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APLAC-kuvat, versio 16.9.2003

Naihin kuviin liittyvat APLACin sy6ttotiedostot on koottu ZIP-tiedostoon steaplac.zip. Tie-
dostojen kayttéohje ja muu dokumentointi kuvateksteineen [6ytyy ylla mainitusta kirjasta.

Raudan hystereesikayra
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
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Kuva 87.
Seisovaaalto: rho=0,5tai 1,0 U(0) =1V Seisovaaalto: rho =-0,5U(0) =1V
200 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 200 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
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-z/lamda -z/lamda
Kuva 116.
Seisova aalto: rho=1, wt=-pi/2...pi/2, z=-2...0 Seisova aalto: rho=-0.5, wt=0...pi/2, z=-2...0
200 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 150 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
wv wv

1.00

-2.00- -1.50-
-2.000 -1.500 -1.000 -0.500 0.000 -2.000 0.000
z/lamda
Kuva 117.
Seisovaaalto: rho = 0,5+j0,5U(0) =1V rho = 0,5+j0,5U(0) =1V
200 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 100 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
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Kuva 118.
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Neljannesaaltomuuntagjia

40.00 A?LAC 7.90 Student version FOR NON-COMMERCIAL USE ONL?I 180.00
Z/ohm PHASE
35.00 90.00
30,00 . o - / 000
A\ )
\ /
25,00 — — 90.00
20.00 180.00
0.000 0.500 1.000 1.500 2.000
f/Hz
Kuva 125.
Kondensaattorin varaaminen R=1k C=1u E=4 UC0=6/4/0/-2V
6.00. APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
unNv
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—
_—
2.00-
/
.’/
0.00-
20—
0.000 1.500m 3.000m 4.500m 6.000m
t/s
Kuva 129.
Varahtelypiiri C=1F, L=4 H, E=5V, R=2,4,6 Jannitteen uc muutosilmio (E=5 V, R=2,4,6)
150 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 6.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
iIA 2 uc/V
e |
1.00 4.50
R
0.50 / 3.00
R=6 /
R —— /
0.00 150 /
/
V4
//
0504+—F—F—F—FF+—"—"——"—— T 000"
0.000 5.000 10.000 15.000 20.000 0.000 5.000 10.000 15.000 20.000
t/s t/s

Kuva 141.

Verhokayra (R=2)
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

iIA
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1.00

-1.00
0.000 5.000 10.000 15.000 20.000

t/s

Kuva 142.
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Siniaallon kytkentailmio
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

A jatkuva
i
050 /\ N\

-0.50
muutos \//

-1.00-
-5.000 0.000 5.000 10.000 15.000
s
Kuva 151.
Kolmioaalto, harmonisian=1,3,11 Sakara-aalto, harmonisia n=1,10,50
400 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 600 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
u/v u/v }
3.00 4.50 T
|
2.00- 3.00
1.00 1.50
wt—F 000\/
0.000 2.000 4.000 6.000 8.000 0.000 2.000 4.000 6.000 8.000
t/s t/s
Kuva 153.
Pulssin (1 V,1 s) tagjuuskoostumus eli Fourier-muunnos Virtojen summaus i=i1+i2, f=1/360 Hz
105 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 2000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
wv i
0.70 15.00-
A
0.35 0.00
|~
0.00 \/ v -15.00-
-0.35 -30.00-
-50.000 -25.000 0.000 25.000 50.000 0.000 90.000 180.000 270.000 360.000
omega/(1/s) 2pi ft/deg
Kuvat 158 ja 170.
Kelan virtajajannite, f=50 Hz, L=20/pi mH Konkan virtajajannite, f=50 Hz, C=5/pi mF
1000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 1000 1000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 1000
wv / \ / \ [ A wv / \ iA
500 \ [ 500 500 / 500
0.00 [ 000 0.00 0.00
5,00 \ / [-500 5,00 \ \ 500
-10.00 [-1000  -1000 10.00
0.000 10.000m 20.000m 30.000m 40.000m 0.000 10.000m 20.000m 30.000m 40.000m
t's t/s

Kuva 172.
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Sarjaresonanssi Q=0.01, 0.1, 0.1, 2.0
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

Sarjaresonanssi Q=0.01, 0.1, 0.1, 2.0
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

