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la Vad menas med skenbar t6jning i samband med resistiva téjningsgivare?
Ange 2 metoder som reducerar problemet med skenbar tojning. (1p)

1b  Ange 2 fordelar och 2 nackdelar med NTC-motstand i jamforelse med Pt-100 givare (2p)

1c Ritaen skiss pa hur en piezoelektrisk accelerometer ar uppbyggd samt forklara kort dess
funktion? (1p)

1d Vad &r fordelarna respektive nackdelarna med ett Chebyshevfilter i férhallande till ett
Butterworthfilter? (1p)

le Hur skyddar man sig mot induktivt kopplade stérningar?
Ange den viktigaste metoden samt ytterligare en metod. (1p)

2. Betrakta nedanstaende datainsamlingssystem som samplar signalen u(t) och darefter
kvantiserar den i en AD-omvandlare.

Data ut
Sampling .| AD- L
omvandling

u(t

Antag att:  u(t) = 4,5+ 4,5sin(24t) [V] dar 0< f <700kHz
a) Bestam lamplig samplingshastighet vid samplingen! Motivera svaret!  (1p)
b) Bestam lamplig referensspanning for AD-omvandlare! Motivera svaret! (1p)

¢) Hur manga bitar bér AD-omvandlaren arbeta med om man vill att datainsamlingssystemet
ska kunna detektera dndringar i u(t) som ar 0,65 mV. (1p)

3. Figuren nedan visar en koppling med ett termoelement Typ-T kopplad till en forstarkare
med forstarkningen 100 ganger och en 8-bitars AD-omvandlare vars referensspanning ar
+5V.

Termoelementets referenspunkt har temperaturen 25 °C. Bestdm inom vilket intervall
temperaturen i matpunkten ligger om vérdet pa AD-omvandlarens utgang D,=23. (4p)

¢ Dut
Métpunkt
@
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4. En instrumentforstarkare anvands for att forstarka signalen fran en Pt-100 givare som ar
kopplad enligt figur nedan. Instrumentforstarkaren har enligt databladet en Normal-Mode
forstarkning pa 100 ganger samt CMRR pa 60dB. Bestam Pt-100 givarens temperatur da
Uyt =865 mV. (5p)

+3,0V
10k ||
>
Pt-100 | | .
_ Uut
10 kQ [} _J_-

5. Betrakta signalen X(t) = 6+ 3cos(5007t — 70") + sin(1000t + 50°) — 4 cos(3000t)
Antag att signalen samplas med 5 kS/s i 40 punkter.
Rita beloppet av DFT-spektrat, |X (K)[, for k > 0. Det racker att rita en period av |X (k)| :

Gradera bade vertikal- och horisontalaxeln.  (4p)

6. En sinusoscillator ar ansluten till ett digitalt minnesoscilloskop. Da man later
sinusoscillatorns utfrekvens, fosc, andra sig fran 100 kHz till 250 kHz ser man till sin
forvaning att man kan avlasa exakt samma frekvens f; pa oscilloskopets skarm da
sinusoscillatorn utfrekvens &r enligt nedan:

fosc=101800 Hz
fosc=148200 Hz
fosc=151800 Hz
fosc=198200 Hz
fosc=201800 Hz
fosc=248200 Hz

Vilken samplingshastighet ar oscilloskopet installt pa under forsoket?
Antag att oscilloskopets instéllningar inte &ndrat sig under forsoket samt att det inte finns

nagra andra utfrekvenser fran oscillatorn mellan 100 kHz och 250 kHz som ger frekvensen
f, pa oscilloskopskarmen.

(3p)
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7.
Nedanstdende figur visar diagramfénster for ett LabVIEW-program som kommunicerar med en

multimeter.

a) Vad goér kommandot “CONF:FRES”? (1p)

b) Vad gér kommandot “READ?” (1p)

c) Varfor ar det viktigt att koppla “error clusters "mellan alla GPIB-block? (1p)

Mumber of samples

N Resistance

[10] b

CPIB Write

=
|C0NF:FRES—1_L 0

Interval between the samples (s) . . )
o Wait Until Next ms Multiple
1.
i 1000] *>
[
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8.

