycTuTH MOJETIOBAaHHA PO-
circuit using and stop it by OoTtu cxemu KiaBimiero 1 3y-
pressing “Pause”. By varying the mnuauTH ioro kiasimero «Pausey.
resistance of the variable resistor 3minroroun omip 3MiHHOTO peswc-
using the “R” key, compare its re- Topa knaBimer «R», mopiBHATH
sistance with the measured value. #ioro omip 3 BUMIPSHOIO BEJIHYH-
Also measure the voltage applied noro. OgHOYAaCHO BHMipIOBaTH Ha-
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to the resistor, and determine the
current at which the measurements
are being made. Enter the meas-
urement results into Table 1.1.1.
Make conclusions.

MpyTy, IO TOMAEThCS HA PE3UC-
TOp, 1 BU3HAYATH CTPYM, 3a SKOTO
BHUMIPIOETBCS  omip. Pesympratn
3adgectd Mo Tabm. 1.1.1. 3pobutm
BHCHOBKU.

Table 1.1.1. Multimetr investigation data
Tabauys 1.1.1. 1ani nocaipKkeHHs: MyJIbTHMeTpa

resis

meas.

—|C| o| o

8. Take an oscilloscope from
the Instruments library and place
it on the working field.

Set the following operating pa-
rameters of the device:

—scanning period — 0.2 ms/mark;

— In the channel A — gain
1 V/mark, Vertical shift 0,0;

— In the channel B - gain
1 VImark, Vertical shift -2.0;

— oscilloscope screen mode —
Reduce.

Set up a circuit according to
Fig. 1.1.11 and study the operation
of the oscilloscope.

For this purpose:

a) Measure the amplitude and
period of a harmonic signal.
Compare them with the set values.
Draw conclusions;

b) Set the following parameters of
the generators: 2 V, 5 kHz. Make the
same measurements again;
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8. 3 6i6morekn Instruments
Ha pobodye Iolie TePeMiCTUTH OC-
iorpad.

YcraHoBuTu Taki pobodui ma-
paMeTpu npuiany:

—  mepion
0,2 mc/moainky;

— y KaHami A — TiACHICHHS
1 B/mopinky, 3cys o Beprukaii 0,0;

— y kaHami B — migcuneHHs
1 B/ noninky, 3cyB 1o Beptukani 2,0;

— PeKHUM eKpaHa ocrmiorpaga —
Reduce.

pO3ropTKH  —

CxilacTd  CxeMy 3riflHO 3
puc. 1.1.11 i mocmiamt pobOOTY
ocuuorpada.

s oporo:

a) BUMIPATH aMIUTITYOy Ta Ie-
pion rapmoHiuHoro curnany. Ilo-
PIBHSTH pe3yNbTaTH BUMIipPIOBAHHS
3 YCTaHOBJICHMMH BEJIWYHHAMH,
3pOOUTH BUCHOBKH;

0) YCTaHOBHUTH TapaMeTpH Te-
HepatopiB: 2 B, 5 k['m. TloBTopHO
BHUKOHATH BUMIiPIOBaHHS;



1% kHz0 Den

Fig. 1.1.11. Diagram of circuit for phase measuring
Puc. 1.1.11. Enextpuyna cxema BUMipioBaHHA (a3n

c) Set the oscilloscope screen
mode — Expand. Measure the
amplitude and period of a
harmonic signal on the scales of
the screen and on the scales of in-
dicators. Compare the results of
both measurements; make con-
clusions;

d) Measure the phase
difference between two signals. To
do this, set the initial phase on the
generator on the left according to
Table 1.1.2. Set the oscilloscope
screen mode — Expand. Make
measurements of the angle of the
phase shift between the signals of
the generators. The measurements
are to be made on the scales of the
indicators. Enter the measurement
results into Table 1.1.2;

e) Changing the parameters
of the generator according to

19

B) VBIMKHYTH pEXHM EKpaHa
ocisiorpada Expand. Bumipsitu
aMILTITY/ly Ta Mepioja rapMoOHIYHO-
ro CUTHAIy 3a HIKaJlaMH eKpaHa Ta
[IKajdaMu MoKaxdukiB. [lopiBHATH
pe3yabTaTH BUMIPIOBaHb, 3pOOUTH
BHUCHOBKU;

T') BUMIPATH Pi3HUIIO (a3 MixK
JBoMa curHajgamu. IS 11bOro
BCTaHOBHUTHU Ha JIIBOMY I'€HEpaTopi
moyatkoBy  ¢asy  3rigHo 3
tabn. 1.1.2. VBIMKHYTH peXuUM
exkpaHa ocimiorpaga Expand.
BumipsaTu BelMYHHY KyTa 3CyBY
¢a3z Mik cUTrHaIaMH T'eHepaTo-
piB. BumipioBaHHS BHKOHYBaTH
3a IIKajJaMH IOKaX4uKiB. Pe-
3yIbTaTH BUMIPIOBaHb 3aHECTH
o tabn. 1.1.2;

II) 3MIHIOIOYM TIapaMeTpH TeHe-
patopa 3rigHo 3 Tabm. 1.1.2, mosrop-



Table 1.1.2, make the same
measurements and enter their
results into the table;

f) Compare the measurement
results with the set values; make
conclusions.

HO BHKOHATH BUMIPIOBaHHS # 3aHec-
TH pe3ynbTaTd 10 Taom. 1.1.2.

€) TMOPIBHATU PEe3yNbTAaTH BH-
MipIOBaHb 1 BCTAHOBJICHI BEIHIH-
HU, 3pOOUTH BUCHOBKH.

Table 1.1.2. Phase measuring data

Tabnuya 1.1.2. 1ani BumiproBanus ¢a3u

Peet on » €T 45 90 135 180 225
(pmeasur.’ deg'
Laboratory work 2 JlabopaTopHa po6ora 2
DIRECT CURRENT JOCJIIKEHHS KIJI
CIRCUITS MMOCTIMHOI'O CTPYMY
(Estimated time: (PekoMeHI0BaHU# OOCST 3aHATH:
2 hours) 2 ron)

Aim of the work. Learning
the laws of current flow in direct
current circuits through modeling
in the Electronics Workbench en-
vironment. Studying a direct
current circuit with real sources of
voltage and current; cheking the
observance of Kirchhoff’s laws as
well as that of the power balance
condition and the superposition
principle in such a circuit. Study-
ing the operation of a voltage
divider and that of a current
divider.

When preparing for the labora-
tory work a student should study
this description as well as appro-
priate units of the recommended
literature, and be able to answer
the following test questions.
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Mera pobotu. Bupuutu 3a-
KOHH CTPYMOTIPOXO/IDKEHHSI B KO-
Jax TOCTIHHOTO CTPYMy 3a JOIO-
MOTOI0 MOJIENIIOBaHHS B CEpeJo-
Bumi  mporpamu  Electronics
Workbench. Jlocaiguti Koo moc-
TIHHOTO CTPyMy 3 peaJbHHMHU
JUKEpeJlaMyd  Halpyru W CTpyMmy,
MEPEBIPUTH BHUKOHAHHS B HHOMY
3akoHiB Kipxroda, ymoBu Oanancy
MOTY>KHOCTEW 1 MPUHIMIT CYNIepIIo-
sumii  (Hakmananss). [ocmiautn
poOOTYy cxXeM HOJibHUKA HalpyTru
1 TOIUTEHAKA CTPYMY.

ITix gac mMATOTOBKHA 10 BHKO-
HaHHS J1a0OpaTOpHOi poOOTH He-
00X1JHO BHBYMTH BIAMOBIIHHI
MaTepian 3a peKOMEHIOBaHOIO Ji-
TEpaTypolo, a TAKOXK YMITH BiJIIO-
BiIaTH Ha KOHTPOJILHI 3alTUTAHH.


Andrew
Зачеркнутый

Andrew
Зачеркнутый


Test questions

1. Give the definition of an ideal
and real voltage source.

2. Give the definition of an ideal
and real current source.

3. Give the definition of a branch,
a node, and a loop in the circuit.

4. State  Kirchhoff’'s law for
currents.

5.State  Kirchhoff’s law for
voltages.

6. State the superposition
principle.

7.How are Kirchhoff’s laws used
for circuit analysis?

8. How is superposition principle
used for circuit analysis?

9. What is an ammeter? How are
measurements carried out with an
ammeter?

10. What is a voltmeter? How are
measurements carried out with a
voltmeter?

Brief theoretical information

The laws that one should refer to
the fundamental laws of current flow
are: Ohm’s law, Kirchhoff’s law for
the currents, Kirchhoff’s law for
voltages, the power balance condition
in a circuit, the superposition
principle for a linear circuit.

1. Ohm?’s law. Ohm’s law for
an electric circuit can be written as
follows

KoHnTpoabHi 3anuTanus

1. HaBeniTe BU3HAYCHHS inealb-
HOT'O Ta peajibHOTrO JKEPes HalpyTH.

2. HaBeniTh BH3HAa4YeHHS iealb-
HOTO Ta PEasbHOTO JHKEPET CTPYMY.

3. HaBenite BH3HA4YEHHS T1JIKH,
BYy3J1a, KOHTYPY B KOJIi.

4. Coopmymoiite 3akoH Kipxro-
¢a I cTpyMiB.

5. Chopmymroiite 3akon Kipxro-
¢a s HampyT.

6. ChopmymroliTe TpHHIUI Ha-
KJIaJaHHs.

7. SIx BUKOPUCTOBYIOTBCSI 3aKOHU
Kipxroda ams ananizy kin?

8. SIK BUKOPUCTOBYETHCS INpPHUH-
LU HAKJIaaHH JJIs aHaIi3y Kii?

9. o take ammepmerp? Sk BU-
KOHY€ETBCSI BUMIpPIOBaHHS 3a JIOTIOMO-
roto amnepmerpa’?

10. o Take BombTMETp? SIK BH-
KOHY€ETBHCSI BUMIpPIOBaHHS 3a JIOTIOMO-
TOI0 BOJIETMETpa?

OcHoBHi TeopeTHuHi BizomMocTi

OCHOBHMMH 3aKOHAMH CTpY-
MOTIPOXOXKJICHHSI B KOJIi €: 3aKOH
Owma, 3akon Kipxroda mis crpy-
MiB, 3akoH Kipxroda mist Hampyr,
yMOBa OaJlaHCy TIOTYXKHOCTEH B
KOJi, IPUHIUN CYTEPIO3HIIii st
JIHIAHOTO KOJIa.

1. 3akon Oma. 3axkon Owma
JUTSL TUISTHKA KOJIa MOXKe OyTH 3a-
MUCAaHUH y TaKu# criocio

, 1.2.1)



where i, U, r — instantaneous
values of the current, voltage and
resistance in this circuit. For
example, the voltage drop across
the branch ab (Fig. 1.2.1) and the
current through it are related by
the equation

a

me I, U, I — MUTTEBI 3HAYEHHS
CTpyMy, Hampyru ¥ omip po3ris-
HyToi minsHku. Hampuknan, Ha-
npyra Ha rimi ab (puc. 1.2.1) i
CTpyM depe3 Hel 3B’s3aHi CITiBBiJI-
HOIICHHSM

10 Ohm

Fio210 ohm

F

3 <20 Ohm

1k Ohm

JCT)W e

Fig. 1.2.1. Kirchhoff’s law for the currents and voltages in circuit
Puc. 1.2.1. 3akonu Kipxroda s cCTpyMiB Ta HanpyT y Ko

i = uab
= .
(n+1ry)
2. Kirchhoff’s law for 2. 3akon Kipxropa s
currents. Algebraic sum of crpymiB.  Aurebpaiuna  cyma

currents in a node equals zero:

n
k=1
where i, — instantaneous value of

current in a branch entering a
given node. For example, for node
1 of the circuit in Fig. 1.2.1 we can
write:

Iy

CTPYMIB Yy BY3Ili JIOPIBHIOE HYJIIO:

O '

(1.2.2)

1€ I, — MHTTEBE 3HAYCHHS CTPYMY

TUX TIIOK, II0 BXOJATH O IIHOTO
By3a. Hanpukman, ans Bysna 1
cxemu Ha puc. 1.2.1 MoxxHa 3amnu-
caTH:

I, —i, +i3 =0.
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Here currents flowing to the
node (i,,i,) are written with the
“+” sign, and currents flowing
from the node (i;) are written with
the “— sign.

3. Kirhgof’s law for voltages.
Algebraic sum of voltages in a
loop equals zero:

n
2t
k=1

where u, — instantaneous value of
voltage in a branch that belongs to
a given loop. For example, for the
loop r,—r,—r,—E of the circuit in
Fig. 1.2.1 we can write, moving
clockwise around the loop:

Uy +U,—U

Here voltages having the same
direction as the path-tracing
(uy,u.,, E) are written with the

“+” sign, and voltages having the

opposite  direction  (counter-
clockwise motion) (u,5, E ) — with
the “- sign.

4. Power balance condition
in a circuit. The sum of the
instantaneous values of power of
all elements of the circuit equals
zero:
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Tyt cTpymu, HampsiMiieHi IO
By3na (i ,1,), 3aIMCYIOThCS 31 3Ha-
KOM «+», a CTpyMH, HampsiMIIeHi
Bz By31na ( iy ) — 31 3HAKOM «—».

3. 3akon Kipxroda nas na-
npyr. Anrebpaidna cyma HapyT y
KOHTYp1 AOPIBHIOE HYIIO:

=0, (1.2.3)
ne U, — MUTTEBE 3HAYCHHS HaNpy-
r'd 10 Ti€l TIIKH, 10 HaJEKHTH
LbOMYy KOHTypy. Hanpuknan, mius
KOHTYpy I —I,—I,—E cxemn Ha
puc. 1.2.1 moxHa 3anucaru, 00xo-

JSI9M KOHTYP Yy HAMpsAMKY pPyXy
TFOJIMHHUKOBOT CTPIJIKH:

s —E=0.

Tyt nHanpyra, mo 30iraerbcs
32 HampsIMKOM 3 HampsMKOM 00-
Xxony KOHTYpy (U,,,U,,, E), 3amu-
CYETBCS 31 3HAKOM «+», a HaIllPyTH,
MPOTHJICKHI 32 HANPSIMKOM 00XO-
ay KoHTypy (U,5, E) — 31 3HaKom
«—=»,

4. YMoBa 6ajiaHCy MOTYKHO-
ctTi B koai. CymMa MUTTEBUX TOTY-
KHOCTEH BCiX €JIEMEHTIB Koja J0-
PIBHIOE HYJIIO:

(1.2.4)



As power supplies (active
elements of the circuit) supply
energy, and loads (passive
elements of the circuit) consume it,
then it follows from (1.2.4) that:

OCKUIBKH  JpKepenla  eHeprii
(akTHBHI eleMEHTH KoOja) Bijjaa-
OTh EHEpPrifo, a HaBaHTAKCHHS
(macuBHI €JeMEeHTH Koia) il CIo-
KHMBalOTh, TO 3 piBHsHHA (1.2.4)
BHILIMBAE:

n m
Z Pk,sourse = z I:)I,consumer’ (125)
k=1 1=1

where e

2
I:)k,sourse = Uk I ko Pl,consumer= II rI ' (126)
For example, for the circuit in Hampukian, s cxemMd Ha

Fig. 1.2.1 the source of voltage E
and the source of current J supply
power. The consumers of this
power are resistors r, r, , Iy, I,
rs.

5. Superposition principle
(superposition theorem). The
response of a linear electric circuit
to an arbitrary action, which is a
linear combination of simpler ac-

tions, is equal to a linear
combination of the responses caused
by each individual action. For

example, the circuit in Fig.1.2.1 is
acted on by one voltage source and
one current source. Currents in the
branches and voltage drops across
the branches are the response of the
circuit. If we measure an arbitrary
response (for example, the current in
the branch ab) when there is only
the voltage source in the circuit (let

the response be il/), then we
measure the same response when

24

puc. 1.2.1 BinnaroTh SHEPrito OaHE
IDKepesio Harpyru E 1 omne mxe-
peno crpymy J. Crnoxuayamu
eHeprii € pesucropu I, I, , Iy,
I I

5. IlpuHumun cynepmno3umii
(Teopema HakJamaHHA). Peaxiis
THIAHOTO ENeKTPUYHOTO KOJIa Ha
MOBUILHHI BIUIMB, 1[0 SIBJISIE CO-
000 JTiHIMHY KOMOIHAI0 OLIBII
MPOCTUX BIUIUBIB, MTOPIBHIOE JIi-
HIHHIA KOMOIHAIT peakiiid, BHU-
KIMKAaHUX KOXHUM 13 BIUIUBIB
okpemo. Hampuknan, mms cxemu
Ha puc. 1.2.1 Ha KOJO BIJIMBAIOThH
OJHE JDKEpEJIo Hampyru W OJiHe
IDKepesio cTpyMy. Peakuiero xona €
CTPYMH 1 HaJiHHS Hampyru B Tij-
Kax. SIKImo BUMIPATH JOBUTBHY
peakiiro (Hanpukian, CTpyM y Ti-
ani ab) mijg yac yBIMKHEHHS B KO-
JI0 JMIIe JHKepesia Hapyru (Hexan

ne Oyme I ), BUMIpPIOBaTH Ty X
peaKIio ImJa 4Yac YBIMKHCHHS B



there is only the current source in the
circuit (let the response be i,” ), and

lastly, we measure the response with
both sources simultaneously (the
response i, ), the result will be:

i =i
Work procedure

1. Study the observance of
Kirchhoff’s laws as well as that of
the power balance condition and
the superposition principle in a
with real sources of voltage and
current. For this purpose set up a
measuring circuit according to
Fig. 1.2.2

KOJIO JIMIIE JDKepena cTpyMmy (He-
Xail peaxiris i1” ), a IOTIM BHUMi-
PIOBATH IO PEAKINiI0 TIiJ Yac yBi-
MKHEHHSI B KOJIO JIBOX JUKEpel OJI-
HOYacHO (Hexal peakuis I,), TO

BUSABHUTHCA, 110

Iy
+ip .

IMopsinok MoaeIl0OBaHHS
BUMIPIOBaHb Ta aHAJI3
ioro pe3yJbTaTiB

1. JocmauTyd BHKOHAHHS 3a-
koHiB Kipxroda it ymoBu Oanancy
MOTY>KHOCTEH y KOJI TMOCTiHHOTO
CTPyMy 3 PEAIBHHMH JDKEpeTaMu
Hanpyru 1 ctpymy. Jus 1poro
CKJIaCTH BHMIPIOBAILHY CXEMY
3rigHo 3 puc. 1.2.2.

—

—

1kOhm 1kOMm |5 3
5—’\/\/»—“ A A [— ’
— 10 o
A
— — L4
| Sa— Dwu A
1

— v 1kOhm 1k Ohm 10k Ohm

Fig. 1.2.2. Measuring circuit for fulfilling of Kirchhoff’s laws
Puc. 1.2.2. EnexTpudna cxema Iiisl TOCIiKeHHS 3akoHIB Kipxroda

1.1. Measure the currents in all
the branches and the voltage drops
across all the branches.

1.2. Draw the circuit, mark on
it all the measured values, and
mark with arrow the direction of
currents and voltages.

1.1. Bumipsta CTpyMH y BCiX
riikax 1 MajiHHg Hampyr Ha BCiX
€JIEMEHTaX I'lJIOK.

1.2. CknacTtu cxemy, HO3HA4H-
TH Ha Hil BC1 BUMIpSHI BETMYUHH,
a TaKkoXX II03HAYUTU CTPUIKaMHU
HaANPSMOK CTPYMIB 1 HaIlpyT.

25



1.3. Verify:

- the observance  of
Kirchhoff’s law for currents in
nodes 1, 2, 3 (equation 1.2.2);

—  the observance  of
Kirchhoff’s law for voltages in all
the loops (equation 1.2.3);

— the observance of power
balance condition (equation 1.2.5
and 1.2.6).

1.4. Make conclusions.

1.5. Double the ratings of all
resistances of the circuit in
Fig. 1.2.2 and repeat the actions
according to 1.1-1.4.

2. Compose a system of
Kirchhoff’s equations for the cir-
cuit in Fig. 1.2.2. Solve the system
to obtain the values of all currents
in the branches and all voltage
drops across the branches.
Compare the calculated values
with measured ones.

3. Study the observance of the
superposition principle in a direct-
current circuit with real sources of
voltage and current. For this pur-
pose set up a measuring circuit
according to Fig. 1.2.2.

3.1. On the voltage source, set
a value of 0 volts (in this way ex-
cluding it from the circuit). Take
measurements of the currents in all
the branches and the voltage drops
across all the branches.

3.2. Draw the circuit, mark on
it all the measured values, and
mark with arrow the direction of
currents and voltages.
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1.3. IlepeBipurn:

— BHUKOHaHHA 3aKkoHy Kipxro-
¢da mis ctpymiB y By3nax 1, 2, 3
(piBusunsg (1.2.2));

— BHUKOHaHHS 3akoHY Kipxro-
¢da nnga Hampyr y BCiX KOHTYpax
(piBustaEs (1.2.3));

— BUKOHAHHS yMOBH OajlaHcy
notyxuocteir (piBusius  (1.2.5),
(1.2.6)).

1.4. 3poOuUTH BUCHOBKH.

1.5. 30iMbIIUTH HOMIHAIH BCiX
omopis cxemu (puc. 1.2.2) y 2 pa-
3W, TOBTOPUTH Jii 3rigHO 3
. 1.1-1.4.

2. Cknactu cucTeMy pPiBHSHB
Kipxroda mans cxemu (puc. 1.2.2).
Posp’s3atn  cucteMy, OTpUMaTu
PO3paxyHKOBI 3HAa4eHHS ISl BCiX
CTpYMIB y TiTKax i BCiX MajiHb
HAlpyTy Ha eJeMeHTax riok. [lo-
PIBHSTH PO3paxyHKOBI BEIWYHHU 3
BUMIPSTHUMH.

3. Jocmiautd  BHKOHAHHS
MIPUHIIAITY CYMEPIO3UIlii B KO
MOCTIHHOTO CTPYMYy 3 pEalbHHMHU
JDKepellaMi  Hamlpyru #  CTpymy
(puc. 1.2.2).

3.1. YcraHOBUTH Ha JDKepeni
Hanpyru HomiHan 0 B (tum ca-
MHUM, BHUMKHYBIIM HOTO 3 KOJa).
Bumipsaru ctpymu y Bcix rinkax i
MQIiHHST HAIIPYTH Ha BCIX €JIEMEH-
Tax TLIOK.

3.2. CkiacTu cXeMmy, BiJI3Ha-
YUTH Ha HIl BC1 BUMIPSHI BENUYH-
HU, a TAaKOXX MMO3HAYUTHU CTPIIKaMU
HaNPSMKHU CTPYMIB 1 HAaIpyT.



3.3. On the current source, set
a value of 0 amperes (in this way
excluding it from the circuit). Take
measurements of the currents in all
the branches and the voltage drops
across all the branches.

3.4. Draw the circuit, mark on
it all the measured values, and
mark with arrow the direction of
currents and voltages.

3.5. Verify the observance of
the superposition principle
(superposition theorem) for the
circuit being investigated.

3.6. Make conclusions.

4. Study the operation of a
voltage divider. For this purpose
set up a circuit according to
Fig. 1.2.3.

4.1. Measure the voltages across
the elements of the divider and enter
their values to Table 1.2.1.

4.2. Calculate the voltages
across the elements of the divider
according to formula and enter
their values to Table. 1.2.1.

4.3. Compare the calculated
values with the measured ones and
make conclusions.

5. Study the operation of a
current divider. For this purpose set
up a circuit according to Fig. 1.2.4.

5.1. Measure the currents in
the branches of the divider and
enter their values to Table 1.2.2.
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3.3. YcTaHOBUTH Ha JKepeni
ctpymy HoMiHai 0 A (TUM caMuwm,
BUMKHYBIIM HOTO 3 Kousa). Bumi-
pATH CTPyMH y BCIX TijKax i ma-
JiHHA HaIpyTd Ha BCiX eJIeMeHTax
TLIOK.

3.4. Cxnactu cxemy, Bim3Ha-
YUTH HA HIA BCl BUMIPSHI BETUIH-
HU, @ TAKOXK IMO3HAYUTH CTPUIKAMHU
HaIpsSIMKH CTPYMIB 1 HATIPYT.

3.5. IlepeBiputH BHKOHaHHS
MPUHIMITY CYNEPHO3HLii (TeopeMu
HaKJIaIaHHs) Ul TOCTiKyBaHOTO
KoJa.

3.6. 3pobuTH BUCHOBKH.

4. Hocnigutu poOOTy CXeMH
noJinbHUKa Hanpyru. s mporo
CKJIACTH cXeMy 3rimHo 3 puc. 1.2.3.

4.1. BumipsATH Hampyra Ha
€JIEMEHTaX MOAIIBHUKA ¥ 3aHECTH
1X 3Ha4eHHd 10 Tao. 1.2.1.

4.2. Po3paxyBatu Hampyru Ha
eJIEeMEHTaX IMOOUIbHUKA 3TiJTHO 3
(hopMyI0r0 1 3aHECTH iX 3HaUEHHS
1o Tabm. 1.2.1.

4.3. TlopiBHATH PO3PaxXyHKOBI
3HAYEHHS 3 BUMIPSHUMH Ta 3p00H-
TH BUCHOBKH.

5. Hocmiauta poOOTy cxeMu
MoJiIbHUKA cTpyMmy. st mporo
CKJIACTH CXeMy 3rijiHo 3 puc. 1.2.4.

5.1. BuMipsitu cTpymMH B Tifl-
Kax MOJUIbHUKA W 3aHECTH iX 3Ha-
YyeHH: 10 Tabn. 1.2.2.



5.2. Calculate the voltages 5.2. Po3paxyBaTu Hampyrd Ha
across the elements of the divider ememenTax mnominbHHMKA 3rigHO 3
according to formula and enter ¢dopmysoro i 3aHeCTH iX 3HAYCHHS
their values to Table 1.2.2. 1o 1abn. 1.2.2.

En, Er,

- Er,
=, 2: y
r+n+n+n r+6+0+r0

u = .
r+n+n+n

U

U,

U U

2

[ VI—e—I Vi
2k Ohm 3k Ohm

Fig. 1.2.3. Diagram of voltage divider
Puc. 1.2.3. Cxema noainpHAKA HAIPYT

Table 1.2.1. Calculated and measured voltages
Tabnuya 1.2.1. 3Ha4eHHs PO3paxX0OBAaHMX Ta BUMIPSHUX HANPYT

Parameters u U, u, U,

The measured value
The calculated value

=5 =20, 1%y 10

red g g g

1 1 1
9=— 02=—, O3=—, §=0;1t0,+03.
n I 3
5.3. Compare the calculated 5.3. TlopiBHATH pPO3pPaxyHKOBI
values with the measured ones and 3HauyeHHS 3 BUMIPSIHUMHE i 3pO0H-
make conclusions. TH BUCHOBKH.
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Table 1.2.2. Calculated and measured currents
Tabnuysa 1.2.2. 3Ha4eHYsl po3pax0BaHUX TAa BUMIPSIHUX CTPYMiB

Parameters

The measured value

The calculated value

o2 ohm { Py 22 0hm Ty £30mm T §5 ohm
1, I, I
iy I Al Alll Al
L . !

Fig. 1.2.4. Diagram of current divider
Puc. 1.2.4. Cxema moninbHAKA CTPYMiB

6. In the experimentation pa-

per give all the results of
measurements, verifications and
calculations as well as the

conclusions made by the student.

Laboratory work 3

ALTERNATING CURRENT
CIRCUITS

(Estimated time:
2 hours)

Aim of the work. Learning
the laws of current flow in AC
circuits through modeling in the
Electronics Workbench environ-
ment. Studying AC circuits with
series and parallel connection of
reactive elements, verify them
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6. Y npotokoi J1abopaTopHOT
pOOOTH HaBECTH pe3yJIbTaTH BUMi-
PIOBaHb, IMEPEBIPOK 1 PO3PaXyHKIB,
a TaKoX 3po0JieHI BUCHOBKH.

JlabopatopHa pobota 3

TOCJKEHHS KL
3MIHHOTO CTPYMY

(PexoMeH0BaHUI 0OCSAT 3aHSATh:
2 ron)

Mera poborn. Bupuutu 3a-
KOHH CTPYMOIIPOXO/DKEHHS B KO-
JlaX 3MIHHOT'O CTPYMY 32 JIOTIOMO-
TOI0 MOJICIIOBAHHS B CEPEIOBHII
nporpamu Electronics Workbench.
JlocmiauTy KoJia 3MiHHOTO CTPYMY
3 TIOCHIJIOBHUM 1 MapajeibHUM



according to  Ohm’s and
Kirchhoff’s laws in the complex
form and verify the observance of
power balance condition in such
circuits.

When preparating for the
laboratory work a student should
study this description as well as
appropriate units of the recom-
mended literature, and be able to
answer the following test ques-
tions.

Test questions

1. What is the harmonic current
and harmonic voltage? What para-
meters are they characterized by?

2. How can the harmonic current
be represented through complex va-
riables?

3. What is the main point of the
complex amplitude method?

4. State Ohm’s law in
complex form.

5. State Kirchhoff’s
currents in the complex form.

6. State Kirchhoff’s
voltages in the complex form.

7. What is the active and reactive

the

law for

law for

power?

8. State the power balance
condition in a harmonic current
circuit.

9. What is a vector diagram? Give
examples of vector diagrams for
resistance, inductance and
capacitance.

Brief theoretical information

The basic laws of current flow
in a harmonic current circuit are:
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BBIMKHEHHSIMH DPEaKTHBHHX eJe-
MEHTIB, MEPeBIpUTH BUKOHAHHS B
HUX 3akoHy Owma, 3akoHiB Kipxro-
(ha B xomImIeKCcHIH hopMi i yMOBH
OanaHcy MOTY>KHOCTEH.

ITix yac miATOTOBKH OO BUKO-
HaHHS J1abOpaTOpHOi poOOTH He-
OOXiTHO BWBYHUTHA BIIIOBIIHUII
MaTepian 3a peKOMEHJOBaHOIO Ji-
TEpaTyporo, a TAKOXK YMITH BiJlIO-
BiJIaTH Ha KOHTPOJIbHI 3aITUTAHHSI.

KoHTposbHi 3anuTaHHsA

1. Illo Take rapMOHIYHUIT CTPYM 1
rapMoHiyHa Hampyra? Slkumu napa-
METpaM¥ BOHU XapaKTepPH3YIOThCs?

2. SIk rapMoOHIYHI CTpyMH BHpa-
JKAIOThCSI KOMILUIEKCHUMH BeJIMYMHA-
Mu?

3. V 4oMy CYTHICTb METOIY KOM-
TUIEKCHUX aMILTTy1?

4. Coopmymroiite 3akoH Oma B
KOMILTEKCHiH (opmi.

5. Chopmymotite 3akoH Kipxroda
JUISL CTPYMIB y KOMIUIEKCHIH (hopMmi.

6. Chopmymroiite 3akon Kipxro-
(a 1t HanpyT y KOMITIEKCHIN opmi.

7. 1o Take akTHBHA 1 peaKkTUBHA
MOTY>KHOCTI?

8. Chopmyinroiite yMOBY Oanancy
MOTYXHOCTEH B KOJI TapMOHIYHOTO
CTpyMmy.

9. lllo Take BekTOpHa Jiarpama?
Hagenite mpukimagu BEKTOPHUX jiar-
paM sl omopy, IHIYKTHUBHOCTI Ta
€MHOCTI.

OcHoBHI TeopeTH4Hi BitoMocTi

OCHOBHUMHU 3aKOHaMH CTPY-
MOIIPOXODKEHHS B KOJIi TapMOHI-



Ohm’s law, Kirchhoff’s law for
currents, Kirchhoff’s law for
voltages, and the power balance
condition in a circuit.

1. Ohm’s law in the complex
form.

Ohm’s law in the complex
form for a circuit can be written as
follows:

YHOTO CcTpyMy €: 3akoH Oma, 3a-
koH Kipxroda mis ctpymis, 3aKoH
Kipxroda mis mampyr, ymoBa 0Oa-
JIAHCY TIOTY>KHOCTEH B KOJII.

1. 3akon Oma B KOMILIEKC-
Hiil ¢opmi.

3akor OMa B KOMIUIEKCHIH
dbopmi mnsg OUSTHKA KOJa MOXKHA
3aIMcaT TaKUM YHHOM:

l.=U_/Z,

where I, U — complex ampli-
tudes of voltage and current, Z —
complex impedance of the circuit.
2. Kirchhoff’s law for
currents in the complex form.
The sum of complex currents
in a node is equal to zero:

where [, —complex amplitude of

the current in the k-th branch con-
vergent to a given node.
3.  Kirchhoff’s law
voltages in the complex form.
The sum of complex voltages
in a circuit is equal to zero:

for

ne |, U, — KommiekcHi amrii-

TyAd cTpyMy 1 Hampyru, Z -—
KOMIUICKCHHMI OITip KOJIa.
2. 3akon Kipxroda nmas
CTPYMIB y KOMILIEeKCHii ¢opmi.
CyMa KOMIIIEKCHUX CTPYMiB y
BY3J1i IOPIBHIOE HYJIIO:

e I'mk — KOMIUICKCHa aMILTITy/1a
CTpYMY THX TiIOK, IO CXOASTHCS
710 IIbOTO BY3J1a.
3. 3akon Kipxroda nias na-
NpYr y KOMIUIeKcHii gopmi.
Cyma KOMIUIEKCHUX Hampyr y
KOHTYp1 AOPIBHIOE HYJIIO:

n .
2.Unc=0,
k=1

where U ., —complex amplitude of

the voltage of k-th branch in a giv-
en circuit.

4. The power balance
condition in a harmonic current
circuit.
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ne U, — KOMITJIeKCHa aMILTITy/a

HaNpyTH TiIO0K, 10 HaJeXarb JI0
L[bOTO KOHTYDY.

4. YmoBa ajiaHCy NOTY:KHO-
CTi B KOJII TapMOHIYHOI0 CTPY-

My.



The sum of complex, active
and reactive powers of all elements
of a circuit is equal to zero:

n
2.5 => (R +JQ)=0,
k=1

As energy sources (active
elements of the circuit) supply
energy, and consumers (passive
elements of the circuit) use it, then
from (1.3.4) it follows that:

n
k=1

m

n
z I:)k sourse

k=1 |

Pk,sourse = Uk I k cos (Pk ' I:)I

CyMa KOMIUICKCHUX, AKTHB-
HUX 1 PEaKTHBHHX IOTYXHOCTCH
BCIX EJIEMEHTIB KOJa JIOpPiBHIOE
HYJIIO:

(1.3.1)

Ockinbku JpKepena  eHeprii
(aKTUBHI eJEeMEHTH KoJia) Bijja-
IOTh €HEepriro, a mpuiiMadi (TTacuB-
Hi eJIeMEHTH KoJia) 1i CIIOKMBa-
10Th, TO 3 piBHsAHHSA (1.3.1) BUmIH-
BaE:

n m
Pl,consumer ' Qk,sourse = Z Ql,consumer '
=1 k=1 1=1

consumer

2
I,

. 2
Qk,sourse =Uk Ik sin O » Ql,consumer = II XI !

where r,, x, — active and reactive
resistances of the consumers, ¢ —

phase shift between the voltage
across an element and the current
through this element:

=V,

5. Vector diagrams.

Complex currents, voltages
and resistances are represented on
a complex plane with vectors
whose length is proportional to the
modulus (of current, voltage or
resistance), and the angle of rota-
tion about the x-axis — to their
phase. A diagram representing a
set of vectors on the complex

e I, X, — aKTHBHI W peakTHBHI
OIOpHW IpuiMaviB, ¢ — 3cyB ¢a3
MK Hampyror Ha eJIeMeHTI Ta
CTPYMOM 4Yepe3 eJIEMEHT:

— V.

5. BekTopHi aiarpamu.

KommekcHi ctpymu, Hanpyr i
OTTOpH 300paKYIOTHCSI Ha KOMITICK-
CHI IDIONIMHI 32 JOTIOMOTOIO0 BEK-
TOpIB, JOBXHMHA SKUX NPOMOpLiiHa
Monynro  (CTpymu, Hampyrd  abo
Oropy), a KyT TIOBOPOTY BiJHOCHO
oci abcmc — ix ¢asi. iarpama, 1mo
SIBJISIE COOOI0 CYKYITHICTH BEKTOPIB
Ha KOMIUIEKCHIHM IUTOIIMHI, Ha3HBa-
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plane is called a vector diagram.
Fig. 1.3.1 shows a vector diagram
of complex values of voltage and
current for resistance. Fig. 1.3.2
shows a vector diagram of com-
plex values of voltage and current
for inductance. Fig. 1.3.3 shows a
vector diagram of complex values
of voltage and current for capaci-
tance. Voltages and currents in
these diagrams are presented to
scale.

ImA

Un

Wu:"Vi
9=0

Re

Fig. 1.3.1. Resistance vector diagram
Puc. 1.3.1. BextopHa giarpama omnopy

Working Procedure

1. Study the observance of
Ohm’s law in the complex form
for a one-component circuit.

1.1. Set up a circuit according
to fig. 1.3.4, a.

1.2. Calculate the complex im-
pedance Z of the circuit and enter
its value to table. 1.3.1
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€ThCSl BEKTOPHOO JTiarpamoro. Bek-
TOpHY JiarpaMy KOMILIEKCHHX Be-
JIMYWH HANPYTH Ta CTPYMY JIJIsI OTIO-
py mokazano Ha prc. 1.3.1, BekTopHY
JiarpaMy KOMIUIGKCHHX —BEJIWYMH
Hampyrd Ta CTpyMy UISl 1HAYKTHB-
HOCTi — Ha puc. 1.3.2, BeKTOpHY mia-
rpaMy KOMIUICKCHHX BEIIMYMH Ha-
NPYTU Ta CTPyMY UISl €MHOCTI — Ha
puc. 1.3.3. Ha miarpamax ctpymu it
HAIPyTH TIOKAa3aHO Y BiJIOBITHNX
Macirabax.

Im &

Vi/o=n/2 Re

Im

Fig. 1.3.2. Inductance vector diagram
Puc. 1.3.2. BektopHa aiarpama
IHAYKTHBHOCTI

IMopsimok MoaeTIOBAHHS
BHMipIOBaHb Ta aHAJI3
ioro pe3yJjbTaTiB

1. JlocmiguTH BUKOHAHHS 3a-
koHy OMa B KOMIUIEKCHIH Gopmi B
KOJIi 3 OJJHIM €JI€MEHTOM.

1.1. Cknacta KOO 3TigHO 3
puc. 1.3.4, a.

1.2. Po3paxyBaTh KOMIIICKC-
HUH omip kona Z 1 3aHECTH HOTo
3Ha4YeHHs 10 Tabm. 1.3.1.



vl

+
1100 Hzio Dy
2 0.1 Ohm

a

100 mH

Fig. 1.3.3. Measuring circuit for fulfilling of Ohm’s laws in complex form
Puc. 1.3.3. EnextpuuHe ko0 A1t OCITIKEeHHsI 3aKkoHy OMa
B KOMIUIEKCHIH QopMi

1.3. Measure the current in the
circuit and the phase shift between
the voltage and the current. Enter
the measured data to Table 1.3.1.
Use these data to calculate the ra-
tio between the complex amplitude
of the voltage source to that of the

current Um/ I m and enter its value
to Table 1.3.1.

1.3. Bumipsita cTpyM y Kouii
Ta 3cyB (a3 MixX HaANpyrow i
cTpymMoM. BumipsiHi naHi 3aHecTH
mo rtabm. 1.3.1. 3a BuUMIpSHEUMHU
JAHUMU pO3paxyBaTH BiTHOIICHHS
KOMIUIEKCHHX aMIUTTY]] Hanpyru

mwkepena i ctpymy Um/Im 1 3a-
HECTHU uoro 3HAYEHHS o

taba. 1.3.1.

Table 1.3.1. Data for fulfilling of Ohm’s laws in complex form
Tabnuya 1.3.1. ani moao anaisy 3akoHy Oma B KoMIIeKcHil (opmi

Parameters |Fig. 1.3.4,a

Fig. 1.3.4, 6|Fig. 1.3.4, 6

Fig. 1.3.5 | Fig. 1.3.6

Z,0m

|, mA

¢, deg

Um/im,om

1.4. Compare the values of Z

and U/ 1m. Draw conclusions.
1.5. Set up a circuit according

to Fig. 1.3.4, b. Repeat the steps in

accordance with pts. 1.1-1.4.

1.4. lopiBasiTn BennunHu Z 1

Umn/lm.3poOUTH BUCHOBKH.

1.5. Ckmact KOJIO 3TigHO 3
puc. 1.3.4, b. IToBroputu mii 3rif-
Ho 31 1.1-1.4,



1.6. Set up a circuit according
to Fig 1.3.4, c. Repeat the steps in
accordance with pts. 1.1-1.4.

2. Study the observance of
Ohm’s law, Kirchhoff’s laws and
the power balance conditions in
the complex form for a series cir-
cuit. For this purpose set up a cir-
cuit according to Fig. 1.3.5.

1.6. Ckiactd KOJIO 3TiIHO 3
puc. 1.3.4, c. [loBTopuru mii 3rig-
HO 3 1.1 1.1-1.4.

2. JIoCImIUTH BHKOHAHHS 3aKO-
Hy Oma, 3akoniB Kipxroga i ymoBu
OaaHCy MOTYXHOCTEH Y KOMIDICKC-
Hiit GopMi B KOJi 3 ITOCTIIOBHIM
3’€¢MHAHHAM €IIeMEHTIB. i1 1boro
CKJIaCTH KOJIO 3TijHO 3 puc. 1.3.5.

+
@1 00 mvi100 Hz/0 Deg

50 Ohm

'

Fig. 1.3.5. Diagram of series RLC-circuit
Puc. 1.3.5. Cxema nocnigosaoro RLC-xona

2.1. Measure the currents in
the circuit and the voltage drop on
each element as well as the phase
shift between the current and EMF
of the voltage source. Enter the
measured data to Table. 1.3.2.

2.1. BuMipsitu cTpyMu y Ko
Ta TMaJiHHS HANPYTH Ha BCIX eje-
MEHTaX, a TAKOXK BEJIUYHHY 3CYBY
¢a3 mix ctpymom i EPC mxepena
Hanpyru. Pe3synbTatu 3aHecTH 10
tabn. 1.3.2.

Table 1.3.2. Data for analizing series RLC-circuit
Tabruys 1.3.2. dani anajizy nociainosnoro RLC-koua

uF 10

25 50
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2.2. Verify Ohm’s law in the
complex form. For this purpose
repeat the actions in accordance
with pts. 1.1-1.4 for the circuit un-
der study.

2.3. Verify Kirchhoff’s law in
the complex form for voltages in a
circuit. To do this, use the meas-
ured data to construct a vector dia-
gram on the complex plane for
complex voltages in the circuit.

2.4. Check the power balance
conditions in a harmonic current
circuit. To do this, use the meas-
ured data to calculate the values of
active and reactive power of the
sources and consumers in the cir-
cuit under study and compare them
to each other.

2.5. In the circuit set up ac-
cording to Fig. 1.3.5, change the
nominal capacity according to Ta-
ble 1.3.2 and repeat the steps de-
scribed in pts. 2.1-2.4.

