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0.1 Symbols used in exercises

Symbols

10v# Component board with built-in precise reference power source 10V.

Programmable DC supply with the set value.

+
5V
al! @ Function generator with the set amplitude, frequency and waveform.

300Hz
—o0
lu Voltmeter DC & AC RMS on clamps.
—o0
1’;’9 Exact 2-pin resistor of the specified value
359 Resistor decade 1 or 2 of the set value.
1oan== Exact 2-pin capacitor of the specified value.
C _21 . g
e T Capacitor decade of the specified value.
+IN A
-INAJ  Connectors of probes in input of measuring unit ADDU - Channel A ((+IN A )(-IN A ) ) or
B ((+inB) (2N B)).
ouT
GND Connectors of probes in output of measuring unit ADDU.
N
Comments

Outputs of the modules are designed to have the minimum output resistance (R, < 0,1Q).
They can therefore be regarded as ideal.
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1.1 Unloaded and Loaded Voltage Divider

Exercise

Verify the validity of the equation for unloaded and loaded voltage divider by comparing the measured
and calculated values.

Schema

1) Unloaded voltage divider

u,=10v
1 R1
R1 = 1kQ U2 - R1+R2 1
R, = 1kQ
Uu,=5v
Fig. 1 - Unloaded divider
2) Loaded voltage divider
u,=10v
! R.R,
= U, = u
Ry = Tk 2 RLR*R,.R,+R.R, '
R, = 1kQ
R, = 5kQ
U, =4,545V

Fig. 2 - Loaded divider




1.2

Voltage Source - Internal Resistance

Exercise

Measure the internal resistance R; of the ideal (Fig. 1 and 2) and a real voltage source (Fig. 3 and 4).

Schema

1) Ideal voltage source

Fig. 1 - Unloaded

2) Real voltage source

Fig. 2 - Loaded

Fig. 3 - Unloaded

Fig. 4 - Loaded

U7-U2
R =
’ I2-I1
u
= —
R
R =00
Ui-U;
R =
’ I2-/1
u
= —
R




1.3

Power Adjustment in DC Circuit

Exercise

Verify that in given circuit the maximum power is being transfered to the load resistor R, on condition that

u,=10v Ia
R; = 10kQ
P
R, [kQ] 0,0 1,0 2,0 5,0 10,0 20,0 50,0 100,0
Ug. V] 0,000 0,909 1,667 3,333 5,000 6,667 8,333 9,091
P [mW] 0,000 0,826 1,389 2,222 2,500 2,222 1,389 0,826
= 25 -0~
g / \\
£ ,
L 29 ' / \
1,5 / \
1,0
</ ‘ \o
0,5
0,0
1 2 5 10 20 50 100

R, ke

S

2y




1.4 Kirchhoff's First Law

Exercise

Verify the validity of Kirchhoff's first law for the following two circuits.

Schema
UAB
-
® 2]
Ry e _ U
10kQ AB leBC J7/BD las = R,
U
y 10ka ‘LUBC 5KO ‘l’UBD lsc = R,
10v@9 2
) Ugp
@ @ IBD = —
R, Ry R,
@ 1kQ 2kQ
o Fig. 1 - Circuit No. 1 Lig = lgc * Igp
UAB
%
® 2]
R, T U
ok e L = f
1
U
y 15(2(2 i’UBD IBC = ==
R
10v@9 )
- © | = @
BD =
R, R,
@ 1kQ
— Fig. 2 - Circuit No. 2 Lig = lgc + Igp




1.5 Kirchhoff's Second Law

Exercise

Verify the validity of Kirchhoff's second law for the following two circuits.

Schema
R1
@ 10kQ
——= y
_ Upe = Upg + Uge + Uge
Upns U R Ry
N e 10kQ 5k
10V @9 lUAE @ @
h R3 R5
@ UCEl 1kQ 2kQ
- Fig. 1 - Circuit No. 1
® o
10kQ
—O  —
_ Une= Upg + Ugc + Uge
UAB

Fig. 2 - Circuit No. 2




1.6

Thevenine Theorem

Exercise

Simplify circuit 1 using the Thevenine theorem.

Schema

Fig. 1 - Given circuit

RT R3
 — ’  —
1,5kQ 2kQ

RZ
3kQ

«—
<
I

Fig. 4 - Simplified circuit

Fig. 2 - Replacement voltage U,

Fig. 3 - Replacement resistor Ry,

R, = 1,5k
R, = 3kQ
R, = 2kQ
RZ
U, =
TH R1+R2 1
Upy =4V
o R RiRe
= +
TH 3 R1+R2
Ry, = 3kQ
Uy, = 4V
Ry, = 3kQ




1.7 Superposition Principle

Exercise
Prove that the superposition principle applies only to linear networks.

Schema

1) Linear circuit

RT RZ
Tl . d Tl
1kQ 5000 Us= Uz + Uy,

+ +

Fig. 1 - Examined linear circuit

Fig. 2 - Contribution of first source Fig. 3 - Contribution of second source

2) Nonlinear circuit

Us# Uy + Uy,

Fig. 5 - Circuit without second source Fig. 6 - Circuit without first source




1.8 Transformation Delta - Star

Exercise

With the delta - star transformation determine the value U, in given circuit.

Schema

®

[l

Fig. 1 - Transformation delta - star

R,
—
3kQ
® R: Ry ©
2kQ 5kQ

Fig. 2 - Given circuit - delta

. R.R
AT R+R,*R,

R.R
Ry= — L3
R+R,*+R,

R, R,

R - =
¢ RARAR,

Fig. 3 -

Circuit after transformation - star
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2.1

RC Integrating Circuit and CR Differentiating Circuit

Exercise

Measure the response of the integrating and differentiating circuit to rectangular voltage. Make the
measurement values for capacitor C = 4 nF, 40 nF, 240 nF.

Schema
INA) +IN A c
5kQ
5V 5V
o (ac) |y, c u, o (ac) |u, 559 U,
300Hz -IN A 300Hz -IN A
13 Fig. 1 o Fig. 2
Measurement
Integraiini Elanek Integrating member
T Edit | Delete| .
N T cuce [ Sispe 8 s o schema Fig. 1
|@ B1 [vistup, C=dnF Cursor o A |7 o | Trig |4 7 00v | =o
|. B2 |V§Jslup,C=4D nF Measure O B Print
|@ B3 [vistup, C = 240 nF Math Ext —
1 Ty | ][ o0V == et |
View Init measuring mode
YT %Y | Phasor | Harmonic | .
oscilloscope
10 + + 10
u u
| M
5 5
[ @
&
/ ]
1} 0 L ]
54 1+ 5
-0+ L 1 1 1 7 -10
0 1 2 3 4 b
t [ms]

Measurement

[ Measwement ___________|
Normal Furn | Sirale || Sequence O B I @ BEl =] E3| @ Edl Clr I

[Time | Gon |
oo a|-fes

3o |fa|/v] or 12| 7]

Differentiating member

Derivani Slanek | RC
[ Legend JNZIMLEES [ swwe I Fio |
® A |Vstupni napsti (Tl scuce | Siope | 8 Stp o)
|@ B1 [vistup. C=anF Cursor 3 il | Trig |4~ 0ov =0
|@ B2 [vistup. C =40 nF Measure | O 0 T
|@ B3 [vistup.C = 240 nF Math Eat = —
[ [ Uity i w0y a|w| et |
It
YT XY I Phasor | Halmnnicl
10+ 1 10
u u
vl ¥
5 5
e o]
@
L \‘ H
0 o *
5+ 5
a0+ ‘ : : 1 10
0 1 2 3 4 5
t [ms]

Measurement

[ Measwement |
Mormal i) Sindlel Sequence O B1 I (o] BZl (o] Eal (] E4| Clr I

[ Time l  Gan |
dr]e s a2

T |

schema

measuring mode
oscilloscope

Fig. 2




2.2

Low Pass and High Pass - Time Domain

Exercise

Display time and phasor diagrams for the lower and upper pass filter (with the same cut-off frequency f;;).

Schema
+IN A R +IN B1 +IN A c +IN B2
r— Il .
5k 100nF
5V 5V
~  (ac) |u, C L |y, ~  (ac) |y, R u,
100nF 5kQ
318,3Hz -IN A -IN B1 318,3Hz -IN A -INB2
Fig. 1 = Fig. 2
Measurement
Dolni a horni propust - Easova oblast | RC Phase diagrams
Edit_| Delete| [ staws | Fie | : -
@ A |vshprinapsi | Trigger [ Amplitade | Phaso | Faeiim | (@ oo — schema Fig. 1, Fig. 2
‘. B1 |Vystup dalni propust Cursor ‘ BAI } :22: I 310408“ } 52?31”525: Trig [4 7 poov Save
- - u i
}' B2 IW““D'““’”‘ propust o (@ B2 | asev | ws [ 2mv oy Print
atl
S \ [ \ :
\ [ utity || \ I \ B |
| Grid_| Ini measuring mode
YT | XY I Phasor Halmonicl I@ﬂ ] bl @~ (OB1|@B2| B2 CEL OSCI||OSCOpe
50 1 I 5.0
u u measured waveforms
V] v1
e 25 L 25 g
3 o ) V)
® .
0 0 © Uy(t),Fig. 1 (V)
\ ® u,(t),Fig.2 V)
25 - -2.5
504 ‘ , L 50 formula
270 o 2 4 ms] ] 1 ’
= z
G 2mRC (Hz)
Time “
Hormal | i |S|ng|e Sequence OB‘\I.BZ'.ES'.B:;I Clrl 1| }I. A “I'l B ‘AI'l’T AI'l




2.3 Low Pass and High Pass - Frequency Domain

Exercise

Display amplitude and phase frequency characteristics for low pass and high pass (with the same cut off

frequency fy).

Schema
ouT +IN A " ouTt c
L N —
Sk J_ 100nF
c R
Y 100nF Uz Ui 5kQ Uz
GND ) ¥ (-IN A GND
* Fig. 1 = Fig. 2
Measurement
Dolni a horni propust - amplitudova charakteristika ‘ Amplitude characteristics
[ Leoend  JRITHLECTREN  Cusor NI 1 |1 ]

& M1 | Dali propust f [Hz] 6.2 Open
- [ IPIL] | IPI[dB] | @ [deq] |[ReP +jimP
@ u2_[Honi prout @ 0703 a0 413 0.50-70.50 Savg
\ | ) 0,700 31 51 50 + (060 Print
‘ | Exit I
| Display | Pl db/div il IPI offset | |_Graph |
Freq. chINyqulsl | Ampl | Phase | - vI 10]15] 10 || Line Point
‘ ! ! ! P S i
10 £ T T it Raih Mttt bR
Im P . 0
@
8] S
05 + S o P L e ieieteieteielel ittt Aol el sttt
@
H . g ® 5
@ .
® :
0 10

: M -15
05 + A [

Normal | StAr Sequence O M1| @ M2| =] M3I @ Mdl Clr |

20
10 p
1 } } j 25
10 05 0 05 1.0 10 100 1k 10k
@oea AeP fIHz]
[ heuenen OEGTR Begin

1/2]3 [10Hz 100Hz| 1kHz | | 51d | High

schema Fig. 1, Fig. 2

measuring mode
frequency characteristics
measured characteristics

e IPI(f),Fig. 1 (dB)
e IPI(f),Fig.2 (dB)

Dolni a horni propust - fazova charakteristika

Edi [Decte|  IETCI O

| RC

1 |l

@ M1 | Dolni propust f [Hz] 316.2 Open
n | P [ IPI[dB] | @ [deg] |ReP +ilmP
H t
# Hz_[Honl popus @ 0708 30 443 050 - 050 plove
\ | @ 0.700 31 451 050+ 0,50 Print

Exit I

Phase characteristics

| Display _J Nyq_scalc | P deg/div m
Freq. ch.I Nyquist Ampl IF‘hase 1 - vI 15'30 B0 - vI Line Point|
: : : : : P o
10t ] [deg]
ImP B0
o
[-1 . . @
085 4+ - . o @
°
@ 0 *
I
®
[ 0
-a0
05 | p
60
10 | p
: " " : 90
10 05 0 05 10 10 100 1K 10k
eeew ReFP fIHz]
®  Sip
Nomal | i | [scauence ©mi1| @m2|@m3|@ms| ci| 1] 2[3 [10Hz 100He| 1kHz | [s1d High

schema Fig. 1, Fig. 2

measuring mode
frequency characteristics

measured characteristics

o ¢f),Fig. 1 )
e (f),Fig.2 )




24

RLC Series Resonance Circuit

Exercise

Show time and phasor diagrams for series resonance circuit in connection with ideal capacitor and ideal
coil (Fig. 1) and for circuit with ideal capacitor and with real coil (Fig. 2).