\ 400.00 90.00
1zl \ | 1zl vaihe
300.00 \ / 300.00 - 45.00
\ | /
\ |
ohm \ | ohm ‘{ ast.
200.00- \\ / 200.00 0.00
\ J
100.00 \\ // 100.00 /‘ 45.00
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10.0m 0.1 10 10.0 100.0 1.0k 10.0k 10.0m 0.1 1.0 10.0 100.0 1.0k 10.0k
wi/(1/s) w/(Us)
Kuva 186.
Rinnakkaisresonanssi Q=0.01, 0.1, 0.1, 2.0 Rinnakkaisresonanssi Q=0.01, 0.1, 0.1, 2.0
1 -COM g - ]
200,00 APLAC 7.90 Student vevs?n FOR NON CO‘ MERCIAL USE ONLY 400,00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 20,00
I
\ |
Y] \ / Il vaihe
300.00 \ / 300.00 - 45.00
\ / |
mho \ /J mho | ast.
\
200.00 | 200.00 000
/ ‘
/ |
100.00 \ f 100.00 / 45.00
0.00- T 0.00 - -90.00
10.0m 0.1 1.0 10.0 100.0 1.0k 10.0k 10.0m 0.1 1.0 10.0 100.0 1.0k 10.0k
w/(1/s) wi/(1/s)
Kuva 188.
Rinnakkaisresonanssi (adm.) R1=10,C=1/6,L=3/8,R=... Rinnakkaisresonanssi (vaihe) R1=10,C=1/6,L=3/8,R=...
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
0.60 90.00- o
Ymho b —— vaihe
\"\,,
0.47 o — 45.00 7
ast. /|
/
0.35: 0.00
|
0.2 -45.00-
0.10 ' -90.00-
3.0 4.2 6.0 10 3.0 10.0 30.0
w/(1/s) w/(1/s)
R=1.4 R=0.3 R=1.4 R=0.3
R=1.004 —— R=0 R=1.004 —— R=0
Kuva 193.
Resonanssipiiri: L1=L2=1 H, C1=0.5 F Resonanssipiiri: L1=L2=1H, C1=0.5F
40,00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 800 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
Z/ohm Y/mho
30.00 6.00-
20.00 4.00
10.00- 200
// \
0.00 0.00-
0.1 0.3 10 3.0 10.0 0.1 0.3 1.0 3.0 100
w/(1/s) wi/(1/s)

Kuva 195.
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Kide: 3 pF, 0.01pF, 101.4 mH, 100 ohm

500.00H APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

X/ohm

250.00k

0.00

-250.00k

-500.00k
4.990M 4.995M 5.000M 5.005M 5.010M
fiHz

Kuva 199.

U jal kuormavastuksen RL funktiona
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

Kuorman ottama teho vastuksen RL funktiona
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

10.00 100 4.00
unv 17 PL/W
7,50 [ o7s 3.00
5,00 [ 050 2,00
250 [ 025 100
000 [ 000 0.00

0.000 10.000 20.000 30.000 40.000 0.000 10.000 20.000 30.000 40.000

RL/(ohm) RL/(ohm)
Kuva 216.
Taajuusvaste (lin. asteikot) Taajuusvaste (log. asteikot)

APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

1.00 180.00 0.00 30,00
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Kuva 265.

RC-piirin askelvaste
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
———1
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Kuva 267.
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Diodi n=[1.5, 1.75, 2, 2.25] Is=1 nA

Diodi n=2 1s=[10, 3, 1, 0.3] nA
1.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 1,00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
A T X
/ f
1A 1A /
750,001 750.001
500.00u / 500.001
250,001 250001
// / - /
0.00 - 0.00-
0.400 0.500 0.600 0.700 0.800 0.400 0.500 0.600 0.700 0.800
un un

Kuva 272.

Diodi n=[1.5, 1.75, 2, 2.25] Is=1 nA

Diodi n=2 1s=[10, 3, 1, 0.3] nA
6.00n APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 30,000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
1

/A 1A

4.00n- 20.00n

2.00n- 10.00n

0.00 0.00

—
200t+—————F1—"————"—— 1T T 00—t —
-0.200 -0.100 0.000 0.100 0.200 -0.200 -0.100 0.000 0.100 0.200
unv unv

Kuva 272.