2.6. Draw conclusions.

3. Verify the observance of
Kirchhoff’s laws and check the
power balance conditions in the
complex form in a series-parallel
circuits. To do this, set up a circuit
according to Fig. 1.3.6.

3.1. Measure the currents in
the circuit and the voltage drop on
each element as well as the phase
shift between the current and EMF
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2.2. TlepeBipuTH BHUKOHAHHSI
3akoHy OMa B KOMIUIEKCHIN (op-
Mi. JIJis bOTO IS TOCII KYBaHO-
ro KOJia MOBTOPHUTH Jii 3TiTHO 3
ma. 1.1-1.4.

2.3. IlepeBipuTH BHKOHAHHSI
3akoHy Kipxroda B KOMIUICKCHIMH
¢dopmi ans Hampyr y koumi. s
OTO Ha OCHOBI JaHUX BUMIpIO-
BaHb NOOYTyBaTH BEKTOPHY Jiar-
paMy Ha KOMIUICKCHIM TIDIOUIMHI
JUIs1 KOMILJIEKCHUX HampyT y KOJIi.

2.4. TlepeBipuTH BUKOHAHHS
YMOBH OaiaHCy MOTYXXHOCTEH Y
KOJI TapMOHIYHOTO cTpymy. s
I[OTO Ha OCHOBI JIaHUX BHMIipIO-
BaHb PO3paxyBaTH BEJIWYHHU aK-
THBHUX 1 PEaKTUBHUX MOTY>KHOC-
Tel JDKepen 1 CIIOKHUBaYiB y JIOC-
JKyBaHOMY KOJIi i TIOPIBHATH 1X
MiX cO00I0.

2.5. Y ko, 300pakeHOMYy Ha
puc. 1.3.5, 3MiHUTH 3HA4YeHHS HO-
MiHQJTy €MHOCTI 3TiJHO 3 JIaHUMH
tabsa. 1.3.2 1 mOBTOPHUTH il 3riJIHO
31 2.1-2.4.

2.6. 3po0OHUTH BHCHOBKH.

3. JlocmiauTh BHUKOHAHHS 3a-
koHiB Kipxroda it ymoBu Ganancy
MOTYKHOCTEH y KOMIUIEKCHIN ¢o-
pMi B KoMl 31 3MiIIaHUM
3’€THaHHSM eJieMeHTiB. J{i1st 11boro
CKJIACTH KOJIO 3riJHO 3 puc. 1.3.6.

3.1. Bumipsatu ctpymu y Kodmi
1 maJiHHs HANpYTH Ha BCiX eJeMe-
HTaX, a TAKOXK BEJIMIUHY 3CYBY (a3
Mk ctpymom i EPC mxepena Ha-



of the voltage source. Enter the
measured data to Table.1.3.3.

3.2. Verify Ohm’s law in the
complex form. To do this, repeat
the actions described in pts. 1.1
1.4 for the circuit under study.

npyru. Pesyaprath 3aHectd 110
Tabmn. 1.3.3.

3.2. llepeBipuTH BHKOHAHHS
3akoHy Oma B KOMIDIEKCHIN ¢op-
Mi. [t 1ibOTO ISl OCITIKYBaHO-
ro KOJa TOBTOPUTH Jii 3TiHO 3
. 1.1-1.4.

+
@1 00 m¥i1p0 Hzid Degy

= —
a0 ;hm ) | IE:'II

L R
100 mH

2
250 Ohm

Igig. 1.3.6. Diagram of parallel RLC-circuit
Puc. 1.3.6. Cxema mapanensHOro RLC-kona

3.3. Verify Kirchhoff’s law in
the complex form for voltages in a
circuit. To do this, construct a vec-
tor diagram on the complex plane
for complex voltages in the circuit.

3.4. Verify Kirchhoff’s law in
the complex form for currents in a
circuit. To do this, construct a vec-
tor diagram on the complex plane
for complex currents in the circuit.

3.5. Check the power balance
conditions in a harmonic current
circuit. To do this, use the meas-
ured data to calculate the values of
active and reactive power of the
sources and consumers in the cir-
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3.3. llepeBiputu BUKOHAHHS
3akoHy Kipxroda B KOMILIEKCHIi
¢dopmi st Harpyr y Koui. s 11po-
ro noOymyBaTH BEKTOPHY Jliarpamy
Ha KOMIUIEKCHIH IUIOIMHI UIA
KOMIUIEKCHHX HaIpyT.

3.4. TlepeBipuTH BHUKOHAHHS
3akoHy Kipxroda B KOMIUIEKCHIN
¢dopmi mnst crpymiB y komi. s
HOTO TOOY/IyBaTH BEKTOPHY Jliar-
paMy Ha KOMIUIEKCHIH IUIOMIMHI
JUTsl KOMIJIEKCHUX CTPYMIB.

3.5. TlepeBipuTH  BHUKOHAHHS
YMOBH OaJIaHCy TIOTYXKHOCTEH y Ko
rapMOHIYHOTO cTpyMy. [ 1Iboro Ha
TJICTaBl TAHUX BUMIPIOBaHL PO3pa-
XyBaTH BEJIMYMHHM aKTUBHHX 1 PEaK-
THBHUX TIOTY>KHOCTEH JHKepert 1 crio-



cuit under study and compare them
to each other.

3.6. In the circuit set up ac-
cording to Fig. 1.3.6, change the
nominal capacity and repeat the
steps described in pts. 3.1-3.5.

3.7. Draw conclusions.

JKVBAYiB Y JIOCII/DKYBaHOMY KOJi i
MOPIBHATH 1X MK COOOIO.

3.6. Y xomi 3rigHo 3 puc. 1.3.6
3MIHUTH 3HAYEHHS HOMIHATy €MHO-
CTi W TOBTOPUTH Jii 3TigHO 3
. 3.1-3.5.

3.7. 3poOHUTH BUCHOBKH.

Table 1.3.3. Data for analizing parallel RLC-circuit
Tabruys 1.3.3. Nani ananizy napaieasHoro RLC-kona

C,uF 10

25 40

Laboratory work 4

Frequency characteristics
of linear circuits

(Estimated time:
2 hours)

Aim of the work. Learning the
amplitude-frequency and phase-
frequency characteristics of sim-
plest rC- and rL alternating current
circuits by means of modeling in
the Electronics Workbench envi-
ronment. Studying rC- and rL- AC
circuits of the first, second and
third order. Plotting the amplitude-
frequency characteristic, phase-
frequency characteristic and the
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JlaGopaTopHa po6oTa 4

JocaixxeHHs 94ACTOTHUX
XapaKTePUCTUK JiHIHHUX Kin

(PexoMeH10BaHUI OOCSAT 3aHSTh:
2 ron)

Mera po6oTn. Busuntu am-
writynHo-actoTHi (AUX) # da-
30-4aCTOTHI XapaKTePUCTUKH
(®UX) natinpocrimux rC-1i rlL-
KiJI 3MIHHOT'O CTPyMY 3a JIOTIOMO-
rOI0 MOJICJIIOBAHHS B CEPEIOBU-
i mporpamu Electronics Work-
bench. Hocmimutu rC- i rL-
KOJIa 3MiHHOTO CTPYMY IIEpIIIOTO,
IPYroro W TPEThOTO MOPSIKIB.
[oOGynyBat  rpadiku  AUX,



frequency locus for the circuits
under study.

To be well prepared for this
laboratory work, it is necessary to
study the present description as
well as appropriate units of the
recommended literature, and be
able to answer the following

Test questions

1. What is a complex function of
the circuit? What parameters is it cha-
racterized by?

2. What are the amplitude-
frequency and phase-frequency cha-
racteristics of the circuit?

3. What are the real-frequency
and imaginary-frequency characteris-
tics of the circuit?

4. What is the frequency locus?

5. What are complex input resis-
tance and conductivity?

6. What are a complex transfer re-
sistance and conductivity?

7. What are complex voltage
transmission coefficientof and current
complex current transmission coeffi-
cient?

8. Give examples of rC- and
rL-circuits of the first and second order.

9. How to measure the complex
voltage transmission coefficient for
rC-and rL-circuits?

10. How to calculate the complex
voltage transmission coefficient for
rC- and rL- circuits?

Brief theoretical information

The complex function of a cir-
cuit is the ratio of complex voltag-
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®YX i1 gactoTHHH Togorpad mis
IOCHIDKEHNUX KI1JI.

Ilix gac MiATOTOBKH IO BU-
KOHaHHsI JTabopaTOpHOI pPOOOTH
HEeOOX1AHO BUBYMTH BIAIIOBIAHHMI
MaTepial 3a PEKOMCHJIIOBAHOIO
JMTEpaTyporo, a TaKoX YyMITH
BIAMOBIIaTH HAa KOHTPOJBHI 3a-
MUTaHHSL.

KoHTpobHi 3anuTaHHsA

1. Ilo Take xOMIUIEKCHa (YyHK-
st kona? SIkuMH mapaMmeTpaMu BO-
Ha XapaKTepHu3yeThes?

2. Ilo Take AUX #t ®UX kona?

3. IIlo Take miMCHO-4aCTOTHA
(JUYX) # ysSBHO-4aCTOTHa XapakTe-
puctuku (YUX) kin?

4. Ilo Take 4acTOTHUH TOIOT-
pag?

5. IIlo Take KOMILJIEKCHI Tepe-
JlaTHI BX1JIHI OTOpY 1 POBIAHICTH?

6. Illo Take KOMILJICKCHI Tmepe-
JIaTHI OTIOPH 1 IPOBITHOCTI?

7. o Take KOMIUIEKCHI Koedi-
[IEHTH TIepelavi 3a HANpPyrow i
cTpymom?

8. Hasenits mpuknagu rC- i
rL- xin mepmoro ta apyroro mo-
PAAKIB.

9. SIk BUMIpATH KOMIUIEKCHHH
Koe(illieHT repenavi 3a Hampyroro
rC-1i rL-xoma?

10. Sk pospaxyBaTH KoMIO-
JIEKCHUI KoeQillieHT Tepenayi 3a
nanpyrow rC-i rL-xona?

OcHoBHI TeopeTH4Hi BizomocTi

KommnekcHa ¢yHkmist kona
SIBJIIE COOOIO0 BIJTHOIICHHS KOM-
IJICKCHUX HAIMPYT 1 CTPYMIB, IO



es and currents at the output of the
circuit Xq (response) to those at its
input X;, (stimulus) when the sti-
mulus is harmonic. Depending on
the physical meaning of the stimu-
lus and response of the circuit
(voltage or current) and their loca-
lization points (input and output of
the circuit), we can speak about
different types of complex func-
tions of a circuit. Assume that
there is a voltage U, and a current

I, at the input 1-1" of a linear cir-

cuit  without  nonautonomous
sources (Fig. 1.4.1). Select an ele-
ment Z, at the output of the cir-

cuit in which there is a voltage U,
and a current I,. Then the input
complex functions of the circuit
will be:
U
Zy(jo)==+;
I1
these are the complex input resis-
tance and conductance.
The complex transfer functions
of the circuit are:
J U
Zy(jo)= —2, Z,(jo)==; Y,
I I,
These are the complex transfer
resistance and conductance:

Ky (Joo)—u—2

IitoTb Ha Buxoai Xgux (peax-
ist) 1 Ha BXoAl Xpy (BILUIUB) KO-
Ja B pa3i TApMOHIYHOTO BILIUBY.
3anexHo Bin (i3MYHOrO 3MiCTY
BIUTMBY U peakuii koja (Hampyru
abo cTpyMy) 1 MicIb iX JoKasi3amii
(BxOmy 1 BUXOIy KOJia) BHUIUISIOTH
pi3Hi KOMIUIeKCHI (yHKOii KoJa.
Hexaii nma Bxomi 1-1 miniiiHOro
KOJIa, II0 HE MICTUTh HEaBTOHOM-
Hux jokepen (puc. 1.4.1), miroTh
Hampyra U; i ctpym |;. Buni-

JUMO €leMeHT Z, Ha BHXOAi

KOJla, Ha SKOMY JMilOTh Hampyra
U, i ctpym |,. Toxi BXigzHUMHU
KOMIUIEKCHIMA (DYHKITISIMH KOJIa
OyIyTh:

i
sy _ 1
Yin(Jo) ===,
U,
M0 € KOMIUIEKCHUMH BXIJHUMU
OIIOPaMH i IPOBIAHOCTSIMH.
[epeximai KOMIUIEKCHI QYH-
KIIii KoJja:

| ) I
(Jw)=—1; Yy (jo)==%,
12 U2 21 Ul

o € KOMIUICKCHUMU TIIepeaar-

HUMHAU ornopamMu u HpOBiI['
HOCTSAMM.
o,
Kl (J(D) =—,
Il
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these are complex transfer
functions or transfer coefficients of
voltage and current.

Complex functions of the
circuit can be represented in the
exponential or algebraic form:

I0 € KOMIUIEKCHHUMH IIepenaT-
HUMH QYHKLISIMH a00 Koedilie-
HTaMH Tiepefadi 3a Hampyroo i
CTPYMOM.

Kommnekcni ¢ynknii kona
MOKHa TIOJAaTH y TOKa3HUKOBIi
abo anreOpudHii Gopmi:

K(jo)= % =K(jo)e! =R(0) + X (o),

IN

where companents of complex
functions are frequency characte-
ristic.: 1) amplitude-frequency
characteristic (AFC):

€ KOMIIOHEHTaMU KOMIUIEKCHOIL
(hyHKIIT KOJla € YacTOTHI Xapax-
TEPUCTUKU KOJa:

1) AUX:

K (o) = ModK (jo) =y R*(®) + X *(m) ;

2) phase-frequency characteristic
(PhFC):

o(w) =arg K (jo) = arctg

3) real
(RFC):

frequency characteristic

R(w) = Re K (jo)

4) imaginary-frequency characte-
ristic (IFC):

2) PUX:

X(w)
R(w)
3) IUX:

= K(w)cos p(w) ;

4) YUX:

X (®) = ImK (jo) = K (m)sin ¢(o).

A complex function of a cir-
cuit that combines amplitude-to-
phase ratios is called amplitude-
phase-frequency characteristic
(APhFC). A graph of the APhFC
can be constructed on a plane as a
parametric function of frequency,

KommekcHa ¢yHKINS Koja,
[0 TOEAHYE CITIBBIAHOIICHHS aM-
Ty i gas, Ha3UBAIOTH AMILTITY-
IHO-()a304acTOTHOIO XapaKTepuc-
tikoro (ADPUX). I'padik ADUX
Moxke OyTu moOynoBaHud Ha
IUTOIIMHI SIK MapamMeTpuyHa (yHK-
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a so-called frequency locus. The mis uwactoTn (4acTOTHMII ToOIOT-
procedure of its construction is pa¢). Meroauky ioro modymoBu

given in [3]. HaBeJieHo y mpaiii [3].
1 h b 2
— |
l u Linear circuit v [l 2
1/.—‘ J 2/

Fig. 1.4.1. Block diagram of linear circuit
Puc. 1.4.1. Cxema niHIHHOTO KOJIa

Consider some examples of
AFC and PhFC of a complex
voltage transfer coefficient for
simplest rC-and rL-AC circuits.

Fig. 1.4.2 and 1.4.3 show rC-
and rL-circuits of the first order,
each having one reactive element
in its structure. Frequency charac-
teristics of these circuits are calcu-
lated using Kirchhoff’s equations.
For circuits in Fig. 1.4.2 they are:

Ky (@) =

Posrisaremo mpukmagn AUX i
OUX kOMIUIEKCHOTrO KoedillieHTa
nepenadi 3a Hampyrorw Haimpoc-
tTimux rC- 1 rL-kin 3MiHHOrO
CTpYyMY.

Ha puc. 1.4.2 1 1.4.3 nokazaHo
rC-i rL-xomna nepmoro nopsaky
(110 MarOTh y CBOEMY CKIIA/Ii OJMH
peakTuBHUI enmemeHT). YacTOTHI
XapaKTepUCTUKU IHUX KiJd po3pa-
XOBYIOTBCSI ME€TOJIOM piBHSIHB Ki-
pxroda. Hns xin na puc. 1.4.2
BOHH TaKi:

T

1+ (o1)?

o() = g —arctg(or),

L
where t=rC or t=— respec-
r

tively. For circuits in Fig. 1.4.3
they are:

42

L . .
ne T=rC abo t=— BIANOBIIHO.
r

s xin, 300paxenux Ha puc. 1.4.3,
BOHH TaKi:



Ky (w) =

1

1+ (01)? /

¢(w) = —arctg (o),

L
where t=rC or t=— respec-
r

tively. Fig. 1.4.4 and 1.4.5 show
rC-and rL-circuits of the second-
order, each having two reactive
elements in its structure. Frequen-
cy characteristics of these more
difficult circuits will be calculated
by the method of loop currents or
node voltages. For circuits in Fig.
1.4.4 they are:

L . )
ne t=rC abo t=— BIAOOBIAHO.
r

Ha puc. 1.4.4 i 1.4.5 mokasaHo
rC-i rL- xona gpyroro mopsiaky
(1o MaroTh y CBOEMY CKJIaJi J1Ba
peakTuBHI enemeHTH). YacTOTHI
XapaKTePUCTUKU X OLIBII CKJIa-
JTHUX KiJ pO3pPaxOBYIOTbCS METO-
JIOM KOHTYPHHX CTPYMiB a00 By3-
JIOBUX ToTeHmiamiB. [ kim, 30-
Opaxenux Ha puc. 1.4.4, BOHH
TaKi:

(or)*

Ky (@) =

¢(w) = t—arctg

L
where t=rC or t=— respec-
r

J1+7(01)? + (o1)®* /

3ot
1—(w1)?’

L . )
ne t=rC abo T =— BIANOBIIHO.
r

tively. For circuits in Fig. 1.4.5 [ xin, 300paxkeHux Ha puc. 1.4.5,

they are: BOHH TaKi:
1
Ky (w) = > ik
\/1+ 7(07)” + (w1)
3ot
o) =—-arct ——,
¢(w) 9 (o)

L
where t=rC or t=— respec-
r

tively. Fig. 1.4.6 shows an rC-
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L . )
ne t=rC abo T=— BIAOOBIAHO.
r

Ha puc. 1.4.6 nmokazano rC -koio



circuit of the third order having

TPETHOTO MOPSAKY (IO M€ y CBO-

three reactive elements in itS ewmy ckimaai Tpu peakTHUBHI eleMe-
structure. The frequency cha- wurtm). YacToTHI XapaKTE€PHUCTHKH
racteristics are: TaKOro KoJia:
|1—(c01:)2
Ky (o) = > ‘ - ;
J1+14(w1)? + (01)
4ot
o) = -arctg ———,
Q) 9 (o)
where T=rC. ne t=rC.

The easiest way to measure
the AFC and PhFC of the complex
voltage transfer coefficient is
measured by a special device — a
frequency characteristic meter.

Working Procedure

1. Study an rC- and an rL AC
circuits of the first order.

1.1. Set up a circuit according
to Fig. 1.4.2 (a or b).

10F

0—| }—'
+

@1 Wil kHz/ Deg

1k Qhm

a

Hait6inpm mpocto AUX 1 @YX
KOMIUIEKCHOTO KoedillieHTa mnepe-
Jadi 3a HANpyrorw BUMIPIOIOTHCS
CTeIiaJIbHAM TIPWJIAJIOM — BUMIp-
HHUKOM YaCTOTHUX XapPaKTCPUCTUK.

ITopsinox Moae/IIOBaHHA
BUMIpPIOBaHb Ta aHAJI3
ioro pe3yJjbTaTiB

1. Hocaigutu rC- 1 rL-komno
3MIHHOTO CTPyMy TIEpILIOro Io-
PAMKY.

1.1. Ckiactu KOJNO 3TiHO 3
puc. 1.4.2 (a abo b).

1 k Ohm
[ S A A

@1 Wil kHzi0 Deg %1 H

b

Fig. 1.4.2. Cr-and rL-circuits of the first order
Puc. 1.4.2. Cr - i rL-kona nepiuoro mopsiaKy
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1.2. Obtain the AFC and PhFC
of the circuit under study. The
measurements are to be made in
the frequency range 1...10000 Hz.
Enter the measured data to
Table 1.4.1.

1.3. Calculate the AFC and
PFC of the circuit under study and
enter their values to table. 1.4.1.

1.4. Compare the measured
and calculated characteristics. Plot
graphs of the AFC and PhFC. De-
termine the cut off frequency (the
frequency at which the AFC is
equal to 0.707). Make conclusions.

1.5. Construct the frequency
locus of the investigated circuit.

1.6. Set up a circuit according
to Fig. 1.4.3 (a or b).

1.7. Obtain the AFC and PhFC
of the investigated circuit. The
measurements are to be made in
the frequency range 1...10000 Hz.
Enter the measured data to
Table 1.4.2.

1.2 3aaru AUX 1 ®UX noci-
JOKYBAHOTO KoJia. BumiproBaHHS
BUKOHAaTH B [iala3oHl 4YacToT
1...10000 I'm. BumipsiHi mami 3a-
HecTH 10 Tadn. 1.4.1.

1.3. Pozpaxysatn AUX i ®UX
JOCITI/KYBAHOTO KOJla i 3aHECTH X
3HayeHHs 1o tabm. 1.4.1.

1.4. TopiBHsiTH BEMIpsHI i1 Po3-
paxyHkoBi 3HaueHHA. [loOymyBatu
rpadikn AUX i ®UX. BuzHauntn
4acToTy 3pi3y (4acToTy, Ha sIKii Be-
mrarHa AUX nopisaroe 0,707). 3po-
OWTH BUCHOBKH.

1.5. TloOynyBaTu YacCTOTHHIA
rogorpad JOCimKYyBaHOTO KOJIa.

1.6. Cxilactd KOJIO 3TIZHO 3
puc. 1.4.3 (a abo b).

1.7. 3aamu AUX 1 ®YX pgoc-
JpKyBaHOTO KoJia. BuMiproBaHHs
BUKOHAaTH B Jlalma3oHl 4YacToT
1...10000 I'u. BumipsHi nani 3a-
HecTH 1o Tadm. 1.4.2.

Table 1.4.1. Frequancy characteristic of CR- or RL-circuit
Tabauys 1.4.1. YacToTHi xapakTepucruku CR- a60 RL-koJa

f,Hz

AFCes

AI:Ccallc

PhFCrnes

PhFCac

1.8. Calculate the AFC and
PhFC of the circuit and enter their
values to table. 1.4.2

1.8. PospaxyBatu AUX i ®UX
JOCITI/DKYBAaHOTO KOJla W 3aHECTH
ix 3HaueHHs 1o Tabn. 1.4.2.
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+
@1 Wil kHzM Deg

a

1 Kk Ohm
1% kHz0 Deg

G

b

Fig. 1.4.3. rC- and Lr-circuits of the first order
Puc. 1.4.3. rC- i Lr -koja mepuioro mopsaKy

1.9. Compare the measured
and calculated characteristics.
Plot AFC and PhFC graphs. De-
termine the cutoff frequency.
Make conclusions.

1.10. Construct a frequency
locus of the investigated circuit.

1.9. ITopiBHATH BEIUYUHU BHU-
MipssHOT i PO3paxyHKOBOI Xapak-
tepuctuk. [loOymyBatu rpadiku
AUYX i ®UX. Busnauutu 4actory
3pi3y. 3poOUTH BUCHOBKH.

1.10. TloOGymyBaT YacTOTHHWI
rojorpad JoCiHKYyBaHOTO KO,

Table 1.4.2. Frequancy characteristic of RC- or LR-circuit
Tabnruys 1.4.2. YacrorHi xapakrepucruku RC- a6o LR-kosa

f, Hz

AFCpnes

AFCcaIc

PhFCres

PhFCac

2. Study an rC- and an rL-
AC circuits of the second order.

2.1. Set up a circuit according
to Fig. 1.4.4 (aor b).

2.2. Obtain the AFC and
PhFC of the investigated circuit.
The measurements are to be made

2. Hocaimurn rC - i rL -xomo
3MIHHOTO CTPYMY JIPYTOTO IOPS/I-
KY.

2.1. Cknactd KOJIO 3riHO 3
puc. 1.4.4 (a a6o b).

2.2. 3aaru AUX 1 ®UX noc-
TiPKYyBaHOTO — Koyia.  Bumipio-
BaHHS MPOBECTH B Jiama30Hi dac-
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in the frequency range 1...10000
Hz. Enter the measured data to
Table 1.4.3.

a

toT 1...10000 I'm. BumipstHi mani
3aHecTH 10 Ta0a. 1.4.3.

b

Fig. 1.4.4. Cr-and rL-circuits of the second order
Puc. 1.4.4. Cr - i rL -komia Apyroro mops,aKy

2.3. Calculate the AFC and
PhFC of the circuit and enter their
values to Table 1.4.3.

2.4. Compare the measured
and calculated characteristics.
Plot AFC and PhFC graphs. De-
termine the cut off frequency.
Make conclusions.

2.5. Construct a frequency lo-
cus of the investigated circuit.

2.3. PospaxyBatin AUX i @YX
JOCHI/DKYBAaHOTO KOJia W 3aHEecTH
X 3HaueHHs 10 taoi. 1.4.3.

2.4. TlopiBHATH BETUYMHH BU-
MIpSHOI W PO3paxyHKOBOI Xapak-
TEPUCTHK.

[Mo6ynysatu rpadikm AUX i
®UYX. BusHauutu 4YacToTy 3pi3y.
3poOUTH BUCHOBKH.

2.5. lloOymyBaT dYacTOTHHM
rogorpad J0CIiKyBaHOTO KOJIA.

Table 1.4.3. Frequancy characteristic of the second order CR- or RL-circuit
Tabnuya 1.4.3. Yacrorni xapakrepucruku CR- ado RL-kosa npyroro nopsiaky

f 6 Hz

AFCres

AFCcaIc

PhFC s

PhFCaic
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2.6. Set up a circuit according

to Fig. 1.4.5 (a or b).

1k Ohm

1 kOhm
1>—’V\/\/T’\/\/\/—<'
+ —

%)1 i1 kHzI0 DEQT Tuf

a

L
— T3 +
@1 Vi1 kHz/0 Deg

T .

2.6. CxilacTd KOJO 3rifHO 3
puc. 1.4.5 (a abo b).

1kOhm

b

Fig. 1.4.5. rC-and Lr-circuits of the second order
Puc. 1.4.4. rC - i Lr -xoma apyroro mopsiaky

2.7. Obtain the AFC and
PhFC of the circuit. The meas-
urements are to be made in the
frequency range 1 ... 10000 Hz.
Enter the measured data to
Table 1.4.4.

2.8. Calculate the AFC and
PhFC of the circuit and enter their
values to Table 1.4.4.

2.7. 3uatn AUX 1 ®UX nocni-
JOKYBaHOTO KoJia. BuMiproBaHHS
NpOBECTH B Jiama3oHi 4YacToOT
1...10000 I'i. BumipsiHi naHi 3aHe-
¢ty 1o ta6n. 1.4.4.

2.8. PospaxyBatn AUX i @YX
JIOCITI/DKYBAHOTO KOJIa W 3aHECTH
iX 3HaueHHsA 10 Taon. 1.4.4.

Table 1.4.4. Frequancy characteristic of the second order RC- or LR-circuit
Tabnuys 1.4.4. YacrorHi xapakrepucruxku RC- ago LR-komna gpyroro nopsiaky

f Hz

AFCpnes

AFCcaIc

PhFCres

PhFCac

2.9. Compare the measured
and calculated characteristics.
Plot AFC and PhFC graphs. De-

2.9. TlopiBHATH BENWYWHU BH-
MIpSIHOT ¥ PO3PaxyHKOBOI Xapak-
TEPUCTUK.
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termine the cutoff frequency.
Make conclusions.

2.10. Construct a frequency
locus of the investigated circuit.

3. Study an rC-AC circuit of
the third order.

3.1. Set up a circuit according
to Fig. 1.4.6.

[lobynyBatu Tpadiku AUYX i
OUX. BuzHauuTH 4acTtoTy 3pi3y.
3poOUTH BUCHOBKH.

2.10. IlobyxyBaTin wyacToTHHI
rogorpad JOCTiKYBaHOTO KOJa.

3. Jocmiautu rC -Koj0 3MiH-

HOTO CTPYMY TPETHOTO TIOPSIKY.
3.1. Ckiactd KoJI0 3rigHO 3
puc. 1.4.6.

1% kHz/0 Deg

0.5 k Ohm

Fig. 1.4.6. rC-circuit of the third order
Puc. 1.4.4. rC-koJio TpeThOro HOPSAKY

3.2. Obtain the AFC and
PhFC of the circuit. The mea-
surements are to be made in the
frequency range 1 ... 10000 Hz.
Enter the measured data to
Table 1.4.5.

3.3. Calculate the AFC and
PhFC of the circuit and enter their
values to Table 1.4.5.

3.4. Compare the measured
and calculated characteristics.
Plot AFC and PFC graphs. De-
termine the cut off frequency.
Make conclusions.

3.2. 3usatu AUX 1 ®UX pocii-
JUKYBaHOTO Kojla. BumiproBaHHs
BUKOHAaTH B Jiala3oHi 4acTOT
1...10000 I'y. BumipsiHi nani 3aHe-
ctd 7o taou. 1.4.5.

3.3. PozpaxyBat AUX i ®UX
JIOCITI/DKYBAHOTO KOJIa 1 3aHECTH
fioro 3HaueHHs B Ta0I. 1.4.5.

3.4. IlopiBHATH BETMYUHU BH-
MIpsSTHOT H PO3PaxyHKOBOI Xapak-
TEPUCTUK.

[Mo6ynyBatu rpadiku AUX i
®UYX. BusHauutu 4YacToTy 3pi3y.
3poOuTH BUCHOBKH.
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3.5. Construct a frequency lo-
cus of the investigated circuit.

3.5. IloOymyBatu 4YacTOTHUH
rogorpad JOCHiKyBaHOTO KOJIa.

Table 1.4.5 Frequancy characteristic of the third order RC-circuit
Tabnuya 1.4.5. YacrorHi xapakTepuctuku RC-koJia TpeTboro nopsaxky

f, Hz

AFCies

AFCcaIc

PhFC s

PhFCeaic

4. Make an experimentation
paper containing the results of the
study and your conclusions.

Laboratory work 5

SINGLE AND COUPLED
OSCILLATORY
CIRCUITS

(Estimated time:
4 hours)

Aim of the work. Studying the
amplitude-frequency and phase-
frequency characteristics of series
and parallel rCL-oscillatory cir-
cuits by means of modeling in the
Electronic Workbench  environ-
ment. Plotting amplitude-
frequency and phase-frequency
characteristics and a frequency lo-
cus for the investigated circuits.

To be well prepared fo this
laboratory work, a student should
study the present description as
well as appropriate units of the
recommended literature, and be
able to answer test questions.

4. TligrotyBaTu 3BIT 3 pe-
3yJIbTaTaMU IPOBEICHUX JIOCIIi-
JKEHb 1 BACHOBKAMM.

JladopaTtopHa po6ota 5

JOCIIIKEHHA OJUHOY-
HUX 1 3B’AI3AHUX KOJIU-
BAJIBHUX KOHTYPIB

(PexomeHnoBaHui 0OCST 3aHSITH:
4 rom)

Mera poGoru. Buuutu
AUX 1 ®UX mochigoBHUX 1 Ia-
pasienbHOro KonuBaibHuX FLC -
KOHTYpIB 32 JIOTIOMOTOI MOJIe-
JIIOBaHHS B CEPEIOBUIII Mporpa-
mu Electronics Workbench. Ilo-
Oynysatu rpadiku AUX, ®UX i
YacTOTHHH rojgorpad s JocCii-
JDKEHHUX K1

Ilig yac mIATOTOBKHM IO BU-
KOHaHHS JabopaTopHOi POOOTH
HEeOOXiJJHO BUBYHTH BiJIIOBIIHUNA
MaTepial 3a PEKOMEHIOBAHOIO
JTEpaTyporo, a TaKOX YMITH Bi-
JIITOBITaTH Ha KOHTPOJIBGHI 3aru-
TaHHSL.
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Test questions

1. What are serial and parallel
oscillatory circuits? Why are these
circuits called so?

2. What parametres of oscillatory
circuits are called primary and which
of them are called secondary?

3. What is current resonance and

voltage resonance in oscillatory
circuits?
4. What kinds of complex

frequency functions are used to de-
scribe processes in series oscillatory
circuits?

5. What kinds of complex
frequency functions are used to de-
scribe processes in parallel oscillatory
circuits?

6. How frequency-selective pro-
perties of oscillatory circuits are
estimated?

7. How are frequency charac-
teristics of a series oscillatory circuit
measured?

8. How are frequency charac-
teristics of a parallel oscillatory circuit
measured?

9. What are coupled oscillatory
circuits?

10. What parameters characterise
the coupling of oscillatory circuits?

Brief theoretical information

1. A series oscillatory circuit
is an electric circuit containing an
inductor, a capacitor and a resistor
connected in series with a voltage
source (Fig. 1.5.1). The parametres
of the inductor L, capacitor C and
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KoHnTpoabHi 3anuTanHs

1. IIlo Take MOCIIJOBHUN 1 Ia-
payleNnbHUN  KOJHMBaJbHI KOHTYpH?
Yomy 1i KOJTa OTPUMAIH TaKy Ha3BY?

2. SIxi mapameTpu KOJUBAIBHUX
KOHTYpPIB Ha3MBAIOTHCS IEPBUHHUMHU
1 sIKi BTOpHHHAMHA?

3. lo Take pe3oHaHC CTPYMIB i
pPE30HAaHC Hampyr Yy KOJMBAIBHHUX
KOHTypax?

4, SIki pi3HOBUAM KOMIUICKCHHX
GYHKIIH  BHUKOPUCTOBYIOTBCS  JUIs
ONUCY TMPpOILECIB Y IOCIIIOBHOMY
KOJIMBaJIbHOMY KOHTYPi?

5. Sxi pi3HOBHIN KOMILIEKCHUX
(GYHKIIH BUKOPUCTOBYIOTBCS IS
ONMHUCY TMPOLECIB y MapanenbHOMy
KOJIMBAaJIbHOMY KOHTYPi?

6. SIK OLIHIOIOTHCS YaCTOTHO-
BUOIPKOBI BJIACTUBOCTI KOJMBAIBHHUX
KOHTYPIB?

7. SIk BUMIPIOIOTBCSI 4acCTOTHI
XapaKTEepUCTUKU TIOCIIIOBHOTO KO-
JUBAIBHOTO KOHTYPY?

8. Sk BUMIpIOIOTBCS YacCTOTHI
XapaKTEPUCTHKU I1apajelbHOTO KO-
JMBAIBHOTO KOHTYpY?

9. Illo Take 3B’sg3aHi KOJIMBAJILHI
KOHTYpu?

10. Skumy BenMUMHAMHU Xapak-
TEPU3YETHCSI 3B 530K  KOJHMBAIBHHX
KOHTYDiB?

OcHoBHi TeopeTnuHi BizomMocTi

1. MocainoBHMIT KOJIUBAJIL-
HMIi KOHTYP sBis€ cOOOIO eeK-
TPUYHE KOJIO, IO MICTHThH 1HIYK-
TUBHY KOTYILIKY, KOHAEHCATop i
omip, YBIMKHEHI ITOCITIIOBHO i3
okepenoM Hampyru (puc. 1.5.1).
ITapamerpu xoTymku L, KoH-



resistor r are called primary para-
metres of the circuit.

An analysis of processes
proceeding in the circuit shows
that at the frequency of the oscilla-
tor

fo

that is called resonant, a voltage
resonance appears. This phenome-
non is followed by the appearance
of voltages across its reactive ele-
ments Q times exceeding the EMF
of the source.

The value Q is called quality
factor (Q-factor) and is connected
with the primary parameters of a
circuit by the relationship

where magnitude

p:

is called wave resistance, and the
value inversed to Q-factor

is called circuit attenuation.
Dependence of the current am-
plitude I, on frequency is ex-

pressed by the relationship

~2ndLC

neHcaropa C 1 omopy I Hasu-
BAIOThCSl TICPBUHHUMH TapaMeT-
pamu KOHTYpY.

AHauni3 nporecis, 1o nepeodi-
raroTh y KOHTYPI, TIOKa3ye, o 3a
4acTOTH TeHepaTopa

1 (1.5.1)

II0 HA3UBAIOTh PE3OHAHCHOIO, B
TAKOMY KOJII BHHHKAa€ PE30HAHC
HANpyT — SIBUILE, SIKE CYTIPOBOIKY-
€TBCS TIOSIBOIO HA MOTO PEaKTHBHUX
elIeMEHTax Hampyr, SKi IepeBH-
urytote EPC mxepena B Q pazis.

Q

JIOOPOTHICTIO ¥ TIOB’si3aHa 3 Tep-
BUHHUMH TIapaMeTpaMu KOHTYpY
CITIBBIIHOIIEHHAM

Benuunna Ha3UBa€THCA

, (1.5.2)

J€ BCIIMYHNHA

L
C

HA3MBaETHCS XBUIILOBUM OIIOPOM,
a BeNMMuyMHA, OOEpHEHa J00pOT-
HOCTI

Ha3MBA€THCS 3araCaHHsIM KOHTYPY.
3aneHICTh aMIUTITYAH CTpPY-
My |, BiZ 4acToTH BUpaKaeTbCs

CITIBBIJHOIIIEHHIM
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ImO

m

Em
where 1,,=—" — resonance cur-
r

rent amplitude, E, —amplitude of

the oscillator’s signal source.

Dependence of the current
phase on frequency is defined by
the relationship

o(w) = arcth(2 - &] .

Frequency-selective properties
of an oscillatory circuit are quanti-
tatively estimated by the band
width:

H:fz—flza‘),

where f; and f, are frequencies at
which the amplitude of a current
decreases to 0.707 of its maximum
value.

The parametres f,, Q, p, II,
f, and f, are referred to as sec-
ondary parameters of a circuit.

Dependence of the amplitude of

voltage across the capacitor on fre-
quency is defined by the relationship

2
2l @ @
\/1+Q (@o “’J

, (1.5.3)

o e aMILIITyJa CTpy-

My Iig 4ac pe3oHancy, E, —am-

Jc

IUTITYy/1a CUTHALY TeHepaTopa.
3anexHicTh (azu CTpyMmy Bif

YaCTOTH 3aJa€ThCs  CIIBBIJIHO-
LIEHHAM
(1.5.4)
®, O
YacToTHO-BHOIpHI  BIIACTHU-
BOCTI  KOJIMBAJILHOTO  KOHTYPY

KITBKICHO OIIIHIOETHCS CMYTOIO
MPOMYCKAHHS:

f

ne f, i f, — e vacroru, Ha sKHUX
aMIUTITYZIa CTPYMY 3HHXKYETHCS
1o piBHs 0,707 Bix CBOTO MaKCH-
MaJIHOT'O 3HAYCHHSI.

Mapamerpu fy, Q, p, IT,
f, 1 f, Ha3uBarOTP BTOPUHHUMH
napameTpamu KOHTYpY.

3anexHiCTh aMILTITYIM Halpy-
TM Ha KOHJEHCATOPi B YacTOTH
33/Ia€ThCS CIIBBITHOIICHHSIM

QE, %0
()

Um,C =

=
2 @ ®©g
\/1+Q (‘Do wj
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Dependence of the amplitude
of voltage across the inductor on
frequency is defined by the rela-
tionship

3anexHICTh aMIDITYAH Ha-
NPYry Ha IHAYKTUBHOCTI BiJ 4ac-
TOTH 3aJIa€ThCS  CIIBBITHOIICH-
HIM

()

QEm -

g

mL ™

Since Q is usually much great-
er than 1, a series oscillatory cir-
cuit is used to amplify the EMF of
the input signal source.

2. A parallel oscillatory cir-
cuit is an electric circuit containing
an inductor, a capacitor and a vol-
tage source with a certain inner
resistance, all connected in parallel
(Fig. 1.5.2).

At a certain frequency fres, re-
ferred to as resonant, the suscep-
tances of the branches of a circuit
compensate each other, and in such a
circuit appears a current resonance —
a phenomenon in which currents in
its reactive elements Q times exceed
the current consumed by the circuit
from the voltage source.

The resonant frequency is
close to f, defined by relationship

(1.5.1), and Q is defined by rela-
tionship (1.5.2).
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1+Q2[‘”—°’°]
®, O

Ockinpku 3a3Buyaii Q HabOa-

raTo Oljblla BiJ OJMHMII, TO ITOC-
JTOBHUHA KOIMBAJIBHUN KOHTYP
BUKOPHCTOBYETBCA SIK ITiICHITIOBAY
EPC mxepena BXiTHOTO CHTHAIY.

2. IlapanenbHuii KoJHBa-
JBHHUIT KOHTYP SIBIISIE COOOIO
€JICKTPUYHE KOJIO, M0 MIiCTUTh
MapajenbHo 3’ €IHaHI IHIYKTUBHY
KOTYIIIKY, KOHJICHCATOP 1 JKepe-
JIO Hampyrd 3 JEsSKAM BHYTPIIl-
Him oropom (puc. 1.5.2).

Ha nesiiii wacrori f .., mo Ha-

3WBAIOTh PE30HAHCHOIO, PEAKTHBHI
TMPOBITHOCTI T'JIOK KOHTYPY B3a€EMHO
KOMITCHCYIOTBCSL 1 B TaKOMy KOJIi
BUHUKAE PE30HAHC CTPyMIB — SIBU-
1I€e, 32 SIKOr0 CTPyMU B 11 pEaKTUB-
HUX elleMeHTax B Q pasiB IepeBu-
IIyIOTh CTPYM, IO CHOXKHBAETHCS
KOHTYPOM BiJT JpKepeJia HarpyTy.
PesonancHa yactora OJIM3bKa
o BennumHu f, mo BH3Ha4a-

erbes cmiBBigHOmEHHsM (1.5.1),
a BenmumHa Q  BH3HAYaeTHCA

criBBigHomeHHs M (1.5.2).



The amplitude-frequency charac-
teristic of current in an unbranched
part of a circuit is defined by the
relationship

AMIDTITYAHO-4aCTOTHA  Xa-
paKTepUCTHKA CTPyMy B Hepo3ra-
TMy>KeHill 9acTWHI Kola BU3HAYA-
€THCH CIIIBBITHOIICHHAM

2
Im :ImO 1+Q2[£_&J )

E
where |, =——"—
Q°(r+1,)
amplitude of a current; E_,— am-

plitude of the oscillator’s signal.

The phase of current in an un-
branched part of a circuit is defined
by the relationship

— resonance

o(w) = —arcth[2 - &J .
(O]

3. Coupled oscillatory cir-
cuits with capacitive coupling.

Oscillatory circuits are called
coupled if processes proceeding in
them influence one another. A cir-
cuit to which the signal source is
connected is called primary. A cir-
cuit from which the output signal
(for example, current) is taken is
called secondary.