Schema

503,3Hz

1,2V
Rt

0,9v
ol

71,2Hz

-IN A c -IN A
100nF T Ue
13 -INB3) Fig. 1
Measurement
RLC sériovy rezonanini obvod (s idedlni civkou) | RC Circuit with ideal coil
Edit_| Delete| [ staws | Fie | " Fig. 1
@ A |Wstupni napsti Trigger Phase Re +lm L] Stop Open scnema 19.
‘. B1 |Napat\ ha rezistary Cursor BAI } 1 122: I EE‘ } : fgt*\gggt Tig [4 7 n.00v Save
N — o +if
}: g; I:E‘DE“ ”a:‘“: e B2 | resv | e [0yt Print
apét! ha kondenzatam all K T
| i Tmy}o B3 } 1864 I 2635 } 0.01%-(1.88% e |
| Grid_| Ini measuring mode
YT XY Ph H i .
| m almonlcl I@ﬂ M CB1|®B2| ©B3| OB OSC”IOSCOpe
90"
20 | 20 .
u u measured time curves
V1 v]
10+ L 10
® 3 o u(t) (V)
H
0 0 o ug(t) V)
® u(t) V)
1.0 1.0
e uc(t) v)
20 4 ‘ : L 20
2700 0 ! 7 el
[ Time |
Hormal | i |S|ng|e Sequence OB‘\I.BZ'.ES'.B:;I Clrl 1| DI. A “I'l B ‘AIV”W ‘I'l
RLC sériovy rezonanténi obvod (5 redlnou civkou) | RC Circuit with real coil
Edi | Delete " a2
@ A |Vstupni napéti Trigger Phase Re +jlm a2 Stop o scnema |g.
‘. B1 |Napet\ ha reziston Cursor ‘ BAI } E?g: I EE' } E:gi”ggg: Trig l”ﬂ Save
I " . I 76 + 0,
# b2 |Na°f“‘ naEeE @ Bz | 1riv_ | sz | Laveplaly Print
‘. B3 |Napet\ ha kondenzatar Math ‘. B3 ‘ 170 | 297 ‘ 00 -[1.70Y -
[ _ Uty _| \ | it |
Viow o It measuring mode
¥T XY Ph H i .
| lT almumcl @ﬂl M OBl |®B2|®B3| B4 OSC|I|OSCOpe
90
20 + ! ’ L 20 .
u u measured time curves
¥ ¥1
10 1.0
@ E e u(t) V)
®
. ) o ugl) V)
® ug(t) V)
1.0 + 1.0
® ug(t) V)
20 ‘ +-2.0
270° u w Y sl
Measurement velage

___________ Measuement | Tim |
Mormal | Bur |S|ngla Sequence OBWI.BE|OE3|.B4I Elrl 1| DI & A ‘Alvl

o [a]w] or a7




2.5 RLC Series Circuit - Bandpass

Exercise

Display amplitude and phase frequency characteristics for RLC bandpass (for different values of damping
resistor R, for example R = 100 Q, 200 Q, 500 Q).

Schema

ot) GwA)

Amplitude characteristics

@ M1 [R=10 schema Fig. 1
@ M2 |R=200
@ M3 |R=500
r—-r—
| View W Display | | IP1_dB/div f 1P offset | measuring mode
[Frea_oh. _ Nyquist | | Ampi | Phase | [5 0[] [ins af~] [Line Point| -
frequency characteristics
IP1 [dB]
measured characteristics
e IPI(f),R=100Q (dB)
e IPI(f),R=200Q (dB)
e |PI(f),R=5000Q (dB)
Momal | | [ somenco ovi| @2l oms|@vel i 12 3| [10He 100ke] 1k | st fhan
RLC pasmova propust - fazova charakteristika | RC Phase characteristics
MM o o] N 2 sohema Fig.
@ M2 |R=200
9 M3 |R=500
r—r—
| view W  Display | | deg/div ll @ offsct W Graph measuring mode

[Freq. ch. Nyquist | _Ampl | Phase | 5] (60| o [af=] [Line Poin -
frequency characteristics

measured characteristics

e of),R=100Q )
e f),R=2000Q )
e ¢f),R=500Q ()

| Measuement [P Decades B Begin M Resolution |
omet | o | [ sowerce vi|oualoual@ il 6| 1[e 3| [1wre mmme| vuse] s fron




2.6 RLC Series Circuit - Band Stop

Exercise

Display amplitude and phase frequency characteristics for RLC band stop (for different values of
dampening resistor R, for example R = 100 Q, 200 Q, 500 Q).

Schema

our i
 —
L
lw H ugl
oo A T

Measurement

RLC pasmova zadrZ - amplitudova charakteristika ‘ RC Amplitude characteristics
Legend Cursor l_

© ur Aot schema Fig. 1
@ M2 |R=200
@ M3 |R=500
r—-r—
| View W Display | | IP1_dB/div f 1P offset | measuring mode
[Frea_oh. _ Nyquist | | Ampi | Phase | [5 0[] [ins af~] [Line Point| -
frequency characteristics
L 1 L3 e
measured characteristics
e IPI(f),R=100Q (dB)
e IPI(f),R=200Q (dB)
e |PI(f),R=5000Q (dB)
Momal | | [ somenco ovi| @2l oms|@vel i 12 3| [10He 100ke] 1k | st fhan
RLC pasmové zadr? - fazova charakteristika | RC Phase characteristics
MM o o] N 2 soherma Fig.
@ M2 |R=200
9 M3 |R=500
r—r—
| view W  Display | | deg/div ll @ offsct W Graph measuring mode

[Freq. ch. Nyquist | _Ampl | Phase | 5] (60| o [af=] [Line Poin -
frequency characteristics

measured characteristics

e of),R=100Q )
e f),R=2000Q )
e ¢f),R=500Q ()

| Measuement [P Decades B Begin M Resolution |
omet | o | [ sowerce vi|oualoual@ il 6| 1[e 3| [1wre mmme| vuse] s fron




2.7

Resistor in AC Circuit

Exercise

Display waveforms and phasor diagrams for voltage and current in the circuit with a resistor.

Schema

5V
N
600Hz
Measurement
Rezistor v obvodu stfidavého pruudu | RC Waveforms on resistor
T Edit | Defete| | Status | File | ;
@ A |vshprinapsi | Trigger [ Amplitade | Phaso | Faeiim | (@ oo — schema Fig. 1
‘. B1 |F'mud Cursor ‘ A } o0 } S.00Y + 000V Trig |AI 0.00% Save
— - u B1 o7 1.42% +p0.02%
}. B2 INapat\ ha rezistoru = ‘. B2 ‘ FAE ‘ SEBV—i‘-DDZV Print
_Math ff [ [ -
= _ Uty | [ \ it |
| Grid_| Ini measuring mode
YT XY Ph H i .
| | Phasor Hamonic|  [& FH| 4| »[es oet|erz|cr| ok oscilloscope
50 + r 5.0
u u measured waveforms
| v]
25 + r 2.5
@ 5 o u(t) V)
L ]
0 [ 1
o i(t)=—ut) (mA, kQ, V)
-25 + r-2.5 R
e ug(t) (V)
B0 + i . r 5.0
270 0 1 2 el
Measurement

| Measwememt | Time |
Hormal | i | Single Sequence O B1 I .BZl .ESl .B4I Clr | 4 |

me
y|e s a|~|83

NI




2.8

Coil in AC Circuit

Exercise

Display waveforms and phasor diagrams for voltage and current in the circuit with a coil (ideal and real).

Schema

Measurement

Civka v obvodu stiidavého proudu idealni

Edt | Detee|

| Measwememt | Time |
Hormal | i | Single Sequence OB‘\I.BZ'.ES'.B:;I Clr | 1| }I @ A “|'|3=

@ A |Wstupni napsti Trigger Phase Re + i'lm ] Stop Open
‘& B1 |Fioud Cursor A \ 493y | ml2 | 241v+ja38Y Tig |4/ no0v =
@ B1 | zmv | oo | 233Vep000v m ave
}. B2 I“apa“ nachves — [@ B2 | 439V | £a3 | 00BY+[438V Print
_Math ff \ [ \ -
= _ Uty | [ | \ it |
[ Grid_| Init
YT | %¢ | Phas Hamonic| [& [ dr|esfon @s2|oe| 0]
a0
5.0 5.0
u u
V] v1
* 25+ L 25 4
@
]
&
0 0
50 1 - k + 50
: t
- 0 1 2
270 el
Measurement

NI

Civka v obvodu stifdavého pruudu - redlna

Eat | Detee|

5 e L
Mormal | Bur |Singla Sequence OBWI.BE|OE3|.B4I Elrl 1| DI & A ‘Alvlz

@ A |Vstupni napét Trigger Phase Re +ilm a Stop Open
& B1 |Fioud Curcor A \ s500v | 558 | 281V +id13V Tig [& / noov
o 02 [Napii o o l@ 1 [ zmv | oo | 2z20vei000v el I
| i SpEtnacivee (@ Bz | 418V | @7 | 0G0V+414V ALE
Math I I [
= usiy_|; \ | | it |
View T Init
YT | %¢ | Phasr Hamonic| [ FB dr|@sfom @sz|o] o6
: :
5.0 - I 5.0
u u
¥ ¥1
e 25 L 25 o
&
&
@
i o
25 1 2.5
50 1 - i 5.0
. 0 1
270 t ms]
Measurement velage

o alw] ov 1a[ 7]

Ideal coil
schema Fig. 1
measuring mode
oscilloscope
Real coll
schema Fig. 2

measuring mode
oscilloscope




2.9

Capacitor in AC Circuit

Exercise

Display waveforms and phasor diagrams for voltage and current in the circuit with a capacitor (ideal and

real).

Schema

Fig. 1 Fig. 2
Measurement
Kondenzétor v obvodu stiidavého proudu - idedlni | RC Ideal capacitor
Edit_|Delete| [ sttws W Fio | -
@ A |Wstupni napsti Trigger Phase Re +lm L] Stop Open schema Flg- 1
‘. B1 |F'mud Cursor ‘ A } 433¥ I EUES } ELAMEIAS Trig |AI 000v Save
— - = @ B1 301 Y 00 | a0V rnomy e
}. B2 INapat\ ha kondenzatam = ‘. B2 ‘ Saay | S ‘ nmv-i338v Print
_Math ff [ [ [ -
= _ Uty | [ | \ it |
| Grid_| Ini measuring mode
YT XY I Phasor Harmonic d| F| @A I @ 1 @B2| @ E| B :
| NEYE [ [ oscilloscope
90"
50 | | 50
1] 1]
V1 v]
e 25T L 25
@
)
H
0 0
25 / W T-25
50 1 ‘ : 150
. 0 1 2
270  lme]
Mormal | Fiin) | Single Sequence OB‘\I.BZ'.ES'.B:;I Clr | 1| DI @ A \A|v|3= B ‘AIV”W ‘I'l
Kondenzator v obvodu stiidavého proudu - realny | Real capacitor
Edi | Delete :
@ A |Vstupni napét Trigger Phase Re +ilm a Stop Open SChema Flg 2
& B1 |Fioud Curcor A \ s00v | 318 | 333v.i3Tav Tig [& / noov
" B2 |Napit s hordored = @ B [ 28sv | o0 | 285v+i000v _ 52ve
| i SRS na fentenzEton @ 02 [ onev [ x| odrv-isdiv RLT
ath ] I [ -
[ _ Uty \ | | it |
View | Gid_| It measuring mode
¥T xr | Ph H i dr|ea] @62 OEz|CEL ;
| ason almumcl @ﬂl | | D B1 | | | OSC|I|OSCOpe
50 ! ’ I 50
u u
¥ ¥1
s 25 L 25 g
@
@
®
i 0
25+ 25
5.0 ‘ : 5.0
. 0 1
270 CIme]
Measurement velage

5 e L
Mormal | Bur |Singla Sequence OBWI.BE|OE3|.B4I Elrl 1| DI & A ‘Alvlz

o alw] ov 1a[ 7]




2.10

Active Power - Resistor

Exercise

Display time course of power on resistor.

Schema
i
—>
45V
~ G o
600Hz
Measurement
Cinny vkon - rezistor | RC Power on resistor
[ tegend JWETRNERTIN Function [0 THath | | Status | File | ;
© A [Pod | Tigger s so schema Fig. 1
(@ B [Napad Cursor e Tig [4 7 noov | To
‘.Malhlvﬁknn Measure irg 2f§ Math AxB
= | Mot —
\ [ vty | o Mah | a| |
measuring mode
YT XY Ph H i .
| Phesor | Hommore| oscilloscope
uvl Ul U v-¥]
50 50 ' ' ' ' 1 50
254 25+ + 25
0 1} 0
25 25+ 125
50- 50T 4 4 4 4 T 50
0 0.5 1.0 15 2.0 25
t [ms]

Measurement Time

[ Measwement N Tme §  Gan |
Mormal Fiun ISingIel Sequence |OB‘\IOBZ|OE3|OB4I Clrl 1| }I QA “I'l. B “I'lm AI'l




2.11 Reactive Power - Coil

Exercise

Show time course of power on coil. Compare waveforms on the ideal and the real coil.

Schema
45V 4,5v
[aV} [aV}
600Hz 600Hz
Measurement
Jalovy vwkon - idealni civka | RC Ideal coil
Legend I Function Malh Status File

@ B |Napat [Tig [ coov

SMath|v 2.8 Math | ax8 |

Gain
& Mah [ e ~|

U Ul
50+ 50

e AT T T
[ Nomal _Fun | Sinde | Sequence | © ¢ 3] v e o [l=fe & [a|=fof a]~]

Jalovy vykon - realna civka |
Legend I Function Math Status File

© A [P " Trigger. | M.
@ B |Napgt AI 0.00v

@Math | i AxB AxB

[ Gan_ |
@ Mah &l w|

UM UM

Measurement [ Time §  Gan_ N Average |
o i s Y Y [ S R o a] ]

schema Fig. 1
measuring mode
oscilloscope
Real coll
schema Fig. 2
measuring mode
oscilloscope




212

Reactive Power - Capacitor

Exercise

Display time course of power on capacitor. Compare waveforms on ideal and real capacitor.

Schema
i ui i U o (-INA) (+INB)
—> —D>
O o—}-C o] O o}
R R;
2kQ 2kQ
45V 45v
c _L (9 R
v A§ u 100nF T |0 v A; u 100nF T L 20k [YeR
600Hz 600Hz
—o obr. 1 o & Fig. 2
Measurement
Jalovy vwkon - idealni kondenzator | RC Ideal capacitor
Legend I Function Math Status File .
. Proud I Dperation schema Flg 1
@& B |Napdtl
SMath|v 2.8 Math | ax8 |
|  Gain |
| & Mah [ a| |
measuring mode
oscilloscope
uvl Ul
50 50+
Measurement TImB Gain Average
| Nomal _fun | Shoe | _Sequence | vie « [~ & [af=|for <[~
Jalowvyf vykon - redlny kondenzator | Real capacitor
Legend I Function Math Status File .
© A |Proud [ | Operation schema Fig. 2

@ B |Mapdt
@Math | i

UM UM

& =B

[ Gan_ |
@ Mah &l w|

5.0+

AxB

A

Measurement

| Nomal [ un | Sine | | Soquence | 05

O] l__ O B3

me

{ Time 1 Gain ______f Average |
[Gesl o) iv] o+ alvle o a]5] o a] ]

measuring mode
oscilloscope




2.13 Impedance Divider - Time Domain

Exercise

Measure voltage transfer of the impedance divider (for C, = 2 nF, 5 nF, 8 nF). To compensate the divider,

following formula must be valid: R,C, = R,C, .