Chuan diodin paloittain lineaarinen ominaiskayra R=1.8k, C1=22 uF, C2=220 uF, L=40 H
500 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 800 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

- Al bl gl

0.00-

0.00

-2.50m 4,00 Mﬂnn M ﬂ” M\

-8.00 |
-10.000 -5.000 0.000 5.000 10.000 0.000 10.000 20.000 30.000 40.000
wv t/s
Kuva 297.
Puoliaal totasasuuntaaj a Kokoaaltotasasuuntaaja
10.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 0.90 10.00 APLAC 7.?0 Student version FOR NON-COMMERCIAL USE ONLY 060
wv [ A wv 4 iA
f f [
7,50 r‘“ r‘“ 065 7,50 040
I il [
J\ J\ ’
| | 5
5.00-|— {1 040 5.00 020
| [ [
\ [
A A |
250-H - 015 2.50 0.00
o
I\ / X
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1.000 1.010 1.020 1.030 1.040 1.000 1.005 1.010 1.015
t/s

1.020

Kuva 299.
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(Ideaali)diodin ominaiskayran=0.002 Is=1n

Zenerdiodin ominaiskayran=2 Is=1 uA BV=2V

100 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 10,00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
/A 1A

0.75 5.00r

0.50 0.00
0.25 -5.001
0.00 10.00r

0.000 1.000m 2.000m 3.000m 4.000m -3.000 -2.000 -1.000 0.000 1.000
un un

Kuva 300.

Diodipiirin spektri, huippuarvo 4 V

016 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
unNv
0.12
80.00r
40.00r
0.00- T T T T T T T T 1 T
-2.000 0.000 2.000 4.000 6.000
fiHz
Kuva 301.

Step-down 0.1 mH, 5.6 uF, 70%/30%, 100 kHz

Step-down 0.1 mH, 5.6 uF, 70%/14%, 100 kHz
APLAC?7. FOR NON-COMMERCIAL INLY APLAC 7. FOR NON-COMMERCIAL INLY
710 C 7.90 Student version FOR NON-COI Cl USEOf 030 840 C 7.90 Student version FOR NON-CO Cl USE Ol 015
wv [ A wv iIA
7.00 T 020 8.30. 010
T T L
690 [ 010 820 d /\ 50.00m
L \ \
6.80 0.00 8.10 ‘w\ \ [ 000
6.70 [-010 8.00. \ \ 50,00m
0.000 5,000 10000 15.000u 200004 0.000 5.0001 10.000u 15.000u 200004
t/s t/s
Kuva 326.
Step-up 0.1 mH, 5.6 UF, 70%6/30%, 100 kHz Step-up 0.1 mH, 5.6 UF, 70%/30%, 100 kHz
33.40 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY 120 59.20 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY 075
wv [ A wv \ \ iA
33.20 . . [ 080 50.10 | 4 050
t |
\ r \
\ \\ I \ ‘
33.00 \ - 0.40 50.00 X ¥ 0.25
\ T | \
N \ \
L \ \
32.80- 0.00 58.90. 1 A L 0.00
[ -
32.60. [-040 58.80. 025
0.000 5.0001 100001 15.000u 200001 0.000 5.0001 10.000u 15.000u 200001
t/s

t/s

Kuva 331.
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Buck-boost 0.1 mH, 5.6 uF, 70%/30%, 100 kHz

Buck-boost 0.1 mH, 5.6 uF, 70%/14%, 100 kHz
234 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY 120 1920 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY 075
wv [ A wv \ iIA
23.30. N [ 080 49.10 ‘\\ 050
\ L \
\ \X [ \ \
R \ \
23.20 0.40 49.00 A ) 0.25
N \ x
\F \ \
[ \ |
23.10 0.00 48.90 “ ¥ ~ 0.00
23,00 [-040 4880 025
0.000 5.000u 10.000u 15.000u 20.000u 0.000 5.000u 10.000u 15.000u 20.000p
s t/s
Kuva 334.
BJT, Uce-lc-ominaiskayrat, |b=[0.4m,0.9m] Early-jannite Ua=50 V
99.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 300 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
1A ; (A
66.00 E— 225
—
33.00 1.501 /
0.00- 750.00u
-33.00m4———————————————————————— 0.00+———=
-2.000 -1.000 0.000 1.000 2.000 -60.000 -40.000 -20.000 0.000 20.000
Uce/V Uce/V
Kuvat 349 ja 350.
Turvallinen toiminta-alue (SOA)
1000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
Ic/A
7.50-
5.00
Pmax
2.50-
0.00 T — — — T
0.000 25.000 50.000 75.000 100.000
Uce/V

BE-piirin toimintapiste

Kuva 351.