Primary and secondary circuits
are coupled by a coupling element.
In Fig. 1.5.3 two circuits coupled
by a capacitive coupling element
Ceoup are shown. The output cur-

rent in the second circuit depends
on the value of coupling reactivity
X The maximum current in

coup *
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(1.5.5)

0, O

_ Em
" QA(h +,)

CTpyMy Ipu pe3oHanci; E, -

aMILTITY/Ia CUTHAITY TEHEPaTOPA.
®a3za cTpyMy B Hepo3raiy-

JKEHIH 4acTUHI KOJIa BU3HAYAETh-

Cs1 CIIIBBIJHOIIICHHIM

ne | — aMIUTiTy/1a

(1.5.6)
g
3. 3B’s13aHi KOIMBAJILHI KOH-
TYpM 3 EMHICHMM 3B’ SI3KOM.
KonuBanpHi KOHTYpH Has3u-
BAIOTHCS 3B’SI3aHUMHU, SIKIIO TPO-
[ecH, 1o MepediraroTh y HUX,
BIUIMBAIOTh OAMH Ha oxHOoro. KoH-
Typ, JO SIKOTO MiAKIIOYAETHCS
JUKEpeJo CHUTHaly, Ha3WBAa€THCS
nepBuHHUM. KOHTYp, 3 SKOTO
3HIMAETHLCA BUXIJIHAN  CHUTHAI,
Ha3UBAETHCS] BTOPUHHUM.
[NepBuHHI i BTOPHHHI KOHTY-
pH 3B’S3aHI €JIEMEHTOM 3B’SI3KY.
Ha puc. 1.5.3 moka3aHo JBa KOH-
TypH, 3B’s13aHI EMHICHHM elieMe-
HTOM 3B’s13ky C,p. Buxinnumit
CTpyM y ApPYroMy KOHTYpi 3aie-
KUTPH BiJl BENUYNHHA PEAKTHBHOCTI
3B’3Ky  X55. MakcumanbHui



the secondary circuit is attained in
case of complete resonance at op-
timal coupling

X

coup.opt

i.e. when coupling capacitance is

C

coup.opt

where r, and r, — active resis-
tances in the primary and second-
ary circuits.

In this case the maximum cur-
rent in the secondary circuit

and the amplitude-frequency cha-
racteristic of transfer conductivity
Y, (m,) at the resonant frequency

Yy (@) ==

Working Procedure

1. Study the frequency charac-
teristics of a series oscillatory cir-
cuit.

1.1. Set up a circuit according
to Fig. 1.5.1.

m2,max —

CTPyM Yy BTOPUHHOMY KOHTYpi
JIOCATAETHCS Y BUMAIKy MOBHOTO
pPE30HAHCY 3a  ONTHMAJIBHOTO
3B’ 3Ky

TOOTO 32 EMHOCTI 3B’ A3KY
1
oX

coup

(15.7)

, (1.5.8)

oe I, i r, — aKTHBHI OIOPH B Iie-
PBUHHOMY i BTOPUHHOMY KOHTY-
pax.

IIpy npOMy MakcuManbHUI
CTPyM y BTOPUHHOMY KOHTYpi

E

ml

nr

(1.5.9)

a AUX mnepenaTHOi TPOBITHOCTI
Y,,(®,) Ha pe3oHaHCHil 4acTOTi

1
2rr,

|m2

- (1.5.10)

ml

IMopsimox MoaeTIIOBAHHS
BHMipIOBaHb Ta aHAJI3
ioro pe3yJjbTaTiB

1. JocaiauTy 4acTOTHI xapa-
KTEPUCTHKH IOCJII0BHOTO KOJIH-
BaJIbHOT'O KOHTYPY.

1.1. Cknactd KOJ0 3TigHO 3
puc. 1.5.1.
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Fig. 1.5.1. Series oscillatory circuit
Puc. 1.5.1. [locinoBHUI KONMBANEHUNA KOHTYD

1.2. Measure the values of vol-
tage drop on the capacitor, inductor
and resistor as well as the value of
current in the circuit and the phase
shift between the signal of the os-
cillator and the current in the cir-
cuit. The measurements are to be
made in the frequencies range
4...6 kHz. Enter the measured data
to Table 1.5.1.

1.2. BuMipstu Benn4yuHU Ta-
JIiHHS HAlPyTH HAa EMHOCTI, 1HTYK-
TUBHOCTI ¥ OIOpi, a TAKOX BEJH-
YHHY CTPyMY B KOJIi Ta 3CyB (a3
MK CHUTHQJIOM TeHeparopa 1
CTpyMOM y Koii. BumiproBaHHs
BHKOHATH B Jlama3oHl 4YacToT
4...6 xI'1i. BumipsiHi 1aHi 3aHeCTH
mo tabm. 1.5.1.

Table 1.5.1. Data for analizing series oscillatory circuit
Tabnuya 1.5.1. Jani aHaJi3y Noc/JiA0BHOI0 KOJIMBAJbHOI0 KOHTYPY

I
N

1.3. Use the measurement re-
sults to plot the amplitude-
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1.3. 3a pesynapTaTaMu BHMi-
proBanb o0yayBatu AUX mamiHb



frequency characteristic of voltage
drops on the circuit elements. Ana-
lyze and determine the secondary
parameters of the circuit: resonant
frequency, band width, Q-factor,
wave impedance. Enter the values
of the secondary parameters to Tab-
le 1.5.2.

1.4. Use the primary parame-
tres of the circuit to calculate its
secondary parameters that are to be
entered to Table 1.5.2. Compare
the calculated and measured val-
ues. Make conclusions.

Hapyru Ha €JIEMEHTax KOHTYpY,
NpoaHali3yBaTH ¥ BH3HAYUTH
BTOPHHHI IapaMEeTPH KOHTYPY:
PE30HAHCHY 4acTOTy, CMYyTy IIpO-
MyCKaHHs, AOOPOTHICTh, XBHIIBO-
BUH omip. BenuuuHu BTOpHHHUX
rmapamMeTpiB 3aHECTH bi (o)
Tabm. 1.5.2.

1.4. 3Haroum nepBUHHI Mapame-
TP KOHTYpY, pPO3paxyBaTH BTO-
puHHI ¥ 3aHecTH iX g0 Tabm. 1.5.2.
[opiBHATH pO3paxyHKOBI U BH-
MipsiHI 3Ha4YeHHs. 3pOOUTH BH-
CHOBKH.

Table 1.5.2. Secondary parameters of series oscillatory circuit
Tabauys 1.5.2. BropuHHi napaMeTpu MOCTiI0BHOI0 KOJIUBAJIBHOT0 KOHTYPY

Parameters | fgres, xHz

B, kHz Q

p, Ohm

Measurement

Calculation

1.5. Build the normalized
measured amplitude-frequency
characteristic and phase-frequency
characteristic of the current in the
investigated circuit.

1.6. Calculate the normalized
amplitude-frequency characteristic
and phase-frequency characteristic
of the current in the investigated
circuit according to equations
(1.5.3) and (1.5.4) and draw the
calculated graphs and the measured
ones on the same page.

1.7. Compare the measured
and calculated characteristics.
Make conclusions.
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1.5. [loOynyBaTii HOpMOBaHY
Bumipssny AUX i ®UX crpymy B
JIOCITI/PKYBAaHOMY KOJII.

1.6. Po3paxyBatu HOpMOBaHYy
AUYX i ®UX cTpyMy B AOCHIKY-
BaHOMYy Koii 3a (dopmyiaMu
(1.5.3) Ta (1.5.4) i moOymyBatH
pO3paxyHKoOBi rpadiku Ha OAHO-
MY apKyllli 3 BAMIpSTHUMHU.

1.7. TlopiBHSTH BHUMIpsIHY W
PO3PaxyHKOBY XapaKTEPUCTHUKH.
3poOuTH BUCHOBKH.



2. Study the
characteristics of a
oscillatory circuit.

2.1. Set up a circuit according
to Fig. 1.5.2.

frequency
parallel

2. JlocmianTH 9acTOTHI Xapa-
KTEPUCTHKH MapajeabHOT0 KOJH-
BaJILHOTO KOHTYPY.

2.1. Ckmactd KOJIO 3TifHO 3

puc. 1.5.2.

C 0.1 uF L p1omH
E
+
@1 Y{4.97 kHz/0 Deg Ty &5 ohm Iy 25 omm
0.1 oh | £ | | £
. m
' :

Fig. 1.5.2. Parallel oscillatory circuit
Puc. 1.5.2. IlapanensHuii KOJMBaIbHUN KOHTYD

2.2. Measure the values of cur-
rent through the capacitor, inductor
and the unbranched part of the cir-
cuit as well as the phase shift be-
tween the signal of the voltage
source and the current in the un-
branched part of the circuit. The
measurements are to be made in
the frequency range 4...6 kHz. En-
ter the measured data to
Table 1.5.3.

2.2. BumipsatH BeTUYMHH
CTpyMIB 4epe3 €MHICTh, IHIYKTH-
BHICTh 1 HEPO3TalyXeHY TUIKY
KOJIa, a TAaKOXK 3CyB (a3 MixK cHUT-
HaJIOM TreHepaTtopa W CTPyMOM Yy
HEepO3TaIyXKeHil Tinmi kona. Bu-
MIpIOBaHHS BHUKOHATHUU B Jliama-
30H1 gactoT 4...6 x['1. BumipsHi
nIaHi 3aHecTtu 1o tadm. 1.5.3.

Table 1.5.3. Data for analizing parallel oscillatory circuit
Tabauys 1.5.3. Jlani aHaJizy napajiejJbHOT0 KOJIHBAJIBHOT0 KOHTYPY

f, Hz
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2.3. Use the measurement
results to build the amplitude-
frequency characteristic and phase-
frequency characteristic of the cur-
rent in the unbranched part of the
circuit, analyze and determine the
secondary parameters of the cir-
cuit: resonant frequency, band
width, Q-factor, wave impedance.
Enter the values of secondary pa-
rameters to Table 1.5.4.

2.3. 3a pesyibTaraMu BUMIpIO-
BaHb noOyayBatn AUYX i ®UYX
CTPyMy B HEPO3TAIY)KEeHIH T
KOJa, TpOaHaJi3yBaTH il BW3HA-
YUTH BTOPWHHI NapaMeTpH KOH-
Typy: PE30HAHCHY YacTOTy, CMY-
Ty TPOIyCKaHHS, JOOpPOTHICTB,
XBHJILOBUH omip. Bemmuman BTO-
PUHHUX TMapaMeTpiB 3aHECTH 10
Tabm. 1.5.4.

Table 1.5.4. Secondary parameters of parallel oscillatory circuit
Tabnuys 1.5.4. BropuHHi napamMeTpy napajejbHOro KOJIMBAJIBHOIO KOHTYPY

Parameters f ., xHz

res?

B, kHz p, Ohm

Q

Measurement

Calculating

2.4. Use the primary parame-
tres of the circuit to calculate its
secondary parameters that are to be
entered to Table 1.5.4. Compare
the calculated and measured val-
ues. Make conclusions.

2.5. Calculate the amplitude-
frequency characteristic and phase-
frequency characteristic of the
current in the unbranched part of
the circuit according to equations
(1.5.5) and (1.5.6) and draw the
calculated graphs and the measured
ones on the same page.

2.6. Build the amplitude-
frequency characteristic of currents in
the investigated circuit. Compare the
frequency characteristics of currents
in different branches of the inves-
tigated circuit. Make conclusions.

2.4. 3Har0uu IepBHUHHI NTapame-
TPH KOHTYpY, pO3paxyBaTH BTO-
puHHI ¥ 3aHecTH ix j0 Tabn. 1.5.4.
[lopiBHATH pO3paxyHKOBI i BH-
MipsiHi 3Ha4YeHHs . 3pOOUTH BH-
CHOBKH.

2.5. PozpaxyBatm AUX i
OUX cTpyMy B HeposraimyKeHii
I KoJjia BiAIOBIZHO O CIiB-
Bignomens (1.5.5) i (1.5.6) Ta
noOyayBaTH pPO3pPaxyHKOBi Tpa-
¢GikM HA OJHOMY apKylli 3 BUMi-
PSHHUMHU.

2.6. [lobynyBatn AUX ctpy-
MiB y JociijpKyBaHoMy Kouri. [To-
PIBHATH YacTOTHI XapaKTEPHCTH-
KH CTPYMIB y Pi3HHX TiJIKax J1OC-
JHKYBaHOTO Kojia. 3poOHUTH BH-
CHOBKH.
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3. Study the frequency charac-
teristics of coupled oscillatory
circuits.

3.1. Set up a circuit according
to Fig. 1.5.3.

3. JlocmiauT 9acTOTHI Xapak-
TEPUCTUKH 3B’SI3aHUX KOJIMBAIIb-
HUX KOHTYDIB.

3.1. CxiiacT cxeMy 3TiJTHO 3
puc. 1.5.3.

Fig. 1.5.3. Coupled oscillatory circuit
Puc. 1.5.3. 3B’s13H1i1 KOJIMBANBHUI KOHTYD

3.2. Setting the parameter C,,,,

according to Table 1.5.5, measure the
amplitude-frequency characteristic of
transfer conductance Y,, (w) of a sys-

tem of coupled circuits in the frequen-
cy band 4...6 kHz. Enter the meas-
ured data to Table 1.5.5. (note: it is
not the current in the second circuit
that the amplitude-frequency characte-
ristic meter in Fig. 1.5.3 measures di-
rectly, but the voltage drop on r,
created by this current, i.e. a value that
is 5 times greater than the amplitude-
frequency characteristic of transfer
conductance Y,, (®)).

3.3. Build to scale all the meas-
ured amplitude-frequency characteris-
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3.2. VYcCTaHOBIIOIOYH Mapa-
merp C,, 3rimso 3 Tabm. 1.5.5, Bu-
Mipsatn AUX riepenatHOl TIPOBiIHO-
cti Yy, () cucremu 3B’SI3aHUX KO-
HTYpIB y cMy3i yactot 4...6 k[
Bumipstni  maHi  3aHecTH 70
Tabm. 1.5.5. (3BepHyTH yBary: BU-
Mmipauk AUX Ha puc. 1.5.3 Ge3ro-
CEpeHbO BHUMIPIOE HE CTPYyM Y
JIpyromMy KOHTYpi, a MajiHHS Ha-
npyru Ha I,, CTBOPIOBaHE IIMM
CTPyMOM, TOOTO BEJIWYMHY B 5
pasiB Oinbiy, HXk AUX nepenart-
HOT POBITHOCTI Yy (®) ).

3.3. Ha ogaomy apkymii B Ma-
cmTabi moOyyBaTH BCi BUMIpSHI



tics of transfer conductance Y,, (®) on

the same page.

AUX mepemaTHOi TPOBITHOCTI

Yy ().

Table 1.5.5. Frequency characteristics of coupled oscillatory circuit
Tabnuysa 1.5.5. YacTOTHI XapaKTEPUCTHKH 3B’ I3HOT0 KOJIHBAJIBLHOT0 KOHTYPY

Cooup | 11 f, |40 6,0
HF kHZ kHz
2,5 AFC
4 AFC
6 AFC
8 AFC

3.4. Using the graphs of am-
plitude-frequency charac-
teristics, measure the band width
B of the system of coupled cir-
cuits for all variants of the coupl-
ing parameter C,,,. Enter the

measured date to Table 1.5.5.
Build a plot of C,,, dependence

of B.

3.5. Using the graphs of the
amplitude-frequency characteristic
of transfer conductance, measure
the parameters of optimal coupl-
ing: C X and the

maximum value of the ampli-
tude-frequency characteristic of
transfer conductance. Enter the
measured data to Table 1.5.6.
3.6. Calculate the parameters
of optimal coupling:  Cyypopt »

X coup.opt. the

magnitude of the amplitude-
frequency characteristic of cur-

coup.opt. coup.opt.

and maximum

3.4. 3a momomoror rpadikiB
AUYX BUMIpSATH CMYTYy HpOITyC-
KaHHA B cuctemu 3B’s3aHHX KO-
HTYpIB JUIA BCiX BapiaHTIB mapa-
merpa 3B’s3ky C, . Buwmipssi
na”i 3aHECTH bi (s}
tabn. 1.5.5. [loOynyBaTtu rpadik
zanexxHocri [1 Bix C,;.

3.5. 3a ponomororo rpadikis
AUYX mepenaTHOiI MPOBIAHOCTI
BUMIPSITH MapaMeTpu ONTHMANb-

X i

3B.ONT

Horo 3B’si3ky: C

3B.0NT !
MakcUMajJbHy BeauunHy AUYX
nepeaaTHoi MpoBigHOCTI. Bumi-
psHI aHi 3aHecTH 10 Tads. 1.5.6.

3.6. Po3paxyBaTu napameTpu
ontumanbHoro 3B’s3ky: C

3B.onT !

X 1 MakCHMAalbHYy BEIWYH-

Hy AUX cTpymMy B IpyroMy KOH-
Typi 3rigHo 3 hopmynamu (1.5.7) —
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rent in the second circuit accord-
ing to equations (1.5.7)
(1.5.10). Enter the calculated
data to Table 1.5.6.

(1.5.10). Po3paxyHKOBi jgaHi 3a-
HECTH 110 Tabi. 1.5.6.

Table 1.5.6. Parameters of optimal coupling of coupled oscillatory circuit
Tabnuys 1.5.6. IlapaMeTpu ONTHMAIBLHOTO 3B 3Ky 3B’ I3HOTO

KOJIMBAJIBHOI'0 KOHTYPY

C

MEASURED

X

MEASURED

AFCrax,

MEASURED

coup.opt. coup.opt.

C

MEASURED

X

MEASURED

AFCMAX,

MEASURED

coup.opt. coup.opt.

3.7 Compare the calculated
and measured data. Make conclu-
sions.

4. Make an experimentation
paper containing the results of the
study and your conclusions.

Laboratory work 6

TRANSIENT PROCESSES
IN FIRST-ORDER
CIRCUITS

(Estimated time:
2 hours)

Aim of the work. Studying the
time characteristics of transient
processes in RC - circuits of the
first order powered by a direct and
a harmonic voltages by means of
modelling in the Electronics
Workbench program environment.
Plot a graph of time dependence of
current in the circuit and voltage
across the elements for the investi-
gated circuits.

3.7. llopiBHATH PO3paxyHKOBI
JaHi 3 BUMIpSHUMU. 3poOUTH BU-
CHOBKH.

4. IligroryBatu 3BIT 3 pe-
3ylbTaTaMd TPOBEIEHUX JOCIi-
JDKEHD 1 BUCHOBKAMH.

JlabopaTtopHa po0oTa 6

JOCJILKEHHS
MEPEXIJJHUX MTPOLIECIB
Y KOJIAX HEPIIOT O
MOPSIIKY

(PexoMeH10BaHUI 0OCST 3aHSTh:
2 ron)

Mera po6orn. Busuntu ua-
COBl XapaKTEePUCTHKH Tepexii-
Hux mporeciB y RC -konmax mep-
IIOTO TIOPSIKY B pa3i BBIMKHEHHS
iX Ha MOCTIHHY W TapMOHIYHY
Hanpyry 3a JOMOMOTOI0 MOJIEINIO-
BaHHS B CEPENOBHII IPOTpaMu
Electronics Workbench. I[To6yy-
BaTH rpagiki 4acoBOi 3aJeKHOC-
Ti CTpyMy i Halpyru Ha eIeMeH-
Tax JUIA JOCIIHKYBaHUX KiJI.
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To be well prepared fo this
laboratory work, a student should
study the present description as
well as appropriate units of the
recommended literature, and be
able to answer the following test
guestions.

Test questions
1. What is a transient process?

2. What are transient processes
caused by?

3. State the first law of
commutation. What does its physics
consist in?

4. State the second law of
commutation. What does its physics
consist in?

5. What are
Name their kinds.

6. State a general approach to
calculation of transient processes.

7. What methods of solving
differential equations do you know?

8. What is an RC - circuit of the
first order? What is the circuit time
constant?

initial conditions?

Brief theoretical information

In electric circuits the following
operating conditions are distinguished:

1) steady-state — if the currents
and voltage do not change with
time or change periodically;

2) transient — during transition
from one steady-state condition to
another.

A transient process occurs as a
result of commutations — stepwise
changes of the parametres, circuit
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Ilig yac MIATOTOBKKM 1O BH-
KoHaHHSl JabopaTtopHoi poboTn
HEOOX1THO BUBYUTH BIIIOBIIHUN
MaTepial 3a PEKOMEHIOBAaHOIO
JTepaTyporo, a TaKOX YMITH Bi-
JIIOBIIaTH HAa KOHTPOJIBHI 3arm-
TaHHSL.

KoHnTpoabHi 3anuTanus

1. Hlo Take mepeximHHUU TpO-
nec?

2. Y yoMy nprYMHa BUHUKHEHHS
TIepeXiTHUX TpoIeciB?

3. CdopmymoiiTe mepmmii 3a-
KOH KoMyTaii. ¥ yomy Horo ¢i3uu-
Ha CYTHICTh?

4. Chopmyitoiite Tpyruii 3aKoH
KoMmyTalii. Y domy #oro ¢izuuna
CYTHICTB?

5. Illo Take moyaTKOBi yMOBH?
HasBiTh BUM [TOYaTKOBUX YMOB.

6. Chopmymroiite 3aradpHAN TIi-
IXi 10 PpO3paxyHKy MepexiIHuX
TIPOIIECIB.

7. Sxi cnocoOm po3B’si3aHHS -
(epeHIiaTFHIX PIBHSHD BU 3HAETE?

8. o Take RC -xono mepmroro
nopsaky? 1o Take ctana yacy xona?

OcHoBHIi TeopeTH4Hi BizomMocTi

B enexktpuuHux Konax po3piz-
HSIOTHh PEKUMU:

1) ycranenui, SIKIIO CTPyMH
W Hampyryu He 3MiHIOIOTHCS B Yaci
a00 3MIHIOIOTHCS MIEPIOANYHO;

2) mepexijHuii — y pasi nepe-
XOJy BiJl OJIHOTO YCTaJCHOTO pe-
JKUMY 10 1HIIOTO.

ITepeximamii IpoIeC BUHUKAE
B pe3yJbTaTi KOMYTaIliif — CTPHO-
KOMOAIOHMX 3MiH IapaMeTpiB,



structure, or input actions. The
commutations are considered to be
instantaneous, and a transient
process process is infinitely long.

Transient processes in circuits
with reactive parametres (induc-
tance L, capacitance C) occur as
the energy accumulated in them
cannot change instantly:

Li®
W, 5
which otherwise corresponds to an
infinite power.

As such commutations take
place instantly, the energy in the
reactive elements (1.6.1) does not
change at the moment of commu-
tation. It is described in commuta-
tion laws:

1. The first law of commuta-
tion states that the current in an
inductor cannot change instantly:

iL(0.)=i.(0)=i_(0,).

2. The second law of commu-
tation states that the voltage across
a capacitor cannot change in-
stantly:

uc(0_)=uc (0)=uc(0,).

In (1.6.2) and (1.6.3) t=(0_) —
a point in time right before com-
mutation; t=(0,) — after commu-
tation, t=(0) is the moment of
commutation.
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W, = ,

CTPYKTYypH Koja abo BXiZHHX
BIUIMBIB. BBaxkaroTsb, o komyTa-
1ii BiOYyBalOTECSA MUTTEBO, a TIe-
pPEXiTHHHA MpoIleC TPUBA€E HECKiH-
YEHHO JOBTO.

BuHMKHEHHS MTEpexiHuX Tpo-
IEeCiB Yy KoJNax 3 PEeaKkTUBHUMHU
napamerpamu  (IHAYKTUBHICTIO
L, emuictio C) TOSCHIOIOTHCS
HEMOJJIMBICTIO MHUTTEBOI 3MiHU
HarpoMaJi>kKeHoi B HUX €Heprii:

_cu?

> (1.6.1)

II0 B IPOTHBHOMY BHITQJKY BiZIIIO-
BiJla€ HeCKiHUEeHHIH MOTY>KHOCTI.

Ockinbku KomyTamis BigOy-
BA€TBCSI MHUTTEBO, TO B MOMEHT
KOMYTaIlii eHepris B PEaKTUBHUX
enemenTtax (1.6.1) He 3MIHIOETH-
csa. Lle BimoOpaxeHO B 3aKOHAxX
KOMYyTaIlii:

1. [Mepmnii 3aKk0H KOMYyTAIil:
CTPYyM B 1HIYKTHBHOCTi MHTTEBO
3MIHIOBATHCSl HE MOXKE:

(1.6.2)

2. Jpyruii 3aKkoH KOMyTallii:
Hampyra Ha €MHOCTI MHTTEBO
3MIHIOBATHCS HE MOXKeE:

(1.6.3)

V pisasHEsx (1.6.2) i (1.6.3)
t=(0_) — me momeHT Yacy, 6e3-
MOCEPEIHbO TEepe]] KOMYTAIII€l0;
t=(0,) - omicna KomyTarii,
t =(0) — 11e MOMEHT KOMyTalii.



The values of currents and vol-
tages at the moment t=(0_) are

called initial conditions. The initial
conditions can be dependent and
independent, zero and non-zero.

Dependent initial conditions
are currents and voltages that
change at the moment of commuta-
tion, for example, the voltage
across an inductor, the current in a
capacitor. Independent initial con-
ditions are currents and voltages
that do not change at the moment
of commutation, for example, the
current in an inductor, the voltage
across a capacitor.

If currents and voltages at the
moment of commutation are equal
to zero, they are called zero initial
conditions; if they are not equal to
zero — non-zero initial conditions.

The general approach to the
analysis of transient processes is
that voltage and currents in a post-
commutation circuit are calculated
for points t>0 under the initial
conditions defined by the laws of
commmutation.

For example, for an RC- circuit
connected to a direct voltage
source (Fig. 1.6.1), when closing
the switch at the point t=0, we
get a closed loop (circuit) for
which according to Kirchhoff’s
law for voltage
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3HaueHHS CTPYMIB 1 HAIPYT Y
MoMmeHT t=(0_) Ha3uBawTh IO-

YaTKOBUMH yMoBaMu. [louaTkoBsi
yMoBH OyBalOTh 3aleKHUMHU U
HE3ICKHUMH, HYJIBOBHUMHU H He-
HYJIbOBUMH.

3ayie)xHi TTOYaTKOBI YMOBH —
e CTPyMH ¥ Hampyrd, siki 3wi-
HIOIOTBCSI B MOMEHT KOMYyTallii,
HATPUKIIAJ], HAMPyra Ha 1HIyKTH-
BHOCTi, CTPyM dYepe3 €MHICTb.
Hezanexxni moyaTtkoBi yMOBH —
e CTPyMH W Halpyr®, SKi He
3MIHIOIOTBCSI B MOMEHT KOMYTa-
[ii, HAMPHUKIAA, CTPYM B 1HIYK-
TUBHOCTI, HApyra Ha €EMHOCTI.

Skmo cTtpymu ¥ Hampyru B
MOMEHT KOMYTaIlii JOPiBHIOIOTh
HYJIIO, TO BOHH Ha3UBAIOTHCS HY-
JTLOBUMH ITOYATKOBUMH YMOBaMH,
SKIO X BOHU HE JOPiBHIOIOTH
HYJI0 — HEHYJIBOBHUMHU ITOYATKO-
BUMH YMOBaMH.

3aranpHUNA TAXIT 10 aHATIZY
MEPEeXiAHUX IPOLECIB TMOJIATaE B
TOMY, 1[0 BUKOHYETHCS PO3paxy-
HOK HampyrT i CTPYMIB y MiCIISKO-
MyTaliiHOMY KOJIi JJIT MOMEHTIB
gacy t>0 3a MO4YaTKOBHX yMOB,
00yMOBIIEHHX 3aKOHAMH KOMYTa-
mii.

Hanpuknan, npu miaxmodeH-
Hi RC -koma 10 mkepena mocriii-
Hoi Hampyru (puc. 1.6.1) y pasi
3aMUKaHHS KJIF0Ya B MOMEHT 4acy
t=0 oTpumMyeMO 3aMKHEHUIA
KOHTYP, JUIsl SIKOTO BiJMOBIHO 0
3akony Kipxroda mist Hampyr
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Fig. 1.6.1. RC- circuit connection to the direct voltage source
Puc. 1.6.1. Tigxmouennst RC -xona no mkepena nocriitHoi HApyru

As OcCKinbKH
. duc
i=C—=, 1.6.4
pm (16.4)
the processes in a circuit for t >0 To mpouecu B komi mpu t>0
are described by the equation OIMUCYIOTHCS PIBHAHHAM
rcd¥ y —E (1.6.5)
dt
under the initial conditions 3a MOYaTKOBHX YMOB
uc (t=0)=U,. (1.6.6)
The solution of equation Po3B’si3anHs piBHsHb (1.6.5) i

(1.6.5) and (1.6.6) gives a depen- (1.6.6) mae 3anexHICTH HANPYTH
dence of voltage across the capaci- Ha koHIEHcaTopi Bij 4acy:
tor on time:

t

Uc =(U,—E)e 7 +E (1.6.7)
and the value of current through i BEIMYHMHY CTPYMY 4epe3 KOH-
the capacitor (according to (1.6.4)): nmencarop (3riiHO 3 pIBHSIHHAM

(1.6.4)):
t
ic =(E-Uy)e -. (1.6.8)
The described approach, being Omnwmcanmii miaxim, 3acroco-

applied to the analysis of a tran- Bammii g0 aHaimizy MEPEXiIHOTO
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sient process occurring during mporecy, IO BHHHKAE IIiJ dYac
connection of an RC-circuit to a migxmrouenus RC -koma 10 mKe-
source of harmonious voltage pesia TapMOHIYHOI HAPYTH

e=E,sin(ot+¢),

allows us to get the following time- no3Bonse orpuMaTH Taki 3ayex-
dependence of voltage in the capa- HocTi Hampyrd Ha KOHICHCATOPi

citor and current through it: Ta CTPyMY 4€pe3 HbOTO BiJ] 4acy:
t

uc =[U, — Lsin((p - arctgmr)]eiz +

V1t (@r)’ (1.6.9)

E .
+ —L_—sin(wt + ¢ — arctgwr),

J1+ (o1)?

t

=1 U En sin(p—arctgot)le * +
cC~ A o /- -
R 2
V1+ (o) (1.6.10)
+0)C—E"‘cos(cot + @ —arctgot),

1+ (o1)?

where t=RC - circuit time con- ne t=RC- crana gacy kKona.
stant.

With certain parameters of the 3a MEeBHUX MapaMeTpiB Kola
circuit expressions (1.6.9) and Bwupasu (1.6.9) i (1.6.10) cmpo-
(1.6.10) are simplified: IIYIOTHCS:

1. U, =0; ¢=arctgot

E .
c=—F——0 t); 1.6.11
u Tt o0 sin(wt) ( )
__OCE, cos(ot) . (1.6.12)

i =
© 1+ (w1)?
2.Uy=0; p=mn/2+arctgor
t
En En cos(mt) ; (1.6.13)

e :_\/1+((m)2 © \/1+((D‘E)2
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En

R _t

i = e ——2Engincat). (1.6.14)
J1+ (o1)? J1+ (o1)?
3. U, #0; p=arctgor
t
— E .
U. =U e * + —L—sin(mt); (1.6.15)
T (o)
t
ic =—$e T+ oCE, cos(mt) . (1.6.16)

The measuring circuit

The measuring circuit is shown
in Fig. 1.6.2. Here the RC-circuit of
the first order is connected to the di-
rect (E,) or alternating ( E, ) voltage
source by means of the switch Sw 3.
The moments of switching on t; and
switching off t, are provided by the
options of Sw 3 and are set t; =1

ms, t, =40 ms.

The kind of source (E, or E,)
is installed by the switch Sw 1. The
capacitor is previously charged by
the source E,; which is connected

to the capacitor at a moment t;, and
disconnected at a moment t, .

The moments of connection t;
and disconnection t, are provided
by the options of Sw 2 and are set
t,=0 ms, t,=0,9 ms. The para-
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1+ (01)?

Onuc BUMIpIOBAIBHOI CXeMHU

BumiproBansHy cxemy moOKa-
3aHo Ha puc. 1.6.2. ¥V mniii RC-
KOJIO MEPLIOTo MOPSAKY 3a JOIO-
mororo mova K3 migkmroua-
€ThCA J10 JpKepena noctiitoi ((E;)
a6o 3minHOi ( E,) Hanpyru. Mo-
MEHTH MiJKIIOYeHHs l; 1 BUMK-
Henns t, Ki.3 3agarorsesa ioro
ONMUISIMH W  yCTAHOBJIIOIOTHCS
t; =1 mc, t, =40 mc.

Bun mxepena (E; abo E,)
yCTaHOBMIOETbCA KioueMm  Kir.1.
[NonepenHiii 3aps/i KOHACHCATOpa
3I1ICHIOETBCS KepenoM Eg, mo
MiAKITIOYa€ThCS A0 KOHAEHcAaTopa
B MOMEHT 4acy !, i BUMHKaeTbCs
B MOMEHT 4acy 1, .

MoMeHTH mifKiIoueHHs U i
BUMKHeHHs t, Ki.2 3amatoTbes

HOTO OMIIISIMA H YCTaHOBITIOIOTh-
ca t;=0 mc, t,=0,9 mc. ITapa-



metres of the voltage sources are
set by their options.

The current is measured as a
voltage drop across the resistor
r =1 Ohm, i.e. of a voltage drop of
1 mV corresponds to a current of
1 mA.

40 ms

METpPH JDKEpesT HalpyTd BCTAHOB-
JIOIOTHCA iX OTLIISIMHU.

CTpyM BUMIPSETBCA BEITUYH-
HOIO TIAJIHHSA HAIPYTH Ha pe3uc-
Topi r=1 Owm, T0O0TO 1 MB ma-
IiHHS Hampyrd BiANOBiAa€e CTpy-
My 1 MA.

0.9 ms

Sw 3
—1 v 1 Wi kHz/0 Deg
oy
|

@ Swl

TD
Sw2

1 Ohm

i !

Fig. 1.6.2. The measuring circuit
Puc. 1.6.2. BumiproBasibHa cxema

Working Procedure

1. Study the processes in an
RC-circuit connected to a direct
voltage source.

1.1. Set up a circuit in accor-
dance with Fig. 1.6.2. Set the pa-
rameters of switches Sw 2 and Sw
3 in accordance with the metering
circuit Description. Connect the
circuit to the direct voltage source
E1 with the switch Sw 1.
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ITopsinox Moae/IIOBaHHA
BHMIpIOBaHb Ta aHAJI3
Horo pe3yJbTaTiB

1. BuBuntu nporiecn B RC -
KOJIi TpU BBIMKHEHHI Horo Ha
MOCTIHHY HAIPYTy.

1.1. Cxnactu cxemy 3TiJHO 3
puc. 1.6.2. YcraHoBuTH napame-
Tpu kmrouiB Kin.2 1 Ki.3 Biamosi-
IIHO JI0 ONHCY BHUMipIOBAIBHOI
cxemu. Kmouem Kir.1 migxmroun-
TH 10 CXEMH DKEPEo MOCTIHHOI
Hanpyru E,.



1.2. Make the following mod-
eling. On the oscilloscope, display
the oscillogram of current in the
circuit and that of voltage across
the capacitor in the time range
0...5 ms. Measure the time-
dependence of the current and that
of the voltage with a step of 0,1
ms. Enter the measured data to Ta-
ble 1.6.1

1.3. Calculate the time-
dependence of the current and that
of the voltage in accordance with
relationship (1.6.7) and (1.6.8).

1.4. Draw to scale the calcu-
lated and experimental time-
dependences of the current and
those of the voltage. Compare
them and make conclusions.

1.5. Change the value of R to
0,5 kOhm and repeat the steps ac-
cording to 1.2-1.4. Enter the ob-
tained data to Table 1.6.2.

1.6. Set E;=2 V and repeat

the steps according to 1.2-1.5. En-
ter the obtained data to
Tables 1.6.3and 1.6.4.

1.7. SetE;=-2V and repeat

the steps according to 1.2-1.5. En-
ter the obtained data to
tables 1.6.5 and 1.6.6.

1.2.  IlpoBectm  MoOJEINIO-
BaHHs. BuBecTn Ha ekpaH OCIH-
norpada emopy cTpyMmy B Kot i
HAIpyTu Ha KOHJEHCATOpi B da-
coBomy piarnazodi 0...5 mc. Bumi-
PATH 4acoBi 3aleXKHOCTI CTPyMy
it HanpyrH 13 kpokom 0,1 mc. Pe-
3yJAbTaTH BUMIPIOBAHb 3aHECTH
1o tabm. 1.6.1.

1.3. Po3paxyBatu 4acoBi 3a-
JIEKHOCTI CTPYMY W HAmpyTH Bij-
MOBIIHO OO  CIIBBIAHOIIEHD
(1.6.7)1(1.6.8).

1.4. 3obpasut y BuUTIAOi
rpadikiB po3paxyHKOBI i eKkcre-
PUMEHTAJIBHI 3aJIeKHOCTI CTPyMy
i Hampyru Bim yacy. IlopiBHsATH
iX, 3pOOUTH BHCHOBKH.

1.5. 3MiHUTH BeNWYWHY TMa-
pamerpa R na 0,5 kOM i1 nmoBTo-
puta nii 3rigHo 3 m.a. 1.2-1.4.
PesynpTaTi BUMIipIOBaHb 3aHECTH
no Tabm. 1.6.2.

1.6. Ycranosutu E;=2 B i

noproputn mii 3a ma. 1.2-1.5.
Pe3ynbraTtu BUMIpIOBaHb 3aHECTH
o Ttabmn. 1.6.311.6.4.

1.7. Ycranosutn E;=-2 Bi

noproputd Al 3a m.al.2-1.5.
PesynbpTati BUMipIOBaHb 3aHECTH
1o tabmn. 1.6.51 1.6.6.

Table 1.6.1. Voltage and current time dependence (according to 1.2)
Tabnuys 1.6.1. YacoBi 3a1e:kHOCTi cTpyMy i Hanpyru (Binmosiaxo 1o 1. 1.2)

t, ms

U,mv

I, mA
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Table 1.6.2. Voltage and current time dependence (according to 1.5)
Tabnuys 1.6.2. Yacosi 3ane:kHOCTi cTPyMYy it HAaMpyrH
(BinmoBigHo 10 1. 1.5)

t,ms
U,mv
|, mA

Table 1.6.3. Voltage and current time dependence (according to 1.6; 1.2)
Tabnuysa 1.6.3. Yacosi 3aj1e3KHOCTI cTpyMy i HANPYTH
(BigmosigHo x0 mm. 1.6; 1.2)

t, ms
u,mv
|, mA

Table 1.6.4. Voltage and current time dependence (according to 1.6; 1.5)
Tabnuys 1.6.4. Yacosi 3a1e:kHOCTi cTPyMY it HAampyru
(BignoBiano 10 nm. 1.6; 1.5)

t,ms
U,mv
|, mA

Table 1.6.5. Voltage and current time dependence (according to 1.7; 1.2)
Tabnuya 1.6.5. Yacosi 3aj1esKkHOCTI cTPpyMy i Hanpyru
(Bignosiano 10 nmn. 1.7; 1.2)

Table 1.6.6. Voltage and current time dependence (according to 1.7; 1.5)
Tabnuys 1.6.6. Yacosi 3ane:kHOCTi cTPyMY it HAMpPYTH
(BignoBiano 10 nn. 1.7; 1.5)

t, ms
u,mv
|, mA
2. Study the processes in an 2. BuBunrs niporiecu B RC - xo-
RC-circuit connected to a harmo- i npu BBiMKHEHHI #Oro Ha rap-
nious voltage source. MOHIYHY Hamlpyry.
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21, Set up a circuit in
accordance with Fig. 1.6.2.

Set the parameters of the
switch Sw 2 according to the
metering circuit description.

Connect the circuit to the
source of harmonious voltage E,

with the switch Sw 1.

Set the initial phase of the
oscillator at the moment of switch-
ing ¢o=mn/2+arctgot. For this

purpose set the moments of switch-
ing using the options of the key
Sw 3 t,=1475 msand t, =40 ms.

2.2. Make the following mod-
elling. On the oscilloscope, display
the oscillogram of current in the
circuit and that of voltage across
the capacitor in the time range
0...5 ms. Measure the time-
dependence of the current and that
of the voltage with a step of
0,1 ms. Enter the measured data to
Table 1.6.7.

2.1. Cxmactu cxemy 3TifHO 3
puc. 1.6.2. YcTaHOBUTH mapameT-
pu kimoua Kir.2 BigmoBigHO [0
ONKCY BHUMIPIOBAJBHOI CXEMHU.
Kmrouem K.l migxmrouutd 1o
CXEMH JKEepeNo TapMOHIYHOI Ha-
npyru E,. Ycranosutu mnouart-

KOBY (ha3y reHeparopa B MOMEHT
KOMyTarii ¢o=m7/2+arctgor.
JI7s mbOro BCTAHOBHUTH MOMEHTH
KoMyTalii ommisimu Kiroda Kir.3
t; =1,475 mc, t, =40 Mmc.

2.2. [IpoBecTH MOICTIOBAHHS.
BuBectn Ha expaH ocuuiorpada
€IIOpU CTPYMY B KOJIi ¥ Hampyru
Ha KOHJICHCATOpI B 4aCOBOMY Ji-
ana3oi 0...5 mc. Bumipstu daco-
Bi 3aJIE)KHOCTI CTPYMY ¥ HampyTu
3 kpokom 0,1 Mc Pesynbrarn Bu-
MipiBaHb 3aHecTH Ji0 Tabu. 1.6.7.

Table 1.6.7. Voltage and current time dependence (according to 2.2)
Tabnuys 1.6.7. YacoBi 3a/1eskHOCTi cTPpyMY i Hanmpyru (BiAmoBiaHo 10 1. 2.2)

2.3. Calculate the time-
dependence of the current and
that of the voltage in accordance
with relationships (1.6.13) and
(1.6.14).

2.4. Draw to scale the calcu-
lated and experimental time-

2.3. Po3paxyBaT 4acoBi 3a-
JISKHOCTI CTPYMY W HampyrH Bi-
NIOBIAHO [0  CIIIBBIJHOIIEHD
(1.6.13)1(1.6.14).

2.4. 3o00pa3utu y BUIISII
rpagikiB po3paxyHKOBi il ekcrie-
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dependences of the current and
those of the voltage. Compare
them and make conclusions.

2.5. Set the initial phase of
the oscillator at the moment of
switching ¢ =arctgot . For this
purpose change the moment of
switching, using the options of
the switch Sw 3, to set t, =1,225

ms and t, =40 ms. Then repeat

the steps according to 2.2. Enter
the obtained data to Table 1.6.8.

PUMEHTaJbHI 3aJIeKHOCTI CTpPY-
My ¥ Hanpyrd Bin uacy. [lopis-
HATH iX, 3pOOUTH BUCHOBKH.

2.5. YCTaHOBHUTH ITOYATKOBY
a3y rereparopa B MOMEHT KO-
myTanii ¢ = arctgwt . s uporo
MIOMIHSTH MOMEHT KOMyTallii
omnuisimu kmoua Ki.3, ycraHoBus-
t;=1225 wc,

t, =40 wc. [loBropuTH Aii 3rig-

Iy BCINYUHU

HO 3 1.1 2.2. Pe3ynbprati BUMI-
pIoBaHb 3aHecTH A0 Tabm. 1.6.8.

Table 1.6.8. Voltage and current time dependence (according to 2.5)
Tabnuysa 1.6.8. YacoBi 3aj1e:KHOCTi cTpyMy if Hanpyru (BigmoBigHo 10 m. 2.5)

t, ms

u,mv

|, mA

2.6. Calculate the time-
dependence of the current and
that of the voltage in accordance
with relationships (1.6.11) and
(1.6.12).