Schema
+IN A +IN A
Ry 0
2v 10k Ll 7T 10nF v 1oke Il T 10nF
~v G | : v (| :
500Hz R |7 500Hz R |7
2 - 2 -
SN A) 20ka L] FF 2 ucl -INA) 20k L A Ucl
13 obr. 1 * Fig. 2
Measurement
Impedantni délit, Sasova oblast - sinus RC Harmonic course
LTI Edit | Delete] | stetus Il Filo | h Fig. 1
o A [vatuprineati || Trigger MM @ 5w schema 9.
& B1 [Wistup, C2=21F Cursor oA |7 M | Trig |4 00y || =05
@ B2 |Wistup, C2=5nrF Measure OB Tl
@ B3 [vgstup, C2=81rF Math Eut
\ [ Utility ff wwy al~]
| Grid_| measuring mode
¥T | %¢ | Phasor Hamonic| @ﬂ ] >|.A Opl|®e2| ®@B3| CEs oscilloscope
30°
2.0 4
u
|
e 1.0
1}
1.0 +
20 +
270* o t [ms]

__ Measwement W Tme f  Gan____ Y Averape |
Hormal | i |Single Sequence OB‘\I.BZ'.ES'.B:;I Clrl 1| }I @ A “I'l’z B ‘Alvlm AI'l

Impedantni dili, Easova oblast - obdélnik

Eat | Detee|

® A vpings || Trger IS T (T

Stop

Rectangular course

Measurement
v]e» afv]ss

[ Measuement _ ________ |
Mormal | Bur | Single || Sequence OB I .BEl .E3| @ B4I ClIr |

- Open
@ B1 |vistup, C2=2rF Cursor o A il Trig |4 /7 0.00v [ =25
|@ B2 |vistup, C2=5rF Measure || _© 0 oo
|@ B3 |vistup, C2=81rF Math Ext —
\ [ vy || 0] |[ 000y &]=] _Exit_|
It
YT hais | Phasor | Halmunicl
2.0 L 20
u u
V1 V1
1.0 T 1.0
] a
@
a
0 0o *
1.0 1 1.0
207 : ; ; : 20
0 0.5 10 15 2.0 25
t [ms]

A
o alw] ov 1a[ 7]

schema

measuring mode

oscilloscope

Fig. 2




2.14 Impedance divider - Frequency Domain

Exercise

Measure transfer frequency characteristics of the divider (for C, = 2 nF, 5 nF, 8 nF). To compensate the
divider, following formula must be valid: R,C, = R,C, .

Schema

T o (NA)

10kQ T 10nF
u, o)
R, 47
ok ll A% u2
. Fig. 1

Measurement

Impedanni dili& - amplitudova charakteristika ‘ RC Amplitude characteristics

Legend Cursor l_
@ M1 |C2=2rF

schema Fig. 1
@ M2 |C2=5nF
@ M3 |C2=8rF

S

Yiew Display IP1 dB/div IPI offset

measuring mode
[5 q0[1s][os af~] [Line Point|

frequency characteristics

IP1 [dB]
@
@
@
L]

Measurement -] Stop

_Momal | o | | Sonuence Owi| @nz|@wmal@me| & | 123 [10H: 100Ha| 1kHz | [ s1a Hioh|

Impedanni d&li§ - fazova charakteristika | RC Phase characteristics
[ logend  MZTMTTTIREE Cuisor JOR1 -

© M1 |C2=2rF schema Fig. 1
& M2 |C2=8nF

@ M3 |C2=8nF

IR

| view W  Display | | P deg/div ll @ offsct W Graph measuring mode
[Frea. ch. | Nyquist | _Ampl | Phase | [15 ;e| o af~| Line Poin]

frequency characteristics

P [deg]

Measurement -] Stop

Decades Begin Resolution

[omerce v ol @yl @we 6| 1|25 [1ee towe] vune|




2.15 Equivalent Circuits (For a Single Frequency) - Time Domain

Exercise

Verify that the equivalent circuits have the same voltage transmission only for sinusoidal voltage of a
single frequency.

Schema
INAJ INAJ
—c/  — PY o
10kQ
Rs
5V 2kQ 5V
[aV) AC uy u, [aV} u,
200Hz c 200Hz
-IN A “’O”FT
. Fig. 1 Fig. 2
Measurement
Ekvivalentni obvody (pro jednu frekvenci) - odezva na sinus | RC Harmonic course
Eit | Dokt TN S | I - :
@ A |Vstupni napeti Trigger Urms |U mean | U max U min -] Stop = schema Flg 1, Flg 2
& B [Vt obvodu 1 Cusor |2 | am4w| ooov|] Roov) Soow| 2nnnHz [Trig | [Trig [& _/ oo0v S:ve
& B2 [vjoup obuoda? [ @ m | zmvw| ooov| 2esv] 285w 2000Hz ]
‘ | i o @ B2 | z2mv| ooov| 2e5v] -286v| 2000Hz Print
i \ [ [ \ [ :
\ [ Utilty |y7\ I I \ I B |
Init measuring mode
YT XY Ph. H i .
| 13501 | almonlcl 03C|”oscope
50 | ’ ; ; ’ ] 50
u u
V] V]
25+ + 25
@ @
@
2
0 o *
25+ 1+ -25
501 4 4 4 4 T 50
0 2 4 [ 10
t [ms]
me “
Hormal | i | Single Sequence OB‘\I.BZ'.ES'.B:;I Clrl 1| }I @ A “I'l B ‘Alvlm AI'l
Ekvivalentni obvody (pro jednu frekvenci) - odezva na obdélnik | RC Rectangular waveform
TIRLESIN Functon [ easwe W saws || rie " Fig. 1 Fiq. 2
@ A |Wstupni napét Trigger Urms | U mean | U max U min f -] Stop Open schema Ig- ’ Ig-
& BI |vstun obvoda 1 Casor || @ A | 499y oo soov] S00v[ 2000Hz [Tig [ noov
& B2 [¥iewp obrodu? [ @ Bl | 260%| 000V 405y 4.05%[ 2000Hz e I
| i Seiup BRvecl == Io B2 | zeov| o000v| ae0v| -ae0v| 2000Hz Print
atl I [ [ I [ :
[ Uy | it |
it measuring mode
YT XY Ph. H i .
| 1301 | EII'I'IDrIIGI OSC|||OSCOpe
5.0 - ’ —_— 1 50
u u
¥ ¥
25+ 1 25
® o}
@
@
0 0o *
2.5 25
50T L 1 1 L 5.0
0 2 I [ 10
t [ms]
Mormal | Bur | Single || Sequence OBWI.BE|OE3|.B4I Elrl 1| DI [ ‘Alvl B ‘AIVl’T AI




2.16

Equivalent Circuits (For a Single Frequency) - Frequency Domain

Exercise

Verify that the equivalent circuits have the same voltage transmission only for sinusoidal voltage of a

single frequency.

Schema
ouT +IN A " ouT +IN A
 — 4 J
10kQ
RS
2kQ
Uy U U,
c
GND -IN A 10°”FT GND
o Fig. 1 Fig. 2
Measurement

Ekvivalentni obvody (pro jednu frekvenci) - amplitudova charakteristika

EETTI o [pece| TN o 1

|1

Amplitude characteristics

Normal | StAr Sequence O M1| @ M2| =] M3I @ Mdl Clr |

@ M1 |Obvod f [Hz] 2013 o
[ [ WPl | IPI[dB] | @ [dea] |[ReP +jimP
| @ M2 [Obvod? ) 0669 43 422 042-10.38 Save
‘ | L] 0.569 -49 -42.4 0.42-j0.38 Print
‘ | Exit I
| Display | Pl db/div il IPI offset | |_Graph |
Freq. chINyqulst [ Ampl | Phase | a vI 10 15][108 a|~| Line Point
‘ ! ' ‘ P 5 L
1.0 +- L L . . L L L | [dBl """"""""""""""""""""""
ImP 0
I
[1 ]
0.5 4+ 4 [ JS teieiieh b hiahinbie el Airniaiuiebie Aaiaiie ety
@
@ * 5
3 . .
® i i
D 10
. M 15
o8 Lo o]
-20
10 | p
: . f ! 25
10 05 0 05 10 10 100 1K 10k
@oea AeP fIHz]
®  Stp Begin

[ Bean |
1/2]3 [10Hz 100Hz| 1kHz | | 51d | High

Ekvivalentni obvody (pro jednu frekvenci) - fazova charakteristika

RC

schema Fig. 1, Fig. 2

measuring mode
frequency characteristics

Phase characteristics

schema

Fig. 1, Fig. 2

Edit_|Delete | On 1 |41
@ M1 |Obvod1 f [Hz] 201.3 Open
| WPIEFL | IPI[dB] | @ [deg] [ReP +ilmP
| @ M2 |Obvod? @ 0583 48 422 0421038 plove
\ | ® 0569 43 424 042-i0.38 Print
‘ | Exit I
| Display _J Nyq_scalc | P deg/div m
Freq. ch.I Nyquist Ampl I Phase 1 - vI 15 I 30 B0 - vI Line Point|
: : : : - P o
10t ] [deg]
ImP B0
o
[-1 @
05 1 i 2
°
@ 0 *
I
®
[ 0
-a0
05 |+
60
10 |
; " " : 90
10 05 0 05 10 10 100 1K 10k
eeew ReFP fIHz]
&  Sip
Nomal | i | [scauence ©mi1| @m2|@m3|@ms| ci| 1] 2[3 [10Hz 100He| 1kHz | [s1d High

measuring mode
frequency characteristics
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3.1 Linear Resistors - Ohm Law

Exercise

Display characteristics of linear resistors. Use values 100 Q2, 200 Q a 500 Q.

Schema

ouT

U= Rar, U0

R,

GND u ()= —— uft

ReR, U0

Measurement

Linearni rezistory - Ohmiv zakon | RC Linear resistors
Edit_| Delete| .
[owmfr-10  [on 1 4[] 2 x| 4| \ schema Fig. 1
[® M2 |7 =200 [ Teum |81 mal e u. v [E31:mal [ R 50V a|w| 50y alw| | Toape
WW fo ] ow | oos | 200 | 20e " |- Slope | Time o

0000 [ 0020 [ 3000 [ 18006 [ 20 | [T 25 A onms 4| b | i

0.000 -0.008 3.500 7.000 500 -
’_ Exit
| SemeRinl | measuring mode
e oo k| ok ILine Point L | e u|®[—[88 o
U-I characteristics

20 f »
Hmal 1 ma]
TR
@
: s 151 1
* H
0
w4 -
10 .
o, } " A D : } } :
50 25 0 25 50 0 125 250 375 500
& U] I & UM

Measurement @ Stop Gain
Normal Sequence O Mi| @ M2 .M3|.M4| E\II @ A :: B !n




3.2 NTC Resistor - U-l Characteristic

Exercise

Display U-I characteristics of NTC resistor for two different temperatures.

Schema

ouT

u, (9= f(it))

u ()= R;.i(t)

Measurement

NTC rezistor | RC NTC resistor
ITETI Edit | Delete| .
[® M1 |22 shudens fon| 1 +[«ln]| 2 x| ] \ schema Fig. 1
[® M2 |zalepa [ Te v,V 531 ma) (@ 0z V) [381:[ma] R H0Y JJ 50v | a|w| | “gaye
e [@ [ oo | ooz | 3750 | 3sr% 357 [ Slope | Time  MTT

i CIEEN TN IERET R R N P 1Y i

— ’_ Exit

measuring mode

| SemseRI[21 MM Graph |

U-I characteristics

co I : : : : : : :
) 500
1| [mA] | mal
o 550 ]
. @
e s 375 1
* H
[
250 ]
251
125 ]
L } " A D : } } :
50 25 0 25 50 0 125 250 375 500
& U] I & UM

Measurement @ Stop Gain
Normal Sequence O Mi| @ M2 .M3|.M4| E\II @ A :: B !n




3.3 PTC Resistor - U-l characteristic

Exercise

Display U-I characteristic of PTC resistor.

Schema

u, (9= f(it))

u )= R;.it)

PTC resistor

schema Fig. 1

[ SenseR L] | | Quadiant M Zoom measuring mode
[+ a0 e0] | w0k [ Line | Point | [ m | oul+|-fei|[+|-] U-I characteristics

| Gan |
e 4alv|e s a|~]




34 Light Bulb - U-l Characteristic

Exercise

Display U-I characteristic of light bulb. Make the measurement both for increasing and decreasing
voltage.

Schema

ouT

u, (9= f(it))

u ()= R;.i(t)

Measurement
Zarovka | RC Light bulb
Ed | Delete :
[ ® |up Ev/5om T I [ Y — schema Fig. 1
[ li v a| w50y al=| Toae |
o Slape Print
—r 4 — AT s ] i
— - Exit
| SenceRD01 B Graph | measuring mode
1 | 0 doo| ik [ dok| [ Line | Point Loom | eul+|-|el |+~ o
U-I characteristics
0 I . . —
50.0 |
1 [ma] / 1 [ma]
25 4 -
375 1
0
250 +
o5 L
12.5
50 L 1 1 L o 1 1 L
50 25 0 25 50 0 125 250 375 5.00
u vl I u vl
Measurement (=] Stop Gain
Normal Single | Sequence | (41| 2 OM3IOM4I C\II @ A !n @ B !n




3.5 Rectifier Diodes - U-l Characteristics

Exercise

Display U-I characteristics of rectifier diodes. Compare U-I characteristic of Schottky diode with U-I
characteristic of PN junction diode.