CE-piirin toimintapiste
2000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 300 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
.00 .
Ib/A Ic/A
15,004 1b=15u 205 lc=(Vee-Uce)/Re
1b=20u
10001 Ib=(Vcc-Ube)/Rb 150 lc=1.5m 1b=15u
1b=10u
5.001 750.001
0.00 i Ube=0.75 0.00 Uce=15
0.000 0.750 1.500 2.250 3.000 0.000 0.750 1.500 2.250 3.000
Ube/V Uce/V

Kuva 353.
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Transistorin kyllastyminen Transistorin kyllastyminen
2,00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 2.00m APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
0.3
Ic/A Ic/A
2.25] 2.25] 02
A
B
1.50r 1.50r
750.004 750.001 o1
0.00 0.00-
0.000 0.750 1.500 2.250 3.000 0.000 0.750 1.500 2.250 3.000
Uce/V Uce/V
Kuva 357.
Kanta-emitteripiirin aaltomuodot
200,001 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
Ib/A
150.004 0y
|
100.004
50001 —
——
|
0.00 — = — —
0.650 0.675 0.700 0.725 0.750
Ube/V
Kuva 377.
Kanta-emitteripiirin kuormitussuorat Kollektori-emitteripiirin aaltomuodot
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
200.00u 20.00r
Ib/A Ic/A
150.00u 10.00r f
s
100.004 0.00.
50,004 -10.00
0.00 -20.00r
0.000 3.000 6.000 9.000 12.000 0.000 3.000 6.000 9.000 12.000
Ube/V Uce/V
Kuva 378.
Kyllastyminen: 1s=0.0712 pA n=1 a=100/101 ar=0.4 Transistorivahvistimen jannitevahvistus
020 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 1000 0.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 18000
/A [ Ucerv  Awds vaihe
015 [ 750 150 90.00
[ ast.
0.0 \ [ 500 -3.00 L 000
0.05 [ 250 -450. 90,00
0.00 [ 000 -6.00 180.00
0.000 50.000 100.000 150.000 200.000 10.0 100.0 1.0k 10.0k 100.0k
RL/Ohm fiHz

Kuvat 381 ja 383.



10 Kimmo Silvonen, Séhkdtekniikka ja elektroniikka, Otatieto 2003

ENMOS, Uds=0...20 V, Ut=2 V, K=0.1 mS/VV ENMOS, Ugs=2...8 V, Ut=2 V, K=0.1 mS/\VV
400 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 400 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
Ugs=8V
/A /A
3,00 Uds=20 V 300
SA
2.00 2,00

100 1V 1,00 ﬂ SAT
CUTOFF |Ut |

TRI oV

0.000 2.000 4.000 6.000 8.000 0.000 5.000 10.000 15.000 20.000
Ugs'v uds'v

Kuva 392.

ENMOS, Uds=0...20 V, Ut=2 V, K=0.1 mS/V/, Ua=100 V ENMOS, Ugs=2..8 V, Ut=2 V/, K=0.1 mS/V, Ua=100 V
400 APLAC 7.90 Siudent version FOR NON-COMMERCIAL USE ONLY 400 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
Y Y T
1A Uds=20V, /A Ugs=8Vv
3.00 3.00
—
/R
2,001 2,00 I—
—
/]

.00 v

0.00 / 0.00

0.000 2.000 4.000 6.000 8.000 0.000 5.000 10.000 15.000 20.000
Ugs'v uds'v

Kuva 393.

DNMOS, Uds=0...20 V, Ut=-2 V, K=0.1 mS/\V/ DNMOS, Uds=10 V, Ut=-2 V, K=0.1 mS/V/
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
20,00 800,00y
A 1A
15.00 600.004
1000 Uds=20v 400004 IDSS
5,00 200,004
/ v
v
T
0.00+———— 0.004————————————————————r
-4,000 0.000 4.000 8000 12,000 -2.000 -1.000 0.000 1.000 2.000
Ugsv Udsv
Kuva 395.
DNMOS, Ugs=-2..12 V, Ut=-2 V, K=0.1 mS/V/ DNMOS, Ugs=-2...12 V, Ut=-2 V, K=0.1 mS/V/
2000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 2000 APLAC 7.90 Siudent version FOR NON-COMMERCIAL USE ONLY
A Ugs=12V A Ugs=12 —
/|
15.00 1500 — 7
—
[A—
10.00m 1000
TRI SAT TRI | SAT —F——|
/l
5,00 5,00
e e e e
0.000 5.000 10.000 15.000 20.000 0.000 5.000 10.000 15.000 20.000
Udsiv Udsv