2.7. Draw to scale the calcu-
lated and experimental time-
dependences of the current and
those of the voltage. Compare
them and make conclusions.

28.Set E; =1V, t,=1225 ms,
t, =40 ms. Repeat the steps ac-

cording to 2.2. Enter the obtained
data to Table 1.6.9.

29. Calculate the time-
dependence of the current and that
of the voltage in accordance with
relationships (1.6.13) and (1.6.14).

2.6. Po3paxyBaru 4acoBi 3a-
JIEKHOCTI CTpyMy W HaIpyr# Bi-
NIOBIAHO 1O CHIBBIIHOIIEHB
(1.6.11)1(1.6.12).

2.7. 3o00pazutu y BUIIISII
rpadikiB po3paxyHKOBI H eKcrie-
pYUMEHTAJbHI 3aJIEKHOCTI CTPY-
My ¥ Hanpyru Bin yacy. [lopis-
HSATH iX, 3pOOUTH BUCHOBKH.

2.8. Ycranosutu E;=1 B,
t; =1225 wmc, t, =40 mc i mo-
BTOPUTU Aii 3rimHo 3 m.am. 2.2.
Pesynpratn BUMipIOBaHbL 3aHEcC-
TH 10 Ta0m. 1.6.9.

2.9. Po3paxyBaru 4acoBi 3a-
JISKHOCTI CTpyMy W HampyrH Bi-

OIOBIAHO O  CIIIBBIJAHOIIEHD
(1.6.13)i(1.6.14).
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2.10. Draw to scale the cal-
culated and experimental time-
dependences of the current and
those of the voltage. Compare
them and make conclusions.

2.10. 300pasutn y BHIIAMI
rpagikiB po3paxyHKOBI i ekcre-
PUMEHTABHI 3aJIe)KHOCTI CTPyMy
¥ Hanpyru Bim dacy. [lopiBHATH
ix, 3pOOUTH BUCHOBKH.

Table 1.6.9. Voltage and current time dependence (according to 2.9)
Tabnuya 1.6.9. Yacosi 3aj1e:kHOCTi cTpyMy if Hanpyru (BigmoigHo g0 m. 2.9)

t, ms

Uu,mv

I, mA

3. Make an experimentation
paper containing the results of the
study and your conclusions.

Laboratory work 7

TRANSIENT PROCESSES
IN SECOND-ORDER
CIRCUITS

(Estimated time:
2 hours)

Aim of the work. Learning the
time characteristics of transient
processes in series aperiodic and
oscillatory RLC-circuits powered
by a constant and a harmonic
voltages by means of modeling in
the Electronics Workbench envi-
ronment. Plot a graph of time de-
pendence of current in the circuit
and voltage across the elements of
this circuit.
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3. IligroryBatu 3BiT 3 pe-
3yJabTaTaMH TPOBEACHUX JOCIIi-
JDKEHD 1 BUCHOBKAMH.

JlabopaTtopHa po6oTa 7

JOCJIIKEHHSA INTEPEXI/I-
HUX ITPOLECIB Y KOJIAX
APYI'Oro nNoPAJIAKY

(PexomeHnoBaHui 0OCST 3aHSITH:
2 ron)

Merta po6oTu. BuBuntu gaco-
Bl XapaKTEPUCTUKH TMEPeXiTHUX
MPOLECIB Yy MOCTIOBHOMY arepio-
JWIHOMY # KonmBaibHOMY RLC -
KOJII IMiJT Yyac BBIMKHEHHS MOro Ha
MOCTIHY ¥ TapMOHIUHY Hampyry
3a JIOIOMOTOI0 MOJICIOBAHHS B
cepenosuini nporpamu Electronics
Workbench. ITobynysaru rpadiku
YacOBHX 3alEKHOCTCH CTpyMy B
JOCIIHDKEHOMY KOHTYpi ¥ Hampyru
Ha HOro eJIeMEHTax.



To be well prepared fo this
laboratory work, a student should
study the present description as
well as appropriate units of the
recommended literature, and be
able to answer the following test
guestions.

Test questions

1. What is a transient process?
Why do transient processes occur?

2. State the laws of commutation.
What does their physics consist in?

3. What is initial conditions?
What kinds of initial conditions do
you know?

4. State the general approach to
transient process calculation.

5. What is the operational method
of transient process calculation?

6. What is an RLC - circuit of the
second order?

7. What secondary parameters
characterize an oscillatory circuit?

8. What is the aperiodic operating
mode of an oscillatory circuit?

9. What is the oscillatory ope-
rating mode of an oscillatory circuit?

10. What does the term “envelope
of an oscillatory process” mean?

Brief theoretical information

The general approach to the
analysis of transient processes in
second order circuits consists in
the fact that voltages and currents
in a post-commutation circuit are
calculated for points in time t>0,
the initial conditions being defined
by the laws of commutation.
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ITix yac miArOTOBKH 0 BHKO-
HaHHA JabopaTopHOi poOOTH He-
0OXITHO BHUBYWTH BIIITOBIIHUMN
MaTtepial 3a PEKOMEHJIOBAHOIO
JTepaTyporo, a TAKOXK yMITH Bil-
MOBIIaT HAa KOHTPOJIbHI 3aIu-
TaHHSL.

KoHnTpoabHi 3annTanHs

1. llo Take mepexiaHuii mporec?
Y "oMmy nprYMHa BUHUKHEHHS Mepexi-
JTHUX TIPOIIECiB?

2. CdopmymoiiTe 3aKOHH KOMY-
Tauii. Y yomy ix ¢izuuna cyTHICTH?

3. Illo Take moOYaTKOBI yMOBH?
Ha3BiTh BUIIM TOYAaTKOBUX YMOB.

4. ChopmymroiiTe 3araJbHAN M-
XiZI 0 pO3paxyHKy MNEpexXilTHuX Mpo-
LIECIB.

5. o Take omepaTopHUR METOA
PO3paxyHKY IepeXiTHIX IporeciB?

6. lllo take RLC -xomo apyroro
nopaaxy?

7. SlkuMHM BTOpPMHHHUMH INapamer-
paMH XapakTepU3YeThCsl KOJIMBAIbHUIA
KOHTYp?

8. Lo Take anepiomMYHUIA PEKIM
PpoOOTH KOJMBAIEHOTO KOHTYPY?

9. Illo Take KOMMBATBGHHUI PEKUM
PoOOTH KOJMBAIEHOTO KOHTYPY?

10. o o3Hauae TepMiH «OOBiTHA
KOJIMBAJILHOTO TPOLIECy»?

OcHoBHIi TeopeTH4Hi BizoMocTi

3arajgpHHN TAXI] 10 aHATI3Y
NepexigHUX MpPOILECiB y Koyax
JIPYTOTO TOPSJIKY TOJSTAaE B TO-
My, 110 BUKOHYETbCS PO3PaxXyHOK
HaIpyT 1 CTPYMIB y TICIIKOMYTa-
MIHHOMY KOJIi JUISI MOMEHTIB 4acy
t >0 3a moyaTkoBHX YMOB, 00Y-
MOBJICHHUX 3aKOHAMHU KOMYTaIlil.



For example, for an RLC- cir-
cuit connected to a direct voltage
source (Fig. 1.7.1), when closing
the switch at the point t=0, we
get a closed circuit for which ac-
cording to Kirchhoff’s law for vol-
tages:

Hampuknan, mig 9ac miakiro-
yenHss RLC-konma 1o mxepena
nocTiiHoi Hanpyru (puc. 1.7.1) y
pa3i 3aMUKaHHS KJIF0Ya B MOMECHT
yacy t=0 oTpumyeMo 3aMKHY-
THUH KOHTYP, JUIsl IKOTO BiJIOBIiJI-
HO 10 3akoHy Kipxroda mms Ha-

npyr:

Ri+Lﬂ+uc—E=O.
dt

Sw
a— 1kOhm 1 mH
AYAVAY AR
—1 R L C
E_— i
Tuv U“¢__1L|F

Fig. 1.7.1. RLC-circuit connection to the source of direct voltage
Puc. 1.7.1. Iligxrrouenas RLC -xona no mxeperna NOCTiHOT HallpyTH

As

the processes in a circuit for t>0
are described by the equation

LCd Uc
dt?

under the initial conditions

Uc (t=0)=U,.

The solution of equations
(1.7.2) and (1.7.3) gives depen-
dence of voltage across the capaci-
tor on time
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+RC

OCKUIBKH
duc
dt

TO mpotiecH B Kouti ipu t >0 onm-
CYIOTBCS PIBHSIHHAM

du

, (1.7.1)

dC +u; =E (1.7.2)
32 [MOYaTKOBUX YMOB

(1.7.3)

Po3p’a3aBmn PIBHSHHS

(1.7.2) i (1.7.3), micTanemo 3aie-
JKHICTh HaIlpyTH Ha KOHJICHCATOPI
BiJl 4acy



u. =E+
¢ P.— P,

and the current through the capaci-
tor (according to (1.7.1)):

E-U,

Ic =

where

For the circuit in Fig. 1.7.1 we

can distinguish the following
processes:
1. E=0; Uy=0. It is a

process of free damped oscillations
in an RLC-circuit in which a capa-
citor charged to a voltage U, is

completely discharged. The depen-
dence of voltage across this capaci-
tor on time is described by the
function

(p—py)L

(pe™ - pe™)

1 BEMYUHY CTPYMYy uepe3 KOH-

neHcatop (3TiIHO 3 PIBHAHHAM

(1.7.1)):
(ep1t _epzt) ,
Je

Jic

Jns cxemu puc. 1.7.1 pospiz-
HSIIOTh TakKi MPOIIECH:

1. E=0; U, #0. Lle nponec
BUIBHHUX 3aracajbHUX KOJHUBAaHb y
RLC-koui, 3a SIKOTO KOHJIEHCATOD,
3apsypkeHnit 1o Hampyrm U,
TTOBHICTIO PO3PSPKAETHCS. 3aIIeK-
HICTh HAPyryd Ha HHOMY BiJl 4acy
OMHCYETHCS (HYHKITIEFO

U
Uc = : (pzep1t - Pe pzt)v (1.7.4)
P2— Py
and current a cTpyMmy
o= J0(ght _pdy, (1.7.5)
(p,—p)L

Depending on the initial para-
meters of an oscillatory circuit,
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3aJeKHO BiA MEPBUHHHX Ia-
paMeTpiB KOIUBAJIBLHOTO KOHTYPY



there may be three operating con-
ditions of oscillations in it:

1.1. Aperiodic operation:
d>wm,, i.e. p, and p, are real,
negative and different numbers.
The oscillations look like nonhar-
monic monotonous functions.

1.2 Critical operation: §=0,,
i.e. p,=p, are real, negative and
equal numbers.

1.3. Oscillatory operation:
d<w,, i.e. p, and p, are com-
plex and complex-conjugate num-

bers. In this case the relationships
(1.7.4), (1.7.5) become simpler

B HHOMY MOXUIMBI JBa PEXHUMH
KOJINBaHb:

1.1. Anepioouunuii pesrcum:
o> w,, T00TO P; 1 P, — AliCHI,
Big’emHi Ta pi3Hi ymucna. Komu-
BaHHS MarOTh BUIJIS HETapMOHIY-
HUX MOHOTOHHUX (DYHKITIH.

1.2.  Kpumuunuii  peoicum:
d=w,, T00TO P, =P, — AiicHi,
BiZ’€MHI Ta OZHAKOBI YHUCTIA.

1.3. KonusanvHuii pescum:
d<wm,, TobTOo P, i P, — KOM-

TUIEKCHI ¥ KOMITIEKCHO-CIIPSIKEHi
yucna. Y IbOMY BHUIIAAKY CIIiB-
Bignomenus (1.7.4), (1.7.5) cipo-
HIYIOThCA i HA0YBAIOTh BUTIISAY

uC = (DO er_at Sin(mforceut + O(') ' (1'7'6)
Oforced
. 1 5t . .
Ic = ——er ot sm((nforceot) = _A(t)sm(mforcecit) ' (177)
Oforeed
where ne

_ [ 2 <o
Oforced = (DO_S’

In the ratio (1.7.6) exponental
function

At) =

Yo

)
o =arctg—oeed
)
V cmiBignomenHi (1.7.6) ek-
CHOHEHTHA (PYHKIIis

e —ot

(’)forcedL

defines the slowly changing ampli-
tude of harmonic oscillations and
is termed the envelope of a har-
monic current.

2. E#0; U,=0. Itis a tran-

sient process with zero initial con-
ditions when an RLC-circuit is
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BU3HAYA€E IMOBITBLHO 3MiHHY amIl-
JIUTYIy TapMOHIYHHMX KOJIMBaHb 1
Ha3UBA€THCS OOBIHOIO TapMOHi-
YHOTO CTPyMY.

2. E#0; U,=0. Lle nepe-
XigHUH Tpomec 13 HYJIbOBUMH
MOYATKOBUMHU YMOBAaMH IIPH BBi-



connected
source.

The dependence of voltage
across the capacitor on time is de-
scribed by the function

to a direct voltage

MkHeHHI RLC -xoHTypy Ha moc-
TiIHHY HampyTy.

3ayieXXHICTh HAIPYTH Ha KOH-
JIEHCAaTOpl BiJ 4Yacy OMHCYETHCS
(GyHKIIi€R0

E
U =E+ (PP — pef), (1.7.8)
P.— P

and the current through the capaci- a cTpym uepe3 KOHICHCATOP
tor

. E

o =————(e™ —e™). (1.7.9)

© (m-p)L

In the oscillatory mode:

-3

YV KONMHUBaTEHOMY PEKHMI:

Ue = E——20 Ee ™ 'sin(ogeed +01) ; (1.7.10)
Oforced

o= e sin(orged) (1.7.11)
Oforeed

The shown approach being ap-
plied to the analysis of a transient
process that occurs during connec-
tion of an RLC-circuit to a source
of harmonic voltage with a fre-
quency o,

[IponemMoHCTpOBaHUI TTiAXi],
OyAy4H 3aCTOCOBaHUM JI0 aHAITI3Y
HepexiHOro mpolecy, o BUHU-
Kae min gac migkirouenas RLC -
KOHTYpY JO JDKEpena rapMOHid-
HOI HaIIpyTH i3 4aCTOTOI M

E =E,sin(o,t + )

leads to rather difficult formulae.
However for the most wide-spread
case,

MPU3BOJIUTH JIO JOCUTH CKJIAJHUX
dbopmyn. OmHak yiss HaHMOIIM-
peHilIoro Bapianra

U, =0, 6<m,, ® & O

it is possible to obtain quite a sim-
ple expression for the current
envelope
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MOJKHA OJIEP)KaTH JOCUTh IIPOCTE
CIIIBBIAHOIIEHHS [UISI OOBIIHOIL

CTpyMy



i=1_(1-e?Y, (1.7.12)
where e
| ©E (1.7.13)

The measuring circuit

The measuring circuit is shown
in Fig. 1.7.2. Here the RLC-circuit
of the first order is connected, by
means of the key Sw 3, to the
source of direct (E,) or alternating
(E,) voltage.

The moments of connection t,
and disconnection t, are provided
by the options of Sw 3 and are set
t;=1 ms and t,=40 ms. The
kind of source (E; or E,) is estab-
lished by the key Sw 1. The capa-
citor is previously charged by the
source E, which is connected to
the capacitor at a moment t, and
disconnected at a moment t,. The
moments of connection t, and dis-
connection t, are provided by the
options of Sw 2 and are set t; =0
ms and t, =0,9 ms. The parame-

ters of the voltage sources are es-
tablished by their options. The cur-
rent is measured as a voltage drop
across the resistor r =1 Ohm, i.e. a
voltage drop of 1 mV corresponds
to a current of 1 mA.
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" 260 forcedL .

Onuc BUMIpPIOBAJBLHOI CXeMH

BumiproBaneHy cxeMmy IOKa-
3aHo Ha puc. 1.7.2. V niii RLC-
KOJIO 3a JmornoMoror kimroda Kir.3
M KITFOYAETHCS 10 JDKEepena Mmoc-
tiinoi (E;) ab6o 3minnoi (E,)
HaTPYyTH.

MoMmeHTH Yacy TiAKIIOYeHHS
t, 1 BumkHenHa t, Kn.3 3ana-
IOTBCS MOTO OMINISIMHM i yCTaHOB-
morTtees t; =1 mc, t, =40 wMmc.
Bun mxepena (E; abo E,) ycra-
HoBitoeThesl KioueM Ki.1. Kon-
JIEHCATOp 3a3/ajerifb 3apsKa-
eTbCcs JuKepenoMm E,, migkmode-
HUM JI0 KOHJIEHCaTOpa B MOMEHT
yacy 1, 110 BUMHKAETHCS B MO-
MeHT 4acy t,. Momentn wacy
HiJKIF0UeHHs |, 1 BUMKHEHHS 1,
Kin.2 3agarorecs HOro omnmisgMu
ycraHoBmioloTeest =0 M,
t, =0,9 wmc. INapamerpn mxepen
HAIpyTd BCTAHOBIIOIOTHCS iX OI-
uisMu. CTpyM BUMIPSETHCS BEIH-
YHHOIO TAaJiHHSA HANpyrd Ha pe-
suctopi r=1 Owm, ToOTO 1 MB
MajiHHS ~ HAmpyrd  BiAIOBITae
ctpymy 1 MA.



40 ms 10mH 1000 Ok
P LIV N
Sw 3 L R
.—
—'W 1 W/ kHz/0 Deg
1% 1ms
===
| TI12
@ Swl Sw
E3 ¢ ”— 0.1 uf
1 Ohm
AVAVAY *
r

Fig. 1.7.2. The measuring circuit
Puc. 1.7.2. BumiproBaibHa cxema

Working procedure

1. Study the processes in an
RLC-circuit powered by direct vol-
tage. For this purpose carry out
actions described in 1.1-1.19.

1.1. Set up a circuit according
to Fig. 1.7.2.

Set the parameters of the keys
Sw 2 and Sw 3 according to the
measuring circuit description. With
the help of the switch Sw 1 con-
nect the circuit to the source of
direct voltage E,.

1.2. Carry out modeling of free
oscillations for the case of aperiod-
ic operation. On the oscillograph,
display the oscillogram of current
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IMopsinox MoaeIIOBAaHHS
BHMIpIOBaHb Ta aHAJI3
ioro pe3yJjbTaTiB

1. BuBumtu Tnporecu

RLC -komi mig 4yac BBIMKHEHHS

B

HOro Ha MOCTIHHY HAIIPYTY.

1.1. 3ibpatu cxemy 3rigHO 3
puc. 1.7.2.

YcraHoBUTH rapameTpu
kmouiB Kn.2 1 Kn.3 BigmosigHO
JI0 OIKCY BHUMIPIOBAJIBHOI CXEMHU.
Kmrouem K.l migkimrouutd 10
CXEMH JDKEpeso TOCTiMHOI Ha-
npyru E;.

1.2. IIpoBecTu MOAEIIOBAaHHS
nporiecy BUIBHUX KOJHMBaHb B
arepiomuuHOMY pexuMi. BuBec-
TH Ha eKpaH ocumiorpada emopu



in the circuit and that of voltage
across the capacitor in the time
range 0...3 ms. Measure the time-
dependence of the current and that
of the voltage with a step of 0,1
ms. Enter the measured data to Ta-
ble 1.7.1.

CTpyMy B KONI ¥ Hampyra Ha
KOHJIEHCATOpl B 4acOBOMY Jiaria-
30Hi 0...3 mc. Bumiparu uacosi
3aJIe)KHOCTI CTpyMy W HampyrH i3
kpokoM 0,1 mMc PesynbraTu Bumi-
proBaHb 3aHecTH a0 Tabdm. 1.7.1.

Table 1.7.1. Voltage and current time dependence (according to 1.2)
Tabnuya 1.7.1. Yacosi 3aj1e:kHOCTi cTpyMy if Hanpyru (BigmosigHo g0 m. 1.2)

t,ms

u,mv

I, mA

1.3. Calculate the time-
dependence of the current and that
of the voltage in accordance with
(1.7.4) and (1.7.5).

1.4. Draw to scale the calcu-
lated and experimental time-
dependences of the current and
those of the voltage. Compare
them and make conclusions.

1.5. Change the value of R to
100 Ohm and carry out modeling
of free oscillations for the case of
oscillatory operation. On the oscil-
lograph, display the oscilligram of
current in the circuit and that of
voltage across the capacitor in the
time range 0...3 ms. Measure the
time-dependence of the current and
that of the voltage with a step of
0,1 ms. Enter the measured data to
Table 1.7.2.
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1.3. Po3paxyBaTu 4acoBi 3a-
JISKHOCTI CTPyMy ¥ HaImpyrH Binl-
noBigno 1o (1.7.4) 1 (1.7.5).

1.4. 3o0pasutu y BUIALL
rpadikiB po3paxyHKOBI i ekcrie-
PUMEHTAJbHI 3aJI€KHOCTI CTPyMY
i wanpyru Bin yacy. [lopiBHsTH
iX, 3pOOUTH BHCHOBKH.

1.5. 3MiHUTH BeNUYMHY TIa-
pamerpa R Ha 100 OM i mpoBec-
TH MOJIEJIIOBaHHS TPOIECY BiJb-
HUX KOJIUBaHb Y KOJIUBAIGHOMY
pexxumi. BuBectn Ha expaH oc-
muiorpada emopu CTpyMy B KOJIi
i Hampyrd Ha KOHACHCATOpi B
yacoBoMy miamazoni 0..3 wMc.
Bumipatu  4WacoBi  3a1e€XKHOCTI
CTpyMy W Hampyru i3 kpokom 0,1
Mc PesynbraTtn BHMipIOBaHB 3a-
HecTH 10 Tabm. 1.7.2.



Table 1.7.2. Voltage and current time dependence (according to 1.5)
Tabnuya 1.7.2. YacoBi 3a1e:KHOCTI cTpyMy if Hanpyru (BignosigHo no . 1.5)

t, ms

U,mv

|, mA

1.6. Calculate the time-
dependence of the current and that
of the voltage in accordance with
(1.7.6) and (1.7.7).

1.7. Draw to scale the calcu-
lated and experimental time-
dependences of the current and
those of the voltage. Compare
them and make conclusions.

1.8. Set the value of R corres-
ponding to a critical operating
condition and carry out modeling
of free oscillations for the case of
critical operation. On the oscillo-
graph, display the oscilligram of
current in the circuit and that of
voltage across the capacitor in the
time range 0...3 ms. Measure the
time-dependence of the current and
that of the voltage with a step of
0,1 ms. Enter the measured data to
Table 1.7.3.

1.6. PozpaxyBatu wacoBi 3a-
JISKHOCTI CTpyMy W HampyTu Bij-
noBigHo 10 (1.7.6) 1 (1.7.7).

1.7. 3o0pasutn y BUTIAAI
rpadikiB po3paxyHKOBI i ekcrie-
PUMEHTABHI 3aJI€KHOCTI CTPYMY
i Hampyru Bix dacy. [lopiBHSTH
X, 3pOOUTH BUCHOBKH.

1.8. YcTaHOBUTH BETUYHUHY
napamerpa R, 10 Bigmosigae
KPUTUYHOMY PEXHUMY i IPOBECTH
MOJICITIOBAHHS MPOIIECY BiIbHUX
KOJIMBAaHb Y KPUTHIHOMY PEKHMI.
BuBectn Ha ekpaH ocrmiorpaga
eMIopy CTPYMY B KOJIi W Hampyru
Ha KOHJICHCATOpi B 4acCOBOMY Ji-
amazoHi 0...3 mc. Bumipsitu gacoBi
3AJISKHOCTI CTpyMy H Hampyrd i3
kpokoMm 0,1 mc. Pesynpratn BHMI-
proBaHb 3aHecTH 10 Tabm. 1.7.3.

Table 1.7.3. Voltage and current time dependence (according to 1.8)
Tabauys 1.7.3. YacoBi 3aj1esKkHOCTi cTPyMY if Hanpyru (BinmosigHo 10 m. 1.8)

t,ms

Uu,mv

|, mA

1.9. Draw to scale the experi-
mental dependence of current and
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1.9. 3o0pazute y BUTIAII
rpadikiB eKCIEpUMEHTAIbHI 3a-



voltage on time for aperiodic, criti-
cal and oscillatory operation.
Compare them and draw conclu-
sions.

1.10. In the circuit (Fig. 1.7.2)
set E;=0 V, E; =0 V.

1.11. Model the process of
RLC-circuit connection to a source
of direct voltage for the case of
aperiodic operation. On the oscil-
lograph, display the oscilligram of
current in the circuit and that of
voltage across the capacitor in the
time range 0...3 ms. Measure the
time-dependence of the current and
that of the voltage with a step of
0,1 ms. Enter the measured data to
Table 1.7.4.

JIEKHOCTI CTPyMy ¥ HampyTH Bif
qacy JjIsl anepiognYHOro, KpUTH4-
HOTO U KOJMBAIBHOTO PEXKHMIB.
[NopiBHsTH 1X, 3pOOWUTH BIHCHOBKH.

1.10. Ha cxemi 3rigHO 3
puc. 1.7.2 ycranosutu E; =0 B,
E, =0 B.

1.11. TIpoBecTn MojientOBaH-
Hs npouecy migkmouenHs RLC-
KOHTYpy B amepioguyHoOMYy pe-
JKUM1 IO JDKepena MOCTIHHOI Ha-
npyru. BuBectn Ha expan ocuu-
norpada emopu CTpyMy B Ko i
Hanpyrd Ha KOHJAEHCATopi B Ha-
coBomy miama3odi 0...3 mc. Bumi-
PATH YacoBi 3alEKHOCTI CTPYMY
it Hanpyru 13 kpokom 0,1 mc Pe-
3yJibTaTu BI/IMipIOBaHI) 3aHECTU
1o taoi. 1.7.4.

Table 1.7.4. Voltage and current time dependence (according to 1.11)
Tabnuysa 1.7.4. Yacosi 3ane:kHOCTi cTpyMYy it Hanpyru (BiamosigHo xo m. 1.11)

t, ms

u,mv

I, mA

1.12. Calculate the time-
dependence of the current and that
of the voltage in accordance with
(1.7.8) and (1.7.9).

1.13. Draw to scale the calcu-
lated and experimental time-
dependences of the current and
those of the voltage. Compare
them and make conclusions.
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1.12. Po3paxyBaTu 4acoBi 3a-
JISKHOCTI CTPYMY W Hampyru Bia-
noBigHO 110 (1.7.8) 1 (1.7.9).

1.13. 3o00pa3utu y BHIIISI
rpadikiB po3paxyHKOBI i ekcrie-
PUMEHTANIBHI 3aJISKHOCTI CTPyMY
i Hanpyru Bim dacy. IlopiBHSATH
X, 3p0OUTH BUCHOBKH.



1.14. Change the value of R to
100 Ohms and model the process
of RLC-circuit connection to a
source of direct voltage for the
case of oscillatory operation. On
the oscillograph, display the oscil-
ligram of current in the circuit and
that of voltage across the capacitor
in the time range 0...3 ms. Meas-
ure the time-dependence of the
current and that of the voltage with
a step of 0,1 ms. Enter the meas-
ured data to Table 1.7.5.

1.14. 3MiHUTH BENWYHWHY IIa-
pamerpa R Ha 100 OM i mpoBecT
MOJICTIFOBaHHs TPOLECY i JKIIIO-
yeHHs1 RLC- KoHTypy B KoiuBa-
JHHOMY PEKHMI JI0 JKepena 1moc-
TiliHO1 Hanpyru. BuBecTn Ha ek-
paH ociptorpada emopu cTpymy
B KOJIi i HAaNpyry Ha KOH/ICHCATO-
pi B wacoBoMy niamazoni 0...3 mc.
Bumipsatn TUMUacoBi 3aieXHOCTI
cTpyMy # Hampyru i3 kpokowm 0,1
Mc Pesynpraté BUMipIOBaHb 3aHe-
¢ty 1o Tabmn. 1.7.5.

Table 1.7.5. Voltage and current time dependence (according to 1.14)
Tabnuya 1.7.5. Yacosi 3aj1e:KHOCTi cTpyMy if Hanpyru (BigmoBigHo 1o m. 1.14)

t, ms

u,mv

1.15. Calculate the time-
dependence of the current and that
of the voltage in accordance with
(1.7.10) and (1.7.11).

1.16. Draw to scale the calcu-
lated and experimental time-
dependences of the current and
those of the voltage. Compare
them and make conclusions.

1.17. Set the value of R corres-
ponding to a critical operation condi-
tion and model the process of RLC-
circuit connection to a source of di-
rect voltage for the case of critical
operation. On the oscillograph, dis-
play the oscilligram of current in the

86

1.15. Po3paxyBaTu 4acoBi 3a-
JIGKHOCTI CTpYMY W Hampyru Bij-
moBigHO 110 (1.7.10) 1 (1.7.11).

1.16. 3o0pa3zutu y BUIIAAL
rpadikiB po3paxyHKOBI i eKcrie-
PYIMEHTAIIbHI 3aJIEKHOCTI CTPyMY
i Hanpyru Big uvacy. [lopiBHATH
ix, 3pOOUTH BUCHOBKH.

1.17. YCTaHOBUTH BEIWYHHY
napameTpa R, 1mo Bixnosigae
KPUTHYHOMY PEXUMY, 1 MPOBECTH
MOJICTFOBaHHSI TIPOIIECY  ITiJKJTIO-
yeHHss RLC - KOHTYpy B KpHTHUY-
HOMY pE&XHMi IO JpKepena IToc-
TiliHO1 Hanpyru. BuBectn Ha ek-

paH ocumiorpada emopH CTpyMy



circuit and that of voltage across the
capacitor in the time range 0...3 ms.
Measure the time-dependence of the
current and that of the voltage with a
step of 0,1 ms. Enter the measured
data to Table 1.7.6.

B KOJIi i HAalpyryu Ha KOH/ICHCATO-
pi B wacoBoMy niamasoni 0...3 mc.
Bumipsatn  4acoBi  3aleXHOCTI
CTpyMy ¥ Hampyra i3 KpPOKOM
0,1 mc. Pe3ynpraTé BHMipIOBaHb
3aHecTH 10 Tabu. 1.7.6.

Table 1.7.6. Voltage and current time dependence (according to 1.17)
Tabnuysa 1.7.6. YacoBi 3a1e:KHOCTI cTpyMYy if Hanpyru (BigmosigHo 1o m. 1.17)

t, ms

u,mv

I, mA

1.18. Draw to scale the expe-
rimental dependence of current and
voltage on time for aperiodic, criti-
cal and oscillatory operation.
Compare them and draw conclu-
sions.

2. Study the processes in an
RLC-circuit powered by harmo-
nious voltage.

2.1. In the circuit according to
the Fig. 1.7.2, set the parameters of
the switches Sw 1 and Sw 2
according to the measuring circuit
description. Set E;=0 V and

R=100 Ohm. With the help of the
switch Sw 1 connect the circuit to the
source of harmonious voltage E, .

2.2. Model the occurrence of
forced oscilations in the circuit for
the case of oscillatory operation.
On the oscillograph, display the
oscilligram of current in the circuit
and that of voltage across the capa-
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1.18. 3o00paszutn y BUTIAAI
rpadikiB eKClepUMEHTaNbHI 3a-
JIEKHOCTI CTPYMy W HampyTH Bif
qacy AJIsl anepioguvYHOro, KpUTHU-
YHOTO ¥ KOJMBAJILHOTO PEXHMIB.
[MopiBHsATH 1X, 3pOOUTH BUCHOBKH.

2. BuBuntH Tmpouecu B
RLC - xoni npu BBIMKHEHHI Horo
Ha TapMOHIYHY HAIpyTy.

2.1. 'Y cxemi 3rimHo 3 prc. 1.7.2
YCTAaHOBUTH MapaMerpu KIIO4YiB
Ki.1 i Kin.2 BiamoBigHO /10 onucy
BUMIPIOBaJIbHOT CXEMH. YCTaHO-
BUTH Hamnpyry mxkepena E; =0 B

ta omip R=100 Owm. Kirouem
Ki.1 miaKiIrounT 10 CXEMHU JKe-
pesio rapMoHiuHOi Hanpyru E, .

2.2. IlpoBecTr MOJIEIIOBAHHS
BUHUKHEHHS 3MYIIEHUX KOJIH-
BaHb y KOHTYpi, IO TPAIOE B
KOJIMBAILHOMY pexuMi. BuBecTu
Ha CKpaH ocmwiorpada emopu
CTpyMy B KOJi W Hampyrda Ha



citor in the time range 0...3 ms.
Measure the time-dependence of
the current and that of the voltage
with a step of 0,1 ms. Enter the
measured data to Table 1.7.7.

KOHJIEHCATOpi B YaCOBOMY Jiama-
30Hi 0...3 mc. Bumiparu uacosi
3aJIeKHOCTI CTPyMy W HampyrH i3
kpokom 0,1 mc. PesymapTatu BH-
MiproBaHb 3aHeCTH A0 Taoim. 1.7.7.

Table 1.7.7. Voltage and current time dependence (according to 2.2)
Tabnuya 1.7.7. YacoBi 3aJ1e:KHOCTI cTpyMy i Hanpyru (BignosigHo no m. 2.2)

t,ms

u,mv

|, mA

2.3. Calculate the time-
dependence of the current and that
of the voltage in accordance with
(1.7.12) and (1.7.13).

2.4. Draw to scale the calcu-
lated and experimental time-
dependences of the current and
those of the voltage. Compare
them and make conclusions.

2.5. Change the value of R to
50 Ohms and repeat the steps in
accordance to 2.1-2.4. Enter the
measured results to Table 1.7.8.

2.3. PospaxyBaTu 4acoBi 3a-
JISKHOCTI OOBiAHOI CTPyMy Bin-
nosigxo 10 (1.7.12) 1 (1.7.13).

2.4. 3o00pasutu y BUITII
rpadikiB po3paxyHKOBi i excrme-
PUMEHTAIIBHI 3aJIE)KHOCTI CTPYyMY
i Hanpyru Bin yacy. [lopiBHsTH
X, 3pOOUTH BUCHOBKH.

2.5. 3MIHUTH BEJIMYMHY Ta-
pametpa R Ha 50 OMm i moBTOPUTH
nii 3rigHo 3 ma. 2.1-2.4. Pe3yib-
TaTH BHUMIpPIOBaHb 3aHECTH JO
Tabmn. 1.7.8.

Table 1.7.8. Voltage and current time dependence (according to 2.5)
Tabauys 1.7.8. YacoBi 3aj1esKHOCTi CTPyMY it HAaNpyru (BinmoBigHo 10 1. 2.5)

t,ms

Uu,mv

|, mA

3. Make an experimentation
paper containing the results of the
study and your conclusions
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3. IligroryBaTu 3BiT 3 pe-
3yJabTaTaMH MPOBEACHUX JOCIIi-
JKEHb 1 BUCHOBKAMM.



REQUIREMENTS
TO THE SDUDY RECORD

When carrying out laborato-
ry works the student is obliged to
do all tasks that are given in the
Manual. The results are to be
presented in a study record that
should contain a copy of the La-
boratory work description in-
cluding the tables filled, the
graphs and oscillograms drawn
on graph paper, and the page of
Conclusions.

BUMOI'A
JI0 3BITY

Ilin yac BukoHaHHS JMabopa-
TOPHHX POOIT CTYAGHT 30-
OOB’si3aHMH BHKOHAaTH BCl 3a-
BIaHHS, IO HaBEJEeHI y IOCi0-
HUKY. PesynmpTatn HeoOXigHO
MOJIaTH Y 3BIiTi, IO MICTUThH KO-
M0 Omucy J1abopaTopHOi pobo-
TH 13 3alIOBHEHMMH TaOIUIIMU,
rpadikaMu Ta OCIHJIOTPaMaMH,
BUKOHAHUMH Ha MIiJIIMETPOBOMY
Tranepi, Ta BHCHOBKU.
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Part 2
PRACTICAL CLASSES
INTRODUCTION

General directions. The ob-
jective of practical classes is to
help the student to learn the basic
facts of the theory of linear electric
circuits and acquire skills in ana-
Iytical calculation of elementary
circuits using the basic studied
methods. Therefore, the methodo-
logical learning material presented
below implies that the student has
got acquainted with the material of
the lectures and the recommended
literature on the subject before the
practical class.

During employment the stu-
dent can learn under the direction
of the teacher to use theoretical
knowledge for calculation of elec-
tric circles. Fastening of habits of
calculations is supposed at per-
formance of house problems
which should be executed in writ-
ing in deadlines.

Software
and Equipment

The methodological learning
material presented below implies that
analytical calculations to be carried
out are simple enough for the student
to use ordinary calculators, which
students are supposed to have, rather
than electronic computers.
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YactuHa 2
NMPAKTUYHI SAHATTA
BCTYII

3aranabHi BkasiBku. [IpakTu-
YHi 3aHATTS MAlOTh HA METI JIOTO-
MOTTH CTYAEHTY 3aCBOITH OCHOBHI
TIOJIOXKEHHS Teopii JIHIHHUX elek-
TPUYHUX KT Ta HAOYTH HABHUYOK
AHANIITHYHOTO PO3paxyHKy Haii-
OPOCTIMIMX KT 3 BUKOPHCTaHHSIM
OCHOBHHUX BHBYCHUX METOAIB. To-
My BUKJIQIEHUH HIKYE METOANY-
HUW HaBYAJIBHUM MaTepian mepea-
0auyae, 110 CTYJCHT O3HAHOMUBCS 3
MaTepiajioM JICKIH 1 PeKOMEH0-
BaHOI JIiTepaTypu 3 TEMH Tepel
MOYaTKOM ITPAKTUYHOTO 3aHSTTSI.

Ilixg yac 3aHATTSA CTYOEHT Mae
HaBYUTHCS TiJ KEPiBHUIITBOM BH-
KJIa/lada BUKOPHCTOBYBATU TEOpe-
TUYHI 3HAHHS JUIS PO3PaxyHKY
CJIIEKTPUYHHUX Kil. 3aKpilIeHHS
HaBMYOK PO3paxyHKiB mependava-
€TbCS y TPOLECi BUKOHAHHA [0-
MallHiX 3aBJaHb y MUCHMOBIH (o-
pMi Ta y CTUCIII TEPMiHU.

O0JaaqHaHHA Ta MPOrpaMHe
3a0e3neyeHHs

Buxnanennii HikK4e METOIUY-
HUI HaBYAJIBHMI Matepian repeada-
Yae, 110 CTY/JICHT BUKOHY€E aHAJIITHYHI
PO3paxyHKH, TOMY BHKOPHCTOBYBaTH
€JICKTPOHHO-O0UYHCITFOBAITBHI  MaIlI-
HU He moTpiOHO. s mocuts mpoc-
THX YHCIJIOBUX PO3PAXYHKIB HE 00Xij-
HO 3aCTOCOBYBAaTH IHKCHEPHI Kajlb-
KYJISITOPHL.



Personal computers may be
used in doing homework to per-
form calculations and build
graphs, including calculation-
graphic work using software that
the student is familiar with.

Practical class 1

BASIC LAWS
OF CURRENT FLOW

Aim of the class. The class is
aimed at students acquiring the
ability to practically apply Ohm's
law for analyzing electric circuits
with an EMF and Kirchhoff s
laws for parallel circuits.

Methodological
recommendatoions

Before starting to solve the
problems, it is necessary to make
revision and learn the necessary
material on the theory of linear
electric circuits.

Basic definitions. An electric
circuit is an idealized model of an
electrical or radio device pre-
sented by a collection of idealized
components that form a path for
electric current.

There exist active and passive
circuit components. Resistors T,
inductors L and capacitors C are

HomyckaeTbcsi ~ BUKOPUCTaHHSA
TIEPCOHATIFHIAX KOMIT TOTEPIB i Jac
BHKOHAHHS JOMAIIHIX 3aBIaHb IS
PO3paxyHKiB Ta OOYIOBH TpadikiB,
y TOMY YHCIIi IOMalIHBOI PO3paxyH-
KOBO-Tpa(iuHOi poOOTH 3a JOMOMO-
TOI0 TOTO MPOTPaMHOTO 3a0e3neyueH-
HS, SIKE CTYZICHT OIIaHyBaB.

IpakTuyne 3ansTT 1

JTOCJUKEHHS
OCHOBHMX 3AKOHIB
CTPYMOITPOXO/I)KEHHS

Merta 3ansarTs. 3abe3neunTu
HaOyTTS  CTyIOCHTaMH  yYMIiHHS
MPaKTUYHO 3aCTOCOBYBATH 3aKOH
Oma i aHami3y TISHKA KoJia 3
EPC, 3axkonu Kipxroda mis onucy
PO3TaTYKEHHX Kill.

MeToanyHi pexoMeHaamii

Ilepen pos3p’s;3aHHAM 3amad
HEOOXIIHO MOBTOPUTU ¥ 3aCBOITH
TaKi MUTaHHS Teopil JIHIHHUX ele-
KTPUYHHX KiJI.

OcHoBHi BH3Ha4veHHs. Enek-
TPUYHUM KOJIOM HA3WBAIOTH ifea-
JM30BaHy MOJIENb €JEeKTpo- abo
palliOTEXHIYHOTO MPUCTPOIO, TIO-
JaHy CyKYIHICTIO iaeani3oBaHHX
€JIEMEHTIB, 10 YTBOPIOIOTH MUIAX
VIS €JIEKTPUYHOTO CTPYMY.

Po3pi3HAlOTE macuBHI W aKTH-
BHi eJleMeHTH Kona. J[o macuBHHX
HaJIeKaTh OMOPH I, IHAYKTUBHICTH
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passive components. AS resis-
tance in general is the relation of
the voltage u to the current iina
circuit, this concept is also ap-
plied to inductive and capacitive
elements. To avoid ambiguity,
resistance is often referred to as
active, although r is a passive
element.

Active circuit components are
sources of energy. There exist
sources of electro-motive force
(EMF) and sources of current (Fig.
2.1.1). It is considered that voltage
on the terminals of an ideal EMF
source does not depend on the cur-
rent passing through it. A current
created by an ideal source of cur-
rent is considered to be indepen-
dent on its terminal voltage.

+

S

L, emuicts C . OCKiIBKH OIOPOM
B3araji € BiJHOMIEHHS Hampyru U
0 CTPyMy | Ha AeAKid JiIAHIN
KOJa, IIe TIOHATTS 3aCTOCOBYIOTh
TaKOX 1 IO 1HAYKTUBHUX, 1 €EMHIC-
HHX €JIeMEHTIB. )11 BU3HAYEHOCTI
OIMp YacTO HAa3UBAIOTh AKTHBHHUM,
Xo4a I — IMaCUBHUH CIIEMEHT.

AKTHBHI €JeMEHTH Kojia — IIe
Jokepena  eHeprii.  Po3pi3HsioTh
JpKeperna HaIlpyTH 1 JpKkepena CTpy-
My (puc. 2.1.1). BBaxaeTbcs, 1110
Hampyra Ha ifeanbHOMY JDKepedi
HAIpyTH HE 3aJISKUTh BiJ CTPyMY,
o0 TPOTiKae y HhOMY. B imeains-
HOMY JDKepelli CTpyMy CTpyM He
3aJICKUTh B HAlpyrdn Ha HOTo
3aTHCKavax.