Nedanstdende figurer visar panelfénster och tillhérande diagramfonster for ett LabVIEW-
program som berdknar resistansen hos en kommersiell Pt100 givare som en funktion av
temperaturen i intervallet -200 °C, 850 °C.

Thermometer
850-

While Loop 1

Thermometer

EIE Formula Mode
1 R=RO*(1+a*T+h*T*T+c*(T-100)*T*T*T);

0.0039083 a
Resistance]
-5.775E-7
r Than 07| Select . R

—
(2]

-4.183E-12
While Loop 2 100 RO
OK Button
stop
: ®
|
a) Vilka programstrukturer finns i programmet. (1p)

b) Skriv formeln som relaterar temperaturen till resistansen. Notera: formeln vi sett i klassen ar
en god approximation av denna formel for ett litet temperaturomrade (0°C-100°C). (2p)

c¢) Du kor programmet och stiller in termometern pa 0 °C, sen trycker du pa compute. Vad laser
du i indikatorn Resistance? Du stéller sedan in termometern till 100 ° C grader och trycker pa
compute. Vad kommer du avldsa i indikatorn Resistance? (1p)

d) Tank dig nu att Thermometer-kontrollen flyttas utanfér While Loop 1. Upprepa stegen i
punkt c). Vad laser du nér du stéller termometern till 0 °C och trycker pa compute? Vad laser du
nar du stéller termometern pa 100 °C och trycker pa compute? (1p)

e) Tank dig nu att Thermometer-kontrollern och formula nodes satts inom While Loop 2, medan
Resistance-indikatorn ar kvar dar den ar. Vilka skillnader ser du i hur programmet fungerar?

(2p)
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9,

Nedanstdende figurer visar panelfénster och tillhérande diagramfonster for ett LabVIEW-

program.
i Output 1 ~ Output3
~ Output 2
#0fc 30 o 0 E n
@»N
N
Index Array Qutput3
Output 1
Increment Power Of X lm
Increment Output 2

a) Vad innehaller Output1 efter att programmet har korts?
b) Vad innehaller Output2 efter att programmet har korts?
¢) Vad innehaller Output3 efter att programmet har korts?
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10
En HP34401 multimeter anvands for att méata resistansen hos en Pt 100 (med 4-tradsmetoden ).
De uppmatta vardena ar:

109,0983 Ohm
109,0802 Ohm
108,9881 Ohm
109,0861 Ohm
109,0345 Ohm
109,0169 Ohm
109,0343 Ohm

a) Vad blir matvardet for resistansen_ (1p)
b) Bestam standardavvikelsen for resistansen (Typ A). (1p)

c) Bestam 95%-iga konfidensintervallet (Tips: Anvand tabellen kritiska varden for t-
fordelningen). (1p)

d) Enligt multimeterns manual anges noggrannheten till “0,03% of the measurement plus 0,03% of
the range” (sakra granser); anvand 100 Ohm for range (6 ¥2-siffrig digital multimeter). Berakna
den totala standardavvikelsen (Bestdende av bade Typ A och Typ B osdkerheter)

(2p)
e) Berdkna ett viarde pa temperaturen . (1p)
f) Antag att
y=(3,85%0,03)-10-3 °C1
Ro=100,00%£0,06 Q
(sékra granser). Berdkna den totala standardavvikelsen pa temperaturen. (4p)

Tabell: t-fordelningen

Antal sampel Kritiskt virde (coverage factor)

12,71

4,30

3,18

2,78

2,57

2,45

(||| (W

2,37
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Hjélprutor

While Loop

|

Repeats the subdiagram inside it until the conditional
terminal, an input terminal, receives a particular Boolean
value. The Boolean value depends on the continuation
behavior of the While Loop. Right-click the conditional
terminal and select Stop if True or Continue if True from
the shortcut menu. You also can wire an error cluster to the
conditional terminal, right-click the terminal, and select
Stop on Error or Continue while Error from the shortcut
menu. The While Loop always executes at least once.