Kuva 396.
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NJFET, IDSS=0.4m, Uds=10 V, Ut=-2 V, K=0.1 mS/V
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

NJFET, Ugs=-2...0 V, Ut=-2V, K=0.1 mS/V
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

800.00u 400.00u
TR | SAT ov
Id/A /A
-0.2
600.001 300.001 0.25
400.00u 200.00u
IDSS /
200.004 100.004
0.00 0.00-
-3.000 -2.000 -1.000 0.000 1.000 0.000 5.000 10.000 15.000 20.000
Ugs/vV Uds/v
Kuva 399.
Avauskanavatransistori [Ugs|=[5, 5.25, 5.5 ... 7 V]
3.00m APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
[
[ —
1A [
[ I
2.5
—— —
—
|l I
—
| —
|
150 _
—
1
| —
I B
————— T
750.000
0.00-
0.000 5.000 10.000 15.000 20.000
|Udsiv
Kuva 412.
Mosfetin kuormituskayra (Q2) Ugs2=-5.75 V Graafinen ratkaisu (Q1 ja Q2)
2,00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 3,00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
[
I [
1A /A [
[ E—
2.25i 2.25
I ——— —
/ —
—
—
—
S /o B - |
1501 ——— 1.501 = —
——
I
I N
|
— 1
750.00u 750.004 —
00+——F—F—FF+—"——"— 1T 0.00+—F——F—F————"——"—— T T
0.000 5.000 10.000 15.000 20.000 0.000 5.000 10.000 15.000 20.000
Udsv Udsuvv

Kuva 413.

ENMOS, Ugs=2...8 V, Ut=2 V, K=0.1 mS/VV

APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
400,001

Id/A

300004 Ugs=8V

200,001

100.004

0.0044=
0.000 0.250 0.500 0.750 1.000
Uds/v

Kuva 416.
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Ylip. suodatin: R1=10k, R2=100k, C=100n Derivaattori: R1=10k, R2=10k, C=100n

2300 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 9000 900 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 2000
AldB [ vaihe AwdB vaihe
2000 [ 11250 6.00 112,50

/ [ ast ast.

17.00 [ 13500 300 135.00

14.00 [ 15750 0.00 157.50

11.00 [-18000 -3.00 180.00

10.0 300 100.0 300.0 1.0k 3.0k 10.0 300 100.0 300.0 1000.0
f/iHz f/Hz
Kuva 436.
Outo suodatin: R1=1, R2=2, C=1 VCO: C=50n, R=100k, Uohjaus=5 V
1 -COM! L - 1,

400 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 000 1000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
Al [ Phase  Uout

3.00 [ 1000 750

RN

AN

20.00 5.00
N

i}
<

1.00 ~~ [ -30.00 250
0.00 — — — k4000 7' 8 O
10.0m  30.0m 0.1 0.3 1.0 3.0 10.0 0.100 0.110 0.120 0.130 0.140
w/(1/s) t/s
Kuvat 441 ja 461.
Baxandall (max. korostus ja vaihe) Baxandall (max. vaimennus javaihe)
200 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 18000 2000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 18000
\ L1
AldB \ | vahe AldB vaihe
10.00- 90.00 10.00- 90.00
/ [ ast. ast.
\/ [

0.00- 0.00 0.00 0.00
-10.00 90.00 -10.00 90.00
-20.00- T T T T T 180.00 2000 = T T T T 180.00

30.0 100.0 300.0 1.0k 3.0k 10.0k 30.0 100.0 300.0 1.0k 3.0k 10.0k
fiHz f/Hz
Kuva 464.
RIAA Ekvalisaattori
6000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 180,00 2000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 180,00
A TN | PHASE AwdB vaihe PHASE
50.00 90.00 10.00- 90.00
L May/
\ L - ~
4000 0.00 0.00 —— ™ 000
I o . =] I
N A \
i Min
30.00 \\ 90.00 -10.00- 90.00
\, vaihe
20.00 180.00 -20.00- 180.00
30.0 100.0 300.0 1.0k 3.0k 10.0k 30.0 100.0 300.0 1.0k 3.0k 10.0k
fiHz f/Hz

Kuvat 466 ja 468.
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Raakavahvistus (Avo), fz=100 Hz, fp=10 Hz, 1 kHz
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

Janniteseuragja (IDEAL vs VMAX=6V, VMIN=-6 V)
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

8.00 100.00 0.00
Uout Au/dB vaihe
4.00 90.00. 22.50
Vv ast.