Schema

ouT

u, (9= f(it))

GND u (= R;.i()

Measurement
Usmérfiovaci diody | RC Rectifier diode
Edit | Delete| .
[@ M1 | dodasPH piechodem (s (00| 1+ 0| 0] 2 x| 4] \ — schema Fig. 1
& M2 |Schullkyhu dioda ’7 A0V dj 50Y dj Save
o Slope Print
—r 4 = 2 N B T
— ’_ Exit
| Semefinol B Graph | measuring mode
1 |10 100k [ 1ok| [ Line  Point 1. m. | eu|+|-|88 [+|- Lo
= U-I characteristics
w0 I . . - ; . .
20 +
I[:-A] I ] 1 [mA]
: 10 2 5l
L ] @
&
1]
10 +
qo L ]
51
20 ¢ L 1 1 L ] o L 1 L
-1.0 -0.5 1} 0.5 1.0 0 025 0.50 0.75 1.00
& UM I & U]
Measurement =] Stop Gain
Normal Sequence | O M1 | @ M2| @ 3] @ s i | 8 4|a|v88e | alv]




3.6 Zener Diodes - U-l Characteristics

Exercise
Display U-I characteristics of Zener diodes with different Zener voltage.

Schema

ouT

u, (9= f(it))

GND u (= R;.i()

Measurement
Zenerovy diody | RC Zener diodes
ITETI Edit | Delete| .
[@ M1 |20 22v a1+ 2 x| \ — schema Fig. 1
& M2 |20 30V L 64y a|w] 26y alw| | Toave
© M3 2035V - Print
& M4 |70 43V e i AN ELN Init
— ’_ Exit
| Semefinol B Graph | measuring mode
1 |10 100k [ 1ok| [ Line  Point L | eu |+ |28 [+]-]

U-I characteristics

UM @
500 -375 -250 -1.25
w0 I : : - ‘ i ‘ ]
I [mA] .
2 w-q 1 i
@
®
. + 0
0
H
E + 15
10+ b @
1 [mA]
- 1+ 20
20 ¢ L 1 L ] C L 1 1 L

;
50 25 0 25 5.0
& U] 1.

Measurement @ Stop Gain

Normal Sequence O Mi| @ M2 .M3|.M4| E\II @ A :: B !n




3.7

Light Emitting Diodes - U-l Characteristics

Exercise

Display U-I characteristics of LEDs of different colors.

Schema

ouT

GND

u, (9= f(it))

u ()= R;.i(t)

Measurement

SvEtelné diody

| RC

LEDs

Normmal Sequence O M1 | @ M2 .M3|.M4| E\II

Edit | Delete| Curson
[© M1 |LeD 2uia T T Y O I [ i Tl [ o Lovel (| Iy
@ M2 [LED modid S0V jj 34y jﬂ Save
@ M3 |LED zelend ’_ Slope Print
® M4 |LED Zervend e i AN ELN Init
— ] Exit
| SenseRi01 M Graph |
1|0 oo ik [0k | [ tine | Point | Lo | eu[+[=88 [+]=]
. .
50+
5.00 +
II:A] 1 [ma]
25+ &
: : 375 +
@ H
1]
250 +
254
1.25 +
504
} t t } ] } ' t }
50 25 0 25 5.0 0 1.25 250 375 500
& U] I & UM
Measurement (=] Stop Gain

¢ 4 [a[v[s3e a~]

schema

measuring mode
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3.8 Bipolar transil - U-l Characteristics

Exercise

Display U-I characteristic of bipolar transil.

Schema

u, (9= f(it))

u )= R;.it)

RC Bipolar transil

Min Level Max Level SChema Flg 1

| Quadiant M Zoom measuring mode

J o0 ik [0k | [ Cine  Point | [ m | eul+[—fe|[+]] U-I characteristics

Measurement

| Gan |
e 4afv|e s a|~]




3.9 Linear Elements (Serial) - U-l characteristics

Exercise

Display U-I characteristics of two linear elements and their serial combination.

Schema
ouT : ouT : ouT

GND

GND
O
Fig. 1 Fig. 2
Measurement
Lineamnf prvky - sériové zapojeni | RC Linear elements (serial)
T Edit | Delete| .
[@w1 [Ri=t0 lﬁ 1+l oz |4l \ schema Fig. 1,2,3
® M2 [Rz=-20 [ le i (221 ma] | U:[v] [$21:Ima) R 50Y JJ 50v | a|w| | “gaye
WW l_ 0000 | 003 1000 [ 10038 99.5 | Slpe | Time DT
oom [ oo [ 2055 [ oo [T LT AR vnms W] | o
L noon | oona 2025 | 10032 | 300 ot
o ’— Exit
measuring mode

| SemeR 2] |

U-I characteristics

" ' n | : o U, ()= ——u(t)
I [m&] 1 [mA] Ri+R1
s 104 e 5l 1
H ¢ R,
! 10+ ] e U, (t)_ —R,.+R2 U(t)
10 4
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aq ] o U, ()= ———u(t)
} t t } ] } t t } R+R.+R
50  -25 0 25 5.0 0 1.25 250 375 500 i 1 2
e U j e U

Measurement @ Stop Gain
Normal Sequence O Mi| @ M2 .M3|.M4| E\II @ A :: B !n




3.10 Linear Elements (Parallel Circuit) - U-l characteristics

Exercise

Display U-I characteristics of two linear elements and their parallel combination.

Schema

ouT ouT

GND GND GND
Fig. 1 Fig. 2 Fig. 3
Measurement
Linedrni prvky - paralelni zapojeni | RC Linear elements (parallel)
Ed | Detete .
[@w1 [Ri=t0 lﬁ 1+l oz |4l \ schema Fig. 1,2,3
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L DO00 | 0085 | 1000 | 14817 | €67 :
— ’_ Exit
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1 {10 I 100 Tk | 10k | Line = Point . . I eU |+ (%28 o
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: : = ‘ : : — _ 1
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I ImA] 1 [ma]
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- s 15t h
H b4 R,
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R*R,
10 4 L k
R
— 1,2
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Measurement (=] Stop Gain R =
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1 2




3.11 Nonlinear Elements (Serial Circuit) - U-l characteristics

Exercise

Display U-I characteristics of two nelinear elements (diodes) and their serial combination.

Schema
ouT : ouT : ouT

GND

GND
Fig. 1
Measurement
Nelinearni prvky - sériové zapojeni | RC Nonlinear elements (serial)
ITETI Edit | Delete| .
@ M1 |70 24V a1+ 2 x| \ schema Fig. 1,2,3
& M2 |LED zelera L 50V jj 50V jﬂ Save
@ M3 |ZD aLED sériowé Slope Time Print
|~ = IS s 40| | it
— ’— Exit
| Sonsoni MM Gaph | [ Zom | measuring mode
i e o0k | ok [ Line | Point L | e u|®[—[88 o
U-I characteristics
o I . . - 1
20 + b
! [mal 1 [ma]
@ ]
¢ 2 57 ]
° H
1]
10+ q
a0 L 1
5L ]
20 ¢ L 1 1 L ] o
5.0 -25h 1} 25 5.0 0 1. 25 2.5I] 3 ?5 b l][l
& U] L & U]
Measurement "] Stop Gain
Normal Sequence | O M1 | @ M2| @ 3] @ e i | 8 4|a|v88e | alv]




3.12 Nonlinear Elements (Parallel Circuit) - U-l Circuit

Exercise
Display U-I characteristics of two nonlinear elements (diodes) and their parallel combination.

Schema

ouT ouT

GND GND GND
Fig. 1 Fig. 3
Measurement
Nelinearni prvky - paralelni zapojeni | RC Nonlinear elements (parallel)
ITETI Edit | Delete| .
© M1 2D 24 o] 1 +laln] 2 x|l \ schema Fig. 1,2,3
& M2 |LED zelera L JJ 50V JJ Save
@ M3 | 2D aLED paralehne _ Print
Y — - A s 40| | it
— ’_ Exit
| Sonsoni MM Gaph | [ Zom | measuring mode
1 e o0 k| w0k | [ tine | Point | ~m | eu[+[-[88 1 [+] -] -
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¢ 2 57 ]
° H
1]
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5L ]
20 ¢ L 1 1 L ] o
5.0 -25h 1} 25 5.0 0 1. 25 2. 5IJ 3 ?5 5.IJ[I
& U] L ® U]
Measurement "] Stop Gain
Normmal Sequence O M1 | @ M2 .M3|.M4| E\II & A !n g2 !n




3.13 Nonlinear and Linear Elements (Serial Circuit) - U-l Characteristics

Exereise

Display U-I characteristics of serial combination of linear and nonlinear element.

Schema
ouT : ouT : ouT

GND

GND
Fig. 1 Fig. 3
Measurement
Nelinearni a linearni prvky - sériové zapojeni | RC Nonlinear and linear elements
ITETI Edit | Delete| .
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Measurement "] Stop Gain
Normal Sequence | O M1 | @ M2| @ 3] @ e i | 8 4|a|v88e | alv]




3.14 Nonlinear and Linear Elements (Parallel Circuit) - U-l Characteristics

Exercise
Display U-I characteristics of parallel combination of linear and nonlinear element.

Schema

ouT ouT ouT

GND GND GND
Fig. 1 Fig. 3
Measurement
Nelinearni a linearni prvky - paralelni zapojeni | RC Nonlinear and linear elements
ITETI Edit | Delete| .
@ M1 |70 24V a1+ 2 x| \ schema Fig. 1,2,3
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e — - INERIDNT
— ’— Exit
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&
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Normal Sequence | O M1 | @ M2| @ 3] @ e i | 8 4|a|v88e | alv]




3.15

Input Characteristics of Bipolar Transistor NPN

Exercise

Measure and display input characteristics of transistor BC546B.

Schema
=Ucc
800
CBE
I {
oo ouTt
c —00
IN1 B
0ouT2
€ o—00
-IN A o ? ? ‘f 6N
[E )
GND | oS
F|g 1 TRANSISTOR BIPOLAR - NPN RC Flg 2
Measurement
Vstupni charakteristiky tranzistoru BC546B | RC Input characteristics
Ed| Delete Curso -
@ M1 | Doe-Onv on| 1 +)aln] 2 x| [N Win Level — schema Fig. 1
& M2 |Uce=100my v a|wf 4y af=] SL
@ M3 | Uce=200my Slope Time ave
® M4 | Uce=5000my — — N B O i
— | Exit |
| SenceRi01 MM Graph | nit_| measuring mode
1 |10 qo0] ik ok [ Line  Point 1. 11l eu | +| |88 [+]| - R
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1
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* H
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Nommal Sequence O M1 | @ M2 .MEI.M4I C\II ® A :: B !n

Notice

- plug 3-pin element BC546B into a module of bipolar transistor (Fig. 2)

- after checking that the circuit is correctly connected, we bridge the safeties b and ¢ with a couplings

- in a program (Block Output Ramp) we set output signal in a range 0V - 1,4V




3.16

Output Characteristics of Bipolar Transistor NPN

Exercise

Measure and display output characteristics of NPN transistor BC546B.

Schema

i ouT

Fig. 1

-Uee
808
CBE
oo I
oo ouTt
c Lol
IN1 B
[egean ]
our2
E Lol
GND GND
TRANSISTOR BIPOLAR - NPN RC Flg 2

Measurement
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RC
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Notice

- plug 3-pin element BC546B into a module of bipolar transistor (Fig. 2)
- after checking that the circuit is correctly connected, we bridge the safety ¢ with a coupling

- in a program (BlockOutput Ramp) we set output signal in a range 0V - 10V

Fig. 1



3.17 Output Characteristic of a Bipolar Transistor PNP

Exercise
Measure and display the output characteristics of the BC556B PNP transistor.

Schema
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808
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I I
oo ouTt
c Lol
IN1 B
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our2
E Lol
GND GND

TRANSISTOR BIPOLAR - PNP
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Fig. 2
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Fig. 1

Notice

- plug 3-pin element BC556B into a Module of bipolar transistor (Fig. 2)
- after checking that the circuit is correctly connected, we bridge the safety ¢ with a coupling

- if the axis orientation of the diagram is maintained, the measured curves for the PNP transistor are "opposite”

to the NPN transistor.
- in a program (BlockOutput Ramp) we set output signal in a range 0V - 10V

- the output curve of the voltage from the output ramp can only increase - so the voltage to the circuit is

reversed...




3.18 Output Characteristic of a Unipolar Transistor J-FET

Exercise
Measure and display the output characteristics of transistor BF245B.

Schema

ouT

-Uce

808
GDS
(XX
[N

}}I
P19

GND GND
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Notice

- plug 3-pin element BF245Binto a Module of unipolar transistor (Fig. 2)
- after checking that the circuit is correctly connected, we bridge the safety d with a coupling
- in a program (BlockOutput Ramp) we set output signal in a range 0V - 10V




3.19

U-I Characteristic of the Thyristor

Exercise

Display the U-I characteristics of the thyristor.

Schema

ouT

PWR
800 S E
AGK outt
oor | -
BB our2

A
IN1 6
S—0 K
GND ? GND.
THYRISTOR RC F

ig. 2
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u u,
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\ -IN A
Fig. 1
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schema Fig. 1
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Notice

- plug 3-pin element 2N5060 into a module of thyristor (Fig. 2)
- after checking that the circuit is correctly connected, we bridge the safeties a and k with couplings

- v programu V/A Charakteristiky vypneme hlazeni prabéhu tlacitkem Filter OFF
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4.1 Half-Wave Rectifier

Exercise

Display the input and output voltage of the half-wave rectifier without (Fig. 1) and with capacitor filter (Fig. 2).
Use the values of filter capacitor C=1 uF a 10 pF.

Schema

@ A |Vshupni napsti

@& B |Yistupnl napétl

e
e
j WQQQQQQ

7
I | e e e |

e AT T T
_Seauence | - : 3] v e o [l=fe & [a|=fof a]~]
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I—

| Measwememt W Tme f  Gan W Average
ot [ v [ || semncs 01| @62] 03[9 5| 4[| @ & a| 88 © a| ] oh )




4.2 Half-Wave Rectifier - Diode Current

Exercise

Display diode current of half-wave rectifier without filter (Fig. 1) and with capacitor filter (Fig. 2).