Fig. 2.1.1. Sources of electro-motive force and sources of current
Puc. 2.1.1. Ixeneno EPC Ta mxepeno ctpymy

The concepts of branch,
node, and loop belong to the ba-
sic topological concepts in the
theory of electric circuits.

A branch is a circuit consist-
ing of one or several elements
connected in series the current
through which is the same.

OCHOBHMMH  TONOJOTTYHHMH
MOHATTSIMUA y Teopil Kii € TiJka,
BY30J1, KOHTYP.

Iinka — pidasiHKa €IeKTPUYHOTO
KOJIa, IO SIBJISIE COOOK0 MOCTIJOBHE
3’€lHaHHA OJHOTO ab0 AEKIJIBKOX
CJIEMEHTIB, Yepe3 sIKi B OyIb-sIKHUii
MOMEHT 4acy HpOTiKae OJHAKOBUH
CTPYM.

92



A node is a place where three
or more branches come together.

A loop is a closed path pass-
ing through several branches.

Choosing the direction of
currents and voltages in a circuit.

Before analyzing or calculating
a circuit, the true directions of cur-
rents and voltages in its subcircuits
may be unknown. It is necessary to
conditionally accept the positive
directions of currents and voltages
designating them with arrows. The
direction of current is designated by
an arrow on a corresponding
branch of the circuit, the direction
of voltage — by an arrow drawn
near a corresponding element of the
circuit.

If the values of currents and
voltages found as a result of calcu-
lation is positive, it means that
their true directions coincide with
the conditionally positive ones;
otherwise — they are opposite.

The directions of EMF and
those of voltage and current
sourses are shown with arrows
inside the circuit. It is assumed
that a current inside the source
flows from <= to “+”, i.e. from
the lower potential to the higher
one. It is considered that cur-
rents in passive elements as well
as voltages across them have the
same directions (a currents
flows from the point with a

By3zon — wicue 3’emHaHHS
TPHOX i OijIbIIE TTOK.

Kontyp — 3amMkHeHHH NUIAX,
0 TPOXOIUTH IO ACKIIBKOX TiJI-
Kax.

Buéip HanpsiMkiB cTpyMmiB i
Hanpyr KoJia.

o BuKOHaHHS aHAN3y 200 po-
3paxyHKy KoJla peajibHi HampsMKH
CTpYMIB 1 Hampyr Ha TUISTHKaxX KO-
Ja MOXYTh OyTH HeBimomi. Heo0-
X1JIHO TTOKJIACTH JTOBIIBHO YMOBHO
JOJAaTHI HampsIMH CTPyMiB 1 Ha-
Ipyr, MO3HAYMBILK X CTPLIKaMu.
HampsMok cTpymMy NO3HA4arOTh
CTPIJIKOIO Ha TiNIi, HANPSMOK Ha-
MPYTH — CTPIIKOI0, PO3MIIIEHOI0
Mopyd 3 BIiJNOBIIHUM €IEMEHTOM
KOJIa.

S0 3HaYeHHsS CTPyMIB 1 Ha-
NpyT, 3HAUJCHUX Y PE3yJIbTaTi po-
3paxyHKY, BUSIBISITbCS JIOJIATHUMH,
e 03Hayae, Mo 1X AilCHI HampsM-
KH 30irafoThcst 3 0OpaHWMU yYMOB-
HO-/I0OJIaTHAMH; Y TIPOTUBHOMY BU-
NaJIKy — BOHU MPOTHIIEKHI.

Hanpsm EPC, mxepen nHanpyru
1 CTpyMiB JpKeped CTpyMy IOKa3y-
I0Th CTPLIKaMH BcepeanHi koma. Ile-
pendavaeThCs, 10 BCEPEIMHI JIKe-
PeJ CTPyMH IPOTIKAIOTh Bif «—» 10
«+», TOOTO BIJI HIDKYOIO TIOTEHIiATY
no Bumoro. Hampsim cTtpymiB Ta
Hampyr Ha IAacCHBHHUX EJIEeMEHTax
BBAXXAIOTBCS 30DKHUMHU  (CTpyMH
MPOTIKAIOTH Bil TOYKH 3 BUIIHM
MOTEHIIaJIOM 10 TOYKU 3 HIDKYHM,
TOOTO BIT «+» 10 «—»).
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higher potential to the point
with a lower potential, i.e. from
“7 to “47). JI0o OCHOBHHX 3aKOHIB Teopii
Ohm’s and Kirchhoff's laws emexTpuuHuX Kij HaleXaTh 3aKOHH
are the basic laws of circuit theory. Owma it Kipxroda.
3akon Oma.
Ohm’s law. 1. Bakon Oma [jIs1 TTACHMBHOI'O
1. Ohm’s law for a passive «xoma (puc. 2.1.2): magiHHs Hampy-
circuit (Fig. 2.1.2): a potential ru Ha omnopi HOpiBHIOE HOOYTKY
drop across a resistor is equal t0 BenuYMHHM OO OMOPY HA BEJH-
the product of its resistance and 4wmHY CcTpyMy, IO MPOTIKAa€E IO
the amount of current flowing npoMy:

through it:
g U, =¢,— 0, =Ir ato I:h.
r

Up,=¢, -0, =Ir or 1=—2

r

/
1 — —»-— 2

r
O————————> 0,

UlZ

Fig. 2.1.2. Resistance
Puc. 2.1.2. Omip

2. Ohm’s law for a subcircuit 2. 3akoH Oma u1s AiNSHKA KO-
with an EMF (Fig.2.1.3): na 3 EPC (puc. 2.1.3):

Fig. 2.1.3. Subcircuit with EMF
Puc. 2.1.3. linsaka kona 3 EPC

¢y =0¢, —Ir,—1Ir,—Ir,—-1Ir, —-E, +E, — E;

or abo
b b
Py =0, — 1D T+ D E, Uy =1>r->E.
a a
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b
Here by > r we mean the
a

sum of all resistances connected
in series in a subcircuit ab, and

b
D E s the algebraic sum of all
a

the EMF. In this case, those
EMF whose directions coincide
with the conditionally positive
direction of current are taken
with the “+” sign, the others —
with the “~ sign. Hence:

b
TyT nig cuMBOJIOM Z I posy-
a

MIIOTb CyMy BCiX OMOpIB, YBIMK-
HEHMX IOCIIiZ0BHO Ha aurdHLi ab, a

b
ZE — anreOpuuHy CyMy BCiX
a

EPC. Ilpu upomy 1i EPC, Hampsm
SIKUX 30Iira€Thcs 3 00paHUM YMOBHO-
JOATHUM HaIpsIMKOM CTpyMy, Oe-
PYTBCSI 31 3HAKOM «-+», 1HIII — 31 3Ha-
KOM «—». 3BIJICH:

b b
(Pa—(PbeZE Uab+ZE
— a _ a

b

dor

a

Kirchhoff’s laws are, in
fact, conservation laws that play
an essential role in physics, and,
being  fundamental laws, are
held for any circuit. They consti-
tute the basis of different me-
thods of circuit analysis.

Kirchhoff’s current law is
applied to nodes (Fig. 2.1.4) and
it states that the algebraic sum of
currents in a node is equal to

zero: » 1=0. In an equation

for a node all inward currents are
taken with one sign (for example
“+7), and all outward currents
are taken with the opposite sign.

- b
dor
a
3akonu Kipxroda €, no cyri,
3aKOHaMH 30epexeHHsT abo CTaio-
CTi, IO BiJliTPalOTh BaroMy poJib y
¢i3umi, 1 SK OCHOBHI 3aKOHH

CHpaBeINBI 715 Oy Ib-SIKOTO KOJIa.
BoHu nexarr B OCHOBI METOJIB

aHami3y KiJ.
3akon Kipxroga mis crpymis
3aCTOCOBYIOTb 10 BY3JIiB

(puc. 2.1.4) 1 popmymroeTscs B Ta-
KAi crmoci0: anreOpuyHa cyma
CTPYMIB y BY3Ti JIOPIBHIOE HYIIIO:
ZI =0. V piBHSHHI U1 BCiX

CTPYMIB, IO MPOTIKAIOTh 10 By3Ia,
BUOMpAEThCSI OJWH 3HAK (Hampu-
KJa, «+»), a A BCIX CTPYMIB, IO
BHUTIKAIOTh 13 BY371a, — HPOTHIICK-
HUH 3HAaK.
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Fig. 2.1.4. Circuit node
Puc. 2.1.4. Byszon

Kirchhoff’s voltage law is
applied to electric loops and it
states that in any loop the alge-
braic sum of voltages across the
terminals of branches included in
this loop is equal to  ze-

ro:ZUzo.

To use this law, the direction
of loop tracing should be chosen.
Voltages whose conditionally
positive directions coincide with
the direction of loop tracing are
given the “+” sign, the others
take the opposite sign.

Sometimes this law is also
written as ZIr=ZE, where

Ir — voltages across the passive
elements caused by currents
flowing through them; £ — EMF
of the active elements of the cir-
cuit. For example, for a single-
loop circuit (Fig. 2.1.5):

U =¢ —@, =E —1Ir abo | =

3akon Kipxroda mns Hampyr
3aCTOCOBYETHCA IO KOHTYPIB 1 o-
PMYJIOETBCSI Tak: y OyIb-IKOMY
KOHTYpi anreOpuyHa cyma Harpyr
Ha 3aTHCKadax TUIOK, IO BXOMATH
y Ie KOHTYp, JOPIBHIOE HYIIIO:

Y u=o.

Jus toro mo0 ckopucTaTHCs
UM 3aKOHOM, BHOHMpPAIOTh Hampsi-
MOK 00xomy KoHTypy. Hampyrwn,
YMOBHO-JIOJIaTHI HAIMPSIMKU SKHX
30iraloThCsl 3 HANPSIMKOM 00XOJy
KOHTYpY, 3aITHCYIOTh 31 3HAKOM «+»,
1HII — 13 3HAKOM «—»,

IHOmI mTe#t 3aKoH 3amHCyIOTh
TaKOX y BUTIISL Z Ir = ZE , Ie

Ir — magiHHS HaOpPyrd Ha MACHB-
HUX €JIEMEHTax, 3a PaxyHOK CTpy-
MiB, III0 TIPOTIKAIOTh 10 HUX; E —
EPC axTuBHHMX €eJIEeMEHTIB KOJa.
Hanpuknan, mist 0JHOKOHTYPHOTO
kona (puc. 2.1.5):

E—(¢,—9,) _E-Up
r o
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Fig. 2.1.5. Voltage devider
Puc. 2.1.5. TlopinpHUK HaTIpyT

Solution of problems

Problem 1 (see Fig. 2.1.3).
It is known: E;=25 V;

P, — ¢, =U, =15V ; E,=32V,
E,=85V; I, =1, =15kQ; r, =54
kQ 5 r4 = 3,3 kQ .

Required: 1) Amount of cur-
rent in a branch. 2) Potential dif-
ference between points 1 and 2; a
and 1; 1 and b.

Discussing the problem situa-
tion. There is a circuit branching in
points a and b. The circuit may
have other sources of power in ad-
dition to the mentioned above. The
potential difference o, —¢, =U,,

is known. It is required to find the
currents in the branches and the
potential differences in its subcir-
cuits.

Discussing the approach to
solving the problem. We choose
the conditionally positive direction
of current in the circuit, then, using
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Po3B’sa3annga 3axa4

3aoaua 1 (muB. puc. 2.1.3).

Binomo: E; =25 B; E, =32
B; E;=85 B;
®, —@, =Uy =15 B;
n=r,=15 xOm; 1, =54 kOwm;
r, =3,3 kOMm.

[ToTpibHO: po3paxyBaTi
CTpYM Yy Tijimi. 3HAWTH Pi3HUIIO
[MOTEHI B MiX ToukamMu 1 1 2,
ail,lib.

YMoBa 3amaui. 3ajaHo Jijis-
HKY KOJia, II[0 PO3TalyXyEThCS B
TOYKax a, b, i, MOKIINBO, MICTHUTE
i iHmI JpKepena eHeprii, KpiMm
3a3HaYe€HUX. PI3HMI IOTEHIlia-
B ¢, —¢, =U, Bigoma. IloT-
piOHO po3paxyBaTH CTPYyM Y Tij-
i 1 pI3HUIIO TOTCHINATIB Ha
OKpeMUX 11 JiITHKaX.

Xim po3B’s3aHHA ~ 3ajadi.
O0upaeMo0  YMOBHO-IIOJaTHHA
HATpsM CTPYMy B KOJIi, KOpHC-
TYHOUYUCh 3akoHOM Owma mist Iii-
mssakn kona 3 EPC 1 3Haxogumo



Ohm’s law for a circuit with an
EMF, find the current. Then, the
current being found, we use the
same law to calculate the potential
difference in the given subcircuits.

Solution procedure

We choose the conditionally
positive direction of current flow
from a to b, designate it with an
arrow on the branch, and with
another arrow we will show the
direction of U, .

According to Ohm’s law we
will write:

Up—E +E,—E, 15-25+32-85 135

ctpyMm. llotiMm ckopucTaemocs
TAM K€ 3aKOHOM JIS BiJIIITyKaH-
HS Pi3HMIN IMOTEHITIATIB Ha 3aja-
HUX IIJISTHKAaX KOJIa 332 BiIOMOTO

CTpyMy.
Pos3e’azanns 3a0aui
Ob6upaeMo  yYMOBHO-ZIOZIAT-

HHI HampsM CTpyMy Bix a 0 b,
HO3HAUMMO HOro CTpUIKOI Ha
T, a mopyd Mo3HAYMMO CTPiJI-
Koo Hanpsm U, .

BigmoBigao o 3akony Oma
3aIHIIEMO:

=0,35 mA.

n+nL+R+1r,

It should be noted that, as U ,,

and E are expressed in volts and
resistances — in kilohms, we will
get the current expressed in mil-
liamperes, which we should get
used to and avoid converting resis-
tances and currents to basic units if
there is no special necessity.

As the calculated current |
proves to be positive, its true direc-
tion coincides with the conditional-
ly positive one.

Now we find the potential dif-
ference between points 1 and 2
using Ohm’s law for a circuit with
an EMF.
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- 15+54+15+33 38,7

Bapro 3BepHyTM yBary, mo
ockimekn U, i E 3amani y Bo-

IpTaxX, a omip — y KiJlooMmax,
CTPYM BUXOJUTH Yy Miliamrepax,
JI0 4Oro BapTO 3BUKHYTH W He
MEPEBOJUTH OIOPU Ta CTPYMHU B
OCHOBHI OJWHHII, SIKIIO II€ HE
JUKTYETHCS HEOOXITHICTIO.

Crpym | 3 pospaxyHKy BU-
SIBUBCSL JIOJATHUM, a OTXKE, 1CTHH-
HUHA HOro HampsIMOK 30iraeTbes 3
YMOBHO- JIOJIATHUM.

3Haii1IeMo Pi3HUIIIO MOTEHIi-
aimB MDK Toukamu 1 1 2. Bixmo-
BiJIHO 110 3akoHYy Oma JiIsl AiJISH-
ku xona 3 EPC



Up=-YE+I)r.

1 1
In the subcircuit 1, 2 there is on- Ha mimaam 1, 2 gie Bchoro
ly one EMF — E, and one resistor omna EPC E, 1 BBiMKHeHHI
r,. Therefore, OZIWH OTIip Iy, OTKe,
¢, —9,=U;,=-E, +I;=-32+0,35*15=32+585=-26,75 V;
U,=2675V.
In the subcircuit a, 1 there is Ha nmimaand a, 1 takox mie
also one EMF E1, but two resistors onua EPC E,;, ane BBiMKHEHO
nand r,.So, JiBa OTIOpH I} 1 T, , OTXe,

U,=1(r+1,)+E =035(15+54)+25=715+25=3215V .

Here the true direction coin- Tyt nificHuii HanpsMOK 30i-
cides with the conditionally posi- raerscst 3 yMOBHO-I0JaTHHUM.
tive one. Ha nminsguui 1, b girote 1Bi

In the subcircuit 1, b there are  EPC E, i E, i BBiMKHEHO B2
two EMF E, and E; and two re-

sistors ry and r, :
Uy =—-E,+E;+I(r;+r,)=-32+85+0,35(15+33) =
=-235+64=-171V.

onopu I i I,:

Here the true direction of vol- Tyt npilicHUN HaMpsSIMOK Ha-
tage is opposite to the conditional- mnpyru# TpOTHACKHHI YMOBHO-
ly positive one. JI0IATHOMY.

Proving the result obtained: Ilepesipka:

U, =U,, +U,, =3215-171=15,05 V

(which is given). (o # 3a1aHO).

Conclusion from the problem BucHOBKH TIpo PO3B’SI3aHHS
solution: although the current and 3apmaui: He3Bakarouu Ha Te, IO
voltage in the branch under study crpym i Hampyra B mocimimKyBaHii
have the same direction, voltages rimii 36iratoThesi 3a HAMPSIMKOM,
in its individual subcircuits may Ha okpemux il AUITHKaxX HAapyTH
differ in sign. MOYKYTh BHSIBUTHCS TIPOTHIIEKHH-

MH 32 3HAKOM.
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Problem 2 (Fig. 2.1.6)

3aoaua 2 (puc. 2.1.6)

E, E,
2

fy

Fig. 2.1.6. Subcircuit with EMF
Puc. 2.1.6. Jlinguka xoia 3 EPC

Cy 11
a u rl r2
It is known;

E =15V, E, =28V, E;=3V;
=38 kQ; r, =5,6 kQ;

r, =81 kQ.
Culculate the differences of
potentials ¢, -, =U,,  and

¢, — ¢, =U,,at 1=2,45 mA; Calcu-
late the values of voltage U, at

which the current in the branch
will be equal to zero.

All necessary discussionsare
made by students supervised by the
teacher in the course of problem
solution. It is just give a numerical
solution of the problem that we
give below:

Bigomo:
E, =15 B; E, =28 B; E; =3
B; =38 kOwm; 1, =5,6 kOwm;

r, =81 xkOm.
PospaxyBaru pi3HHILli MOTEH-
1iais Pa —Pp =Ug i

0,-0,=U;, mpu | =245 MA;
poO3paxyBaTd 3HAUYEHHsS HANpPYyTu
U,,, 3a SKOi cTpyM Yy rinui nopi-
BHIOBaTHME HYIIO.

YMoBy 3ajadi, Xin
PO3B’sI3aHHS 1 pO3B’sI3aHHS 3a/1a-
4l OOTOBOPIOIOTH CTYJICHTH IIif
KepiBHHMILITBOM BHKIajavya. Ha-
BEAEMO JIe YHCIIOBE
PO3B’sI3aHHS:

Q,— ¢, =U, =—E +E,—E;+1(p+r,+1,)=-15+28-3+
+2,45(38+5,6+81)=10+2,45-175=10+42,8=52,8V;

Uy, =E, +Ir, =28+2,45-5,6 =28+13,7 = 41,7V ;

b
Up|, o=> E=—E +E,~E,;=-15+28-3=10V
a

Problem 3 (Fig. 2.1.7)

Analyse the topology of the
circuit. Mark conditionally posi-
tive directions of currents and vol-
tages in the branches and ele-

3aoaua 3 (puc. 2.1.7)

[IpoanamizyBatu TOIIOJOTIIO
koma.  [lo3Hauutn  ymMOBHO-
JOJaTHI HampsAMH CTPyMiB 1 Ha-
Ipyr y TiJKax Ta Ha eJeMeHTax.
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ments. Write node and loop equa-
tions for the circuit.

Say, what will change in the
circuit equations if the direction of
EMF or the direction of one, two
or three source currents changes.

3anmcati BY3JIOBI W KOHTYpHI
PIBHSHHSA KOJIa.

3a3HaunTH, AKi 3MIHH BigOy-
IyThCSl B PIBHSAHHAX KOJA, SKIIO
3minuTH Hampsimok EPC  abo
CTPYMy OJHOTO, JBOX 200 TPbOX
TDKepelt.

Fig. 2.1.7. Circuit diagram for problem 3
Puc. 2.1.7. EnextpudHe KOO 1 3a1a4i 3

It turns out as a result of anal-
ysis that the circuit contains 2
nodes and 3 loops, 2 of which are
independent, i.e. they cannot in-
clude only those branches belong-
ing to other loops.

Having chosen the condition-
ally positive directions of currents
in the branches and the direction
of loop tracing, we write the fol-
lowing Kirchhoff’s equations:

For node 1:

I, +1,+1;,=0.

For loop I

E-E,=Ln—1,0,.
For loop II:
E,-E;=1,r,—1,0;.

4 pe3yabTarti aHaIizy
3’SICOBY€ETHCS, 10 KOJIO MICTUTh 2
BY3J1M i 3 KOHTYpH, 3 SIKHX 2 €
HE3aJI)KHUMH, TOOTO HE MOXYTh
OyTH CKJIaJieHi JIUIIE 3 TIOK, IO
BXOJIATH B 1HIII KOHTYPH.

OOpaBmwM  yMOBHO-JOAATHI
HaNPSMKH CTPYMIB Y TiJIKax i Ha-
MPSIMOK o0xoxy KOHTYDIB,
3anucyemo piBHsSHHA Kipxroga:

Jns By3ma 1:
I, +1,+1;=0.
st kontypy L
E-E =lLnr-1L,.
Jns kontypy II:

E,-E;=1,r,—151;.
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Note that when the direction of
EMF or the direction of one, two
or three source currents changes,
the sign in Kirchhoff’s equations
for the corresponding EMF or
current will also change.

Problem 4 (see conditions for
problem 3) (Fig. 2.1.8)

D\Es

3BepTaemMo yBary, Io Iij Jac
3minn HanpssMky EPC a6o ctpy-
My OJIHOTO, IBOX 200 TPbOX JDKe-
pen y piBasHEIX Kipxroda 3wmi-
HATBCS 3HakW BiamoBimHux EPC
a0o0 CTpyMiB.

3adaua 4 (nuB. ymMOBH 3amadi
3) (puc. 2.1.8)

N

Fig. 2.1.8. Circuit diagram for problem 4
Puc. 2.1.8. Enexrpuune koo ajst 3agadi 4

A circuit contains 3 nodes and
2 independent loops. Note that the
branch, containing the source of
current does not make a loop, and
the terminals of the EMF source

E, whose inner resistance equals
0 come together to one node.

For node 1:
IL+1,-1;,=0.
For node 2:
l,—1,-3=0.
For loop I:
E-E,=Lr-Lr,.
For loop IT:

E, —Es=Lr+ 135+ 1,1,

Cxema wmictuTh 3 By31mu i 2
He3aJIe)KHI KOHTYpU. 3BEpHYTH
yBary, mio TilKa, sKa MICTUTh
IDKEpEIo CTpyMy, KOHTYpYy He
YTBOPIOE, a 3aTHCKaui JpKepena
Hanpyru E,, BHyTpimmHii omip
SIKOro AopiBHIOE 0, CXOAATBCS B
OJTHOMY BY3JIi.

Jlms Byzma 1:

l,+1,-1;=0.
s Byzna 2:
I;-1,-3=0.
ns xontypy I
E-E,=Lr-Lr,.
Jns kontypy 1L
E,—E;=1L,n+135+1,r,.
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Homework Jlomannue 3aBaannst

Analyze the circuits (Fig. 2.1.9, [IpoanamizyBatu Koja 3aaadq
Fig. 2.1.10) according to the speci- 1 Tta 2 (puc. 2.1.9, 2.1.10) 3a
fication of problem 3. All the ymoBoro 3amaui 3. Enementu Tta
elements and indices in the circuit inmexcu Ha cxemax CTYIEHT IM03-
are to be denoted by the student. HAYa€ CaMOCTIHHO.

Fig. 2.1.9. Circuit diagram for problem 1 homework
Puc. 2.1.9. Enexrpruane koo i 3amadi 1

b ]

@

Nl

Fig. 2.1.10. Circuit diagram for problem 2 homework
Puc. 2.1.10. Enextpuyne koo 11 3amadi 2
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Practical class 2

CALCULATION
OF CIRCUITS BY THE ME-
THOD OF EQUIVALENT
TRANSFORMATIONS
AND BY THE METHOD
OF KIRCHOFF’S
EQUATIONS

Aim of the class. Acquiring
practical skills in application of
the method of equivalent trans-
formations and the method of
Kirchoff’s equations for electric
circuit calculation.

Methodological
recommendations

Before starting to solve the
problems, it is necessary to make
revision and learn the necessary
material on the theory of linear
electric circuits:

1. The essence of the equivalent
transformation method, the peculiar-
ities and order of calculation.

2.Basic rules of equivalent
transformations ~ of  simplest
passive circuits (series, parallel
and mixed connections; star and
delta connections).

3.Basic rules of equivalent
transformations of simplest cir-
cuits with current and voltage
sources (Fig. 2.2.1).

4.The rule of voltage
distribution in a two-element
voltage divider.

IIpakTu4He 3aHATTA 2

PO3PAXYHOK
KLJI METOJOM
EKBIBAJIEHTHHMX
MEPETBOPEHDb
TA METOJIOM
PIBHSIHb
KIPXTO®A

Mera 3ausiTrs. 3a0e3neunTd
HaOyTTA CTyIEeHTAMH  HAaBUYKIB
MPAKTAYHOTO 3aCTOCYBaHHS METO-
IIB CKBIBAICHTHUX IEPETBOPCHD
KoJa Ta piBHsHB Kipxroda mis pos-
PaxyHKY EeKTPIYHIX KiJI.

MeToau4Hi pexoMeHaauii

Ilepen posp’si3aHHSAM 3a1a4
HEOOXI1IHO TOBTOPHUTH Ta 3aCBOi-
TH TaKi IUTaHHS TeOopii JHIHHIX
EJIEKTPUYHHX KiJI:

1. CyTtb MeTOIy €KBiBaJECHT-
HUX TIEPETBOPEHb, OCOOIMBOCTI
Ta MOPSJIOK PO3PAXYHKY.

2. OcHOBHI TIpaBWJIa EKBiBajIe-
HTHUX TIEPETBOPEHb MPOCTIIIHX
MACUBHUX Kill (TOCHiZIOBHE, Tapa-
JIEIbHE Ta 3MiIaHe 3’ €IHaHHS,
3’€THAHHSA Y 3IPKY Ta TPUKYTHUK).

3. OcHOBHI NpaBHJjIa €KBiBa-
JIEHTHUX TIEPETBOPEHb MPOCTi-
HIMX KiJl 3 JDKepeslaMH Hampyr i
cTpymy (puc. 2.2.1).

4. TlpaBWiIo pO3MOIiTY Ha-
Ipyr y JBOXEJIEMEHTHOMY pO3-
MOJINBHUKY HAIPYTH.
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5. The rule of current
distribution in a two-element cur-
rent divider.

6. The essence of Kirchoff’s
equations method.

7. Peculiarities and order of
calculation by Kirchoff’s equa-
tions method.

8. The rule of selection of
independent loops and nodes.

9. Determining the number
of equations made up according
to Kirchhoff’s equations method.

|

rl rl
-« -
T
2
) ©
rZ
E

5. IlpaBuio po3nominy cTpy-
MiB y JIBOXEJIEMEHTHOMY PO3IO-
TUTBHUKY CTPYyMY

6. Cyts Merony piBHsIHB Ki-
pxroda.

7. OcobIMBOCTI Ta MOPAIOK
PO3paxyHKy MeETOJOM DiBHSIHb
Kipxroda.

8. [IpaBuio BuaineHHs He3a-
JIe)KHUX KOHTYPIB Ta BY3JiB.

9. BuzHaueHHsI KiIBKOCTI pi-
BHSIHb, SIKI CKJIQJalOThCS 3a Me-
TostoM piBHsAHB Kipxroda.

I rl
I rz

E=n*]

;
>
E
E=r)
r
E

c

r
< <
E,=J*r

E

r
-—>

EO

E

d

E,=E-E,=
=E-r*]

Fig. 2.2.1. Equivalent transformations of the simplest active circuits
Puc. 2.2.1. ExBiBaJIeHTHI IEPETBOPESHHS B HAUTIPOCTIIINX €JEKTPHIHNAX KOJIax
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The problems should be
solved in the following order:

1. Analyzing the problem sit-
uation and peculiarities of the cir-
cuit.

2. Planning the sequence of
problem solution operations.

3. Solving the problem first in
general, then numerically.

4. Making generalizations and
summing up the results of solving
the problem.

Solution of problems

Problem 1
The circuit diagram is given
in Fig. 2.2.2.

3amaui cimig po3B’s3yBaTH Y
Takii IIOCI1I0OBHOCTI:

1. Anami3z ymMoB 3aaadi, 0co0-
JMBOCTEH CXEMHU KOJIa 1 3aBJaH-
HSL.

2. CxiajaHss IUIaHy 1 X0y
pO3B’s3aHHS 3a7a9.

3. Po3B’s3anHs 3amadi B 3a-
raJbHOMY BHIJISAAL 1 MOTIM — Y
YHCIIax.

4. Y3aranpHeHHS Ta (Hopmy-
JIIOBaHHSA MiICYMKIB PO3B’ I3aHHS
3ajadi.

Po3B’sa3annga 3apau

3aoaua 1
[JaHo cxeMmy €JIeKTpUYHOIO
kona (puc. 2.2.2).

Fig. 2.2.2. The circuit diagram for problem 1
Puc. 2.2.2. Enextpudne Koo ais 3aaadi 1

It is known

Bizomo

L =12kQ, r,=24kQ; J=15mA; E=22V.

The circuit is to be replaced
with an equivalent source of:

1) voltage,

2) current

3aMiHUTH KOJIO E€KBiBaJEHT-

HUM JIKEPEIOM:

1) Hanpyry,
2) cTpyMy

and the parameters of its elements Tta Bu3HauMTH TapameTpH HOTO

are to be determined.

€JIEMEHTIB.
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Solution Po3B’si3aHHs
1. Let us make the equivalent 1. BukoHaeMoO eKBiBaJICHTHI
transformations (Fig. 2.2.3). nepeTBopenus (puc. 2.2.3).

Fig. 2.2.3. Equivalent transformations of circuit diagrams
Puc. 2.2.3. ExBiBaJIcHTHI IEPETBOPCHHS B CICKTPUIHOMY KO

rp=r+r,=12+24=36kQ;
E;=E-1,J,=22-24.15=-14 V.

2. Let us make the equivalent 2. BuKOHAaeMO eKBiBaJEHTHI
transformations (Fig. 2.2.4). neperBopenust (puc. 2.2.4).

3

Fig. 2.2.4. Equivalent transformations of circuit diagrams
Puc. 2.2.4. ExBiBaJIeHTHI IEPETBOPEHHS B €JIEKTPUIHOMY KOJIi

L=n+r,=12+24=36kQ;

3=3,— =3 -3)—2 =(E—Jj n __E _
n+r, ! n+r, r, n+r, n+r

r, 22 15 2,4
n+r, 12+24 12+24

=-3,84 mA.

107



Problem 2 3aoaua 2
a) Find the current in the a) Bmsnaumtu ctpym I, y
measuring diagonal of the bridge BUMipIOBaIbHil JiaroHam mMocty

(Fig. 2.2.5), if the following is (pyc. 2.2.5), sxmo Bimomo:
known:

r, =10Q; r, =100Q; r; =1000L2; r, =50Q;
R, =200Q; E=6V.
b) Find the current in the 0) Busnauutu crpym |, y

measuring diagonal, if r, = 0Q2 BHnaKy, ko I, = 0Q.

Fig. 2.2.5. The bridge diagram
Puc. 2.2.5. EnextpuuHa cxeMa MocTa

Solution Po3B’s3aHus

a) a)

1. The triangle (R,, 13, 1) is 1. IlepeTBOpEHHS TPUKYTHHUKA
transformed to the star-connection (Rn, K, ) y 3ipky (I, 6, 1)
(ry,15,17) (Fig. 2.2.6): (puc. 2.2.6):

- R.Is _ 200-1000 ~1600:
R, +r,+r, 200+50+1000
o G 100050 ..

"R, +r,+r, 200+50+1000
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Rf, _  200-50

r, = = =
"R, +r,+r, 200+50+1000
2
r, I5
I,
7 4
Il
A
r !
E
I3 r
£y :
_/

Fig. 2.2.6. Transformation into a star of bridge diagram
Puc. 2.2.6. IlepeTBopeHHS TPUKYTHHUKA B 3ipKYy MOCTOBOI CXeMU

2. The series connection of re- 2. TlepeTBOpEHHS TIOCITiIOBHO-
sistors is transformed (Fig. 2.2.7) o 3’eananHs onopis (puc. 2.2.7)

<
1, r

- —
]
Il

Fig. 2.2.7. Transformation of the resistances connection in series
Puc. 2.2.7. TlepeTBOpeHHS MOCTIIOBHO 3’ €THAHUX PE3UCTOPIB

g =1, +1; =100 +160 = 260 O,
lL=r+r=10+8=18 Q.

3. Transformation of mixed re- 3. IlepeTBOpeHHs 3MilIaHOTO
sistances connection (Fig. 2.2.8) 3’emHaHHs omopis (puc. 2.2.8):
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Fig. 2.2.8. Transformation of mixed resistances connection
Puc. 2.2.8. TlepeTBOpeHHs 3MIILIaHOTO 3’€THAHHS PE3UCTOPIB
L 260-18
+r, =
R+ 260+18
4. Calculating the current in 4. Po3paxyHOK CTpyMy B Jia-

the diagonal containing the romaii 3 mKepeaIOM KUBICHHS:
source of energy.

o=

+40=56,8 Q.

1=E_ 5 _1056.10% =105,6 mA.
o 568
5. Calculating the currents in 5. PospaxyHOK CTpyMiB Yy

the shoulders of the Wheatstone mmeyax mocta YiTcToHa:
bridge:

1=1—"2 —01056—20 __g9g8 mA;
I+ 1y 260+18
I, =1-1,=1056-98,8=6,8 mA.
6. The Voltage across the 6. Hampyra Ha BUMIiproBajib-
measuring diagonal: Hill liaroHami:
Uy =hl, —1l,=100-6,8-107° ~10-98,8-10° = -0,308 V.
7. The current in the measur- 7. CTpyM y BHMIpIOBAIBHIN
ing diagonal JiaroHai
I _Ysn 0308 ~154-10° =-1,54 mA.
R, 200
b) In this case, we use the 0) V 1p0My BHIIQNKY BHKO-

equivalent generator theorem. pucraemMo TeopeMy HpO €KBIBAJICHT-
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Branch  with the unknown
current disconnects.

1. Define the open circuit
voltage between breaking points
(between nodes 2 and 3 circuit

shown in Fig. 2.2.6, for which in

HUA TeHepatop. ['Ika 3 HeBiAOMUM
CTPYMOM PO3MHKAETHCH.

1. Bu3HaunMo Hampyry XoJjo-
CTOTr0 XOAy MK TOYKaMH PO3pH-
By (MK By3namu 2 Ta 3 CXEMH,
300paxeHoi Ha puc. 2.2.6, mis

this  case,).r; =13, I,=r,, sKol y mpoMy BHmamky Iy =13,
r, =0). r,=r,, r,=0).

To do this, execute JIis 1bOrO BHKOHAEMO pO3-
calculations similar items 2-6 paxynkw, amamoriumi mm 2-6
a) solution to this problem PO3B’A3KaHHA 4) i€l 3a1a4i

_ (G n)(n+r) _ (0+50)(100+1000) oo

A +r 441, 10+100+1000+50

E 6

Tan 96,
r2 + r3

I=1
n+nL+R+r,

—— =10545-10"%=105,45 mA;

1100

=0,10545 - —— =100 mA,
1160

I, =1—1,=105,45-100 = 5,45 mA;
Uy =1, -1l =100-545-10° -10-100-10"° = —0,455 V.

2. Define the equivalent
resistance between breaking points —
internal resistance of the equivalent
generator. In this case, mkepeno
source voltage E is shorted.

nr,  100-1000

2. Bu3HaunmMo eKBiBaJICHTHUN
omp MK TOYKAMH pO3PUBY —
BHYTPIIIHIN OMip €KBiBAJIEHTHOTO
reHeparopa. [Ipu nupbomy mxepeno
Hanpyru E 3akopouyerncs.

10-50 _ 99,24 Q.

r,h
3. Define the unknown
current
U,, 0,455

= +
" r,+r, r+r, 100+1000 10+50

3. BusmauuMo HEBIZOMHUHA

CTpyM
=-152-10° =-152 mA.

I = = —
B R,+R, 99,24+200

Problem 3
The circuit diagram is given
in Fig. 2.2.9.

3aoaua 3
JlaHo cxeMy eJEeKTPHYHOIo

kouna (puc. 2.2.9).
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Fig. 2.2.9. The circuit diagram for problem 3
Puc. 2.2.9. Enextpudre K00 A1 3a1a4i 3

It is known

Binomo

nL=r,=2kQ;r,=1kQ; E =14 V;E,=8V,;E; =12 V.

To find the currents in all
branches and potential differences
between points @ and b; 2 and 1.

Solution

1. Analyzing the topology
of the circuit: the number of
nodes: q=2, of which the

independent nodes: q—1=1; the

number of independent loops =
the number of chords = 2.

2. Choozing the conditi-
onally positive directions of
currents in the branches. Explai-
ning the meaning of these
directions and their connection
with the signs in the equations
and solutions obtained.

3. For node 2 the equation,
according to Kirchhoff’s law for
currents, is:

3HAWTH CTPYMH Y BCIiX TLTKax
Ta PI3HUIO MOTEHIlANIB MiX TO-
ykamu aib; 21 1.

Po3B’s13aHHs

1. Anauni3 TonoJiorii koa:

— KUTBKIiCTh BY31iB (=2, 3
HUX He3aIexXHux (—1=1;

— KIUIBKICTh HE3aJIe)KHUX KOH-
TypiB BIINOBiJIa€ KiIBKOCTI XOpJ
1 IOpiBHIOE 2.

2. Bubip yMOBHO-IOJaTHHX
HaNpsMIB CTPYMIB y TiJIKax; TO-
SICHUTY 3HAYCHHS IIMX HANPSIMKIiB
Ta iX 3B’A30K 3i 3HAKaMu y piB-
HSHHSX Ta OTPUMAaHUX PO3B’s3-
Kax.

3. PiBuanns 3a 3akoHoM Kip-
xroga Juis cTpyMiB (IU1s1 By3na 2):
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l,+1,—1,=0. (2.2.1)

4. For loops | and Il the equ- 4. PiBusHHS 3a 3akoHOM Kip-
ations, according to Kirchhoff’s xroda mis Hanpyr mist KoHTypiB I
law for voltages, are: ill;

nl,+rl,—E +E;=0; (2.2.2)
-nl;-nl,-E;+E,=0. (2.2.3)

5. The system of equations 5. Po3B’s13aHHS CHCTEMH PiB-
(2.2.1) — (2.2.3) is solved by the wmsup (2.2.1)—(2.2.3) Meromom
method of substitution. MiICTAHOBOK.

Substituting (2.2.1) to (2.2.2) [Migcrapnstoun PIBHSHHS
and (2.2.3), we get: (22.1) y (2.2.2) i (2.2.3), orpu-

MY€EMO.

(r1+r3)|1+r3|2 =E, —Eg;

(2.2.4)
— 1l = (r,+1)l, =E; - E,.
Hence, using Cramer’s for- 3Bigcu 3a dopmynamu Kpa-
mulas, it follows: Mepa
I _AL | _4,
1= ’ 2 = '
A A

where A is the determinant of the 1e A — BH3HAYHHUK CHUCTEMU PiB-
system of equations; A, is the HsHb, A, — BH3HAYHUK, SIKUH

determinant obtained from A by orpumyerscs 3 A 3aminor K -ro
replacing the k-th column with crosmus croemmem EPC (2.2.4).
the right part of equation (2.2.4).

n+r r 31
_|1Th 18 _ =—8(kQ)2;
-1, —(r,+r,) |-1-3
L= =-10 V*KO;

E,-E, 1 21
E,-E, —(b+r,) |4 -3
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it El—E3:3 2 _14V* kO
> |-, E,-E,| |-14 ’
=210 g o5
A -8
2=ﬁ:£=—1,75mA;
A -8

ly=1,+1,=125-175=-05 mA.

Discussing the  physical PosryisiHyTH (i3HUHHNA 3MiCT
meaning of the signs obtained in orpumaHux y po3B’si3kax 3HaKiB.
solving the problem. 6. IlepeBipka NpPaBUIBHOCTI

6. Proving the solution re- po3B’s3aHHs 3a JOIOMOIOIO PiB-
sults using the power balance HsHHS GanaHCy MOTYKHOCTEH:

equation:
Z sourse k Z consumerg
§=-X -100;

z sourse k

D Pouse = 4E, + 1,E, —1,E; =1,25-14-1,75-8+05:12 =95 W;
> Pronsumer = Bl + 17 + 6513 =2:1,252 + 21752 +1-05? =9,49 W;
. 95-9,49

-100 =0,11%.
7. The potential difference 7. Pi3HMI IOTEHIIAIIB MIX
U,, according to Ohm’s law: TOYKaMu a i b:
@, — ¢, =U, =E, —1,;,=8+1-05=85 V.
8. The potential difference 8. Pi3HuI moTeHmiamiB Mix
U,, according to Ohm’s law: Touykamu 2 1 1:
©,—¢,=U,, =l,+E,=1.(-0,5) +12=115 V.
Homework JlomaniHe 3aBIaHHsI
Problem 4 3aoaua 4
The circuit diagram is given laHo cXeMy eIeKTPHUYHOrO
in Fig. 2.2.10. kouna (puc. 2.2.10).

114



Fig. 2.2.10. The circuit diagram for problem 4
Puc. 2.2.10. Enextpudsne kojo ais 3amadi 4

Using the method of equiva- MeTtomoM TEepeTBOPEHb pPO3-
lent transformations, the currents paxysartu crpymu 1, i |,, sxmo
I, and 1, are found for:

r=25kQ;r, =12 kQ;r; =51 kQ;r, =11 kQ;

J; =10 mA;J, =21 mA;E, =50 V;E, =87 V.

Problem 5 (a task of the in- 3a0aua 5 (3amada migBHIIE-
creased complication) HOI CKJIaJHOCTI)
Threre is a diagram of elec- ITaHo cxXeMy eNeKTPHUYHOTO
tric circuit (Fig. 2.2.11). kona (puc. 2.2.11).
I E? E
1 3
—>— I— H

[6)]

Fig. 2.2.11. The circuit diagram for problem 5
Puc. 2.2.11. Enextpuune koo s 3aaa4i 5

n=25kQ;r,=12 kQ;r, =r, =5kQ;r, =r, =1KkQ;
J=10mA;E, =50 V;E, =87 V;E; =75 V.
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To find a current in resistors
r,, r,. For the solution of this

problem it is necessary first to do
equivalent transformations allow-
ing circuit simplification without
losing branches with unknown cur-
rents. Then, the method of Kir-
chhoff’s equations is applyed:

equivalent replacement of the pa-
rallel connection of two branches
connecting the sources of EMF
(Fig. 2.2.12).