™
0.00 80.00 45.00
-4.00 70,00 \\ 67550
-8.00- 60.00. 90.00
-8.000 -4.000 0.000 4.000 8.000 10 10.0 100.0 1.0k 10.0k
vin/v f/Hz
Kuva 479.
Kokopaastosuodatin: R1=R2=10k, C1=C2=1u
1 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 180.00
A/dB vaihe
0.50- 135.00
ast.
0.00- 90.00
-0.50- 45.00
-1.00- 0.00
0.1 10 10.0 100.0 1000.0
f/Hz
Kuva 538.
Signaali e=3sin(t)+1sin(3t)+1sin(10t) Taajuusvaste (LP) R=1 ohm C=0.5 F
4,00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 400 0.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
uin/V /\ /\ /\ /\ /\ [ uout AldB
200 LA WA T 0 300
/v \j \/ [
r v
0.00- 0.00 -6.00-
-2.00- \/ \//\ /\ /\ 2.00 -9.00-
-4.00- 4.00 -12.00
0.000 2.500 5.000 7.500 10.000 0.1 0.3 1.0 3.0 100
t/s wi/(1/s)
Kuva 539.
Kokop.-suodattimen vahvistus (A) javiive Kolmioaallon (Uin) transientin vaste
APLACT. FOR NON-COMMERCIAL NLY APLAC 7 FOR NON-COMMERCIAL NLY
133 C 7.90 Student version FOR NON-CO! CIAL USE O 080 020 C 7.90 Student version FOR NON-COI CIAL USE O 020
A r viive uin Uout
1.00 0.60 0.10 0.10
r s \% \%
0.6 0.40 0.00 0.00
03 020 -0.10 L 010
0.00 0.00 -0.20 T 0.20
10.0m 30.0m 0.1 0.3 10 3.0 10.0 4.000 6.000 8.000 10.000 12.000
f/iHz

Kuva 542.
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Vahvistus javaihe (alemmat vasteet)
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

20.00 60.00
Au/dB / vaihe
[oX 0.00
\
\ ast
-20.00- 60.00
— |
[E————
-40.00- 120.00
//
-60.00- 180.00
10.0m 30.0m 0.1 0.3 10
f/Hz
Kuva 543.
Askelvaste Impulssivaste
150 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 060 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
uv uv
100 040 A
0.50- 0.20.
\\
0.00- 0.00
0504+—F—F—F—FF+—F—"—"— 1T 0204+—F—F—F—FF———"——"— T
0.000 5.000m 10.000m 15.000m 20.000m 900.000p 950.000p 1.000m 1.050m 1.100m
t/s t/s
Kuva 545.
Audiovahvistimen tagjuusvaste Sakara-aalto f=500 Hz
APLACT. FOR NON-COMMERCIAL NLY APLACT. FOR NON-COMMERCIAL NLY
0.00 C 7.90 Student version FOR NON-CO! CIAL USE O 180,00 100 C 7.90 Student version FOR NON-COI CIAL USE O
AldB [PHASE  wv
-3.00- / 90.00 0.50-
-6.00- / \ 0.00 0.00-
-9.00- \ 90.00 0.50-
-12.00 180.00 -1.00-
10.0 100.0 1.0k 10.0k 100.0k 7.800m 8.300m 8.800m 9.300m 9.800m
f/Hz t/s
Kuva 546.
Sakara-aalto f=500 Hz R=1 ohm C=0.08 mF Sakara-aalto f=500 Hz R=1 ohm C=0.8 mF
100 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 100 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
wv (\ wv
0.50- 0.50-

\ ' L
0.00- \\ 0.00 \l
J

=
-0.50+ -0.50-
-1.00- -1.00-
7.800m 8.300m 8.800m 9.300m 9.800m 7.800m 8.300m 8.800m 9.300m 9.800m
s t/s

Kuva 547.