Schema

. Fig. 1
Measurement
Jednocestny usmeérfiovat - pruud diodou Rectifier without filter
Edit_|Delete| " Fig. 1
@ A |Proud diodou I Trigger m scnema 1g.
‘. B |V5’Jstupm’ hapét Cursor DA |7 Y
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4.3

Half-Wave Rectifier with Capacitor Filter - Currents

Exercise

Display currents in different parts of the half-wave rectifier with capacitor filter.

Schema
+IN B1 Uy -IN B1
o— |
RN i1
100Q
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N A§
100Hz
Measurement

Currents in rectifier
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4.4 Full-Wave Rectifier

Exercise

Display the input and output voltage of the full-wave rectifier without (Fig. 1) and with capacitor filter (Fig.

2).

Schema
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100Hz

Fig. 1
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4.5 Diode Limiter

Exercise

Display the input and output voltage of the diode limiter (Fig. 1) and the diode limiter with the adjustable
voltage (Fig. 2). Compare output waveforms for different voltage settings.

Schema
+IN A +IN A
5V 5V
oM ORI
100Hz 100Hz
-IN A -IN A
Measurement

Diodovy omezovat

Edit | Delete
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4.6 Transformer - Voltage and Current in Primary Winding

Exercise

Display current and voltage in the primary winding of the transformer.

Schema
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4.7 Transformer - Hysteresis Curve

Exercise

Display the hysteresis curve of the transformer. Compare hysteresis curves for various currents of the
primary winding of the transformer.

Schema
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4.8 Bipolar Transistor as Amplifier with Common Emitter

Exercise

Display the input and output voltage of the transistor amplifier.

Schema

-Uce

ouTt
[4 o860
IN1 B g %;
09
ouT2
E o890
7 17 g

oD
B
o o mO®

® 0
® 0

GND
S
y' S TRANSISTOR BIPOLAR - NPN RC F|g 2
Measurement
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=
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50 1 I (Fig. 2)
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4.9 Frequency Characteristic of the Amplifier with Bipolar Transistor

Exercise

Measure the frequency characteristics of the transistor amplifier and consider the effect of the coupling
capacitor C,

Schema
=Ucc
R e II
20kQ) X
ouT C, XX .
" N1 8 -
10pF 5 o .°””.
u R,

1

GND 2ke
y' TRANSISTOR BIPOLAR - NPN RC F|g 2

Measurement

Tranzistorovy zesilovag

[ Corsor JU0

o M1

C2=100nF

& M2

C2=TuF

¢ M3

C2=10uF

Amplitude characteristics

schema Fig. 1
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notices

- we plug 3-pin element
BC546B into the module
(Fig. 2)

- we bridge safeties b and ¢
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Measurement
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4.10 Multivibrator with Bipolar Transistor

Exercise

Turn on an astable multivibrator using two NPN transistors.

Schema
4 O +5V
- Uce
Ry
1kQ c, °%¢ I
| 20
+IN A LI
T, 100nF ¢ 000
IN1 8
ouT2
g o0
GND ? ? T GND
-IN A o —
N / GND Fig. 1 TRANSISTOR BIPOLAR - NPN RC Fig. 2
Measurement
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Eai_| Dotete " Fig. 1
o A fuse | Trigger |METTZ NN schema 9.
‘. B |Uca Cursor QA v Y
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I | Math Eut s
\ [ vy | 0| || oov =]
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0 0
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Notice

- plug 3-pin element BC546B into a Module of bipolar transistor (Fig. 2)

- after checking that the circuit is correctly connected, we bridge the safeties b and ¢ with couplings




4.1

Thyristor Control of the Output Voltage

Exercise

Check the options of thyristor control.

Schema
+IN A
10V
n A§
50Hz
-IN A

Measurement
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@
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Notice

schema

measuring mode

Oscilloscope

Fig. 1

- plug 3-pin element 2N5060 into a module of thyristor (Fig. 2)

- after checking that the circuit is correctly connected, we bridge the safety a with coupling




4.12 Thyristor Control - Voltage Curves

Exercise

Display the individual voltage profiles during thyristor control.

Schema

e T I
AN A ul
2

800
A G K

8O a

5V q BB out2
n A; u,| 100ke ;
50Hz IN1 G
So— K
C
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Measurement
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/& B1 |RC Banek Cursor oA il Trig |A /" 000V | =o 0
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u u
V] v1
e 257 125 o
@
I
— ®
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25 1 +-25
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270" o 5 sl
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| Gan______|
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Notice

- plug 3-pin element 2N5060 into a module of thyristor (Fig. 2)

- after checking that the circuit is correctly connected, we bridge the safety a with a coupling

- we change curve B1 by plugging-out the resistor R,
- curve B2 is measured on the same spot as B7, but with plugged-in resistor R,
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5.1

Star Connection - Phase Voltages

Exercise

Display individual phase voltages u,, u,, u; in a four-wire system with symmetrical ohmic load.

Schema
1
3x U, [] R
50 Hz
L +IN A
('X' 1
) Wl
R R
uy
L, +IN B1 2
L [aV]
u;
Ly +INB2
L [aV]
-IN A
Usg -IN B1 U,=5Vv
N R - 1kQ
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Zapojeni do hvEzdy - fazova napéti | RC
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5.2 Star Connection - Phase and Collective Voltages

Exercise

Display relation between phase voltages u,, u, and collective voltage u,, in a four-wire system with
symmetrical ohmic load.

Schema
1
3x U, [] R
50 Hz
(‘“{' Ly
o
R R
Uy | Up
Ly 2 3
L [aV]
u;
(=
L [aV]
-IN A
-IN B1 U,=3Vv
+IN B2
N (+IN B2) R = 1kO
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Zapojeni do hvzdy - fazova a sdruZena napsti | RC
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5.3 Star Connection - Symmetrical Ohmic Load

Exercise

Display individual phase currents i, , i,, i; and current iy, in a four-wire system with symmetrical ohmic
load.

Schema

i
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5.4 Star Connection - Asymmetrical Resistance Load (four-wire)

Exercise
Display individual phase currents i, , i,, i; a proud iy in a four-wire system with asymmetrical ohmic load.

Schema
)
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>
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5.5 Star Connection - Asymmetrical Resistance Ohmic Load (three-wire)

Exercise
Display individual phase currents i, , i,, i; in a three-wire system with asymmetrical ohmic load.

Schema
1
3x U, [] R
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+IN A 1 -IN A
N L1 \) O
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R
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5.6 Star Connection - Symmetrical Impedance Load

Exercise

Display individual phase currents i, , i,, i; a proud iy in a four-wire system with symmetrical impedance
load.

Schema
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5.7 Star Connection - Asymmetrical Impedance Load

Exercise

Display individual phase currents i, , i,, i; a proud iy in a four-wire system with asymmetrical impedance
load.

Schema
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5.8 Delta Connection

Collective Voltages

Exercise

Display individual collective voltages u,,, u,; and u,, for symmetrical ohmic load in delta connection.

Schema
1
3xU,
50 Hz +IN A R R
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5.9 Delta connection - Phase Collective Current

Exercise

Display relation between collective current i, and corresponding phase currents i,, and iy, for symmetrical
ohmic load in delta connection.

Schema

3xU,
50 Hz

/ -
L +INAV\>1O IN A
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|' B1 | Fazovj proud i12 Cursor I‘ A I 473Y } oo I 4734+ 000V T'i’w Save
— : = @ Bl 2.76Y 00 | 239V+1.38Y | 50 |
I' B2 IF‘mW proud i31 [@ B2z | =27y | 147 | z3aveplaav Print
M ath | | ‘ |
| | utility || | \ | e |
| Grid_| Init_|
¥T I ®Y I Phasor Halmnnicl @IEE 4| )I.A OBWI.B2IOBSIOB4I
mU 5o T . go [T .
1 [ ] u [ u
o M| v
= 25 7 e 257 @
@ " @
@ @
@
1} 0
25 | ] 25 | %25
5 '] T T -5-0 L v v v n s I T T S N B B 1 T 5 U
50 25 0 25 50 0 10 20
BESO@® HRe U [V] t [ms]
Measurement | Gan |

Mormal | B | Singlel Sequence OB1|.B2|.BB|084| C\rl 4 | Dl @ A |A|v|== B |A|'|,ﬁ A|V|




5.10 Delta Connection - Symmetrical Ohmic Load

Exercise
Display collective currents i, , i, and i, for symmetrical ohmic load in delta connection.

Schema

3xU,
50 Hz i R R

/ -
L +INAV\>1O IN A
"\J: >
N

D
%Lz O O 2 R 3
[aV)

[

+IN B2 s L(-INB2 Un= 1.6V
L 0 O -
( < 3 R =1kQ
! [av} ) >
Measurement
Zapojeni do trojihelniku - symetricka odorova zaté? | RC
[~ Logend  NZTMLIET [ Stows
@ A |Sdugen proud il Trigger Amplitude Phase Re + ilm -] Stop Open
[@ B1 [Sdiuden; poud 2 Cursor I' = I :;gz } 23000 I 42?389\;”2?2& Trs |4/ 000V | g e
P . o X . 2 i
I' B2 ISd'“ze”" proud 3 & 82 [ 4V | iar [ 23mv.iny Print
ath | [ \ [ -
1 _uuy_|| | | | |
| Grid | tnit_|
¥T I ®Y I Phasor Halmnnicl @IEE 4| )I.A OBWI.B2IOBSIOB4I
11 VN0 0 0 U U 0 0 U S P OO PR ] s f T T T ' L 50
V1 L i u u
@ r ] v v
: 25 - @ 25+ 25 g
@ @
: :
1] 1]
25 + 25
Y S S U 150
50 25 0 25 50
*28e® Rel [V]
Measurement Time “
Mormal | Eurr | Slnglel Sequence OB1|.B2|.BB|.B!1| C\rl 4| ’l @& A |A|'| B |A|'|WA|'|




5.11 Delta Connection - Asymmetrical Ohmic Load

Exercise
Display collective currents i, , i, and i, for asymmetrical ohmic load in delta connection.

Schema

3xU,
50 Hz

l
+IN A 1 -IN A
o i L
!’\J' >
+IN B1 i2 -IN B1
O O

u,=1.2v
i R =1kQ
+IN B2 s L(-INB2
/'\( Ls o O R,=2kQ
! [av} ) >
Measurement
Zapojeni do trojihelniku - nesymetricka odorova zatéz | RC
[~ Logend  NZTMLIET [ Stows
@ A | Sdufenp moud i1 Trigger Amplitude | Phase Re + ilm @ Stap Open
[@ B1 [Sdiuden; poud 2 Cursor I' :1 I ::185 } 23500 I 41'5415\:; 'gg?ﬁ Trs |4/ 000V | g e
P - o . X -1. -3 I
I' B2 ISd'“ze”" proudi3 — [@ B2z | 451w | 1332 | 309V +[3.29Y Print
ath | [ \ [ -
1 _uuy_|| | | |
| Grid | tnit_|
¥T I ®Y I Phasor Halmnnicl @IEE 4| )I.A OBWI.B2IOBSIOB4I
11 VN0 0 0 U U 0 0 U S P OO PR ] s f T T Tl s
V1 L i u [ u
@ r ] v v
: 25 - @ 25 25 g
@ @
: :
1]
25 +
SO
50 25 0 25 50
*28e® Rel [V]
Measurement T
Mormal | Eurr | Singlel Sequence OB1|.B2|.BB|.B!1| C\rl 4| ’l @ A |A|'|== B |A|'|WA|'|




5.12 Delta Connection - Symmetrical Impedance Load

Exercise
Display collective currents i, , i, and iy for symmetrical impedance load in delta connection.

Schema

3xU,
50 Hz

]
+IN A 1 -IN A
(X 4 ™ o

! [aV} ) >
+IN B1 Iz (CINB1
Ly © O u,=17v
L [av} >
R =1kQ
+IN B2 s L(-INB2 R;=100Q
N Lg © O C =1uF
! [av} ) >
Measurement
Zapojeni do trojihelniku - symetricka impedantni zatéz | RC
[~ Logend  NZTMLIET [ Stows
@ A |Sdugen proud il Trigger Amplitude Phase Re + ilm -] Stop Open
[@ B1 [Sdiuden; poud 2 Cursor I' :1 I :2:5 } 23000 I 42'852\:; '2233 Trs |4/ 000V | g e
P - o 3 . -2. -4 I
I' B2 ISd'“ze”" proud 3 | 82 [ v | iar [ 2av.peay Print
ath | [ \ [ -
1 _uuy_|| | | | |
| Grid | tnit_|
¥T I ®Y I Phasor Halmnnicl @IEE 4| )I.A OBWI.B2IOBSIOB4I
11 VN0 0 0 U U 0 0 U S P OO PR ] s f T LT T T L s
™l ‘ ] u ' ] u
@ r ] v v
: 25 - @ 25+ 25 g
@ @
& @
L]
1]
25 +
SO
50 25 0 25 50
*28e® Rel [V]
Measurement T
Mormal | Eurr | Singlel Sequence OB1|.B2|.BB|.B!1| C\rl 4| ’l @ A |A|'|== B |A|'|WA|'|




5.13 Delta Connection - Asymmetrical Impedance Load

Exercise
Display collective currents i, , i, and i, for asymmetrical impedance load in delta connection.