17

s

& E

3HaliTu CTpyM B omopax I,
r,. Jna po3p’szanHs wiei 3amadi
HEOOXiHO crmodYaTky 3poowTH
€KBIBAJICHTHI TIEPETBOPEHHS, SIKi
CHPOIIYIOTh KOJO, alleé HE BTpa-
YalTh TUIKH 3  HEBIJOMUMU
CTpyMaMH, a TIOTIM 3aCTOCYBaTH
MeToz piBHsSHBb Kipxroda: Buko-
HATH CKBIBAJICHTHY 3aMiHy Iapa-
JIETBHOTO 3’ €THAHHS JBOX TLIOK 3
mxepenamu EPC (puc. 2.2.12).

. _sle
ntrn I+
ExEs3

nJ

Fig. 2.2.12. The diagram of equivalent replacement of parallel connection of
two branches with the sources of EMF
Puc. 2.2.12. ExBiBaJieHTHE TIEPETBOPEHHS MapaieIbHOrO
3’€IHaHHS JJBOX T'JIOK 3 jpkepenamu EPC

Practical class 3

CALCULATION
OF CIRCUITS BY THE ME-
THOD OF LOOP
CURRENTS AND THE
NODE-VOLTAGE METHOD

Aim of the class. Students’
acquiring practical skills in ap-
plication of the method of loop
currents and the node-voltage
method for circuit calculation.

IIpakTH4He 3aHATTA 3

PO3PAXYHOK KL/
METOJAOM KOHTYPHUX
CTPYMIB TA METOAOM

BY3JIOBUX HAIIPYT

Merta 3aHATTS. 3a0e3neUnTH
HaOyTTd  CTy#EGHTaMH  YMIiHHSI
MIPaKTHYHOTO 3aCTOCYBAHHS METO-
IIiB KOHTYPHHX CTPYMIB Ta BY3JIO-
BUIX HampyT JUIS PO3PAaXyHKY KiJI.
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Methodological
recommendations

Before starting to solve the
problems, it is necessary to make
revision and learn the necessary
material on the theory of linear
electric circuits:

1. Independent loops of a
circuit. Loop currents, resis-
tances and EMF’s. Choozing the
loop current direction. Systems
of loop equations in the matrix
form; their formulation and solu-
tion. A matrix of loop resis-
tances; taking account of current
sources in loop EMFs. Determi-
nation of currents in the branches
of a circuit in terms of loop cur-
rents.

2. Independent nodes of a
circuit. Node voltages, currents and
conductances. Choosing the node
voltage directions. Systems of node
equations in the matrix form, their
formulation and solution. A matrix
of node conductances. Determi-
nation of node currents. Determi-
nation of branch currents in terms
of node voltages.

The problems are to be
solved in the following order:

1. Analyzing the problem
situation, the peculiarities of the
circuit and those of the problem.

2. Planning the sequence of
problem solution operations.

3. Solving the problem first
in general, then numerically.

MeToauuni
pexoMenaauii

[lepen po3B’s3aHHSAM 3amad
HEOOXIIHO MOBTOPUTH Ta 3aCBOi-
TH TaKi MATaHHSA Teopil MHIHHUX
CICKTPUIHHX KiJI:

1. He3anexHi KOHTypH Koua.
KonTtypHi crtpymm, omopu Ta
EPC. Bubip HampsMKiB KOHTYp-
HuXx crpymiB. Cucrema KOHTYp-
HUX PIiBHSIHD y MaTpU4HIN Qopwmi,
i CkiIagaHHs Ta PO3B’SI3aHHS.
Martpuus KOHTYpHHX  OIOpIB,
ypaxyBaHHS [DKEpel CTpyMy B
koHTypHux EPC. BusHaueHHA
CTPYMIB Y T1JIKax KOJia 4epe3 KOH-
TYPHI CTPYMHU.

2. HesanexHi By3au KoJja.
Bys3noBi Hanpyru, nIpoBigHOCTI Ta
cTpymu. Bubip HampsiMKiB By3710-
Bux Hampyr. CucreMa BY3JI0BUX
piBHSHB y MaTpuuHiid (opmi, Il
CKJIaJJaHHS Ta PO3B’s3aHHs. Mart-
pULS  BY3JIOBHUX IPOBIAHOCTEH.
BusHaueHHS BY3JIOBUX CTPYMIB.
BusHaueHHs cTpyMiB y TUTKax
KOJIa uepe3 BY3JIOBi HAIlPpyTH.

3ajmadi chil po3B’s3yBaTH y
TaKid MOCIIIOBHOCTI:

1. Anaii3z ymoB 3a1au4i, 0co0-
JUBOCTEH CXEMH KOJIa.

2. CknamaHHs IUIAHY 1 XO4y
pO3B’sI3aHHS 3a71aY.

3. Po3B’s13aHHA 3a7a4i CIIovat-
Ky B 3araJIHOMY BHTJISI, TIOTIM —
V YACTIOBOMY BHPa)KCHHI.
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4. Making generalizations
and summing up the results of
solving the problem.

Solving problems

Problem 1
Given an electric circuit
(Fig. 2.3.2).

4. VY3zarampHeHHS Ta (QopMy-

JIOBaHHS MiICYMKiB PO3B’S3aHHS
3ajadi.

Po3B’si3anns 3agayq

3aoaua 1
JaHo cxemMy €JIEeKTpUYHOTO

kona (puc. 2.3.1).

Fig. 2.3.1. The circuit diagram for problem 1
Puc. 2.3.1. Enexkrpuute koo s 3aaa4i 1

To find loop resistances and
loop EMF. To work out the system
of loop equations.

The problem gets untied in
general. Making of solution:

1. Choosing the conditionally
positive directions of currents in
branches I, I, Ta I;.

2. Determining the number of
independent loops (for example T
and II).

3. Choosing the directions of
loop currents (the directions of
loop currents are taken the same for
both loops).
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3HalTH KOHTYPHI OMOPH Ta
koHTypHi EPC. Cxnactu cuc-
TEeMy KOHTYPHUX PiBHSHb.

3amada po3B’SA3y€ThCA B 3a-

rajgbHOMY BUTILSA]. Xin
pO3B’A3aHHS:
1. Bubip YMOBHO-

JIOJIATHUX HAmpsMKIB CTPyMiB
yrinkax I, I, ta I,.

2. Bubip He3ane:KHUX KOH-
TypiB, Hanpukiax I i IL

3. Bubip HanpsMKiB KOHTYP-
HUX CTPYMIB (HAIIPSIMKH KOHTYP-
HHUX CTPYMIB OOHMpPAIOTHCS OJHA-
KOBUMH U151 000X KOHTYPIB).



4. Formulation of loop 4. CkiagaHHs KOHTYpPHHX
equations and writing them in the piBusab. Ilepexin mo marpud-

matrix form: HOI ()OPMHU 3aKCy PiBHSHB!
n+r, -6 L] |E B,
-, L+n|l | |E,—Ey’
RI=E,
where R- a matrix of loop ne R — marpuis KOHTYpHHX
resistances, | — a column matrix omnopis; | —  wmarpuis-
of loop currents, E— a column cToBmeus KOHTYpPHHX CTPYMIB;
matrix of loop EMFs. E - marpuusg-croBnenp KoOH-
typHux EPC.
n+r, -—r
R[22 2 |
-, I,+0
I
I Z‘ I ‘ 1
I 1
E,-E
E = 1 2
EZ - E3
5. Solving the equations. 5. Po3B’si3aHHS PiBHSHb.
I = 4. . = 4,.
1 LAl B ’
A A
r+r, -—r
a=ltth 2.
-, I+0
E,-E -r
A =| T2 2 |.
E,-E; nr+n

n+r, E -E,
-1, E,-E,|

0 =
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6. Representation of branch
currents in terms of loop currents:

6. BupaxkeHHs1 CTpyMiB Ti-
JIOK Yepe3 KOHTYPHI CTPYMHU:

=0 L=h=h,lg==1, .

Problem 2
There’s a diagram of electric
circuit (Fig. 2.3.2).

3aoaua 2
JlaHo cxeMy eIeKTPHYHOTO
kona (puc. 2.3.2).

Fig. 2.3.2. The circuit diagram for problem 2
Puc. 2.3.2. ExextpuaHe Koo Ui 3agadi 2

It is known

Bimomo

n=r,=3kQ;r,=15kQ;r, =r,=2,4kQ; E, =100 V;
E,=60V; E;=80V;J, =J,=10 mA.

To find currents in the
branches by the method of loop
currents.

Analyzing the problem situa-
tion.

The circuit has two branches,
each containing a current source.
These branches do not form loops,
hence the number of independent
loops in the circuit is 2.

Choose  the  conditionally
positive directions of currents in
the branches of the initial circuit
(Fig. 2.3.2).
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3HalTH CTPyMH Y TlIKax
KOJa METOJOM  KOHTYPHHX
CTPYyMIiB.

AmHaiz yMOBH 3aaui.

Koo mae 1Bi Tinku 3 JpKe-
penamu crpymy. Lli rinku He
YTBOPIOIOTH  KOHTYPIiB, TOMY
KUTBKICTh HE3aJIS)KHUX KOHTY-
PiB y KoJIi TOpiBHIOE 2.

Ob6epeMo  YMOBHO-/IO/IaTHI
HampsIMKH CTPYMIB Yy TLIKax
MIepBUHHOI cXxemH (puc. 2.3.2).



Convert the current sources in-
to their equivalent sources of EMF
(Fig. 2.3.3).

[TepetBOprMO JoKepena

CTPYMy B €KBiBaJICHTHi JlKepe-
na EPC (puc. 2.3.3).

Fig. 2.3.3. Convert the current sources into sources of EMF
Puc. 2.3.3. IleperBopenns axepen ctpymy B Jkepena EPC

Now it becomes obvious that
the given circuit has two loops with
two loop currents I, and I,,. The

sources of EMF and resistances
connected in series can be united,
although it is not necessary.

Analyzing the solution proce-
dure.

Choosing the conditionally
positive directions of currents in
the branches (for example, as
shown on the diagram).

Choosing the directions of loop
currents and showing them with
arrows. Note that the directions of
loop currents in all the loops must
be taken the same.

Repesenting the currents in all
the branches in terms of loop
currents.
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Tenep o4yeBUHO, 11O 3aaa-
HE KOJIO Ma€ JBa KOHTYpH 3
KOHTYpHUMH cTpymamu |, Ta

I,,. HocninoBHO 3’€HaHI JuKe-

pena EPC i
00’e1HaTH,
000B’SI3KOBO.

Ananiz xo00y po3e’szanns
3a0aui.

Bubip yMOBHO-mOZaTHHX
HaNpsMKIB CTPyMIB y TilIKax
(HampuKkianm, Tak, SK IMOKa3aHO
Ha cxeMmi).

Bubip Ta mo3HavyeHHs Ha-
NPSMKIB KOHTYPHHX CTPYMIB.
HanpsiMmkn KOHTYpHHX CTpyMiB
y BCIX KOHTypax Tpeba BHOH-
paTH OTHaKOBHUMH.

BupaxxeHHs CTpyMiB y BCiX
riJKkax 4epe3 KOHTYPHI CTPYMH.

OTIOpH  MOXKHA
aie e HE



Formulation of loop equations.

Writing the equations in the
matrix form.

Solving the equations to find
the loop currents.

Calculation of currents in the
branches.

Proving the solution results us-
ing the power balance equation.

General solution of the prob-
lem.

In accordance with the condi-
tionally positive directions chosen
for branch currents and loop cur-
rents, the currents in the branches
are determined as follows:

L=1; ly=1-1I
As the solution of problem 1
shows, setting up loop equations
presents no difficulty, so we can
write them in the matrix form right

away:
X
I 1

E =-Jin+E +E,; E|
System solution (after Kra-
mer):

n+rn+n —I;

-1, 341, +1y

where

n+n+n
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-1, LI

CxiaganHsi KOHTYPHUX PiB-
HSHBb 1 1X 3amuc y MaTpuuHii
dopmi. Po3B’s13aHHs piBHSIHD —
BU3HAYCHHS KOHTYPHHX CTpY-
MiB. Po3paxyHOK CTpyMmiB Yy
rinkax koma. IlepeBipka mpa-
BHJIBHOCTI PO3B’SI3KYy 3a JIOIO-
MOTOIO piBHSHHS OamaHcy TIO-
TY>KHOCTEH.

Po3B’s13anHs 3amadi B 3ara-
JTHHOMY BHTJIST

BinmoBigHo 10 BUOpaHUX
YMOBHO-JIOJIATHUX ~ HAIMPSMKIB
CTPYMIB y TiNKaxX 1 KOHTYPHHX
CTpYMiB, CTpyMH Yy TiJIKax
(puc. 2.3.3) cxemMu BHU3HA4a-
IOThCS TAKUM YHHOM:

s la==ly

JlocBin po3r’si3anHst 3a1a4i 1
TIOKa3ye, 10 CKJIAJIaHHS KOHTYp-
HHX PIBHSHb HE BUKJIMKAE TPYII-
HOII[B, TO/Ii MOKHA OZIpa3y 3arlv-
CyBaTH iX B MATPUUHiil Qopmi:

-Jn+E +E, E,
- —E, —E;+J,05 - Eyl
ne
=—F,—E;+J,I;.

Po3p’si3anHs cuctemm (3a
Kpamepom):

’




E, N

A= ;
E, G+, 415

n+n+r E|
- E

g =

A,

A
I ZKl;IH ZX

Numerical solution of the prob- Po3p’si3anHs 3amaui y ymc-

lem: JIOBHUX 3HAYCHHSX

E, =100+60-10-3=130V,

E, =10-24-60-80=-116 V;,

75 -15
- = 47,25 2,25 = 45(kQ)?;
-15 63
130 -15
= =819-174 =675 (V- kQ);
-116 6,3
75 130
,= = —870+195=—675 (V- kQ);
-15 -116
! :ﬁzﬁzms mA; 1, :ﬁz—@z—ﬁ mA;
A 45 A 45

I, =143mA; I, =143+15=293mA; I, =15 mA.

Branch currents in the circuit Crpymu y TijgKax Koia
(Fig. 2.3.2): (puc. 2.3.2) cTaHOBISATD:

I, =-3, — I, =—243mA; 1, =14,3mA; I, = 29,3mA;

I, =15 mA; I, =-J,— I, =—25 mA..
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Proving the solution results us- IlepeBipka  MPaBWILHOCTI
ing the power balance equation: pO3B’sI3aHHS 32 JJOIIOMOTOIO
PIBHSTHHS OaaHCy IOTYKHOCTEH:

5= ZPsourse - chonsumer .100
ZPsourse
D Powse = ErIy + EyIy + EgI, — 311yt — J, 11 =100 14,3+
+60-29,3+80-15+10-24,3-3+10-25-2,4=5717 mVA,

chonsumerz I + 120, + 120 + 12r, + I2r, = 24,32 .3+

+14,3%.3+29,3%2-15+15%-2,4+25%.2,4=5713 mVA;

S :M -100 =0,07%.
5717
Problem 3 3aoaua 3
There’s a diagram of electric JlaHO cXeMy eNIeKTPHYHOTO
circuit (Fig. 2.3.4). koua (puc. 2.3.4).

Fig. 2.3.4. The circuit diagram for problem 3
Puc. 2.3.4. EnexTpudHe KOJO IS 3ama4i 3

To find node conductances and 3HaWTH BY3JIOBI IPOBiTHOC-
node currents. To work out node Ti ta By3n0Bi cTpymu. Ckiactu
equations system. CHUCTEMY BY3JIOBUX PiBHSHb.

We get a general solution of the 3agaua po3B’s3yETHCSA B 3a-
problem. rajJbHOMY BUIJISLIL.
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Problem 4 3aoaua 4

There’s a diagram of electric JlaHo cXeMy eJIeKTPUUHOTO
circuit (Fig. 2.3.5). kouna (puc. 2.3.5).
It is known Binomo

n=r,=3kQ;r;=r,=51kQ;ry =82 kQ; £, =10 V;
E,=14V;J, =2 mA; J, =3 mA.

J,
7 s 2
I, -
1, E, r s
4
Yol r
n 2 Ez 5
1, 1
3

Fig. 2.3.5. The circuit diagram for problem 4
Puc. 2.3.5. Enextpuune KoJ0 17151 3a1a4i 4

To find currents in the branches 3HaiTi CTpYMH y TLIKax KO-
by node voltages method. Jla METOJIOM BY3JIOBUX HAIIPyT.
Analyzing the problem situation Ananiz ymosu 3aoaui
The  circuit  has  three Koso mae Tpu HesanexHi

independent loops (branches with xouTypu (Tinku 3 mKepemammu
the current sources do not form cTpymy KOHTYpiB HE YTBOpIO-
loops), and calculation of currents roTe) i mms po3paxyHKY WHoOro
in it by the method of loop currents MeTomOM KOHTYpHHX CTPYMiB
would require solution of a system moTpiOHO po3B’si3aTH cUCTEMY
of equations with three unknown piBHSHB 3 TppOMa HEBIIOMUMHU.
variables. But the circuit has only Aue He3anexHUX By3IiB y KOJIi
two independent nodes, SO a BCHOrO JBa, TOMY PO3PaXyHOK
calculation using the node-voltage 1i meTogOoM BY3JIOBHX Hampyr
method would be easier. BHSABJISIETHCS O1ITBII IPOCTUM.
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To form node equations, it is
necessary to convert the sources of
EPC to their equivalent sources of
current. As the solution of the
previous problems shows, we can
choose between the general and
numerical variants of problem solu-
tion.

Analyzing the solution proce-
dure. Choosing the base node;
choosing the conditionally positive
direction of currents in the
branches; choosing the direction of
node voltages.

Formulation of node equations
(in groups where this question is
developed well enough, it can be
omitted).

Writing the node equations in
the matrix form.

Solving the system of equations
to find the node voltages.

Calculation of currents in the
branches of the circuit in terms of
node voltages.

Proving the solution results us-
ing the power balance equation.

General  solution of the
problem. Convert the sources of
EMF to their equivalent current
sources (Fig. 2.3.6):

E

&5

J
3r2

14
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Jns cximamaHHS BY3JIOBHX
PIBHSHBb  CiA  MEPETBOPHUTH
mkepena EPC B ekBiBalieHTHI
JoKepena cTpymy. 3 JOCBITy
PO3B’s3aHHS MTONIEPEIHIX 32134
MO>KHA 3’CyBaTH, Y JOLLIBHO
L€ BUKOHYBaTH B 3arallbHOMY
BUIJISI 1 B YUCIIAX.

Ananiz x00y po38’sa3anHs
3a0aui. Bubip 6a30Boro By3na;
BUOIp YMOBHO-JOJaTHUX Ha-
OpPSIMKIB CTPYMIB Yy TiIKax; BU-
O0ip HampsMKy BY3JIOBUX Ha-
TpYT.

CknafaHHsl BY3JIOBUX DiB-
HSHD (SKIIO THTaHHS JOCTaT-
HBO BIANpPaIbOBaHO, MOT0 MO-
JKHA BUITYCTHTH).

3anuc By3JIOBHX PIiBHSHb y
MaTpuuHiil popmi.

Po3B’si3aHHs cucTeMu piB-
HSHb — BU3HAYEHHS BY3JOBHX
Harpyr.

PozpaxyHok cTpymiB y Tin-
Kax KoJia 4epe3 By3JI0BI HAIPYTH.

IepeBipka mpaBUIIBHOCTI PO3-
B’s13aHHA 34 JIOTIOMOTOI0 PiBHSH-
Hs1 OaJiaHCy MOTY>KHOCTEH.

Po3B’si3anHHs 3a/mayi B 3ara-
npHOMY BUIIISLI. [lepeTBoprMO
mkepena EPC B exBiBaJieHTHi
JoKepena ctpymy (puc. 2.3.6):

E,
I



Fig. 2.3.6. The circuit diagram
Puc. 2.3.6. EnextpuuHe K0JI0

Choose the conditionally
positive directions of currents in the
branches and node voltages for the
initial and transformed circuits (for
example, as shown in Fig. 2.3.5,
2.3.6).

Direct the node voltages to base
node 3.

Make up node equations:

ObGepeMO yMOBHO-IIOJIATHI
HampsIMKH CTPYMIB Y TiJIKax
Ta BY3JIOBHUX Hampyr MepBHH-
HOI Ta IEPETBOPEHOI CXEM
(Hampuknan, K MOKa3aHO Ha
puc. 2.3.5, 2.3.6).

By3noBi Hampyru Hamps-
MHMO 10 6a30BOTO By3na 3.

CrJ1a12eMO By3/10BI PIBHSHHSL:

U;(9;+9, +03) U ;g3 =-J3-J;, = Jy;
-U,0;+U (9, + 95 +03)=J, +J,.

Write the node equations in the
matrix form:
X
UII

Solve the system by the matrix
method. For this purpose we will
find the inverse matrix of conduc-
tances:

0,+0,+0; —03
—0s 031t0,+0s
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3anuc By3JIOBHX PIBHSHB Y
MaTpU4Hid Gopmi:

—Js=d1 -, _HJ.H
‘]III

J,+J,

Po3p’soxemo CUCTEMY
MaTpu4HUM crocobom. s
IBOTO 3HAWAEMO OOEpHEHY
MAaTPHITIO TTPOBIAHOCTEH:




||G|| All Alz
A AZl A22
The node voltages will be found By3noBi Hampyru 3Haxo-
as follows: JIAMO Y BUTJISII
U, :ﬂ‘ll +ﬁ\]u;
A A
U, = Az J, + J,,
A
where J, and J,, — node currents me J, Ta J,, — By3IJOBi
in nodes 1 and 2. CTpyMH By31iB 11 2.
Express the currents in the BupaszuMo CTpymMH y Tij-

branches through in terms of node kax uepes Bysnosi Hanpyru:
voltages:

=U,9; U, +E=1r; 1,=(U,-U,)g,;
UII_E2=I4/r4; ls =-U,0s.

Numerical solution of problem. Po3B’s3aHHs 3a71a4i y 4M-
The node currents are: CIIOBUX 3HAYCHHsX. By3noBi
CTpyMH
J :—E——J 1—J, =—E—2 3=-833mA;
r, 3
Jy=13J, +E— =3+— 14 =3+2,75=5,75 mA.
r, 5,
The system of equations in the Cucrtema piBHSHb y Mart-
matrix form: puuHiit popmi:
1,11 1
_i _i_f_i_i_i UII 5’75
51 51 51 8.2
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0,862 —-0196| (U, -8,33
X = .
-019 0,514 U, [575

Finding the inverse matrix for 3HaxomKeHHs  00epHEeHOol
the case of a two-element matrix of wmarpuiii mpoBimHOCTEH y BH-
conductances is very simple: MaJKy JABOCJIEMEHTHOT MaTpHIl

JIy’e€ pocCTe:

lo ”,1 110,514 0,196 1 (0,514 0,196
A 0,196 0,862 0,405 0,196 0,862

Thus, the node voltages will be Omxe, BY3JIOBI HAaNpPyTrH

found as: 3HaXOAUMO 5K

U, =~ [0514(-8,33)+ 0196 -5,75]= 7,78 V;

0,405
1
U, =——[0,196(-8,33)+0,862-5,75]=8,21 V.
0,405
The currents in the circuit CtpymMu y TimKax Koia
branches (Fig. 2.3.5) are: (puc. 2.3.5):
I, = _118 _ 550 mA; I, _Zh8H10 674 ma;
3 3
I, szglg mA; 1, ZM =114 mA;
51 51
I, = 821 i ma
82
The solution results are proved IMepeBipka MpPaBHIBHOCTI

using the power balance equation: ~ po3p’si3aHHs 32  JJOIOMOTI'OO
piBHSHHS OajlaHCy TMOTY>KHOC-
TEH:

Z sourse k Z consumerg
k
Z sourse k

§=

-100,
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where

Jc

D Pouse =Erly + Epl,) = 3,115+ 3,141, =10-0,74 +
+14-114-2.259-3+3-313-51=86,79 mVA;

ZPconsumerzllzrl +(Ié)2 r, + |§I’3 +(|¢/1)2r4 +I§I’5 = 2,592 -3+
+0,74? .3+313%-51+114% .51+1%.8,2 =86,56 MVA:

5o zpsourse - ZPconsumer -100=0,266%.

Z P, sourse

Homework

Solve problem 2 by the node-
voltage method, and problem 4 —

by the method of loop currents.

Practical class 4

CALCULATION OF SIMPLE
HARMONIC CURRENT
CIRCUITS

Aim of the class. Acquiring
practical skills in application of the
complex amplitude method for cal-
culation of simple harmonic current

circuits.

Methodological
recommendations

Before starting to solve the
problems, it is necessary to make
revision and learn the necessary
material on the theory of linear

electric circuits:

Jomanine 3aBnaHHs

Posp’si3atu 3amauy 2 Me-
TOJAOM BY3JIOBUX HaIpyr, a
3amauyy 4 — METOAOM KOHTYp-
HUX CTPYMIB.

IpakTuyHe 3aHATTA 4

PO3PAXYHOK ITPOCTHUX
KIJI TAPMOHIYHOTI'O
CTPYMY

Mera 3anarTs. 3a0e3neunTd
HaOYTTS  CTyACHTaMHM  YMIiHHS
MPAKTHYHOTO 3aCTOCYBAaHHS METO-
Iy KOMIUIEKCHHX aMIUTTY Ui
PO3paxyHKy MPOCTUX KiJl TapMO-
HIYHOTO CTPYMY.

Metoau4Hi pexomMenaamii

[lepen po3B’s3aHHAM 3a7adu
HEOOXiJHO IOBTOPHUTH Ta 3aCBOITH
Taki TWTAHHS Teopii JIHIHHUX
CNIEKTPHIHHX KiJI:



1. Instantaneous and complex
instantaneous  values; complex
amplitude of harmonic current and
voltage. Transition from the
original to its image and vice versa.
Complex impedance and admit-
tance, their components and
relation between them. Ohm’s and
Kirchhoff’s laws in the complex
form. Active, reactive, total and
complex power. Time and vector
diagrams. Counting the initial
phases and phase shifts on time and
vector diagrams.

2. A harmonic current circuit
with one reactive element. Active
(ohmic) resistance, inductive and
capacitive reactances. Harmonic
current circuits with series and
parallel connection of a resistor and
a reactive element (inductor or
capacitor). The concept of complex
amplitude method.

The problems are to be solved
in the following order:

1. Analyzing the problem situa-
tion, the peculiarities of the circuit
and those of the problem.

2. Planning the sequence of
problem solution operations.

3. Solving the problem first in
general, then numerically.

4. Making generalizations and
summing up the results of solving
the problem.
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1. MurreBe, KOMIUIEKCHE
MHTTEBE 3HAUCHHs, KOMIUICKCHA
aMIUTITY/Ia TAPMOHIYHOTO CTPYMY
i Harpyru. [lepexiz Bin opuriHamy
JI0 300pakeHHs 1 HaBmaku., Kom-
IUICKCHI OMip 1 TMPOBIMHICTB, iX
KOMITOHEHTH 1 3B’S130K MK HUMH.
3axkorn Oma 3 Kipxroda y xoMm-
IUTeKCHIM popmi. AKTHBHA, peak-
THBHA, MOBHA 1 KOMILJIEKCHA IIO-
Ty)xHOcTi. YacoBi Ta BeKTOpHI
miarpamu. Bigik nmovatkoBux ¢as
i 3CyBy (a3 3a YaCOBUMHM Ta BEK-
TOPHVIMH JiarpamMam.

2. Kono rapmoHiuHOTO CTpY-
MY 3 OJTHUM PEaKTHBHUM CJICMCH-
TOM. AKTUBHUH, IHIYKTUBHHH 1
eMHicHUIA ornopu. Korna rapmMoHiy-
HOTO CTPYMY 3 IIOCIIIOBHUM 1
napajieIbHAM 3’ €THAHHSIM aKTHB-
HOTO OIOpYy 1 PEeaKTUBHOTO eJle-
MeHTa (IHIYKTHBHOCTI ab0 €MHO-
cri). [loHATTS IPO METON KOM-
IUICKCHUX aMILTITYI.

3amaui cmig posB’s3yBaTH Y
TaKiii MOCITiIOBHOCTI:

1. AHaiiz ymMoB 3aj1a4i, 0c00-
JIMBOCTEH CXEMH KOJIa 1 3aBIaHHSL.

2. CxiIafaHHs IUIaHY 1 XOIy
O3B’ sI3aHHS 33/1a4.

3. Po3B’s13aHHs 3a1a4l B 3ara-
JLHOMY BUIJIS, MOTIM — Y YHC-
JIOBUX 3HAYCHHSIX.

4. VY3aranpHeHHS Ta (oOpMy-
JIIOBaHHA TMIJCYMKIB PO3B’SI3aHHS
3a/1a4i.



Solving problems Po3B’sianns 3a1a4

Problem 1 3aoaua 1
a) Itis given: a) aHo:
i(t) =14.1sin (ot +30° ) mA.
To calculate: 1,,1,1,(jo,t). Busnauntu: 1., 1,1, (jo,t).
Solution: Po3B’s3aHHs:
| 14200 [ =216 106597 | (jo,t)=14,1e10050°)
J2
b) It is given: 6) Jauo:
U, =141e7 14"
To define: U, U, (jo,t), u(t) Bmsmaunmu U, U, (jo,t),

for the cases of sine and cosine u(t) 3 ypaxyBammsam cumyco-
laws of variation. For both cases
vector and time diagrams are to be
built, with the initial phase pointed
on them (Fig. 2.4.1).

iMaJbHOTO 1 KOCHHYCOIIAIBHOTO
3aKOHiIB 3MiHH. B 000X BHmagkax
MoOyAyBaTH BEKTOPHI 1 YacoBi
JiarpamH i3 3a3HaUeHHSIM Ha HHX
) noyatkoBoi ¢asu (puc. 2.4.1).
Solution Po3B’sa3aHHs
ge_ﬂoo
J2

0 141sin(oot - 40° )= Imf141e 1)
ult)= .

141cos(ot - 40° )= Reft41e (")

ut) 4 u(t) &
141sin(ot-40°)

U= =100e 14" Um(jm,t):141ej(‘”t‘4°°);

141 141cos(ot —40°)

20 0 ot 0 Bt
141 40

14171 40

Fig. 2.4.1. Voltage vector and time diagrams
Puc. 2.4.1. BextopHa Ta yacoBa JiiarpaMy Hanpyru

-
>
=

132



c) Itis given: B) JlaHo:

U, =300e 14" | =378
To define: o=wy, —vy;. Mark BusnaunTi:
this angle on the time and vector
diagrams (Fig. 2.4.2).
Answer the question: is it poss-
ible, that ¢ >90°.
Solution:

o=y, ~V;.
[No3HauwTH 1IEH KYT HA YacOBIH i
BEKTOpHIii miarpamax (puc. 2.4.2).

Bigmosicty, un Moxe Oyth
¢ >90°.

Po3B’s13anus:

o=y, —y; =—40—(-30)=-10°.

i A uig

141 !

Readout from U to I, Readout from U to i

Fig. 2.4.2. Voltage and current vector and time diagrams
Puc. 2.4.1. BexTopHi Ta 4acoBi JiarpaMu HAIpyTH Ta CTPYMY
Problem 2

The diagram of electric circuit
is given (Fig. 2.4.3)

3aoaua 2

JaHo cxemy eneKTpUYHOro
koua (puc. 2.4.3).

r

\

O
Fig. 2.4.3. The circuit diagram for problem 2
Puc. 2.4.3. Enextpudane Koo 1 3aaadi 2
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It is known Bimomo
r=15 kQ; C=3180 pF; f =10* Hz;
u(t) =100 cos(ot + 40°) V.

To find i(t) . Build a vector di- Busnauntu i(t). I[ToOymy-
agram. BaTH BEKTOPHY Jiarpamy.

Solution Po3B’sa3anus

1. We use the complex form of 1. 3actocyBaHHS 3aKOHY
Ohm’s law: Owma B KOMIUIEKCHIN Qopmi

- U .
ly=—"", Z=r—jXc, Xc =
7 Ke s Xe

" 2nfC
where x. — capacitive reactance 1e Xc — €MHiCcHHMIT omip.
1012
kQ;

X = =
¢ 2.314.10*.318-10°
Z =15- j5=5,22e 173" kQ;

. j400 A 01 qf
| —&zl&me““m mA.

" 5,20e 1318
2. Transition to the original: 2. IMepexin 10 opuriHaiy:
i(t)=19,16cos(2n10"t +113°18") mA.

3. Vector diagram build 3. ITobynoBa BEKTOPHOI ia-
(Fig. 2.4.4): rpamu (puc. 2.4.4).

U,=U,, +U,, U, =100e" | =1916e*"¢

U = rl'm _ 28,7ej113018" Umc — —chlm _ 95’8ej23018r.

mr
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Fig. 2.4.4. Voltage and current vector diagrams
Puc. 2.4.4. BexTopHi AiarpaMu HATIPYTH Ta CTPYMY

Problem 3 3aoaua 3
The diagram of electric circuit JlaHO cXeMy eJIEKTPUYHOTO
is given (Fig. 2.4.5) koua (puc. 2.4.5).
(=) »>
it I, _ .
|1(t) 'z(t) Iml Im2

Fig. 2.4.5. The diagram of electric circuit for problem 3
Puc. 2.4.5. Cxema eneKTpuIHOTO KOJIa s 3a71a4i 3

It is known Bigomo

=500 Q; L=10H; e(t)=311cos(10t +38°).

Define: BusnaunTu:
it), o=we-vi, S, P, Q. i), o=v.-v;, S, P, Q.
Solution Po3B’sa3aHus
1. Here are the parameters of 1. IlapameTpu ekBiBaJeHT-
an equivalent complex curcuit: HOI KOMIIJIEKCHOI CXEMH 3aMi-
ICHHS:
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E —311e; £=3ei® _p0ei.

J2
Z,=r=500Q, Z, = joL = j-10-10 = j100 =100e ",

2. We apply Ohm’s law in the 2. 3acTocyBaHHS

3aKOHY
complex form:

OmMa B KOMITIEKCHIH (opmi;

E, 311e¥

[, =—m =0,622¢%;
Z, 500
: j38° .
i —En_3He™ _gqpe,
Z, 100e!%

[ =T + [p =0,6226% 43116715 =317¢ 7147,

or abo

iy = Ep| o+ — :311ei38°[i+ie19°°]=3,17e14°°4°';
z, z, 500 100

I, 317 o i40°40

=—m -2 = 2,247 1400
J2 2

3. Transition to the original and

determination of the phase shift
angle:

3. Ilepexin mo opuriHaiy Ta
BU3HAYCHHS KyTa 3CyBY (a3

i(t) =37 cos(10t — 40°40") A; ¢ =, —y, =38° + 40°40' = 78°40".

4. Calculation of powers: 4. Po3paxyHOK OTY>KHOCTEH

S =U | =220e% . 22,2419 — 493178 — 97 + j480;
P=97 W; Q=480 VAr.

5. Building a vector diagram

5. I[lo6ynoBa BexTOpHOI Aia-
(Fig. 2.4.6).

rpamu (puc. 2.4.6).
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38 1
0| \40°40/

m2

m

Fig. 2.4.6. Voltage and current vector diagrams
Puc. 2.4.6. BektopHi AiarpamMu Halpyry Ta CTpyMy

Problem 4 3aoaua 4
The diagram of electric circuit JlaHO cXeMy eJIEKTPUYHOTO
is given (Fig. 2.4.7) xona (puc. 2.4.7).
I(t) il(t) iz(t) I m

N O

L C

-

Fig. 2.4.7. The diagram of electric circuit for problem 4
Puc. 2.4.7. Cxema elneKTpUYHOTO KO I 3aj1adi 4

It is known Bigomo

=10 Q; r, =15 Q; L=15 mH; C=2,35 pF;
e(t)=130sin5-10°%t V.

Define i(t). Buznauntu i(t).
Solution; Po3B’s13aHu4;
1. Here are the parameters of 1. IlapameTpu ekBiBaJIeHT-
an equivalent complex curcuit: HOI KOMIIJIEKCHOI CXEMH 3aMi-
IICHHSA.
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Z, =r+ joL=10+ j5.103 .15-10° =10 + j75:76ej82° :

21=r2+_1 =15+ — 31 -
JoC j5-10°-2,35-10

=15 j85 =86,5¢ 1%,

2. We apply Ohm’s law in the 2. 3acrocyBanHs 3akoHy Oma
complex form: B KOMIDIEKCHIH popmi:
Y :i+i= 1 — + 1 — :412‘1073e7j22°38’ ;
Z, Z, 76e’* 865e 1%

I‘m = EmY :130 . 4’2 '10—36—].22038’ — 0,546e—j22038' :

i(t)=0,546sin(5-10°t — 22°38').

Homework Jlomalnue 3aBaanHst
The diagram of electric cir- 1. JTaHo cxeMy eJIEKTPUYHOTO
cuit is given (Fig. 2.4.8) koua (puc. 2.4.8).
i(t) '
y
o

Fig. 2.4.8. The diagram of electric circuit for homework
Puc. 2.4.8. Cxema elnekTpUYHOro Kojia Jisl IOMAIIHbOTO 3aBJaHHs

It is known Bimomo

r=6 Q; L=8 mH; ©=10° rad/s; e(t)=7sin(wt +60°) V.

Define i(t), u,(t), u.(t), Buwsnauntu  i(t),  u,(t),
®=Wy,—y;. To build time and u,(t), @=wy,—v;. IoGymysatu
vector diagram. 4acoBY 1 BEKTOPHY JiarpaMu.
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Answer:

Z =10e’*";1, =0,7¢'%;U

2. Find currents i, and i, in

problem 4 and check the power
balance.

Practical class 5

CALCULATION
OF COMPLEX HARMONIC
CURRENT CIRCUITS

Aim of the class. Consolidat-
ing the students’ skills in applica-
tion of the complex amplitude
method for calculation of harmon-
ic current circuits, including cal-
culation of powers and power bal-
ance verification. Learning the
methods of loop currents and node
voltages in the complex form.

Methodological
recommendations

Before starting to solve the
problems, it is necessary to make
revision and learn the necessary
material on the theory of linear
electric circuits:

1. Complex amplitude
method. Peculiarities of complex
harmonic current circuit
calculation. The concept of an
equivalent complex circuit. Power

and balance of powers in a
harmonic current circuit.
2. Making loop (node)

equations in the complex form.

BianoBins:

 =4,2eU =566/,

2. 3HaiiT cTpym™Mu I, Ta i, B

3agaui 4 1 mepeBipuTH OanaHc
MOTYHOCTEH.

IIpakTH4yHe 3aHATTA S

PO3PAXYHOK CKJIAJHHUX
KIJI TAPMOHIYHOTI'O
CTPYMY

Meta 3aHATTA. 3aKpinuTH
HaBUYKU 3aCTOCYBAaHHS METOLY
KOMITUIEKCHUX ~ aMIUTITYd — JUIs
PO3paxyHKy KiJl TapMOHIYHOIO
CTpyMy, BKJIIOYAIOYH PpO3paxy-
HOK TIOTY)XHOCTEH 1 TepeBipKy
OaJilaHCy TOTYXHOCTEH. 3acBoi-
TH METOJIM KOHTYPHHX CTPYMIB 1
BY3JIOBUX HAaNpyr y KOMIIJIEKC-
Hilt popmi.

MeTonnuHi pexoMeHaamii

[lepen po3p’s3aHHSM 3amad
HEOOXiTHO MTOBTOPUTH Ta 3aCBO-
iTM Taki muTaHHSA Teopii JiHIK-
HUX EJICKTPUYHUX KIJI;

1. MeToa KOMIJIEKCHUX aM-
writya. Oco0nuBOCTI po3paxyH-
Ky CKIQJHUX KiJ TapMOHIYHOTO
ctpyMy. IlonsTTa npo eksiBae-
HTHY KOMIUIeKCHY cxemy. Ilo-
TY>KHICTB 1 OaJTaHC TTOTYKHOCTEH
Y KOJIi TAPMOHIYHOTO CTPYMY.

2. CxyagaHHs KOHTYPHHX
(By3/I0BHX) PIBHSHB Y KOMIIICK-
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Solving a system of equations by
the matrix method.

The problems are to be solved
in the following order:

1. Analyzing the problem sit-
uation, the peculiarities of the
circuit and those of the problem.

2. Planning the sequence of
problem solution operations.

3. Solving the problem first in
general, then numerically.

4. Making generalizations and
summing up the results of solving
the problem.

During a practical class the
students have to perform a lot of
manipulations and calculations
with complex numbers, which are
especially bulky in problem 2. In
the course of problem solution it
is very important to keep to brevi-
ty in mathematical calculations,
supervising and analyzing the
problem solution process.

Solving problems

Problem 1
It is given the electric circuit
(Fig. 2.5.1):

cHii (opmi. Po3B’s3aHHS cHC-
TEMHU pPIBHSAHb MAaTPUYHUM MeE-
TOJIOM.

3amagi cmig po3B’s3yBaTH Y
Takii ITOCI1I0OBHOCTI:

1. Anami3 ymoB 3amadi, 0co0-
JIUBOCTEH CXeMH Kojia 1 3aB-
JTAaHHS.

2. CkjaflaHHs IUIaHy 1 XOay
PO3B’s13aHHS 3a4a4.

3. Po3p’s3aHHs 3amaui cro-
YaTKy B 3araJbHOMYy BUTJISL,
MOTIM — Y YUCIIOBOMY BHPaXKEH-
HI.

4. Y3aranpHeHHS Ta (hopMy-
JIOBaHHS MiJICYMKIiB PO3B’s3aH-
Hi 3a7a4i.

OCOOJUBICTIO TPAKTHYHOTO
3aHATTS € HEOOXiAHICTH BHUKO-
HaHHSA BEJMKOTO oOcsTy miil i
PO3paxyHKiB 3 KOMIUIEKCHUMH
YKUCJIaMH, BIJIHOCHA TPOMI3JI-
KICTh SIKMX 3pOCTa€e B 3amadi 2.
Hdyxe  BaxJIMBO Yy  Xoji
pO3B’sI3aHHS 3a7a4, NPUTPUMY-
BaTUCh HAHOUIBIIIOI JIJAKOHIYHOC-
Ti B MAaTEeMAaTHYHUX BHKJIAJKaX i
pO3paxyHKax, KOHTPOIIOWOYU W
aHaN3yIOUu  XiJ PO3B’SI3aHHS
3aaul.

Po3B’sa3anug 3axau

3aoaua 1
JlaHO cxemy eIeKTPUYHOIOo
kona (puc. 2.5.1).

140



Fig. 2.5.1. The diagram of electric circuit for problem 1
Puc. 2.5.1. CxeMa eneKTpU9IHOTO KOJIa Ay 3a1adi |

It is known Binomo
e = 20\/§cos(cot +30°%); e, =80v2cosot : r=26 Q;
1 1
Xeg=——=10 Q; X, =——=5Q; X, =0oL=25 Q.
“ eCl “ wC2 :

To find i, i,, iy by loop Busnawntu i, i,, i; Mmero-
currents method. To verify mom kontypHux crpymis. Ilepe-
the balance of powers. BipUTH OaJIaHC TIOTYKHOCTEH.

Solution Po3B’si3aHHs

Build an equivalent complex CKJIaCTH €KBIBAJICHTHY KOMII-
circuit (Fig. 2.5.2) JekcHy cxemy (puc. 2.5.2).