Kimmo Silvonen, Séhkétekniikka ja elektroniikka, Otatieto 2003

Impulssivasteet

Pulssijono ja sen vaste
APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY

1 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 150
uv uNv
[0 W S 1 | 1 A 1.00
0.00 /\/\\ 0.50-
-0.50- 0.00
-1.00- -0.50-
0.000 150.000u 300.000p 450.000p 600.000u 0.000 150.00u 300.00u 450.00u 600.00p
s t/s
Kuva 548.
Jannitevahvistus, viive javaihe 9 i * g *
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY Signaali e=1rsin(1*0)
2.00- 90.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
1.00 — 1.00
ATg vaihe
uin/Vv uout
150 45.00 \
050 s 050
ast. / \
// Vv
1.00 000 / \
0.00 / ‘1 000
050 \
-0.50 AF-0.50
0.00
0.000 7% SN .\ N L
omega
. 0.000 2.500 5.000 7.500 10.000
Gain Delay Us
Phase ——
Kuva 550.
Vaimennuskerroin d=0,767, d=1, d=1,414, d=1,732 " " — — —
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY Kaistanp: osuodatin Q=1/2 Q=1 Q=2
3.00 180.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
)\ 0.00 , 90.00
A/dB \ vaihe
\ \ i
000 9000 AldB | vaihe
ast. -5.00 - 45.00
-3.00 0.00 ast.
[
-10.00 0.00
-6.00 -90.00
-9.00 as000 2% 4500
10.0m 30.0m 0.1 0.3 1.0 3.0 /
wi(/s)
Ad=l —— vaihe d=1 -20.00 ‘ - . 5 90.00
T — 0,767 0.1 0.3 10 3.0 10.0 30.0
But ——— 1,414 wi/(1/s)
Bes —— 1,732
Kuvat 552 ja 554.
Polynomisuodattimet n=2 Polynomisuodattimet Nn=3
0.00— APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
AldB T~ AldB
3,00 -3.00
\\ \
N
-6.00
-6.00-
A -9.00
-9.00-
-12.00
12,00 0.000 0.500 1.000 1.500 2.000
0.000 0.500 1.000 1.500 2.000 omega/(1/s)
omega/(1/s) Legendre Tsh 3dB
Tshebyshev — Butterworth Butterworth Tsh 0.5dB
Bessel Bessel ——

Kuva 557.
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Suodatinvertailu n=2
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

Suodatinvertailu n=3
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY

1.00 1.00
Al/dB | A ( / \ ,\
s | o5 [AWAAWA
\
|
0.50 \ 050 |
\
\
0.25 0.25.
74 \
Z N\
= = 0,00+
-2.500 0.000 2.500 5.000 -5.000 -2.500 0.000 2.500 5.000
omega/(1/s) omega/(1/s)
Elliptinen ——— Butterworth Elliptinen ——— Tsh 3dB
Kaanteinen Tsh ——— Tsh 3dB Butterworth Kaanteinen Tsh ———
Kuva 558.
Suodatinvertailu n=2 Suodatinvertailu n=3
0.00 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 0.00. APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
A/dB N A
-3.004 —= -20.00-
N
N\
\\
-6.00- -40.00-
AN
\
\
AN
-9.00- N -60.00-
N\
AN
\
\
-12.00 -80.00
0.000 0.500 1.000 1.500 2.000 10.0m 0.1 1.0 10.0 100.0 1.0k
omega/(1/s) omega/(1/s)
Elliptinen ——— Butterworth Elliptinen ——— Tsh 3dB
Kaanteinen Tsh ——— Tsh 3dB Butterworth ——— Kaanteinen Tsh ———
Kuva 558.
Ryhmakulkuajan vertailu n=2 Ryhmakulkuajan vertailu n=3
350 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY 800 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
viive viive A
275
s
2.00
— \
125
L
050 0.00
- 5 5
0.000 40.000m 80.000m 0.120 0.160 0000 0500 1.000 1500 2000
fHz omega/(1/s)
R . Elliptinen ——— Kaanteinen T.
Elliptinen ——— Kaanteinen T.
Tsh3dB —— Butterworth
Tsh 3dB Bessel ——
Tsh0.5dB — Bessel
Butterworth
Legendre ——
Kuva 559.
Alip. suodatin: R1=10k, R2=10k, C1=0,374n C2=1.12n Vaihe R=1 ohm, C=0,1F, 0,4 F, 1,6 F (alin)
APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
1.00 45.00 0.00-
AldB [ vaihe vaihe \ T
050 [ 000 -45.00
/ [ ast ast.
0.00 \ [ 4500  -0000
-050 N oo -ass00
-1.00 [-13500 -180.00 —
1.0k 3.0k 10.0k 30.0k 10.0m 30.0m 0.1 0.3 10 3.0 100
f/iHz fiHz