Schema

3xU,
50 Hz

]
+IN A 1 -IN A
(X 4 "o o

! 8% >
+IN B1 l2 (FINB1
Ly o O u,=17v
L [av} >
R =1kQ
+IN B2 I3 (-INB2 R;=100Q
X L ° C =1pF
! 8% >
Measurement
Zapojeni do trojihelniku - nesymetricka impedantni zatéz | RC
T i | Delee| [ Stows |
@ A | Sdudeny proud il Trigger Amplitude Phase Re + ilm ] Stop Open
|. B1 |Sdruien§l proud i2 Cursor I. :] I ;E:z } 22.?;@ I 438158\:; Ig SEE _Trig A Doy m
P . o 3 . -3 -3 I
I' B2 ISd'uze”" proud 3 e |2 B2 [ 43TV T2 [ AeTveiaey Bunt
ath [ \ [ -
1 _ Uity || | | | _ it |
| Grid | Init_|
YI | %v [ Phasor Hamonic| & dr] e om|eez| cma| o
ImU  gg {7770 ] 50 T T Tl 50
v] L i u L i u
@ r ] ¥] ¥]
s 251 e 257 +25 g
o] @
@ @
@
0
25 +
5.0 +
50 25 0 25 5.0
@L@O® Rel V]
Normal | Fur |Single| Sequence OB1|.BZ|.BB|.B4| E\rl 1|D|. A |A|v|== B |A|V|W Alvl
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6.1

Inverting Amplifier

Exercise

Verify the connection of operational amplifier as a inverting amplifier. Make the measurement for direct
and alternating voltage. Choose amplification A=-2and A =-5.

Schema

1V
[aV]
100Hz
Fig. 2
Measurement
Invertujici zesilovai | Inverting amplifier - AC voltage
Edit_| Delete| .
& A | Vstupni napst I Trigger m -] Stop SChema F|g 2
" B1 |V5:Jstupnfnap%tf,A:-2 Cursor Q4 l— LI EAI 0.00% mode OSCI”OSCOpe
" B2 |Vystupm napét, b =-5 Measure o]
[ Math | _ Ed | display Phasor
\ [ vy || ] |[ o0ov ==
View [ oid_| U R
YT | %0 | Phasor Hamonic| [& (| dr|es crl|esz|ces| o formula A= —2___
U1 RZ
50 1 50
u u values
I¥1 [¥1
. 25 Las o o A=-2..R,=2kQ
@
@
, ,® e A=-5_.R,=5kQ
25 | 125
modules
5.0 : L 50
70 10 o Measuring unit ADDU

Hormal | i | Single Sequence O B1 I .BZl .ESl ] B4I Clr |

[ Time f  Gan___ |
oo+ 2| -]ss

verage

A
386 af~|fon af~f

Function generator
Voltmeter AC&DC

Inverting amplifier - DC voltage

U, V] 0,0 0,5 1,0 1,5 2,0 amplification
U, V] 0,0 -1,0 -2,0 -3,0 -4,0 -2
U, V] 0,0 -2,5 -5,0 -7.5 -10,0 -5
U, IV
U, V]
A=-5
A=-2

-10,0

0,0

schema Fig. 1
U2 R1
formula A= —=-—
U1 R2
modules

Operational amplifier
Programmable DC supply
Voltmeter AC&DC




6.2

Non-inverting Amplifier

Exercise

Verify connection of operational amplifier as a non-inverting amplifier. Measure direct and alternating

voltage. Choose amplification A =2 and A = 5.

Schema
Ry
= +IN A
+
* - 1V
v @ lU’ 1Ko Yo C\/) v lu’
4 100Hz -IN A
- . - Fig. 1 Fig. 2
Measurement
Neinvertujici zesilovat | RC Non-inverting amplifier - AC
Edit_| Delete| [ staws | Fie | :
@ A |Vstupri napsti | [Pl Souce | Siope | 8 St schema Flg. 2
fstuphi napit, & = ursor Tiig |& /7 000V .
@ B |v5’np’ ok A-2 [ on | [ 79,7 mode Oscilloscope
‘. B2 |Vystupm hapét, & =5 Measure OB
[ Math | Ext display Phasor
\ [ Utility [ff wwy al~]
[“ora_| U +
YT | %¢ | Phasor Hamonic| [& H| 4| »[ e osi@r2|CE0k: formula A= 2 RitRs
U1 R2
50 5.0
u u values
V1 v]
e 25 125 4 o A=2..R,=1kQ
@
)
, ,® e A=5..R,=4kQ
25 T -2.5
modules
50 . + 5.0
p— 0 5 - Measuring unit ADDU
Function generator
| Gan |
Hormal | i | Single Sequence O B1 I .BZl .ESl .B4I Clr | 4 | (3 I @ A ‘ ‘I v|== B ‘ AI vl m AI vl VOItmeter AC&DC

Non-inverting amplifier - DC

U, V] 0,0 0,5 1,0 1,5 2,0 amplification
U, V] 0,0 1,0 2,0 3,0 4,0 2
U, V] 0,0 2,5 5,0 7.5 10,0 5
U, V]
ool /\,
A=5
A=2

U; V]

schema Fig. 1
)

formula A= —2= RitR,
U1 RZ

modules

Operational amplifier
Programmable DC supply
Voltmeter AC&DC




6.3

Voltage Follower

Exercise

Verify the connection of operational amplifier as a voltage follower. Measure both direct and

alternating voltage.

Schema

+IN A >
d
"
1V
N lu1 u;
100Hz -IN A
nd Fig. 2
Measurement
Nap&tovy sledovais | RC Voltage follower
LTI Edit | Delete] | stetus Il Filo |
© A |Metupni napsti (T scuce | Sipe | 8 St
‘. B |V5’Jstupm’napét\’ Cursor O A |7 J | Trig |A 7 0.00v
} I (oo 'E :3 schema Fig. 2
Math H
] vy | 0| || ooov =] et | mode Oscilloscope
[ Gid_| Ini display Phasor
YT | %¢ | Phasor Hamonic| [& H| 4| »[cn er|CE CE0k:
1o f 1.0 Yz
. vy formula A= T =1
| v] 1
05 + 0.5
1} 1}
modules
05 0.5 . I
Operational amplifier
10 1 1.0 Function generator
1] . .
tims] Measuring unit ADDU
| Gan |
Mormal Fiun ISingIel Sequence|OB‘\IOBZ|OES|OB4I Clrl 1|} QA “I'l. B “I'lm AI'l

Voltage follower

U, V] 0,0 25 5,0 7,5 10,0 | ampiification
U, V] 0,0 25 5,0 7,5 10,0 1
U, V]

10,0 —of

7,5 / A=1

Wl

0,0 ¢ :

00 25 50 75 100 UV

schema Fig. 1
U,
formula A= —=1
U1
modules

Operational amplifier
Programmable DC source;j
Voltmeter AC&DC




6.4 Integrator

Exercise

Verify the connection of operational amplifier as an integrator. Choose different values of damping by
resistor R,. Make the measurement in frequency domain.

Schema

Amplitude characteristic

@ M1 |Char proR1 =100k
@ M2 |Char proR1=10k

schema Fig. 1
]
— mode Frequency char.
[Freaon Myt | | Ave Phass 1) 5] 08l ine pom| ISPl Amplitude
IP1 [dB]

@

2

®

modules

Operational amplifier
Measuring unit ADDU

50 100 200 500 1k 2k
Mékteré body nemohly bit zméreny

_ Momal | Gt | [ovz[owa|oms| o] 1]2]3 [10he 100He| 1kHe| [ sta Hioh|

Integrator - fazova charakteristika ‘ RC Phase characteristic
Legend Cursor l_

9 M1 | Char poRT =100k
@ M2 |Char praR1=10k

r r—— schema Fig. 2
]
= mode Frequency char.
[ View W Dispay | [P dog/div | _® offsct W Graph | display Phase
[Frea. ch. | Nyquist | | Phase | 5f 30 60| [-a0 a =] [tine Point
P [deg]
modules
Operational amplifier
Measuring unit ADDU

50 100 200 500 1k 2k

Mékteré body nemohly bit zméFeny

| Measuement |V Decades B  Begin M Resolution |
0| [somorss Ovi| 0¥ ol @el/6i| ¥ | 2] [rone ome] vise] | st wn]




6.5 Derivator

Exercise

Verify the connection of operational amplifier as a derivator. Make the measurement in frequency domain.

Schema
out .
2
@ I
10kQ
GND
Fig. 1
Measurement

Derivator - amplitudova charakteristika

@ M1 |Char proR1 =100k
@ M2 |Char proR1=10k

I [
S

Ery

[ IPl_dB/div | IFl offset |
550 5| o8 a[~|

IP1 [dB]

o | | [semeree O ove|ous| el vi] 1 [2]3

[10Hz 100z 1kHz | [ sia High|

Amplitude characteristic

Derivator - fazova charakteristika

9 M1 | Char poRT =100k
@ M2 |Char praR1=10k

R
IR

Ey | =3

©® deg/div |l % offset W Graph |
5[ @] & <|=| [ne pomd

P [deg]

@zl ous|eme oi| 1]|2]3

[ 104z 100 He| 1kH2 | [ sta Hish |

schema Fig. 1
mode Frequency char.
display Amplitude
modules

Operational amplifier
Measuring unit ADDU

Phase characteristic

schema Fig. 2
mode Frequency char.
display Phase
modules

Operational amplifier
Measuring unit ADDU




6.6

Comparator

Exercise

Display course of input and output voltage of comparator. Make the measurement for zero level of

comparation (Fig. 1) and for non-zero reference level of comparation (Fig. 2).

Schema

Measurement
Komparator | RC
Edit_| Delete| [ staws | Fie |
© A |Metupni napsti (T scuce | Sipe | e Stop
‘. B |V5’Jstupm’ hapét Cursor QA v Y Tug |A 7 0.0V
L Mesuic | L@ 6
I | Math Eut =
\ [ vy | 0| || 0ov ]=]
YT I Xy Phasor |Halmonic|
10 f 10 : + 10
u [~ u [ u
v v v
51 1 5 - L 5
0 0 1]
5+ ] 5 4 ]
A0 + — ] a0 L0
t t + t + t
10 5 1] 5 10 1] 5 10
u vl t [ms]
Measurement | Gan |
Mormal Fiun I Singlel Sequence|OB‘\IOBZ|OES|OB4I Clrl 1| }I QA “I'l. B ‘Alvlm AI'l
Komparator s nenulovou referenéni drovni | RC

Comparator

schema Fig. 1
mode Oscilloscope
display XY
modules

Operational amplifier
Measuring unit ADDU
Function generator

Comparator with non-zero level

Ed [ Delee|
@ A |Wstupni napét I Trigger ‘E_ o stop Open
‘. B |\u’5’1$tupm’ hapét’ Cursor A s “ Tig |& /7 00V Save
‘ | Measure ©E L =
Print
I I Math Ext
\ [ vy || ot | [ 00v 2l _Exit_|
It
YT I ®r Phasor |Halmunic|
T T T T T T
w0 f — 10 4 + 10
u u u
v1 V1 v1
5 ] 5 + s
|-
1] 1] 1]
54 — -5 L5
A0 4 ] A0 T
L ; ; ; . ;
10 -5 0 5 10 1] 5 10
U t [ms]

Measurement

Ti

(  Measwemenw W Tme § __ Gan_____f &
Momal | Fun | Single | Sequence | 7| cez| ol o] o | «|r]| e & a|v|e B | a| <] on

verage

NE

Notice

mode Fig. 2
schema Oscilloscope
display XY
modules

Operational amplifier
Measuring unit ADDU
Function generator
Programmable DC supply

Thanks to output divider consisting of R, and R, we display saturation voltage bigger than 10V.




6.7

Comparator with Hysteresis

Exercise

Display course of input and output voltage of comparator with hysteresis. Make the measurement for zero
level of comparation (Fig. 1) and for non-zero reference level of comparation (Fig. 2).

Schema

Measurement

100Hz

Comparator with hysteresis 1

Komparétor s hysterezi | RC
Edit_| Doloe| [ Staus | _Fio
© A |Metupni napsti (T scuce | Sipe | e Stop
@ B |Wistupnl napéti Cursor O A o N Tig |A /7 0.0V
L Mesuic | L@ 6
I | Math Eut =
\ [ vy | 0| || 0ov ]=]
YT I Xy Phasor |Halmonic|
10+ f 10 f 1 10
u = u 1 u
v1 V] v1
5+ 1 5 5
0 0 0
5+ q 5 4 -5
10 + i 4 10 F + 10
t t | t | t
10 5 0 5 10 0 5 10
u vl t [ms]
Measurement T
Mormal Fiun I Singlel Sequence|OB‘\IOBZ|OES|OB4I Clrl 1| }I QA “I'l. B ‘Alvlm AI'l
Komparator s hysterezi a s nenulovou referenténi tGrovni | RC

schema Fig. 1
mode Oscilloscope
display XY
modules

Operational amplifier
Measuring unit ADDU
Function generator

Comparator with hysteresis 2

Eai | Delote|
@ A |VWstupni napst I Trigger ‘E_ ._ stop Open
‘. B |\u’5’1$tupm’ hapét’ Cursor A s “ Tig |& /7 00V K
‘ | Measure ©E L =
P
I I Math Ext —
T oy | Con || 00v 2] et |
it
YT I ®r Phasor |Halmunic|
T T T T T T
10+ T ] 10 L 10
u u ™ u
v v v
51 ] 5 -
S— -
1] 1] 1]
5 4 ] 5 4 L 5
A0, : ; ] A0 ; \ -1
10 -5 0 5 10 1] 5 10
UV t [ms]
T
Momal | Fun | Single | Sequence | 05| Opz| Ces| cae] m| «|v] e s afvfe B a0 o]~

Notice

mode Fig. 2
schema Oscilloscope
display XY
modules

Operational amplifier
Measuring unit ADDU
Function generator
Programmable DC supply

Thanks to output divider consisting of R, and R, we display saturation voltage bigger than 10V.




6.8

Differential Amplifier

Exercise

Display courses of input voltages of differential amplifier u, ,u, and its output voltage u, . With the help of
cursors prove the validity of formula u; = u, - u, .