Zl Il ]2 Zz
. ]3
D) AR
I AN ()

Fig. 2.5.2. Equivalent complex circuit
Puc. 2.5.2. ExBiBajeHTHA KOMILUIEKCHA CXeMa

where Z, =r+ jX, =26+ J25; Z,=r+ jXc, =26—j5; Z;=-]j10;
E, =20 ; E, =80.
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1. The solution is found by 1. Po3B’s3aHHS [IYKaeEMO
the loop current method using MeTosoOM KOHTYPHHX CTPyMiB
the equivalent complex circuit. 38 €KBIBAJIEHTHOI) KOMILIEKC-

HOKO CXEMOIO:

r leZlZ
Z21222

E,

EII

{lel'l +212|'|| :EI
Zyly +Zxl, =Ey

The complex loop reac- KomrmiekcHi KOHTYpHI OMOPH:
tances:

Zu=2,+2,=26+ j25— j10=26+ j15=30e]*"
Zy=Z,+Z3=26— j5- j10=26- j15=30e 1*";

Ziy =2y =—Z5 = j10=10e'%"

The complex loop EMF’s: Komrmuiekci koutyphi EPC:
E, =E, =20e/*";
E, =E, =80.
The determinants of the sys- BusHauHWKA CHCTEMH KOH-

tem of loop equations necessary TypHHX piBHSIHb, HEOOXiJHI s
for Kramer’s formulas to be ap- 3acrocysauus ¢hopmya Kpamepa:
plied:

Z,Z T
_ A1t 230.9 Jl(_J .|=900 - j2100 =10°;
ZnZy jlo  30e7
E Z j300 - P —
l:‘ 1Z12 | _|20e 1O 1600 — jgo0 =10%e 1577
EinZa 80 30e 1
30e1%  20e

= 2400 %" — j200e 1% =

)=

Z,,E, ‘:
Z,E j10 80

= 2080 + 1200 — 173 +100 = 2180 + 1027 = 2410812
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The complex loop currents KoMIutekcHI KOHTYpHI CTpy-
are determined using Kramer’s wmu BH3HAQUYUMO 3a JOTMIOMOTOIO

formulas: dopmyn Kpamepa:
I :ﬁ:M:e—J%"T-
A 10° ’
i :&: 24101510 _ 9 4] % @200
"TA 10° ’
The currents in the branches CtpyMu y TiIKax 3HAWIEMO

are found in terms of loop cur- uyepe3 KOHTYpHi CTPyMH:
rents:

I, =1, = %7 i =1. cos(oot -~ 53°7’);
i, =1, =2,41¢/%% i, =2 41cos(wt + 25°10');

Io=1, =1, =2,41/%% — ¢ 1% — 218 + j1,027 - 0,6 + j0,8 =

1,58+ [1,827 =2,414¢1 i, =2 414 cos(ot +49°10')

2. For checking the power 2. IlepeBipumo Oananc mo-
balance the complex powers are TtyxxHOCcTEd. JIist I1BOTO  CITiJ
calculated first. The complex crouatky po3paxyBaTH KOMII-

powers of the sources are: JekcHi  moryxkHocti.  Kowmn-
JICKCHa HOTy)KHiCTB mKepen:

Siouree = By 11 = 20613 157 22001857 2,44 j19,9;
Srsaurse = B 12 =80¢ 1217 =174,6 - 82,2,
Ssourse = Slsourse + SZsourse = 214 + 119’9 +17416 - 18212 =

= 177 - 162’3 = PSOUI’SE + jQSOUI‘Se'

The complex powers of the KoMmrmiekcHa  MOTY>KHICTB
energy consumers are: CIIO’KMBAYiB €HEPTii:

Sicons = 2112 =(26 + j25)-1% = 26 + j25;
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_ 2
SZCOI’]S. - ZZ I 2

(26 — j5)- 2,412 =151 j29,1;

Sacons = Zal2 =—j10-2,41* = —j58,2;

S

cons.

The power balance is proved
by comparing the real and imagi-
nary parts of the complex powers
of the sources and consumers:

S

sourse

P

This simultaneous balance of
the active and reactive powers
confirms that the problem has
been solved correctly.

Problem 2

It is given the electric circuit
(Fig. 2.5.2). Circuit’s parameters:

=177-j623=S

= Slcons. + SZcons. + S3(:ons. =177 - j62'3 = I:)cons. + chons.'

bananc MOTY>KHOCTEH
MepeBipsIETHCS HUTIXOM
MOPIBHAHHS NIHCHUX 1 YSBHHX
YaCTHH KOMIUIEKCHUX ITOTYXHO-
CTEH JDKEpel 1 CIIOKUBAYiB:

=177 - j62,3;

cons.

sourse — I:)cons.; Qsourse = Qcons.'

BukoHanHs1 OanaHcy aKTHB-
HUX 1 PEaKTHBHUX MOTYKHOCTEH
OJTHOYACHO CBiTYHUTH MpPO TIpa-
BHJIBHICTH PO3B’SI3aHHS 3a/1a4i.

3aoaua 2

JlaHo cXemy eJEeKTPUYHOTO
konma (puc. 2.5.2). Tlapamerpu
KoJIa:

e, =20cos(ot +30°), e, =80coswt, r=26 Q, X, =5Q,
X, =10 Q, X =25 Q.

Define i,, i,, i; by node
voltages method.

Solution

Build an equivalent complex
circuit (Fig. 2.5.3).

In order for application of the
node-voltage method to be clearly

evident, the voltage sources
should be replaced by their
equivalent current sources
(Fig. 2.5.3).

Busnauwty I, I,, I3 MerTo-
JIOM BY3JIOBUX HaIIpyT.

Po3B’s3aHHs

1. CknanemMo eKBiBaICHTHY
KOMIUIEKCHY cxemy (puc. 2.5.3).

Jnis Ha0YHOCTI 3acTOCYBaH-
HS METOJy BY3JIOBHX Hamlpyr
JDKepesia Halpyru CiJl 3aMiHH-
TH €KBIBaJCHTHUMH [KEpeiaMu
cTpyMmy (puc. 2.5.3).

144



Y,E, Y,E,

1

(I
=<
=<
c

1

| S|

<

N

Fig. 2.5.3. Equivalent complex circuit
Puc. 2.5.3. ExBiBajeHTHA KOMIIJIEKCHA CXEMa

Then the complex elements of Po3paxyHok CIIEMEHTIB
the circuit are calculated: KOMIUICKCHOT CXEMH:
Z,=26+ j25=361c%%; Y, = zi =0,0271¢ 714" ;
1

Z,=26-j5= 26,5¢ 109" : y = 0,0377¢ /19

1
ZZ
Z,=—j10=10e77%"; Y, = j01=01¢'*";

E, =20e1% =173+ j10; E, =80.

2. Then we build a node equa- 2. CknageMo BY3JIOBE piB-
tion and find its solution: HSHHS 1 3Haligemo  #oro
PO3B’A30K:
YuU, =1;

(Y, +Y, +Yo)U, =Y,E, —Y,E,;

U, :YlEl -Y,E, _
Y, +Y, +Y,
The calculations above would Jns BUKOHaHHS pO3paxyH-

be more convenient to do if they ki ix 3pyuno po3dutH Ha
were broken down into smaller oxpemi mii, ski MOXHa 3ampo-
operations that could be done by mnoHyBaTH BHKOHYBaTH CTYyICH-
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several different students, for ex- Tam, HampukiIag THM, SKi CH-
ample, siting in different rows: ISITH Ha Pi3HUX psAax:

I, =Y,E, =0,0271e 1% 20 %" = 0,542¢ 1" = 0,526 - j0,13;
I, =Y,E, =0,0377¢/1°% 80 = 3,02¢11%%" = 2,97 - j0,527;
I =1, -1, =Y,E, —Y,E, =-2,44 + j0,701= 2,541 ;
Yy, =Y, +Y, +Y, =0,0565 + j0,0883 = 0,105¢1%%*";

' . _ leO ) .
U = =23 _ 540004 _ 184+ j15,7.
Yii  0,105¢1%4

Currents in the branches are CTtpymH y TiIKax BHPa3HMMO
expressed in terms of node voltag- d4epe3 By310By Hampyry, BHKO-
es, using the complex form of puctoByroun 3akoH Oma B
Ohm’s law for branches with an komruiekcHiii hopmi ayst TiTOK 3
EMF source: mxepenom EPC:

i =(U, —E ), =(-18,4+ j15,7-17,3— j10)0,0271e /¢ =
=(=35,7 + j5,7)0,0271e 4% = _36,2e71°%' 0,0271e 14 =
=-0,981e 15"
i,=(U, +E,), =(-184+ j157+80)0,0377e 1 =
= (61,6 + j15,7)0,0377e %% =63 6e14¥ 0,0377e 109" =
=2,4e125%";
I;=U,Y, =—24,2e 1404 01e1%" = _2 42¢ 1%

From complex values we turn Big KOMIUIEKCHUX BEINYNH

to the originals of currents MepexXoJJMMO 10  OPHUTiHAIIB
CTpYMiB

i, =—0,981cos(mwt —53°); i, = 2,4cos(wt —25,2°);
i; =—2,42cos(wt —49,6°).

Compare the results obtained OrpuManuii pe3ysbTaT He-
with the calculation results of o06xigHo ToOpiBHATH 3 pe3yibTa-
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problem Ne 1 and explain the dif-
ference both in signs and in val-
ues.

Homework

Do the calculation-graphic
work for given diagram according
to following example (Fig. 2.5.4).

TOM PO3paxyHKy B 3amadi 1, mo-
SICHUBIIM PI3HUIIO Y 3HaKax i
BIIXWJICHHS Y YHCJIOBHX 3HA4eH-
HSIX.

Jomamnine 3aBnaHHs

Bukonatn  po3paxyHKOBO-
rpadiuHy poboTy sl 3amaHol
CXEMH 3TiJJHO 3 HABEJCHUM HIK-
4e IpuKIaIoM (puc. 2.5.4).

—J
i e (t)
| i
| —J
fy

Fig. 2.5.4. The diagram of electric circuit for homework
Puc. 2.5.4. Cxema eJIeKTpUYHOTO KOJia JIJIsl IOMAIIIHBOTO 3aBJIaHHs

It is known

Binomo:

rL=135kQ; r; =260 kQ; r, =r, =140 kQ2; C =1,226 pF;
L=16 mH; e (t) =112,5sin(1,125-10"t) V;
e, (t) =87,5sin(1,125-10"t +195°) V;
ji(t) =11sin(1,125-10"t +175°) mA.

Calculation procedure
1. Construct an equivalent
complex circuit and mark condi-
tional-positive directions of cur-
rents on it (for example, as it is
done in Fig. 2.5.5).

[Nopsinox po3paxyHKy
1. [ToOymyBaTH €KBiBaJICHTHY
KOMIUIEKCHY CXEMY 1 MO3HauuTh
Ha Hil YMOBHO-I0aTHI HampsM-
KM CTpPyMiB (Hampukian, SK Le
3pobiieHo Ha puc. 2.5.5).
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Fig. 2.5.5. Equivalent complex circuit
Puc. 2.5.5. ExBiBajIeHTHAa KOMIUIEKCHA CXeEMa

Write the values of complex
impedances z, — z;, EMF E,,,
and current J,, .

2. According to the complex
current method, convert the cur-
rent source to a source of voltage
E.ns =Jz, and mark the condi-
tionally positive direction of loop
tracing (Fig. 2.5.6).

3anucatd 3HAYEHHSI KOMILIE-
KCHHX onopiB z; — Z4, EPC E_,
E., Tactpymy J.,.

2. 3riHO 3 METOIOM KOMILIE-

KCHUX CTPYMIB JKEPENO CTPyMy
HEPEeTBOPUMO Y JDKEPEJIO HaNpyru

En; =JmZ, 1 Mo3HaUMMO yMOB-

HO-JI0ZIATHUI HANPsIM 00XOJTy KOH-
TypiB (puc. 2.5.6).

Fig. 2.5.6. Transformed equivalent complex circuit
Puc. 2.5.5. [lepeTBOpeHHS €KBIBaJICHTHOT KOMIIJICKCHOT CXEMU
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3. Make a matrix of loop
impedances and loop EMFs.

4. Find the loop currents.

5. Find the complex currents in
the branches. Check the obser-
vance of Kirchhoff’s laws.

6. Find the originals
currents in the branches.

7. Check the observance of the
power balance condition.

of

Practical class 6

SINGLE AND COUPLED
OSCILLATORY CIRCUITS

Aim of the class. Consolidat-
ing the students’ knowledge of os-
cillatory circuits and their ability to
use primary and secondary para-
meters of oscillatory circuits in
calculations.

Methodological recommendatio-
ns

Before starting to solve the
problems, it is necessary to make
revision and learn the necessary
material on the theory of linear
electric circuits:

1. The concept of an oscillato-

ry circuit.
2. Absolute, relative and
generalized detuning, detuning

factor and their quantitative repre-
sentation.

3. CkmamaemMo MaTpHITio KOH-
TYPHHX OINOpIB Ta KOHTYPHHUX
EPC.

4. 3HaxoaUMO KOHTYpHI CTpy-
M.

5. 3HaxomuMO KOMIUIEKCHI
ctpymu y Tinkax. llepeBipsiemo
BHKOHaHHS 3aKoHiB Kipxroda.

6. 3HaXOIMMO OpHTiHAIH CTPY-
MH Y TiJIKax.

7. llepeBipsieMO BHKOHaHHS
YMOBH OajiaHCy MOTYKHOCTEH.

IIpakTu4He 3aHATTA 6

OJUHOYHI TA 3B’A3AHI
KOJIMBAJIBHI KOHTYPHU

Meta 3aHATTA. 3aKpinuTH
3HaHHS CTYIEHTIB IPO KOJHBa-
JbHI KOHTYPH, YMIiHHSI KOPHCTY-
BaTHCS NEPBUHHUMH 1 BTOPHH-
HUMH TapaMeTpaMu KOHTYpiB
JUTSL PO3PAXYHKIB.

MeToau4Hi pexoMeHaauii

Ilepen posp’si3aHHsIM 3ajad,
HEOOXITHO MMOBTOPHUTH Ta 3aCBOi-
TH Taki MUTaHHS Teopil JMiHIHHMX
ENEeKTPUYHMX KiJT:

1. TIoHATTS KOJNHUBAIbHOTO
KOHTYDY.

2. AGCOMIOTHUH pO3MTaj, Bin-
HOCHMM po3niajl, y3arajibHEHUU
posnaz, daktop posnany i ix Kijib-
KiCHE BUPa)KeHHSL.
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3. The concept of bandwidth,
the shape factor of an oscillatory
circuit and their relation to circuit
selectivity.

4. The difference between the
properties of series and parallel
oscillatory circuits as well as be-
tween their secondary parameters.

5. Application fields of series
and parallel oscillatory circuits.

6. Basic properties of complex
parallel oscillatory circuits.

7. Frequency characteristics of
series and parallel oscillatory cir-
cuits and those of simple and
complex parallel oscillatory cir-
cuits.

The problems are to be solved
in the following order:

1. Analyzing the problem situ-
ation, the peculiarities of the circuit
and those of the problem.

2. Planning the sequence of
problem solution operations.

3. Solving the problem first in
general, then numerically.

4. Making generalizations and
summing up the results of solving
the problem.

Solving problems

Problem 1

It is given a chart of electric
circuit (Fig. 2.6.1).

The series oscillatory circuit
has been tuned to resonance.

3. IoHsATTa CcMyrH mpoIryc-
KaHHS 1 KoeilieHT MPSIMOKYTHO-
CTi KOHTYpY Ta X 3B’SI30K 3 BHOI-
PKOBICTIO KOJIa.

4. Pi3HMIS MK BJIaCTHBOC-
TSIMU TIOCITIIOBHOTO 1 THapaelb-
HOTO KOHTYPIB Ta IX BTOPUHHUMH
HapamMeTpamu.

5. 3acTocyBaHHS noc-
JITOBHOTO 1 TMapalelbHOr0 KOH-
TypiB.

6. OCHOBHI BIIACTHBOCTI CKJia-
JIHUX TTapaJie]IbHUX KOHTYPIB.

7. YacTOoTHI XapaKTEpUCTUKU
MOCITIZIOBHOTO 1  MapajieibHOro
KOHTYpIB; MPOCTOTO 1 CKJIaTHOTO
napaneIbHIX KOHTYPIB.

3amaui cmig po3B’sA3yBaTU Y
TaKii MOCIiIOBHOCTI:

1. Anamiz ymoB 3aadi, 0CO-
OJMBOCTEH CXeMH KoJa.

2. CkiagaHHsi TUTaHy 1 XOIy
PO3B’s13aHH 3a1a4.

3. Po3B’s3anHs 3amadi cro-
YaTKy B 3arajlbHOMY BHTJISIII, TIO-
TIM — Y YHCIIOBOMY BUPQ’KEHHI.

4. Y3aranbHeHHS Ta GopMy-
JIOBaHHA IMIiJCYMKIB  PO3B’s-
3aHHS 3a/]1a4i.

Po3B’sa3anng 3agau

3aoaua 1

JlaHo cxemy eJIeKTpPUYHOIrO
kona (puc. 2.6.1).

IMocmigoBHMI KOJIMBAILHHUI
KOHTYp, HAacCTPOEHHM B PeE30-
HaHC.
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Fig. 2.6.1. Series oscillatory circuits
Puc. 2.6.1. TlocninoBHMUIT KONUBaIBHUAN KOHTYP

It’s  given: L=01 H, Jano: L=01 I'n, C=1100 D,
C=1100 pF, r=46Q, r,=175, r=46 Owm, 71, =175 Om,
r,=50 Q, E=45 V (effective r, =550 Om, E =45 B (nitoue

value). 3HAUEHHA).
Tofindout fy, Iy, Uy, Ugg, Busnauntu  fo, 1y, U,
U,, (550), when: Uco, U, ,(550), sixuo:
a) r, =550Q; a) 1, =550 Owm;
b) r, =1830 Q. 6) r, =1830 Owm.
Solution ,
1. The resonance frequency of Posp’a3anns
the oscillatory circuit (checked ex- L. PC3OH§HCH3 1aCTOTa KOH-
perimenta"y)6 TYPY (HepeBlpﬂeTLCﬂ CKCIICpU-
MEHTAIIBHO):
1 1
= = =15,2 kHz.
0 L
2nJLC  2.3144/01-1100-10
2. The resonance current in the 2. CtpyM y KOHTYpi y pasi
oscillatory circuit pe30HaHCY
E
lg=—;
r+r,+r,
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45 45

lg=———————==—"-=58 mA;
46 +175+550 771
1) = 45 _ A5 _ooma
46+175+1830 2051
3. The characteristic imped- 3. XBUIBOBHUH OMip KOHTYPY

ance of the circuit

L 01
B % g5k
P=y\c "V1100.102

4. The quality factor (Q-factor) 4. JIoOpOoTHICTh KOHTYpY (€K-
of the circuit (equivalent): BiBaJIEHTHA):

- r .
e 1
r+r,+1,

_955.10°
46 +175 +550

1Ty

Q.

o - 9,55-10°
°  46+175+1830

5. The effective values of the 5. JlificHi 3HAYeHHS HANpPyTH
voltage across the inductor and Ha iHAYKTHBHOCTI Ta EMHOCTI
capacitor

4,65 .

U, =Ugo = loX, = lpXe = l,ol = 1,2nf L =
=58-10°.6,28-15,2-10°-01=52,9 V,
U/,=22-10".6,28-15,2-10° - 0,1=20,4V.

6. The voltage across the outer 6. Hampyra Ha 30BHIIIHBOMY

load HaBaHTaKEHHI
U,, (550)=1,-r,=584-10"°-550=32 V.
7. The relative bandwidth 7. BigHocHa cmyra mporryc-
KaHHS
g =i=i=o,08;
Q. 125
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T, =i,=i=0,22.
Q, 46
8. The absolute bandwidth 8. AbconroTHa cMmyra
IIPOITYCKaHHA
3
m=to 192107 4 o5y,
Q. 12,4
3
=t 14810 _ oo vy
Qe 4,
Problem 2 3aoaua 2
It is given a electric circuit JlaHo cXeMy eNeKTPHYHOTO
(Fig. 2.6.2). koua (puc. 2.6.2).
>
[
u
\j

Fig. 2.6.2. Parallel oscillatory circuit

Puc. 2.6.2. IlapanensHuil KONUBaIbHUN KOHTYP
It is known Bizomo

L=4 mH, C=01 pF, r,=160 Q, r,=120 Q.

1. Find out whether the paral-
lel oscillatory circuit is high-Q.

2. The current
frequency and the
resistance of the circuit.

resonance
resonant

1. 3’scyBat, 4u € 3amaHUI
napajielbHUi KOJHUBAJIbHUNA KOH-
TYP BUCOKOZAOOPOTHHUM.

2. Po3paxyBaTu 4acToTy pe-
30HAHCY CTPYMIB i Omip KOHTYpY
B pa3i pe3oHaHCy.
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3. The value of r; for which

resonance is possible at all.
4. The values of r, and 1, a

resonance will be indifferent.
Solution
Draw the students’ attention to
the presence of loss resistances in
the branches. Hence, the frequencies

0, and oy will be different.

1. The characteristic imped-
ance of the circuit:

3. 3a gKoro 3Ha4YeHHS I, pe-
30HaHC MOXKIIMBHI B3arali.

4, 3a gaKoro 3HAYCHHS OIOPIB
I, I, pe3oHaHc Oyzae OalmyKuM.

Po3B’s3aHHs

Heo0OxigHo 3BepHYTH yBary Ha
HAsBHICTh OMOpPIB yTparT y TLIKax.
Yacrotu ®, 1 ®p OymyTb pi3Hi.

1. XBUIBOBUH OMip KOHTYPY

-3
o E- [0
C 01-10

2. The Q-factor of the circuit

P p

2. NoOpOTHICTH KOHTYPY

200 _ 0,715.

Since an oscillatory circuit is
considered high-Q if Q>>1, in
our case the circuit is low-Q.

3. The resonance frequency:

r r+r, 160+120

OCKiIbKH KOHTYp BBa)Ka€Th-
Csi  BHCOKOJOOPOTHUM,  SIKIIO
Q>>1, To B po3risgaHoOMy BH-
MaJKy KOHTYP HU3bKOJJOOPOTHHIA.
3. YacroTa pe3oHaHCy

1 |p*—r? B

2_ 2
Or = O, P —h
o212 JLC \pi-t

2 2
_ 1 /2002 1602 _373.10° l
\/4.10—3 .01-10°¢ V200° —-120 c

4, The resonance resistance of
the circuit

N +p? 120-160 +200°

4. Omip KOHTYpY B pasi pe3o-
HaHCY

=212 Q.

Z. =r. =
R R
L+,

280
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A resonance is impossible
when r,>p or r,>p, that is
when r,>200 Q or r,>200Q.

A resonanse will be indifferent,
that is it will take place at any fre-
quency when r, =1, =p=200 Q.
(Explain the last two statements).

Problem 3

A tapped-inductor parallel
oscillatory circuit in  which
o, =3.18-10° rad/s, C,=600
pF, r=10 Q.

The inductance is to be distri-
buted between the branches to get

R ! =10 kQ. Draw the oscillato-

€0

ry circuit.
Solution

The oscillatory circuit is
shown in Fig. 2.6.3. It is known
that

Reo = Reo (mL —Me )2'

where m_ Lo b — in-
L L+L,
ductance turn-on ratio;
ClCZ
C C,+C, G,
Me=—-= =
C, C, C, +C,

— capacitance turn-on ratio. In
this circuit C, »> «, that is why

m, =0.

Pezonanc HEMOXXIMBHH, SKIIO
L>p abo I, >p, TOOTO AKIIO

rL>200 Om abo r,>200 Om.
Pesonanc Oyne Oaiimy:xum Ha
Oyab-aKiit 4acTOTI, SIKIIIO
L=r,=p=200 Owm. (IloscHiTb
JIBa OCTaHHI TBEPKECHHS).

3adaua 3

3agaHo CKIAOHUI Mapaneib-
HUW KonuBanbHUM KOHTYp II Bu-
1y, y skomy o, =3,18-10° pan/c,
C, =600 nd, r=10 Om.

Sk Tpeba po3moAITUTH 1HAY-
KTHBHICTb MIDX TUTKaMu, 1100
orpumatn R, =10 kOm. 300-

pasiTh cxeMy KOHTYPY.
Po3B’g3aHHs

CxeMy KOHTYpy MOKa3aHO Ha
puc. 2.6.3. Bigomo, mo

Reo" = Reo'(mL —Me )2 J
L L

em =—L=
LTI

€HT BMUKaHHS iHAYKTUBHOCTI,

— xoedi-

C1C2
mn..C_G+C G B
cc C, C,+C,

KOe(Ii€EHT BMHUKAaHHS €MHOCTI.
V mit cxemi C;, >0, TOoMy
m,=0.
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1
| S—
=

U,

(e,

Fig. 2.6.3. The complex parallel oscillatory circuit of the second kind
Puc. 2.6.3. Cxknaanuii napaneiabHUi KoauBanbHUNA KOHTYp 11 Bugy

”

Thus, R,, =R, m°. Orxe, R,, =R,,m.’.
Hence, 3Bixcu
m, = Reo_ .
Reo
Here Tyt
2 2
, 2 C , 2 C
p L : p
R g — [ — IS R = = = — — EK-
© r Cr ©r r Cr

equivalent resistance of an ordi- BiBaJeHTHHUil OIip MEPIIOTO KOH-
nary parallel oscillatory circuit. Ttypy, To0TO TpocTOrO Mapaneib-

r L 1 HOTO KOJIMBAIHHOTO KOHTYDY.
Thus, Reo :a: ©2C2r ' L y]I_:)y
0 OT)Ke, Reo == T y
) Cr  wgC°r
Because p* = ——.
w,C Ockinbkn p? = % Temep
Now O

! 1

= =278 kQ,
3182-10"-(600)* -107%* .10

eo
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3
n < [1010° o
27,8-10

1
From the formula o, =—
JLC

we calculate paxoByeMO

Lo L 1
;C  318°-10"-.600-107*

I3 popmymun o, :L po3-

JLc

=0,167 mH.

Now Tenep
L,=m -L=06-0167-10°=0,1-10"° =01 mH;

L,=L-L,=0167-10°-01-10"° =0,067 mH.

Problem 4 3aoaua 4
It is given a system of coupled JlaHo cxeMy 3B’SI3HHUX KOJIH-
oscillatory circuits (Fig. 2.6.4). BaJIbHUX KOHTYPiB (puc. 2.6.4).
L, C, (’2 L2
(T) [; = = (‘coup 4 ]3
r, r,
1 ¥y I -
L L 1

Fig. 2.6.4. The coupled oscillatory circuit
Puc. 2.6.4. 38’1301 KONUBaIBHUN KOHTYP

The parameters are [MTapameTrpu cxemu:
E=1V, L =L,=016 mH, C, =C, =250 pF,
Ceoup =10000 pF, 1, =1, =10 Q.
Find the bandwidth IT, max- 3Haiiti cmyry nporyckanss 1T,
imal current in the secondary 0s- MakcuMmanbHMIZ CTPYM y BTOPHH-
cillatory circuit I, and frequen- nHomy konTypi |, Ta dacrortu
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cies f,, f, at which this current f,, f,, Ha skux weit crpym BuHU-

occurs in the secondary oscillato- kae y BTopuHHOMY KOHTYPI.
ry circuit.

Solution Po3B’s3aHHs

1. Finding the frequency of 1. 3nalizeMo pe3oHaHCHY 4a-
the primary oscillatory circuit CTOTY MIEPBUHHOTO KOHTYPY:

f—— L _796 kHz.

2n,L,C,
2. Finding the Q-factor of the 2. BusHaumMo J00pOTHICTH
primary oscillatory circuit MIEPBUHHOTO KOHTYPY:

L

3. Finding the coupling factor 3. 3HaiinemMo (aktop 3B’S3KY
between the oscillatory circuits MIX KOHTYypaMu:
1

Jhh 27tf0Ccmm,/rlr2

4. Bandwidth of the system of 4. CMyra npoIycKaHHS CHC-
coupled oscillatory circuits TEMH 3B’ I3HUX KOHTYPIB:

H:%\/AZ +2A-1=26,3 kHz.

5. Maximal current in the 5. MakcuMalibHUI CTPpyM Y
secondary oscillatory circuit BTOPUHHOMY KOHTYDI:

lax = E =50 mA.
2.4/nr,
6. The maximal current in the 6. MakcuMaJIbHUIA CTpyM Y

secondary  oscillatory  circuit BTOpMHHOMY KOHTYpI IPOTIKa€e Ha
flows at the frequencies 4acToTax:

f,= f0(1ii\/A2 -1).
J 2Q
7. Substituting the values ob- 7. TligcTaBisroYM  YHCIIOBI
tained, we get 3HAYEHHS, OTPUMYEMO:

f,=787,4 kHz; f,=804,6 kHz.

max
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Homework

Analyze the solution of prob-
lems given below:

Problem 1

The active resistance of a se-
ries oscillatory circuitis r=6 Q.
What is its impedance if its gene-
ralized detuning is§ =27

Solution

The total input impedance of
the series oscillatory circuit is
calculated as:

JlomaliHe 3aBIaHHS

CaMocTiifHO TpoaHaTi3yBaTH
pPO3B’SI3aHHST HABEJICHUX HIDKYC
3a7ad4.

3aoaua 1

AKTUBHUH OTIp TOCIiJOBHO-
ro KoHTypy r=6 Owm. fxuii ioro
MTOBHHM OITip y pasi y3araabHEHO-
ro posnany =27

Po3B’s13anHg

[ToBHMIT BXigHMIA OMip TOCHTi-
JIOBHOTO KOHTYPY PO3PaxOBYEMO
SIK

Z, =r+ jx=rll+ j&)=6(1—- j2) Om.

Its modulus is:

I;’IOFO MOOYJb

Z,, =r{1+&2 =64/5=134 Om.

Problem 2

Determine the absolute detun-
ing under which the current in a
series oscillatory circuit decreases
to 0.5 of its maximal value
(Q=100, f =100 kHz).

Solution

The equation of the norma-
lized resonance curve of a series
oscillatory circuit is:

n(g)=

If we take n(&)=0,5, then
£ =443~ 4173,

3aoaua 2

Buznauntnn BenwmumHy abco-
JIOTHOTO ~ pO3JIajay, 3a SIKOTO
CTPYM Y TIOCHiIOBHOMY KOHTYpi
3MeHIyeTbes g0 0,5 Bijg mMakcu-
manpHOoTO 3HaweHHs (Q =100,
f =100 I'm).

Po3B’s3anus

PiBHsSIHHS HOpPMOBaHOI pe30-
HAHCHOI KpHUBOi MOCHiJOBHOTO

KOHTYpY
1

Jeg?

Skmo mokmactu  N(g)=0,5,
TO &= +1/3 ~ £1,73.
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As §= 2Q£ , then
fO
6
Af = ﬂ = iM =18.66 kHz.
2Q 2-100
Problem 3

Calculate the input imped-
ance of the parallel oscillatory
circuit: L=600 pH, C =200 pF,

r=20Q, Af =5kHz.

Ockimpku & = ZQAf—f , TO
0
6
Af :£:i1,73-10
2Q 2-100

3aoaua 3

=48.66 xI'm.

PospaxyBatu BXigHHI Omip
napaneIbHOTO KOHTYPY 32 YMOBH:
L=600 wmxI'n, C=200 nd,
r=20 Om, Af =5 k'

Solution Po3B’sa3anus
__Reo_Reo_' Reo.
in — re 2 Jé 2
1+ 1+¢ 1+¢
L 6-107* 5
== -15.10° Q;
“ Ccr 2.10%.2.10
-4
£=2QA0 _p®b A0 _ 4 a¢ b 4r5.103.810 g8
o, r ®, r
5
= 1910451000 @

T1vE? 141887

X, :—jg-R—e"Zz—j .188-0,33-10° Q;
1+¢

Z;, =12 +x2 =10°,/0,332 +-0,62> =0,7-10° Q.

Problem 4

A series oscillatory circuit
with the parameters: R=10 Q,
L=100 pH, C=100 pF is oper-
ated by the voltage U =1V. To
find out: ®,, p, d, Q, Iy, Py,
U, Ugp, IT.

3adaua 4

[TocmimoBHMIA KOHTYP 3 TIapamMeT-
pamu R=10 Om, L=100 wmxklH,
C=100 n® yBiMKHeHWII Ha Ha-
npyry U =1 B, 3naiit: o, p, d,
Q. loy Py Upp, Ugo, IT.
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Problem 5
A parallel oscillatory circuit
with the parameters

R =9Q, R, =10, L=

is operated by the voltage
U =200V. Find the currents in
the branches provided that the
frequency has got a 0.2 % in-
crease of the resonance frequency
due to detuning.

Practical class 7

ANALYSIS OF TRANSIENT
PROCESSES IN FIRST-ORDER
CIRCUITS BY THE
CLASSICAL METHOD

Aim of the class. Consolidating
the students’ practical skills in ap-
plication of the method of classical
analysis of transient processes in
circuits with zero initial conditions.
Improving their understanding of
the peculiarities of the classical cal-
culation method, basic parameters
and physics of transient processes
in first-order circuits.

Methodological recommendations

Before starting to solve the prob-
lems, it is necessary to make revision
and learn the necessary material on the
theory of linear electric circuits:

1. Causes of transient process
occurrence.

3aoaua 5
ITapanenpHuil  KOJMBAJIBHUI
KOHTYp 3 IMapaMeTpamu:

100uH, C=100pF

YBIMKHEHUI Ha HAMpyry
U=200 B. 3naiitu ctpymu y
riJikax 3a yMOBH, IO BHACIIJOK
po3nany yactora ctana Ha 0,2 %
OinpIa Bi pe30HAHCHOI.

[pakTuyHe 3aHaTTH 7

AHAJII3 ITEPEXTIHUX

MPOLECIB Y KOJIAX

HEPIIOTIO ITOPAAKY
KJIACUYHUM METOJO0OM

Mera 3ansaTTd.  3akpinuTH
BMIHHS CTYJEHTIB TPaKTHYHOTO
3aCTOCYBaHHS KJIACHYHOTO METOTY
aHamzy TepexiIHUX TMpOIECIB y
KOJIaX 3 HyJbOBUMH TMOYATKOBUMH
ymoBaMH. [lormuOuTH po3ymiHHS
0cOOIMBOCTEH KIIACHYHOTO METOIY
PO3paxyHKy, OCHOBHHX IapaMeTpiB
1 QI3UKM TepexigHUX TMPOLECIB y
KOJIaX MepIioro MOpsIIKY.

MeTtoan4Hi pekomeHaamii

[lepen po3B’s3aHHsIM 33734
HEOOXiZHO MOBTOPUTH i 3aCBOITH
Taki TUTaHHSA Teopil JiHIHHKUX
CTCKTPUIHHX KiJI.

1. Ilpy4MHN BUHUKHEHHS Iie-
PEXITHUX TIPOIIECIB.
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2. Principles, peculiarities and
algorithm of transient process
calculation using the classical
method. Choosing the independent
variables, formulation and solution
of differential equations.

3. Laws of commutation, initial
conditions, their application for
calculation of integration constants
and transient process analysis. Free
component, its form and way of
finding. Forced component, its form
and calculation.

4. Duration of transient pro-
cesses; time constant, its physical
and geometrical meanings, dimen-
sion, formulas, practical value and
calculation.

5. Calculation and construction
of transient process charts.

6. Proving the solution by
dimensions, extreme values of va-
riables or implementation of
Kirghoff’s laws observance.

The problems are to be solved
in the following order:

1. Analyzing the problem situa-
tion, the peculiarities of the circuit
and those of the problem.

2. Qualitative  analysis  of
processes which is based on analyz-
ing the physics of phenomena, initial
conditions and commutation laws.

3. Planning the sequence of
problem solution operations.
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2. Cytb, ocobnmBOCTI 1 anro-
PUTM  DPO3PaxyHKy MepexiTHux
MPOIECiB KIACHYHUM METOJOM.
Bubip He3anekHHMX  3MIHHUX,
CKJaJaHHA W po3B’si3aHHs Aude-
peHITiaTbHUX PiBHSHD.

3. 3akoHH KoMyTalii, mo4ar-
KOB1 YMOBH, 1X 3aCTOCYBaHHS /I
PO3paxyHKy CTaJluX IHTErpyBaH-
HS W aHami3y MepexigHuX Mpore-
ciB. BinbHa ckmagoBa, 11 BHA 1
3Haxo/keHHs. [IpumycoBa ckia-
JIOBa, ii B 1 pO3paxyHOK.

4. TpuBamicTp mnepeximTHUX
MpoIieciB; cTanma dacy, il ¢izud-
HUH 1 TEOMETPUYHUIA 3MICT, pO3-
MIpHICTB, (OpMyIH, TpPaKTUIHE
3HAYEHHS U PO3PaxyHOK.

5. PospaxyHok 1 moOyzoBa
rpadikiB mepexigHIX IPOIIECiB.

6. IlepeBipka mpPaBHILHOCTI
PO3B’sI3aHHS 32 PO3MIPHOCTSIMH,
KpaifHiM 3Ha4eHHSIM BEITMYUH 200
BUKOHAHHM 3aKoHiB Kipxroda.

3amadi HEOOXITHO pO3B’s3Y-
BaTH 32 TAKUM aJITOPUTMOM:

1. Anani3 ymoBH 3a/1a4i, 0c00-
JIMBOCTEHN CXEMH KOJa.

2. SIkicHuil aHali3 MpOIIECIB,
IO IPYHTYETHCS Ha aHami3i ¢i3u-
KH SIBUIII, TIOYaTKOBHX YMOB 1 3a-
KOHIB KOMYTaIlii.

3. Amamiz mwraHy # xomy
pO3B’sI3aHHS 3a7a9i.



4. Solving the problem first in
general, then numerically.

5. Stating the problem solution
findings.

Solving problems

Problem 1

rL-circuit switching on direct
voltage.

On Fig. 2.7.1 it’s given the cir-
cuit with following parameters:
r=120 Q; L=240 mH; E=60
V. At moment of time t=0 the
switch S1 is getting closed. To cal-
culate i(t), U (1), t, .

o
oL

4. Po3p’s13aHHS 3a7a4i CIIo4aT-
Ky B 3araJlbHOMY BHIJISI, TIOTIM —
Y YMCIOBUX 3HAUYEHHSIX.

5. ®opmyntoBaHHS BUCHOBKIB
3a PO3B’s3KaMU 3a/1a4i.

Po3B’si3anus 3aga4

3aoaua 1

VBiMKHeHHs rL-Kojia Ha 1o-
CTiliHY HaTpyTYy.

Ha puc. 2.7.1 nokazaHo cxe-
My 3 mapamerpamu: =120 Ow;
L=240 mI'n; E=60 B. VY mo-
MeHT yacy t=0 xmou Ki.l 3a-
MHKaeTbes.  Pospaxysatm  i(t),

UL(t)1 t

nep *

Llu

v
-«

Fig. 2.7.1. Switching of rL -circuit on direct voltage
Puc. 2.7.1. YBimkuenus rL -kona Ha nocriiiHy Hanpyry

Solution

1. Mark the conditionally positive
directions of current and voltages.

2. Set up a differential equation
for the post-commutation circuit
with respect to current in the induc-
tor (quantities subject to the law of
commutation, i.e. not changing
stepwise) according to Kirghoff’s
law for voltages:
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Po3B’s3aHH4

1. Ilo3HagaemMo YMOBHO-IO-
JIATHI HAMIPSIMK CTPYMY H Harmpyr.

2. Cknamaemo nudepeHiia-
JIbHE PIBHSIHHS JUIS TICISIKOMYTa-
MIHHOTO KOja IMOJ0 CTPyMy B
IHIYKTHBHOCTI (BETHYMHU, IO
MiUISTal0Th  3aKOHY KOMYTAIIii,
TOOTO HE 3MIHIOIOTLCS CTPUOKOM)
3a 3ak0HOM Kipxroga mis Hanpyr



Ur +U|_ =E; ri+ L%Z E, where i= ifree+ iforced'

3. Determine the free compo- 3. BusHauaeMo BiTbHY CKIIa-
nent of current as a complete solu- noBy cTpyMmy sk TOBHE pPO3B’s-
tion of a homogeneous differential 3anns omgHOpigHOrO mHbeEpeHIia-

equation of the circuit: JIBHOTO PiBHSHHS KOJIA:
. di
Mifee + L Qhree _g
dt
Characteristic equation XapakTepuCTUYHE PIBHAHHS
r+Lp=0,
r 1 r 1 .
where p=——== —therootofthe me p=—-—== — KOpiHb Xapak-
L = L =
- . L . L
characteristic equation, T=— — TEpPUCTUYHOTO PIBHSHHS, T=— —
r r
circuit time constant. cTajia Jacy Koua.
Free component BinbHa ckimagoBa
t
e = ACP = Ae T,
4. Determine the forced com- 4. Bu3HayaeMo MPHMYCOBY
ponent CKIIaJIOBY CTPyMY:
i _E
forced r '
5. Transient process current 5. CTpyM mepexigHoro mpo-
necy

t
e ? +Ae T

6. Independent initial condi- 6. HezanexxHi mo4aTkoBi ymo-
tions, obtained by calculation of the Bwu, orpuMani po3paxyHKOM ITOKO-
circuit before commutation at a wmyrarifiHoro kojia B MOMEHT
moment t =(0-) value i(0-)=0; t =(0-) 3nauenns i(0—)=0;
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The law of commutation: 3aKk0oH KOMyTallii:
i(0-)=i(0)=i(0+)=0,
then the integration constant is TOJi CTaJi IHTErpyBaHHS:

O=E+A,TO6TO A:—E
r r
(pay special attention to finding the (ma ocoGmuBoCTI 3HAXOMKEHHS
integration constant). CTajoi 1HTErpyBaHHS 3BEPHYTH
0COOJIUBY yBary).
7. The final expression for cur- 7. Ocrato4yHuii BUpa3 IS
rent in the circuit CTPyMy B KOJIi

t
i—Eq-er).
r

8. Voltage across the inductor 8. Hampyra Ha iHIyKTHBHOCTI

- t
UL:LﬂzEe .
dt

9. Numerical solution 9. Po3B’s13aHHS B YHCIIOBOMY
BHUPa)KEHHI:
L0 0% ms;
r 120
t

i=05(1—e 21°)=05(1—e %) A;

U, =60e""" B.
10. Duration of the transient 10. TpuBamicTe mnepexiaHOTO
process nporecy

t, =(4+5)t=4-2.10"°=8-10"° =8 ms.

11. In calculating and plotting 11. TTig gac po3paxyHKy, Oy-
the voltage across the inductor and ayroun rtpadiku cTpymy depes
current through it (Fig. 2.7.2) you iHIyKTHBHICTH i Hanmpyru Ha iH-
needn’t resort to detailed numeral nyktuBHOCTI (puc. 2.7.2) 3 MeTOIO
calculations from considerations of exonomii uacy, He ciig 3axorIIO-
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saving time; you may limit yourself
to calculating the values in the ex-
treme points (t=0 and t=o0) and
typical intermediate points (t=rt,
t=2t, t=3t) minding that for
t=3t the free constituent makes
only 5% of its value at t=0, and
for t =4t —only 1,8 %.