Kuvat 563 ja 573.
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HP-notch (RZ = 0,5 ohm)

LP-notch (CZ=2F)
120 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 180.00 120 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 180.00
Al vaihe  A/() vaihe
0.90 90.00 0.90- / 90.00
| ast. / ast.
0.60 0.00 0.60- 0.00
0.30 \ 90.00 0.30 90.00
0.00 180.00 0.00- 180.00
1.0m 10.0m 0.1 10 10.0 1.0m 10.0m 0.1 10 100
f/iHz f/Hz
Kuva 575.
Taajuusvasteen opti mointi Lopullinen taajuusvaste
13 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 133 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 180.00
Al AlQ) / PHASE
1.00 1.00 90.00
| /
0.6 “ 0.67- 0.00
|
|
|
0.3 033 90.00
| V4
I \\/
0.00+ T — — 0.00 T T T T - -180.00
0.000 2.500 5.000 7.500 10.000 0.1 0.3 1.0 30 10.0 30.0 100.0
f/lHz fiHz
Kuva 583.
Koe, keskitaajuus=0.6 Q=3 Vahvistus- ja vaihekayra (vaakasuora)
350 APLAC790WNON-COMMERC|AL USE ONLY 10000 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 18000
]
% / \ Au/dB PHASE
2.30 75.007\\ L 90.00
110 50.00 0.00
———
-0.10- < 25.00 -90.00
-1.30 F———— 0.0 180.00
-0.500 -0.175 0.150 0.475 0.800 10.0 100.0 1.0k 10.0k 100.0k
XV fIHz
Kuvat 584 ja 585.
Naytteistys (200 kHz) Tulo- jalahtoaaltomuoto (50 kHz)
100 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY 320 APLAC 7.90 Student version FOR NON-COMMERCIAL USE ONLY
wv wv
0.50 160
0.00~ — — — 0.00
-0.50- -1.60-
-1.00 - -3.20
0.000 5.000p 7.5001 10.000u 0.000 10.000 20.000u 30.000u 40.000p
t's t/s

Kuva 586.
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Bistabiili RC1=1k, RC2=1.2k, R1=R2=5k, C=10n, E=10 V
APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY

Bistabiili RC1=1k, RC2=1.2k, R1=R2=5k, C=10n, E=10 V/
APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY

080 8.00
Ub2/v Uc2/v
060 6.00
040 400 (
0.20 200
000 e 0.00
2.000m 4.000m 6.000m 8.000m 10.000m 2.000m 4.000m 6.000m 8.000m 10.000m
t/s t/s
Kuva 611.
Monostabiili RC=1k, R=R1=50k, C=20n, E=10 V Monostabiili RC=1k, R=R1=50k, C=20n, E=10 V
10.00 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY 10.00 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY
. !
Ucuv Ucaiv
7.50- 7.50-
5,00 5.00
250 250
000 L 0.00
2.000m 4.000m 6.000m 8.000m 10.000m 2.000m 4,000m 6.000m 8.000m 10.000m
t/'s t/s
Kuva 613.
Astabiili RC=1k, R2=10k, R1=15k, C=100n, E=10 V Astabiili RC=1k, R2=10k, R1=15k, C=100n, E=10 V
10.00 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY 0.80 10.00 APLAC 7.50 Student version FOR NON-COMMERCIAL USE ONLY
Ucv [ Ubwv  Uc2iv
7,50 [ 060 750
5,00 [ 040 5,00
250 [ 020 250
0.00 J [ 000 0.00
6.000m 7.000m 8.000m 9.000m 10.000m 6.000m 7.000m 8.000m 9.000m 10.000m
t/s t/s

Kuva 615.