Schema

5V
ol

300Hz

R1
10kQ

L.

u
T 100nF Zl

Differential amplifier

L -
Measurement
Rozdilovy zesiloval | RC
Eai_| Dotete [ St Fio |
@& A |Wistupni napsti u3 Trigger Phase Re +lm L] Stop Open
‘. B1 |Vstupm hapét L2 Cursor ‘ A } A05Y I o0 } 0BV + D00V Trig &/ 000y Save
— B1 2074 1044 | 051+ 200
M
}' B2 Ivs"‘p"' napéti ul — [@ B2 | 600V | 1862 | 467V +j201v Print
_Math ff \ [ \
= E it
I I Utility || I [ I _En |
[ Gid | Init
¥T | bad I Phasor Halmonicl I@ EE 4| » l &5 OB1|®B2| G E3| & EL
50 + + 50
u u
v |
* 25 - 25 :
@
&
0 0
2.5 2.5
5.0 - i i + 5.0
} t
- 0 2 4
270 t [ms]
[ Time |
Hormal | i | Single Sequence OB‘\I.BZ'.ES'.B:;I Clrl 1| DI @ A “I'l B ‘AIV”W ‘I'l

schema Fig. 1
mode Oscilloscope
display Phasor
modules

Operational amplifier
Measuring unit ADDU
Function generator




6.9

Phasenglied

Exercise

Display the amplitude and phase frequency characteristics for two variations of connecting the

Phasenglied.

Schema

ouT

ouT

Measurement

Fazovy Elanek - amplitudova charakteristika

| RC
1 [ |

T o [Deioe|  ICTTTIN o |
@ M1 | Zapojeni z obr. 1

Open

‘ & M2 |Zapu|sm' zabr 2 | | |

Save

Print

Exit I

Amplitude characteristic

Normal | StAr Sequence O M1| @ M2| =] M3I @ Mdl Clr |

| Display | Pl db/div il IPI offset | |_Graph |
Freq. chINyqulsl [ Ampl | Phase | - vI 10[16[| 0 o] Line Point
‘ ! ! ! Iy 15
1.0 4+ -
ImP
-1
e 05 |
®
@
H
0
05 +.
10
} : : } e o
10 05 0 05 1.0 10 100 1k 10k
@oea AeP fIHz]
[ Weowenen [CRTNN Dccode: | Begin [“hesoluion |

1/2]3 [10Hz 100Hz| 1kHz | | 51d | High

Fazovy Elanek - fazova charakteristika

schema Fig. 1
mode Frequency char.
display Amplitude
modules

Operational amplifier
Measuring unit ADDU

Phase characteristic

| tegend ITRDEETIENEN  Cusor T 1 |l
@ M1 |Zapojeniz obri 1 f [Hz] 3575
s | WPIEFL | IPI[dB] | @ [deg] [ReP +ilmP
| @ M2 |Zapojen 2 cbr.2 @ 1.000 0.0 G384 | 0717070
\ | ® 7000 00 47 071 070
| Display _J Nyq_scalc | P deg/div ll P offset |
Freq. ch.I Nyquist Ampl I Phase 1 - vI 15| 30 I B0 0 |l vI Line Poinl
: : : : : 100
10t ] [deg]
1
m P 120 g
[-1 @
05 |- i 2
°
@ 50 *
I
®
[ 0
60
05 | ]
10 | p
; " " : 180
10 05 0 05 10 10 100 1K 10k
eeew ReFP fIHz]
®  Done
Nomal | i | [scauence ©mi1| @m2|@m3|@ms| ci| 1] 2[3 [10Hz 100He| 1kHz | [s1d High

schema Fig. 2
mode Frequency char.
display Phase
modules

Operational amplifier
Measuring unit ADDU




6.10 Astable Multivibrator

Exercise

Display the voltage on capacitor C and on the output of the circuit. Output period is given
by the formula 1). To simplify the calculation of generated frequency 2) choose R, = 0,86 R, .

Schema
_ 2R,
T= 2.R.C.n(1+ 1 ) 1)
2.R .
© In(1+ =—=) = 1.0006 = 1
R,
R, =1000Q R, = 8600
U 1
= Zre 2)
o
. . 1
e 13 — Fig. 1 f= 570" 107 = 500 Hz
Measurement
Astabilni multivibrator Astable
Edit_|Delete|
@ A | Wistupni napéti I Trigger [ Source | Slope |
‘. B |Napét\’ ha kondenzatam Cursor m |7 M
} I Mossue | _@ 8 schema Fig. 1
Math L
] vy | 0| || 0ov ]=] mode Oscilloscope
display YT
IT XY | Phasor |Halmonic|
10 | ’ ; ; ’ 1 10
u F— ] 1 u
V1 V1
5 5
! ! modules
5 5
Operational amplifier
1i ETTRSTIT TEITYEIE 1 10 Measuring unit ADDU
! ! : ’ AT Resistor decade R1
| Gan |
Mormal Fiun ISingIel Sequence|OB‘\IOBZ|OES|OB4I Clrl 1| DI. A “I'l. B ‘AIV”W ‘I'l

Notice  Thanks to output divider consisting of R, and R, we display saturation voltage bigger than 10V.
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7.1

Boolean Algebra - Laws

Exercise

Verify the validity of the laws of Boolean algebra.

Schema
08 08 Y=A. B
Ao—] 1 v Bo—J 1 v
B o & o - Aol & o =B A
32 32 Y=A+B
Ao— 1 Bo— .
B o 1Y —> Aol 1Y =B+A
08 08 Y=A.(B.C)
A & —v Ao g
08 B o— 08 =(A.B).C
_>
B o— 1 2
32 32 Y=A+(B+C)
Ao 1 v A
32 r B o— 32 =(A+B)+C
_’
B o— 1 2
oo Co 1oy
32 32 Y=A+(B.C)
08 Bo 08 =(A+B).(A+C)
—’
B o— 1 ;
co— & 32 I— Y
I 2
co— 1
08 08 Y=A.(B+C)
A & —v Ae &
Ee——— NP D _
32 B ‘I 32 =(A.B)+(A.C)
_’
B o— 1 1
C o— ! 08 1 oY
— 2
co—r&
Circuit
A, A A,
A, B
A, c
SELECTOR CIRCUIT PROBE




7.2 Boolean Algebra - Function Transformation (NAND)

Exercise

Design and implement circuiting of basic logic functions NON, AND, NAND, OR, NOR and XOR using
NAND function.

Schema
04 00
1 2
NON Ao— 1 p—oY —> AO—+: & p—oY
08 00 00
A o— 1 A o— 1 2
AND 5 & oY — 5 & o—+: & p—oY
00 00
A 0— 1 A 0— 1
NAND & pb—oY — & pb—oY
B o— B o—
00
1
32 A—f | 00
A 0— 1 3
_’
OR B 1 oY 0 & p—oY
2
s o
00
;
02 r—4 1 00 00
A o— 1 3 4
NOR 5 1 p—oY — 00 & o—+: & b—ovY
2
o
00
Aoc—se 2
86 00 & 00
A 0— 1 1 4
XOR =1}—oY — & & p—oY
B o— 00
1
B o—e &
Circuit
A, A Y A,
A, B

SELECTOR CIRCUIT PROBE




7.3 Boolean Algebra - Function Transformation (NOR)
Exercise
Design and implement circuiting of basic logic functions NON, AND, NAND, OR and NOR using NOR
function.
Schema
04 02
NON A o— 110—oY Ao—+: 120—0Y
02
1
08 A—t |1 02
A o— 1 3
AND 5o & —ovY 02 1 p—oY
2
el
02
1
00 A—f |1 02 02
A o0— 1 3 4
NAND Bo_| & p—Y - 1 o—+: 1 b—oY
Bo—f | ﬁI
32 02 02
Ao— ' A o— 2
OR BO_1—0Y BO_10—+:10—0Y
02 02
Ao— ! A o—
NOR 1 p—oY 1 b—ovY
B o— B o—
Circuit
A, A Y A,
A, B
SELECTOR CIRCUIT PROBE




7.4 Logic Function - Minimization

Exercise
Minimize the specified logical function and verify the results by measurement.

Schema
20
Ao 1 04
Bo 2
co . & p— 1
32 08
1 B o— 1
20 1 oY C o— & oY
2 04
3
04 & p— 1
1
11 b )
Fig. 1 Fig. 2
Circuit
Ag A Y Ag A Y
A, B DO 1 )+»o0—iB
A, C DO 2 »o0—C
SELECTOR CIRCUIT PROBE . CIRCUIT )
Fig. 1 Fig. 2
Measurement

Minimalizace logické funkce - plivodni obvod RC
Cursor Dutput File

| Single | 4| » |




7.5

Elevator Control

Exercise

Design and implement a logical function for elevator control. The motor starts when the floor choice
button is pressed and simultaneously the stop button is not, the doors are closed and the elevator is not

overloaded.

Schema

Ao———m

04 20 0 The floor selection key is not pressed
8o 1 1 L 04 1 The floor selection key is pressed
3 0 The emergency button STOP is not pressed
&P 1PV 1 The emergency button STOP is pressed
C O—I—— 0 The doors are not closed
042 1 The doors are closed
Do— 1 p—— 0 The lift is not overloaded
1 The lift is overloaded
0 The lift motor is not running
1 The lift motor is running
Circuit
Ay A Y Ay
A, B
A, C
A, D
SELECTOR CIRCUIT PROBE




7.6 Alarm Switching

Exercise

Design and implement the logical function of a safety device to monitor the window and the door of the
building. When the device is switched on, a window, a door or both are triggered at the same time.

Schema
32
Ao—] 1
1 0 The window is closed
B o—] 08 A
T 1 The window is opened
Co— | & oY B 0 The doors are closed
1 The doors are opened
c 0 Device switched off
1 Device switched on
v 0 The siren does not howl
1 The siren howles
Circuit
A, A Y A
A, B
A, c

SELECTOR CIRCUIT PROBE




7.7 Fan Control

Exercise

Design and implement the logic function of the signaling of the fan operation in the tunnel. The indicator
light starts to light when less than two (ie one or none) of the three installed fans are working.

Schema
32
A 1
1 0 Fan 1 is not running
20 A 1 Fan 1 is running
32 1 0 Fan 2 is not running
B 1 Z—E & p—oY B 1 Fan 2 is running
0 Fan 3 is not running
32 j C 1 Fan 3 is running
1 1 ° 0 The signaling is switched off
o Y 1 The signaling is switched on

Circuit
A A Y A,
A, B
A, c

SELECTOR CIRCUIT PROBE




7.8

Adders and Subtracters

Exercise

Make a circuit connection for addition and subtraction of two one-bit numbers with a transmission from
low-order and into higher-order.

Schema
86
o 1
Cin =1 86
Bo =
=1 p——=08
00
86 .
Ao 2
=1 & 00
X o 3
& p—oC
00
7]
&
Circuit
Ag A c A A
A, B S A (Do 1)}»o—iB o—(DI 1
Ay Cin DO 2 ) >>—iCy
Ag X DO 3 }+o—i X
SELECTOR CIRCUIT PROBE . CIRCUIT .
Fig. 1 Fig. 2
Measurement
Stitatka a odéitatka RC
On 1 2 :
t [ms] 4.40 14.40 =
Radix BIN DEC | HEX BIN DEC | HEX
D OUT | 00000011 3 03 | ooamon |1 B _Puint_|
DIN | oooooon0 | 2 0z | 00000000 0 i} |
A poo — = = R =T
B D01 I 1 I | I 1 I 1
(U D02 e —] —
X Do3 i - 1
po4 :
pOs
D06
po7
5 Din — [ — ——lr— —
L bn 1 e A e B
DI2 :
DI3 :
DI4 :
DIS :
DI6 .
DI7 B
0 5 10 15 20

@ Stop




7.9

Half Adders and Full Adders

Exercise

Make a circuit connection to add two one-bit numbers without transmission (half-adders) and with
transmission (full adders).

Schema
86
Cin© I
86 86 =1 S
Ao Ao 1 r
Bo S Bo = L 00
1
08 & 00
L} 3
& —oC 00 & p—oC
7|
&
Fig. 1 Fig. 2
Circuit
Ao A Ao A S
A, B A, DO 1 )+»0—iB Ci—o—{DI 1
Ay Cin DO 2 J»0—iCy
SELECTOR CIRCUIT PROBE . CIRCUIT )
Fig. 1 Fig. 2
Measurement
Cela sititatka RC

Cursor

[ Output |

Measurement

4]




7.10 1-bit Comparator

Exercise

Design and check the circuit that compares two one-bit numbers.

Schema
00
Ao 2
00 & | 00 86
— &' & b—ov A oy
o—o =1 —0
— 00 B o—
1]
&
Be Fig. 1 Fig. 2
Circuit
Ag A Y Ag A Y
A, B DO 1 )+»0—iB
SELECTOR CIRCUIT PROBE ) CIRCUIT )
Fig. 1 Fig. 2
Measurement

Jednobitovy komparator ‘

RC

Cursor

Measurement Time

]




7.1

Comparison Circuit

Exercise

Make a circuit connection to compare two one-bit numbers. The circuit has outputs A> B, A= B, A<B.

Schema
04
1
00 1 p—o A>B
Ao 2
00 & 00 04
L | 4 2
| & 0 & p— 1 p—oA=B
3
4
8o & 0 i
1 p—0 A<B
Circuit
Ao A A>B Ay A A>B
A, B A=B A, DO 1)}»o—iB A=B
A<B A, A<B i—o—»(DI 2
SELECTOR CIRCUIT PROBE . CIRCUIT )
Fig. 1 Fig. 2
Measurement

Porovnavaci obvod

Cursor

[ Output |

RC

Measurement

4]




7.12

Binary <-> Gray Code Converter

Exercise

Create the circuit of the converter, which converts the numbers from the binary code to the Gray code.