12. Using the graphs con-
structed and analytical expression
obtained, analyze the peculiarities
of the transient process. Discuss the
concept of time constant, its physi-
cal and geometrical meanings, tran-
sient process duration. Prove your
solution by the extreme values of
current and voltage.

i

0,51 -7 T T =
041 /

0,31 /

0,2

0,1+

BaTHUCSl JETAIBHUMH YHCIOBUMH
pO3paxyHKaMH, a poO3paxoByBaTu
3HAQUCHHS BEIIMYUH y HPUMEXKO-
Bux 3HaueHHsAX (t=0 1 t=o0) i
XapaKTepHUX MPOMDKHUX TOYKaxX
(t=t, t=2t, t=3t). 3Bepratu
yBary, 1o Bxe npu t =3t BiibHA
CKJIaJj0Ba CTaHOBUTH 5% Bija CBO-
ro 3HaueHHsa npu t=0, a npu
t =41 — mume 1,8 %.

12. 3a momomororo rpadikis i
OTPUMaHUX AaHATITHYHHUX CIIiB-
BiJIHOIIIEHb MPOAHANI3YBaTH Xif i
0COOJIMBOCTI TIEPEXiTHOTO TpoIIe-
cy. Posrnsnytn moHATTS cranoi
yacy, 11 Qi3U4HUi i TeoMeTpuy-
HUW 3MICT, TPHUBAJICTh Tepexin-
HOro mporecy. [lepeBiputu mpa-
BWIBHICTh PO3B’sI3aHHS 3a IpH-
MEKOBUM 3HAUCHHSM CTpyMy W
Harpyru.

U, 1
60 —
50
40 —
30—

20 — \

10

Fig. 2.7.2. Graphs of current through inductance and voltages on inductance
Puc. 2.7.2. I'pachixu 3a1€KHOCTI CTpyMY Uepe3 iHIyKTUBHICTb
Ta HAalIPyTH Ha IHAYKTUBHOCTI Bix 9acy

Problem 2
Switching of rL-circuit on

3aoaua 2
VBiMKHeEHHS FL-Kona Ha mxe-

harmonic voltage source. peito TapMOHIYHOI HAIIPYTH.

At Fig. 2.7.3 it’s given the
circuit with parameters: 3
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Ha puc. 2.7.3 nokazaHo cxemy
napamerpamu: =16 Ow;



e(t) = E,, sin(ot +v), r=16
Ohm; L=8mH; y=135°; f =1

kHz. At moment of time t=0 the
switch is getting closed. To calcu-

late i(t), U, (1), t,.
Sw>§
@ e(t)

|
-
-t

e(t)=E,sin(ot+y) , L=8 MI'H;
v =135%; f=1 k['n. V momeHr
yacy t=0 xmou Kin.l 3amukaers-

cs. Pospaxysaru i(t), U (1), t

mep *

L)U

Fig. 2.7.3. Switching of rL -circuit on harmonic voltage source
Puc. 2.7.3. YBimkHeHHst FL-xona Ha 3MiHHY Hanpyry

Solution

1. In analzing the peculiarities
of the circuit and in qualitatively
analyzing the processes, it should
be pointed out that this problem
differs from the previous one only
in the type of voltage. Hence:

a) peculiarities of calculation:

— the differential equation will
differ only in its right part; the so-
lution of this equation is the forced
component;

— the forced component is cal-
culated by the complex amplitude
method;

b) peculiarities of the process :

— maximal values during a
transient process may exceed their
maximal values in steady opera-
tion;

Po3B’s3anHHs

1. ¥V mpoueci anamizy oco0-
JUBOCTEH CXEMH 1 SKiCHOTO aHa-
73y TPOILECIiB  CIiJ 3BEpHYTH
yBary, o I 3ajada Bigpi3Hsi-
€TBCS Bijl MOTIEPETHBOT JINIIE BU-
JIOM BIUIMBY (CHHYCOiJaIbHOIO
HaNpyro). 3BiAcH BUILIUBAE:

a) 0COOJIMBOCTI PO3PAXYHKY:

— nudepeHIiagbHe PiBHSHHS
OyJe BIAPI3HATUCS 3a BUIIIAIOM
JMIIE TPaBOI0 YaCTHUHOIO, a HOTo
pO3B’sI3aHHS —  TIPUMYCOBOIO
CKJIaJI0BOIO;

— TPUMYCOBY CKJIAJIOBY pO3-
PaxoBYIOTb METOAOM KOMILIEKC-
HUX aMILTITYI;

0) 0cOOIMBOCTI TIPOIIECY:

— MaKCUMaJbHI 3HAa4YeHHS Be-
JUYUH y TEPexXiHOMY peKuMmi
MOXYTh IEPEBUIIYBATH iX Mak-
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— the current and voltage will
vary according to another law.

2. Differential equation of the
post-commutation circuit

CHMaJIbHI 3HAUCHHS B CTAJIOMY
pexuMi;

— 3aKOH 3MiHHM CTpyMy H Ha-
npyru Oyze 1HIIuM.

2. IudepeHriaibae piBHIHHS
MiCJIIKOMYTaliiHOTO KoJia

ri+ L%: E,sin(t+v).

3. The free component is the
solution of the homogeneous equation

3. BinpHa ckiagoBa @ —
PO3B’SI30K OJTHOPITHOTO PiBHSHHS

rifree +L d:jfree =0 )

Characteristic equation

XapakTepuCTHUHE PIBHSIHHS

r+Lp=0,
its solution HOro po3B’si3aHHsI
IS St
L T r

The solution of the homogene-
ous differential equation

Ifree

4. The forced component is

Po3B’s130K OJHOpPIAHOTO JH-
(epeHIIiaIbHOTO PiBHSIHHS

t

—AeP = Ae .

4. Po3paxyHOK NPUMYCOBOL

calculated by the complex ampli-
tude method

CKJIQJIOBOI METOJIOM KOMILIEKC-
HUX aMILTITY

o=2nf =6,28-10%s7",
Z=r+ joL=16+ j6,28-10°-8-10° =16+ j50,2 =53,5¢)*% Q;

E' 3e j135°
m

"TZ 5351725
irorcoq = 0,056 Sin(t + 62°35") A.

=0.056e /5% A;

168



Pay attention to the peculiari-
ties of forced  constituent
calculation as compared to the
previous problem.

5. A current in the transient
state is

3BepHYTH yBary Ha 0COOIH-
BiCTh PO3PaxyHKy NPUMYCOBOI
CKJIaJIOBOi TIOPIBHSHO 3 TOMEpe]I-
HBOIO 3a/1a4er0.
5. CtpyM y mepexigHoMy pe-
KUMi
t

i =i, +i5 = 0,0565in(wt + 62°35') + Ae ©.

6. Independent initial conditi-
ons

6. HezanexxHi moyaTKoBi ymo-
BU

i(0-)=0.

The law of commutation

3aKoH KOMyTaIlii

i(0-) =i(0+) =i(0) =0.

Finding the

constant

integration

3HaXOMKEHHsI CTanoi 1HTer-
pyBaHHS

0,0565sin 62°35'+ A=0, To6To A=-0,056-0,888 =—-0,05.

7. The final expression for
current in the circuit is

i = 0,056 sin(wt + 62°35') — 0,056 >

8. Voltage across the inductor
is found as u, = Lg.

However, it is rational to do it
differently: the forced component
should be found by the complex
amplitude method of, and the free
component — from a formula

u Lforced — L

U.mLforced: j(DL|-m :50,26j900 .

7. OcratoyHuii BHpa3 s

CTPyMY B KOIIi
L _810°
r 16

8. Hanpyry Ha iHIyKTHBHOCTI
di
dt’

OpHak IPUMYCOBY CKIIaJIOBY
JOLITBHO 3HAXOJUTH METOAOM
KOMITJIEKCHUX aMILTITY/, @ BUIbHY —

3a popmyIoro

0t A g —5.10% s,

3Hal#eMo sk U, =L

d iforced V:
dt

0,056e1%% = 2,81e15%% v/,

Uproreeq = 2,81sin( ot +152°35") V/;

t

Uitree = 11 pe T —16.0,05e 210 0 ge 20 v,
T
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U = Uy o0 + Uy goreeg = 2:815iN(0ot +152°35") + 0,8¢ 2%t \v;

9. Proving the solution. For 9. Ilepesipka po3s’si3ky. Jlis
any instant of time the equation Oynp-iKkOro MOMEHTy 4Yacy Mae
must be satisfied BUKOHYBATHUCSI PIBHSHHS

u, +u,=e.
Therefore for t=0, when Tomy mpu t=0, xomu =0,
i=0,i.e. u, =0, we get To0TO U, =0, Maemo
2,81sin(152°35') + 0,8 = 3sin135°,
2,81-0,46+0,8=3-0,710r2,09 ~ 2,12.

10. Duration of the transient 10. TpuBamicTh MEPEXiTHOTO
process porecy
t. =(4...5)r=4,05-10° =2-10"s = 2ms.
11. When calculating and plot- 11. Tlig uwac po3paxyHKy W

ting the currents diagrams mnoOymoBu  rpadikie  cTpyMmiB
(Fig 2.7.4), it is reasonable to find (puc 2.7.4) nouigpHO 3HAUTH W
and take into account the relationship ypaxoByBatu  cCHiBBiJHOIICHHS
between the circuit constant t and wmix cTanor Koia T i MepiogoM

the period of forced oscillations T NPUMYCOBHX KOJIUBaHb T :
T 10°
1=0,5-100s, T =£=i3=10_33, —=0—4= )
f 10 t 0,510
thatis T =2t Tob6TO T =21.
1A

-0.02

-0.04

008

a0 i i j i i t ms
0 05 1 15 2 25 3

Fig. 2.7.4. Graph of current through inductance
Puc. 2.7.4. I'padik 3aneXHOCTI CTpyMy depe3 iIHAYKTHUBHICTH BiJI 9acy
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Homework

For an rL-series circuit powered
by sine voltage (Fig. 2.7.3) calculate
the voltage across the inductor and
build its diagram if

JlomaniHe 3aBaaHHsI

Po3spaxyBatu Hampyry Ha
IHAYKTUBHOCTI ¥ moOyayBatu ii
eIIopy B pa3i BBIMKHEHHS TOCIHi-
JOBHOTO rL-Kona Ha CHHyCOiJa-
JbHY Hanpyry (puc. 2.7.3), Ko

e(t)=U,sin(ot+¢) r=3Q, L=08 H, U, =10 V,

®=5-10° s

Practical class 8

ANALYSIS OF TRANSIENT
PROCESSES BY THE
OPERATOR METHOD

Aim of the class. Learning
the principles and expediency of
using equivalent operator circuits
application. Learning how to set
up and use equivalent operator
circuits in calculation of transient
processes. Improving the stu-
dents’ understanding of the prin-
ciples and peculiarities of the
operator method of calculation
and acquiring skills in applying
this method for calculation of
transient processes.

Methodological
recommendations

Before starting to solve the
problems, it is necessary to make
revision and learn the necessary
material on the theory of linear
electric circuits:

1 p=164°.

IIpakTu4yHe 3aHATTA §

AHAJIT3 NEPEXITHUX
MMPOLECIB 3A 10IIOMOI' 01O
EKBIBAJTEHTHHUX
OIIEPATOPHUX CXEM

Merta 3ansTTa. 3abe3neunTH
3aCBOEHHS CTY/ACHTaMHU CYTHOCTI U
JOLUTFHOCTI 3aCTOCYBaHHSI €KBiBa-
JICHTHUX ONepaTopHuX cxem. Ha-
BUMUTHCS CKJIAJIATU ¥ 3aCTOCOBYBa-
TH €KBiBaJICHTHI ONEPAaTOPHI CXeMHU
MiJ 4Yac pPO3PaxyHKY TepexXiTHuX
nporeciB. [lormubuti po3ymiHHSA
0COOJIMBOCTEH 1 CyTi ONEpaTOPHOTO
METOAY PO3PaxyHKy i 3a0e3neuuTn
BMIHHS TPaKTHYHOTO HOro 3acro-
CYBaHHsI T/l 9ac PO3paxyHKy mepe-
X1JIHUX TPOIIECIB.

Metoan4Hi pekoMeHaamii

[lepen po3B’si3aHHSAM 3a/1a4 He-
00X1THO TIOBTOPHUTH ¥ 3aCBOITH Ta-
Ki IUTaHHS TEopii JMiHIHHUX ENEeKT-
PUYHUX Ki.
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1. Principles, peculiarities
and algorithm of transient
process calculation using the
operator method.

2. Operator resistance and
equivalent operator LC-circuits
under zero and non-zero initial
conditions.

3. Constructing an
equivalent  operator  circuit.
Internal and loop operator EMF.

4. Ohm’s and Kirchhoff’s
laws in the operator form.
Operator equations of a circuit.

5. Possible regimes in second
order circuits. Relationship be-
tween the roots of the
characteristic equation of a circuit
and the regime arising in it.

6. Peculiarities of the aperio-
dic and resonance regimes.

7. Parameters of free oscolla-
tions: time constant, duration and
speed of a process.

The problems are to be
solved in the following order:

1. Analyzing the problem
situation, the peculiarities of the
circuit and those of the problem
and the initial conditions.

2. Brief qualitative analysis
of processes which is based on
analyzing the physics of pheno-
mena, initial conditions and
commutation laws.

3. Planning the sequence of
problem solution operations.

1. Cytb, ocobmuBoCTi ¥ anro-
PUTM  PO3paxyHKy  MepexigHHuX
MIPOLIECIB ONEPATOPHIM METOIOM.

2. OmnepatopHi omip # ekBiBa-
JICHTHI ONEpaTOPHI CXEMH eJeMEH-
TiB L 1 C 3a HyJIbOBHX 1 HEHYJIBO-
BHX MOYATKOBUX YMOB.

3. TloOymoBa eKBiBaJ€HTHOI
OIepaToOpHOI cxemu Kona. BHyTpim-
Hi 1 KoHTYpHI oniepatopui EPC.

4. 3akonun Owma it Kipxroda B
omepaTopHiii ¢opmi. OrmeparopHi
PIBHSIHHSA KOJIa.

5. MoxuBi peXUMH B KOJax
JPYroro MOpsIKy. 3B 30K KOPEHIB
XapaKTEPUCTUYHOTO PIBHSHHA KOJa
i pexuMy, 0 BUHUKAE B HHOMY.

6. OcoOMMBOCTI anepioguIHOro
1 KOJIMBaJIBbHOTO PEKHMMIB.

7. TlapameTpu BiNBHHX KOJH-
BaHb: CTajla 4Yacy, TPHBAIICTh 1
HIBUJIKICTB MTPOIIECY.

3amadyi  HEOOXIMHO pO3B’s3y-
BUTH 32 TAKHUM JITOPUTMOM:

1. Anani3z ymoBHU 3ajadi, 0co0-
JUBOCTEH CXEMH 1 IOYaTKOBUX
YMOB.

2. KopoTkuii siKicHUW aHai3
MPOLIECiB, IO IPYHTYETHCS Ha aHa-
731 Gi3UKM  SBHIL, I[TOYATKOBUX
YMOB 1 3aKOHIB KOMYTaIlil.

3. CxyagaHHsg IUTaHy W XOmy
PO3B’s13aHHS 3aadi.
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4. Solving the problem first
in general, then numerically.

5. Analyzing the results ob-
tained and stating the principal
problem solution findings.

Solving problems

Problem 1

The circuit (Fig. 2.8.1) is
given with parameters: r, =120
Q;, r,=30 Q; r,=5Q;
C=0,01 yF; E=15 V.

To expect: U (t); i,(t).

4. Po3B’si3aHHS 3a/1adi criodar-
Ky B 3arajlbHOMY BHTJISIZi, MOTIM —
Y 9HCIIOBOMY BHUPa)KEHH.

5. AHajii3 OTpUMaHUX pe3yib-
TaTiB i (HOPMYIIFOBaHHS OCHOBHUX
BHCHOBKIB PO3B’sI3aHHS 3a/ayi.

Po3B’si3anus 3axa4

3aoaua 1

Hano cxemy (puc. 2.8.1) 3 mapa-
metpamu: I; =120 Om; r, =360 Owm;
r,=5% Om; C=0,01 mx®d; E=15 B.

PospaxoByemo: U (t); i, (t).

3

Fig. 2.8.1. The circuit diagram for problem 1
Puc. 2.8.1. Cxema enexkTpuuHOTO KoJia s 3aaadi |

Solution

1. Designating the conditio-
nally positive directions of cur-
rents and voltages.

2. Finding the independent
initial conditions

0,(0)=u,(0-) =E

3. Building an equivalent
operator circuit (Fig. 2.8.2)

Po3B’a3aHHs
1. Ilo3HaunMO yMOBHO-I0JaTHi
HaIpsIMKH CTPYMIB 1 HAIIPyT.

2. 3HaxoAuMO He3aJeXHl II0-
4aTKOBi YMOBHU
I3
r+1;

3. ByayeMo ekBiBaJcHTHY orie-
paTtopHy cxemy koma (puc. 2.8.2)
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(mind that it is done for the post-
commutation| circuit).

There is a reason to ask the
question: Between which points
of the equivalent operator circuit
is the operator image of voltage
across the capacitor determined?

Here we must point out the
necessity to take account of the
internal EMF when calculating
the operator voltage across the
capacitor.

1

(e crocyeTbbes MICIAKOMYTAIlil-
HOT'O KOJa).

Bapro 3’scyBaTu: MiX SKHMH
TOYKaMH Ha €KBIBaJCHTHIN orepa-
TOPHIM cXeMi BU3HAYa€THCs Omepa-
TOpHE 300pakKeHHS Hampyrd Ha
€MHOCTI.

HeoOxinHO akieHTyBaTH yBary
Ha moTpeOi BpaxyBaHHS BHYTpIlI-
Hh01 EPC mig 9ac po3paxyHKy orie-
paTopHOi HAPYTH HA EMHOCTI.

Mh(p) N

QL

]

1

uc (p)

uc(0)/p

Fig. 2.8.2. Equivalent operator circuit for problem 1
Puc. 2.8.2. EkBiBaneHTHa onepaTopHa cxema 3ajadi 1

4. Setting up an operator eq-
uation for calculation of 1,(p).
For this purpose the formula of
Ohm’s law in the operator form
is used

4. CkmageMo omepaTopHE piB-
HSHHS 101 po3paxyHky |,(p) . dus
I[bOr0 BHKOPUCTOBYBATH (OPMYITY
3akoHy OMa B oniepaTopHiit Gpopmi

E uc(0)
P p E-uc(0)
1.(p) = =
! r1+r2+i p(rl+r2)C+1
pC

and reducing it to the tabular
form. We get

1 3Be€eMO 1i 10 TaOJIMYHOTO BUTJIS-
nmy. OTpuMyeMoO
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1(p)= E-u.(0) 1
! L+r, p+a’

where ne
1t 1
(n+n)c =
5. Using the Table for transi- 5. Kopucryrounch TabIHICHO
tion from operator images to the mepexoay Bia omeparopHux 300pa-
originals, we find ’KEHb JI0 OPUTiHAJIIB, MAEMO
1«
p+a
ie. TOOTO
ot _t
i,(t)= E-uc (o)e (r+1)C _ nE e (we)c
! n+r, (nL+r)r+r,)
6. Finding the operator vol- 6. BusHauaemo orepaTopHy Ha-

tage across the capacitor, using mpyry Ha eMHOCTI, BUKOPHCTOBYIO-
for this purpose the expression u4m [yis BOTO BUpa3 sl OIEPaTOp-
for the operator image of voltage Horo 300paskeHHS Hampyrd Ha
across the capacitor obtained on emHOCTi, OTpUMaHOTrO Ha IMiACTaBi
the basis of the integration theo- Teopemu iHTErpyBaHHS:

rem:.

u ( )_i|( )+uc(0)_ E -u.(0) +Uc(0)
c\p)= 1 = .
pC plp(h +r)C+1] p
Reducing it to the tabular 3BoaUMO HOro 0 TaOJIMYHOrO
form, we get BHTIISY, OTPHUMABIIIH
E-u(0) 1 1 1
uc(p)= c +uc(0)=; a=—"+.
¢ (h+n)C (p+a) “p (h+n)C
7. Using the Table for transi- 7. Kopucryrounce TabHIEO
tion from operator images to the mnepexomy Bin oneparopHux 300pa-
originals, we find JKCHB JI0 OPUTIHAJIB, 3HAXOIUMO
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;—i(l—eat); %=1;

p(p+a)
ot ot
Uc (t): [E —Ug (0)(1_ e (r+r,)C ] +Ug (O)= E[l— Le (r+r)C J .
o+
8. Numerical solution of this 8. Po3B’s3ytoun 10 3a1a4y B

problem gives the following ex- uucmoBOMy 3HAYeHHi, OTPUMYEMO
pressions for current and voltage  Taki Bupasu ajist cTpyMy d Hampy-
TH:

i(t) = 21.3e °2%81°: (1) =15[1 + 0.68e 02%810°1],

9. The diagrams of these 9. I'padiku nux GyHKINNH MOKa-
functions are shown in Fig. 2.8.3 3ano na puc. 2.8.3 1 2.8.4.
and 2.8.4.

AN AN
0.024
0.02

7=4.8-10%¢
0.01

471
| I I I R . N

/7
5 10 15 20 25 45

1 1 1 1 1 )
5 10 15 20 25 £10°%s

Fig. 2.8.3. Time diagram of voltage Fig. 2.8.4. Time diagram of current
Puc. 2.8.3. Yacona giarpama Hanpyru Puc. 2.8.4. Yacosa niarpama cTpymy

Problem 2 3aoaua 2
The circuit (Fig. 2.8.5) is Hano cxemy (puc. 2.8.5) 3 na-
given with parameters: pamerpamu:
R =15 kQ; r=10 Q; R; =15 kOm; r =10 Owm;
L =150 mH; C=6800 pF; L =150 mI'n; C=6800 nd;
E=12 V. E=12 B.
Calculate uos(t). PospaxyBatu UK(t).
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Fig. 2.8.5. The circuit diagram for problem 2
Puc. 2.8.5. CxeMa eneKTpUIHOTO KOJIa I 3a1adi 2

Solution Po3B’s3aHHS

1. This is a case with zero 1. Bim3Hauumo, 110 MMOYATKOBI
initial conditions. Build an ymoBu € HymboBEUMH. Byayemo ek-
equivalent  operator  circuit BiBaJeHTHy OIEpaTOpHy CXeMy
(Fig. 2.8.6). koua (puc. 2.8.6).

Uasle)

2|
ey
]
=
3|~
1
I

Fig. 2.8.6. Equivalent operator circuit for problem 2
Puc. 2.8.6. ExBiBasieHTHa onepaTopHa cxema 3aaadi 2

2. Form an operator equation 2. CkiamemMo OIepaToOpHE piB-
for the loop voltage Uos(p). (It HSHHS IIOZI0 HAampyr¥ Ha KOHTYPI

should be noted that here, unlike Ui (p) (cxnamaru omeparopi pis-
the classical method, operator HSHHS KO MOXHA MO0 OyIb-sKOi
equations of a circuit can be BENHMYNMHH, HA BIIMiHY BiJl PCKOMCH-
written for any value). Jauii o0 KJIACHYHOTO METOTY).
The equation will be formed Jns cknanaHHs PiBHSAHHSA BH-
using the node-voltage method OepeMO METOJT BY3JIOBUX HAIPYT:
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Y(pMk(p)=1(p) .

i

Transform the bracketed

1 1
[;+ — +pCJUK(p)——

TOOTO

E
Rip .

IIepeTBOopuMO BHpa3 y IyKKax

term in the left part of the ex- B miBiii YacTHHI y BiJHOIICHHS
pression to the form of two po- aBOX mosiHOMIB

lynomials
r+pL+R +pC(r+pL)R, r+R +(L+rRC)p+LCRp*
R,(r + pL) - R,(r + pL) B
0%+ L+rCR b+ r+R,
_C LCR LCR,
p+ s
L
Introducing the generally ac- VYBenemMo  3arajbHONPHHHATI
cepted denotations [TO3HAYEHHS:
:1L+rCRi :1 1 +L _49.10° s
2 LCR, 2|CR, L

(SN

r+R r 3 4
Y R |- +1=314.10%s";
0 ~VLer,  JIC\R

25, = { = 0,067-10% 5%,

(The calculations should be car- (Po3paxyHku BapTO BUKOHYBAaTH 32
ried out with engineering tools).  momomoror TexHIYHUX 3aCO0IB).

As &> ®,, there is the ape- Ockinbku 8> ®,, TO B KOIi
riodic regime a circuit. Taking wHactae anepioguuHuii pexum. 3
into account the introduced de- ypaxyBaHHSAM MO3Ha4€Hb MAEMO
notations, we get
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p? + 28p + 3 E
cE TP TPy (p)=—.
P+ 25, K(p) R.p
Hence, 3Bincu
Ue(p) E P+ 23, _ E F(p)

B RC p(pz +25p+03(2))_ RC ng(p).

3. Find the original of the 3. 3HaxoAMMO OpUTiHAl Ha-
loop voltage (use the decomposi- mnpyru Ha KOHTYpi (32 AOMOMOTO0
tion formula for the case of zero dopmyau po3kiTaganus A BUTIAI-
root) Ky 3 HYJIbOBUM KOPCHEM)

U, (p)=—= {H(OLZZ: Fl(pk))epkt}

pP)= /
RC| F(0) k=1 ka3(pk
Define all the values in- BusHauuMo BCi BENWYMHU, LIO
cluded in this formula BXOJIAATH Y 1110 hopmyiTy:
E 12 =1.18-10°,

RC 1500 -6800-10

3
DLy = —8% /6% —? = (~49+37.6)-10° = {—11,4.10

-88,6-10°

3
F0) 25, 0067.10° e 1o
F0) of (314)-10°

F.(p)=p+28,=p+0,067-10% F/(p)=2(p+5)=2(p+49-10°)

F.(p) -11,4-10° + 0,067 -10° ~11,3 ..
(oY= 3 3 = -=13,2-10"°;
p.Fi(p) -11,4-10°-2(-11,4-10° +49-10°)  -857-10

F(p,) ~86,6-10% + 0,067 -10° ~865

= = =-133-10°.
p,Fi(p,) -86,6-10°-2-(-86,6-10° +49-10°) 651-10°

Substituting the found values IligcraBnsroun 3HalIEHI Be-
to the decomposition formula, mwuuEKM y Gopmyny po3KiIamaHHS,
we get the final result JICTaeEMO OCTaTOYHHH Pe3yJIbTarT:
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U, (t)=1,18-10°(0,068 10" +13,2.10 Ce 410" _
~13,3-10 %410 _13,3.10 8¢ %0610°t) =
=0,08+15 (‘.‘)6711'4’103t -15 76786,61031.

4. Constructing a diagram. 4. bynyemo rpadik. Crana va-
Time constant of the first and cy nepimoi Ta aApyroi ekCroHeHT
second exponents

1 1

u=—"12=87,710"°, 1,=————=115-10"°.
11,4-10 86,6-10
According to the chosen time Bubuparoun yacoBuil Macii-
scale, build the diagram of vol- T1ab, Oyayemo rpadik Hampyru
tage u,(t) (Fig. 2.8.7). U (t) (puc. 2.8.7).
U (4.8

Fig. 2.8.7. Time diagram of voltage uos(t)
Puc. 2.8.7. Yacosa niarpama Hanpyra U (t)

Homework JlomaiHe 3aBIaHHs

The problem to be solved re- B ocHOBy 3aBmaHHs TIOKJIaje-
lies on the circuit from the pre- Ho mocmimkenHs kona (puc. 2.8.8)
vious problem 2 (Fig. 2.8.8). The i3 momepeanupoi 3amaui 2. PisHuis
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only difference is that in this nmme B Tim, mo K09 mpamroe Ha
case the switch breaks the cir- po3mukanHs:

cuit.
| I 5(
R =0
De
Fig. 2.8.8. The circuit diagram for homework
Puc. 2.8.8. Cxema enexTpuyHOro Koja Jjsl JOMaIlHbOT0 3aBJaHHs
Itis given: Iano:
R; =15 kQ; r=10 Q; R; =15 xOm; r =10 Owm;
L=150 mH; E=12 V; L =150 mI's; C =6800 nd;
C =6800 pF. E=12 B.
Calculate: uos(t), T, t,, O, Pospaxysaru: UK(I), T, Lieps
foo e, f,.
It is necessary to take into 3aBaaHHs NPU3HAYEHO JUIS Bi-

account when making the solu- NpalbOBYBaHHsS XapakTEPUCTHK 1
tion of the offered problem, that apameTpiB BUIBHUX KOJIMBAHb.
this task is intended for working

off characteristics and parame-

ters of free oscillators.
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JlonaTox

LIST OF BASIC TERMS

CIIMCOK TEPMIHIB
Admittance (mutual a., self-a. of  Kommiekcna mpoBigHicTs (B3aeMHa,
node) BJIaCHA TIPOBITHICTD BY3J1a)
Ampere (A) Awmmep (A)
Amplitude AwMrutiTyna
Attenuation 3aracanHs
Attenuation coefficient KoedirienT 3aracanss
AXis Och
Band (attenuation b., suppression Cwmyra (3aracanus; MoIaBICHHS;
b., transmission b.) MPOITYCKAHHS)

Bandwidth

Bandwidth shape factor
Boundaries of transmission band
Branch (longitudional b., cross b.)
Branching

Break

Capacitance (static, dynamic)
Capacitor

Carrier

Cartesian (rectangular) coordi-
nate system

Characteristic (amplitude frequen-
cy c. (AFC), charge-voltage c.,
flux-current c., image frequency c.
(IFC) impulse c., normalized c.;
phase frequency c. (PFC), real fre-
quency c. (RFC), time c., transient
c.)

Characteristic impeadance
Characteristic parameter
Characteristic transfer ratio

Cwmyra nponycKaHHs
KoedinieHT mpsiMOKyTHOCTI
Mexi cMyTH IPOITyCKaHHS

I'inka (o310BXKHa, MONEpeyHa)
Posranyxenns

Pospus

€MHICTb (cTaTHYHA, TWHAMIYHA)
Konpnencarop

Hociit

JexaproBa (MpsSMOKyTHa) CUCTEMa
KOOp/IMHAT

XapakTepucTHKa (aMILTITyIHO-
gactotHa (AUX), KyJI0H-BOJIbTHA,
BeOep-aMIepHa, yIBHO-4aCTOTHA
(YUX), imnysnscHa, HOpMOBaHa, Qa-
3o9actoTHa (PUX), milicHo-
yacroTtHa ([{UX), uacoBa, nepenar-
Ha)

XapaKTepUCTUIHHUH OTIip
XapakTepuCTUUHUN TapamMeTp
XapakTepuCTHUHUIN KoeDillieHT T1e-
penadi
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Charge (positive, negative)
Chord

Circuit (first order c., second
order c.)

Coils are connected aiding
Coils are connected in opposi-
tion

Column (in matrix)
Communication line
Commutation law

Complex admittance
Complex conjugate number
Complex current transfer ratio

Complex impedance
Complex input admittance
Complex input impedance
Complex transfer admittance

Complex number
Complex transfer impedance
Complex voltage transfer ratio

Condition (initial c., resonance c.)
Condition (steady-state c., tran-
sient c.)

Conductance

Connection (series c., parallel c.,
delta c., star c., regular c., non-
regular c.)

Constant of integration
Consumer

Convolution integral

Coulomb (C)

Coupling (frequency-independent
c., weak c., strong c., inductive c.,

3apsa (qomaTHUH, Big’ eMHNMN)
Xopna

Komno enexrpuune (epioro nopsii-
KY, IpYTOro MOPSAKY)

Korymiku, 3’emHani y3romkeHo
Korymiku, 3’emnani 3ycTpiaHo

CroBrens (MaTpwili)

Jlinis 3B’ 513Ky

3aKoH KOMyTaIlii

KommnexcHa npoBinHiCTh
KomrmiekcHO cripspkeHe Yucio
KommiexcHwmii koeditieHT nepeaadi
3a CTpyMOM

Kommnexcuuit omip

KomruiekcHa BXijHa IPOBIAHICTD
Kommnexcuuii BXiHHH OTIip
KomrutekcHa nepeaaTHa mpoBija-
HICTh

Kommuekcae umcio

Kommnexkcuuii nepenatHuii omip
KomrutekcHuii koeditieHT nepenadi
3a HaIpyroo

YmoBH (M0YaTKOBI, pe30HAHCHA)
Pexxum (ycranenuit, nepexigHuii)

[IpoBinHicTb

3’eqHanHs (TIOCTIIOBHE, Mapasellb-
HE, TPUKYTHUKOM, 31pKOI0, PETyJIsip-
HE, HepETyIIApHE)

Crana iHTerpyBaHHs

CnoxuBau

InTerpan 3ropTku

Kymnon (Ki)

3B’5130K (4aCTOTOHE3AICIKHHMA, Cl1a0-
KW, CWIIBHUH, 1HTyKTUBHHMA, EMHI-
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capacitive c., resistance c., external
capacitive ¢, internal capacitive c,
combined c.)

Cross-section

Current (direct, alternating, har-
monic)

Device

Derivative of any order
Decrement coefficient
Deturning (absolute d., factor d.,
generalized circuit d., relative d.)
Diagram

Djuamel’s integral

Edge

Efficiency

Electricity

Electromotive force (EMF)
Electronics

Energy (thermal, mechanical,
light)

Equation (differential e., charac-
teristic e.)

Factor of coupling

Farad (F)

Field (electric, magnetic, elec-
tromagnetic)

Filter (band-pass f. (BPF), con-
stant- “k” f., high-pass f. (HPF),
low-pass f. (LPF), “m”-derived
f., rejection f. (RF))

Four — terminal circuit (active,
autonomouse (non-controled),
linear, nonautonomouse
(controlled), nonlinear,
nonreciprocal, nonsymmetricak,

CHUH, pe3UCTUBHUH, 30BHIIITHIN €M-
HiCHHI, BHYTPIIIHIH €MHICHUH,
KOMOiHOBaHUI)

Ilepetun

Crtpym™ (mocTiitawmiA, 3MiHHUH, Tap-
MOHIYHHI)

[Mpucrpiii (anapar, npuian)
[NoxingHa Oyap-IKOTO MOPSAKY
KoedimienT 3aryxanus

Posnan (abcomoTHui, hakTop posa-
Iy, y3araJlbHeHU! po371a]l KOJINBaJIb-
HOT'O KOHTYPY, BiTHOCHHIA)

Cxema (EIeKTPUIHOTO KOJIa)
InTerpan Jdroamens

Pe6po

KoedinienT kopucHoi aii
Enexrpuka

Enexrpopyuiitna cuna (EPC)
Enexrponika

Enepris (Teriosa, MexaHiuHa, CBIT-
JI0Ba)

PiBasiaas (nudepeHmianpHe, Xapak-
TEPUCTUYHE)

Koedimient 3B’s13ky

®dapana (D)

[lone (enexTpuyHe, MarHiTHE, €EK-
TPOMAarHiTHe)

®inptp (cMyroBuid, Ty «k», BUCO-
koi gactotu (OBY), Hu3pKoi 9acTo-
1 (OHY), Tummy «my, pesxxexkTop-
HHUH)

YOTHPHITIOMIOCHUK (aKTUBHUIMA, aBTO-
HOMHUH (HEKOHTPOJILOBAHUH ), JIHIH-
HU, HEABTOHOMHUH (KOHTPOJIHOBA-
HUI1), HEMHIHWIA, HEB3a€MHHUH, He-
CHMETPUYHHH, IPOXiTHUH, TACHBHHH,
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passage, passive, reciprocal,
symmetrical)

Frequency (angular f., resonance
f., natural f. of oscillatory circuit,
limiting f., natural cut-off f.)
Function (unit step f., delta-f.)

Frequency locus
Frequency selective circuit
Generator

Geometric figure

Graph (direct, connected)
Graph tree

Henry (H)

Image

Impulse effect

Inclusion coefficient
Inductance (static, dynamic)

Inductance coil

Induction

Integral (multiple i., n-fold mul-
tiple i.)

Interlinkage

Joule (J)

Jump (voltage, current)
K-conversion (direct, inverse)
Laplace’s transformation (direct,
revers)

Line (in matrix)

Loop (eliminable)

Loop current

Loop current matrix

Loop current method

Loop EMF

Loop EMF matrix

B3AEMHHH, CAMETPHUHHIA)

Yactota (KyTOBa, pe30HaHCHA, BIa-
CHa KOJHUBAJILHOIO KOHTYpY, Ipa-
HUYHA, BJIACHA YacTOTa 3pi3y)

OyHKLis (OOUHUYHA , JeTbTa-
(hyHKITisN)

YacrorHuii rogorpad
YacToTHO-BHOIpPKOBE KOIIO
I'eneparop

I'eomeTpuuna (irypa

I'pad (manpsmnenuid, 38’ 13HuIN)
Hepeso rpady

I'enpi (I'n)

300paxeHHs

IMnynecHUM BILIMB

KoedimieHT yBIMKHEHHS
[HIyKTUBHICTH (CTaTHYHA, TUHAMI-
YHa)

Kotymika iHgyKTHBHOCTI
Iaykiis

Iarerpan (kpatHuii, N-KpaTHUIN)

IToToko34eTIeHHs

Joxoysts (1)

Ctpubok (Hanpyru, CTpymy)
K-nieperBopeHHst (ipsiMe, 0OepHEHE)
[leperBopenns Jlannaca (mpsime,
obepHeHe)

Psiiox (matpuiri)

Kontyp (ycyBHuit)

KonTypnuii ctpym

Martpuus KOHTYpHUX CTPyMiB
MeToa KOHTYpHUX CTPYMiB
Kontypuaa EPC

Martpuns kontypaux EPC
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Loop resistance matrix
Magnetic-flax

Matching condition

Matrix (topological m., incidence m.,
node m., loop m., section m.)
Measurement of short circuit

Method (classical m., operator m.)
Module
Mutual inductance

No-load measurement

Node (eliminable)

Node admittance matrix

Node current

Node current matrix

Node voltage

Node voltage matrix

Nodal voltage method
Normalization

Normalized

Ohm (Om)

Original

Oscillatory circuit (primary o0.s.,
secondary 0.S.)

Parameter (no-load p., shot-
circuit p., one-side p., primery p.,
secondary p.)

Period

Phase (oscillation p., initial p.
shift f.)

Phase lag

Phase lead

Plane

Martpuiis KOHTYpPHHX OTIOPIiB
MarsiTHUH NOTIK

YMOBH y3roJI>KEHHS

Marpurs (TOIOJIOTI9HA, 1HIIUCH-
1i#f, By3J1iB, IIEPETHHIB)

BumMiproBaHHs B pe:KUMi KOPOTKOTO
3aMUKaHHS

Merton (KJIacuuHHUi , OTIepaTOpHUH)
Mopyns

B3aemHa iHAYKTHBHICT
BuMiproBaHHS B pe:KUMIi XOJIOCTOTO
xomy

By3ou (ycyBHuit)

Meron By3JI0BUX Hanpyr
Byasnosuii ctpym

Marpuis By3J0BHX CTPYMiB
BysnoBa Hanpyra

Martpuus By3/I0BUX HAIPyT
Marpuiisg By3/0BHX ITPOBiHOCTEH
HopmyBanns

HopmoBanwuit

Om (Om)

Opwurinan

KonuBaneuuit KOHTYp (TIEPBUHHHMA,
BTOPUHHUI)

[TapameTp (xomocToro xoay, KOpoT-
KOT'0 3aMUKaHHs, OJJHOOIYHHUH, 1iep-
BUHHU#, BTOPUHHUIA)

[epion

daza (KoIMBaHb, IOYATKOBA, 3CYB
thasm)

BiacraBanns 3a dazoro
Bunepemkenss 3a pazoro
ITnomuna

ITorenmian
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Potential

Power (active, reactive, com-
plex)

Power balance condition
Q-factor (of oscillatory circuit)

Radian (rad)

Radio

Reactance (inductive r., capaci-
tiver.)

Resistance

Resistance (static, dynamic)
Resistance (mutual r., self-r. of
loop, added r.)

Resistor

Resonance (voltage r., currentr.,
neutral r.)

Resonance (first particularr.,
second particular r. main or indi-
vidual r.)

Scalar

Scale (s. frequency factor, s. im-
pedance factor)

Second (s)

Section line surface
Self-induction

Shift

Shunt

Siemens (S)

Signal distortion

Source (voltage s., currents.,
independent or self-contained s.,
dependent or non-self-contained s.)

Subgraph

[loTyxHicTh (aKTHBHA, pEaKTHBHA,
KOMILJIEKCHA)
YMoBu OanaHCy TOTYKHOCTI

JoOpoTHICTH (KOTUBAIHHOTO KOH-
TYpY)

Papian (pan)

Pagio

PeaktuBHuii omip (iHAYKTUBHUH,
€MHICHU)

AKTUBHHH OITip

Omip (cTaTUYHUIA, TUHAMIYHHI)
Onmip (B3a€MHUIA, BIACHUH OITip KOH-
TYpY, BHECCHHUI)

Pezuctop

Pesonanc (Hanpyr, ctpymis, Oaii-
Ty XKHiA)

Pe3onanc (mepmuii 4acTKOBHIA,
JPYTHi 9aCTKOBUH, OCHOBHUN a00
1HJIUBI Iy aJTbHHIA)

Ckansip

Macmrab (MacuITabHMiA YaCTOTHHIMA
koe(iieHT, MacIITaOHUH Koediri-
€HT OTIOPY)

Cexynna (c)

Ciyna

Camoingyxkuis

3cyB

IIyHT, IIyHTYBaTH

Cimenc (Cwm)

CroTBOpEHHSI CUTHAITY

Ixepeno (Hanpyry, CTpyMy, He3a-
JekHe a00 aBTOHOMHE, 3aJIeKHE a00
HEaBTOHOMHE)

[Migrpad
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Susceptance (inductive s., capa-
citive s.)

Surface

System of coupled oscillatory
circuit

Switching

Terminal (input, output)

Theorem (superposition t., mu-
tuality t., compencation t.,
equivalent generator t.)

Topology

Transfer function

Transient process

Transfer ratio

Turn

Turn operator

Value (mean or average V., root-
mean-square v., mean rectified v.,
instantaneous v., effective v.)
Vector

Voltage

Watt (W)

Wave

Wave or characterictic impead-
ance

Weber (Whb)

PeaktuBHa IpOBiAHICTD (IHAYKTHB-
Ha, EMHICHA)

IToBepxus

Cucrema 3B’ s13aHUX KOJMBATHHIX
KOHTYpiB

YBIMKHCHHS

Krema, 3atuckau (BXigHa, BUXi/THA)
Teopema (IPUHIUT CYTIEPIIO3HIIIT,
B32€MHOCTI, TPUHITAN KOMITEHCAIII],
PO eKBiBAJICHTHUI T€HEPATOP)
Tomooris

OyHkis nepeayi

[lepeximawuii mporec

KoedinienT nmepenaui

Butox

Oneparop obepTaHHs

Bennunna (cepenssi, cepeiHbOKBa-
IpaTUYHA, CepeIHbOBUIIPSIMIICHA,
MUTTEBA, e()EKTUBHA)

Bexkrop

Hamnpyra

Bar (B1)

XBuns

XBHUIILOBHH 200 XapaKTePUCTHUHUI
orip

BebGep (BO)
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