Schema
86 86 Decimal | Binary Gray
A 1 A system code code
© =1 —o A’ 7 =1 ——oA DCBA [ DCBA
B 0 0000 0000
1 0001 0001
2 0010 0011
86 86 3 0011 0010
—_2 ) Bo——o 2 4 0100|0110
c =1—B =1 B 5 o1l | o1l
6 0110 0101
7 0111 0100
86 86 8 1000 1100
3 s 3 9 1001 1101
=1 —o ¢’ c'o =1 c 10 1010 1111
— 11 1011 1110
O_LO 12 1100 1010
Do—e—oD _. D’ D . 13 1101 1011
Fig. 1 Fig. 2 12 1110|1001
15 1111 1000
Circuit
A, A A A, (Do 0 )+o—iA A +—o—(DI 0
A B B’ A, DO 1 O B B +—o DI 1
A, C c A, o—C Cc +—o—»(DI 2
Ag D D’ Az DO 3 O D D —o DI 3
SELECTOR CIRCUIT PROBE . CIRCUIT .
Fig. 1 Fig. 2
Measurement
Kodér Grayova kidu
Cursor
[ on 1 |al] 2 |l ] Open
[t ms] | 4.40 | 560 Open B
| Radix | BIN | DEC | HEX | BIN | DEC | HEX Save —
[DouT [ooooooiT [ 3 [ 03 | 0000000 | 4 | o4 ) tinl
[ DN [ ooooooo |z | o2 [ oooooomd | 6 [ OB Edit Exit
A po0 | — 27— -
B Do1
C Do2 —
D Do3
DO4
DOS
DOE
Do7
A Dlo
B DI
C DI2
D DI3
D4
DIS
DIG
DI7
Edit 0 5 10 15
Delate t [ms]
[ Moasurement ECY
Run single | 4| » |




7.13 Counter (up / down)

Exercise

Design and implement the counter with the 7493 circuit, which can read up and down. Check the function.

Schema
86
U/D o 1
=1 [—o D,
93 86
CLK o—1—opCLK, A —1 2
=1 —oD,
—>CLK; B
C
D 86
RsTo—§ _ |&R, . D,
86
— 4
=1 oD,
Circuit

Ao J L ub D, Ay

D, A,
D, A,
D, A,
1Hz CLK
A, RST A,
SELECTOR TIME BASE CIRCUIT PROBE




7.14

Modulo - N - Counter

Exercise

Design and implement the Modulo - N - Counter 2 - 15 with the 7493 circuit. Check the function.

Schema
00
- 00
) & p 2
T & b—
93 20 0
CLKo PCLK, A OA <— ao— 2 3
—opCLKy Bf——0B <«— bo—j & & p—9¢——o©RST
Cl——oC «— co—
&R DfF———oD <«— do—
0 X
Circuit
DI 4
A A A
B A, 10 kHz CLK Bi—o—(DI 1
c A, c
D A D
1 Hz CLK RST As RST
X X —o—(DI 5
TIME BASE CIRCUIT PROBE . TIME BASE CIRCUIT .
Fig. 1 Fig. 2
Measurement
Citatt modulo 4 ‘ RC

Cursor

Con | 1 Jf] 2 [l
r... %

S S S e |
[ s e —

Legend Trigger

RST

__Run_ | single |

1 T e e e e s A A
I . |
S

4]




7.15 Sequence Circuit - Digital Differential Circuit

Exercise

Design and measure the circuit that generates the difference in the number of pulses of the two
waveforms. Measure the circuit for synchronized waveforms when Ny>N, resp. N,>N,, and for
unsynchronized waveforms.

Schema
86
o B 2
N1 =1 o C
74 74 74
L{p ' a L {p ? a Lo ° al—ong
—opCLK —opCLK —op CLK
S S S
R Q oA R Q o B R Q
86 Q Q Q
L | 1
=1
Np ©
Circuit
DT eI, Ng —o—(DI 2
A O DI 3
2000 N, B—o—+(DI 4)
Cr—o—(DI 5
CIRCUIT
Measurement
(‘fislicuvﬁ rozdilovy obvod - synchronizované priibghy ‘ RC

Cursor Dutput File

T T T T
I e e e e e Y o o B | il il -
il il il iml B

T T T T
V_|l_\l_|l_|l_\l_|l_|l_\l_|l_|l_\l_|l_| Him] i i |
i i i il T e o o e B o
[1 1M im B I I R -

T e e e e o o e B 1T
imEninEnlninEnEnlnSnEnl e

| Single | 4| » |
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8.1 Pl control element - time analysis

Exercise

Measure the transition characteristic of the Pl controller.

Schema

10kQ

ouT

u i
- 10k luz

Circuit
E  (out
START : :
GND E * \I 5 |
P ;
= T :
DIFFERENCE : GND PID CONTROLLER
Measurement
Regulaini élen Pl - Gasova analyza
LI Fonciion | Dutpur
@0UT | Wstupni napét I Output
(@ BI |Visup, Peélen c %I
ursor
@ B2 [vistup, |-2len — plave
|@ B3 [vistup, Pl-tlen Edit
‘ | Uility _II
Omezeni +
500 + +5.00
u u
V] V]
s 3751 137 @
@
@
®
250 tas0
125 ¢ 1.5
[ } } : 0
0 10 20 30 0 50
t [ms]
T
Homal | A | Gl |[ Sequence ©p1| @p2| @p3| @pa| o | ([ » ] @out|a]~[88 B |a]¥| o1 o] -]




8.2

PID control element - time analysis

Exercise

Measure the transition characteristic of the PID controller.

Schema

10kQ

IN
ouT
uy
u
ry Ca 2
10kQ  100nF
2 L 2
Circuit
-+IN B
: ouT
START : o
: L ouT
GND) * \I | E
: i (NB)
L~ z 5
1 T o
i DIFFERENCE ;:  ( GND PID CONTROLLER !
Measurement

Regulaiini élen PID - €asova analyza

LI Fonciion | Duipur
@0UT | Wstupni napét I Output

A . Open
‘. B1 |\u’ystup, P-Elen

Cursor 5

@ B2 |vistup, I-8len ave
‘. B3 |\u’5’1$tup,D-EIen Edit
@ B4 |vistup, PID-glen Utility

Omezeni +/-
T T T
5.00 + T10.0

u

I¥]

* 375 r 7.8
250 + |+ 5.0
. \/ -

1] + + t 1]
o 10 20 30 40 50
t [ms]

soea < =

[ Measuement _ ________ |
Mormal | Bur | Single || Sequence OB I .BEl .E3| @ B4I ClIr |

Measurement

| Time f ____ Gan____ |
| » | eour 2| ~[28

verage

A
o &l %] on laf 7]




8.3 Delay element of the second order - time analysis

Exercise

Measure the transition characteristics of the second-order delay element.

Schema
RZ
R1
1MQ
MO ouT
IN
u,
u 1l c, c,

Circuit

ouT

o) |

Measurement
ZpoZdovaci tlen druhého Fadu - Basova analyza | RC
ML Foncton |- Ouipu |
@0UT | Wstupni napét I Output
@ B1 |v 2= :I']P"“
fistup, C1 =C2 = 10nF
Cursor 5
|@ B2 |vistup, C1=C2= 33nF ave
‘ | Edit
‘ | Uility
Omezeni -
. . . .
500 + 1500
u u
V] V]
@ 35T Tam @
@
a
e
250 + -2.50
125 + +1.25
0 . . . 0
0 01 0.2 0.3 0.4 0.5
t[s]
TE—
Homal | A | Gl |[ Sequence ©p1| @p2| @p3| @pa| o | ([ » ] @out|a]~[88 B |a]¥| o1 o] -]




8.4 Identification of the delay element with a system of motor

Exercise

Find such a circuit of the delay element that has the best match in transition characteristics with the motor
system and with tachodynamo from the motor - generator module. The value C, shall be about 40 nF.

Schema

Fig. 1 L Fig.2

Circuit

+IN B1
ouT : Out1: ouT

oo |

: DELAY ELEMENTS
Fig. 2
Measurement
Identifikace soustavy
LI Fonciion | Dutpur
@0UT | Wstupni napét I Output
‘. B1 |\u’5’1$tup, tachadpnamo c %
. s T ursor Save
‘. B2 |\u’ystup, zpofdovaci Elen
‘ | Edit
| Uility
Omezeni -
5.00 5.00
u u
V] V]
L] 3.75 3.7 @
°
@
L
2.50 2.50
125 T1.25
1] + + t 1]
o 0.1 0.2 0.3 0.4 0.5
t[s]
o
Homal | A | Gl |[ Sequence ©p1| @p2| @p3| @pa| o | ([ » ] @out|a]~[88 B |a]¥| o1 o] -]




8.5 P-Controller - Measurement with motor

Exercise

Check the P-controller function. Measure the transition characteristic of the system with P-controller for
the resistance values R, = 20 kQ; 50 kQ; 140 kQ2. Compare the waveforms with the characteristics of the
system without regulation.

Schema

10kQ 10kQ

Circuit
ouT
GND . : .
L L1 :
: DIFFERENCE : : PID CONTROLLER : : MOTOR - GENERATOR
Measurement
P-regulator - mé&feni s motorem
LTl Function | Ouput
@0DUT | Ridici napéti, U1 I Dutput
‘. B1 |U2, bez regulace c %
ursor
@ B2 [U2R2-20k plave
@ B3 U2 A2=50k Edit
@ Ba Uz R2-=140k Utility
Omezeni -
500 + 1500
u u
V] V]
@ 35T T8
aehgpaa A At tnl :
250 + bl 2.50
125 + +1.25
0 ' } ' 0
0 50 100 150 200 250
t [ms]
[ can
Homal | A | Gl |[ Sequence ©p1| @p2| @p3| @pa| o | ([ » ] @out|a]~[88 B |a]¥| o1 o] -]




8.6 I-Controller - Measurement with motor

Exercise

Check the function of the I-controller. Measure the transition characteristic of the system with | controller
for the resistance values R; = 20 kQ; 90 kQ; 190 kQ. Compare the waveforms with the characteristics of
the system without control.

Schema

10kQ 10kQ
10kQ

10kQ

Circuit

: DIFFERENCE : : PID CONTROLLER : : MOTOR - GENERATOR
Measurement
I-regulator - m&Feni s motorem
LTl Function | Ouput
@0DUT | Ridici napéti, U1 I
‘ Dutput Open
@ B1 |U2, bez regulace c
= ursor [
@ B2 |Uz,Ri=20k
@ B3 |Uz,Fi= 90k Edit
@ B4 Uz Ri=190k Utility
Omezeni -
500 + 1500
u u
V] V]
@ 35T Tam @
@
a
e
250 + /’@ 2.50
125 + +1.25
0 ' } ' 0
0 50 100 150 200 250
t [ms]
[ can
Homal | A | Gl |[ Sequence ©p1| @p2| @p3| @pa| o | ([ » ] @out|a]~[88 B |a]¥| o1 o] -]




8.7

Pl-Controller - Measurement with motor

Exercise

Check the function of the PI controller. Measure the transition characteristic of the system in the case of
the aperiodic control (R; = 20 kQ) and in the case of a control with overshoot (R; = 90 kQ2). Compare the
waveforms with the characteristics of the system without control.

Schema

Circuit

i
L

DIFFERENCE '

Measurement

‘. B1 |U2, bez regulace
@ B2 |Uz,Ri=90k

Pl-regulator - m&reni s motorem

SOREIONY Foncion | Ouimit
@0DUT | Ridici napéti, U1 I

Output
vt Open

Cursor
Save

@ B3 |Uz,Ri=20k Edit
‘ | Uility
Dmezeni -
500 + 500
u u
I¥1 I¥1
® a7 3.75 )
@
@
e H
250 + 2.50
125+ 125
o ; ; . 0
0 50 100 150 200 250
t [ms]

Measurement

[ Measuement _ ________ |
Mormal | Bur | Single || Sequence OB I .BEl .E3| @ B4I ClIr |

| Time f ____ Gan____ |
| » | eour 2| ~[28

verage

A
88 0 |a]’v| o af <]




8.8 Pl controller - Measurement with delay element

Exercise

Check the function of the PI controller. Measure the transition characteristics of the system during an
aperiodic regulation (R; = 20 kQ) and during a regulation with overshoot (R; = 90 kQ2). Compare the curves
with characteristics of the system without regulation.

Schema

10kQ

FB
ouT

lw

Circuit

: DIFFERENCE : {  PIDCONTROLLER ! ' DELAY ELEMENTS
Measurement
Pl-regulator - m&reni se zpoZdovacim Slenem
LI Function | Output
@0DUT | Ridici napéti, U1 I
Dutput Open
‘. B1 |U2, bez regulace c
= ursor [
@ B2 |Uz,Ri=90k
@ B3 |Uz,Ri=20k Edit
\ [ Utility _I
Dmezeni -
500 + +5.00
u u
I¥1 I¥1
® 375 +3.75 )
@
@
H
250 + L 2.50
125+ 125
o ; ; . 0
0 50 100 150 200 250
t [ms]
[ |
Homal | A | Gl |[ Sequence ©p1| @p2| @p3| @pa| o | ([ » ] @out|a]~[88 B |a]¥| o1 o] -]




8.9

Loaded Motor - without and with Pl-Controller

Exercise

Compare the transition characteristics of the unloaded and loaded system without regulation. Then
compare the transition characteristic of the unloaded and loaded system with PI regulation.

Schema

Circuit

10kQ

e
L

DIFFERENCE '

Measurement

ZatiZeny motor - prechodové charakteristiky

£ [Dolere | T
@0DUT | Ridici napéti, U1 I

Dutput Stap Open
‘. B1 |U2 bez reg., nezatizenj Open
: - Cursor 5 I
‘. B2 |U2, bez reg., zatiZenj ave Print
‘. B3 |U2,SP\ reg.. nezatizeng Edit
@ B4 U2 sPlreg, zatiteni Uy [ ==
Omezeni -
T T T T
5.00 + +5.00
u u
I¥] I¥]
* 375 T3.7 @
°
L]
chudninnined *
2.50 I 2.50
1.25 + r1.25
i} I + t 1]
o 50 100 150 200 250
t [ms]

Measurement

[ Measuement _ ________ |
Mormal | Bur | Single || Sequence OB I .BEl .E3| @ B4I ClIr |

| Time f ____ Gan____ |
| » | eour 2| ~[28

verage

A
o alw] ov 1a[ 7]
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