Formula Node

input vaisble —;) int32y;

(optionsl) ifiscr=0) | ouput varisble

y=1; [optionsl)
else v =-1;

Evaluates mathematical formulas and expressions
similar to C on the block diagram. The following built-
n functions are allowed in formulas: abs, acos, acosh,
asin, asinh, atan, atan2, atanh, ceil, cos, cosh, cot,
esc, exp, expml, floor, getexp, getman, int, intrz, In,
npl, log, log2, max, min, mod, pow, rand, rem, sec,
sign, sin, sinc, sinh, sizeOfDim, sqgrt, tan, tanh. There
re some differences between the parser in the
R’Iathematics Vls and the Formula Node.

Wait Until Next ms Multiple

millisecond multiple 8 millisecond timer value

Waits until the value of the millisecond timer becomes a
multiple of the specified millisecond multiple. Use this
function to synchronize activities. You can call this
function in a loop to control the loop execution rate.
However, it is possible that the first loop period might
be short. Wiring a value of O to the milliseconds
multiple input forces the current thread to vield control
of the CPU.

Power Of X

XAy

X

Computes x raised to
the y power.

GPIB Read

timeout ms (488.2 global)

address string data

byte count 7 status
mode (0) L-grror out
error in

Reads byte count number of bytes from the
GPIB device at address string.
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Increment

x— i x+1

Adds 1 to the
input value.

Index Array

n-dimension array
element or subarray

Returns the element or subarray of n-dimension
array at index.

Greater Than 07
X B> s ) > 07

Returns TRUE if x is
greater than 0.
Otherwise, this function
returns FALSE.

For Loop

o P

Executes its subdiagram n times, where n
is the value wired to the count (N)
terminal. The iteration (i) terminal provides
the current loop iteration count, which
ranges from 0 to n-1.

Select

: — I§> s? t:f
f

Returns the value wired to the t input
or f input, depending on the value of s.
If s is TRUE, this function returns the
value wired to t. If s is FALSE, this
function returns the value wired to f.

GPIB Write
timeout ms (488.2 global)

address string - status
data “-error out
mode (0)
error in

Writes data to the GPIB device identified by

address string.




Formelsamling i elektrisk matteknik 2014

Resistans i ledare
L

R= p-Z dar p =17-1072 [Q- mm? /m] for koppar
Wheatstonebrygga
Kvartsbrygga: U — dR U~ ld—RU da dR<<R
" 4.R+2-dR 4
Halvbrygga: U. ~ 1dR U da dR<<R
72 R
Helbrygga: U, = dj.u
7R
Motstandstermometer
R=R,@+T), dar T = Temperatur i [°C]

7 =385-10"°[°C™] for platina
¥ =6,75-10°[°C™*] for nickel.

y =4,33-10°[°C™"] for koppar.
Termoelement

U=Eg(M, >0)-Ex( —0)

Tojningsgivare

dL dR r
E =— r = kf = —
L R &
3. Forstarkare
Forstarkning
= Yut F —=20-log | [dB]
uin in
Instrumentforstarkare
Uyt =Fnm -Unm + Fom -Ucewm
Fam Fam
CMRR = ——~ CMRR =20-1log [dB]
cM cM
4. AD-omvandlare
AU = IREE D,,; = round| —in_ uin:Dut-AUilAU
on AU 2
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5. Frekvensanalysatorer

0 T

i 1 ; 27
_ . Jot — — = .o~ Jkapt =
X (w) = _jw x(t) - e~ 1t ¢ =X(k) == ! X(0)-e et wy =
18 . 2w
® —1 f = = — . JkQOn = —
X(@= Exe ™ @=zp G XM= @ =g
N=—0o0 S
DFT: N-1 - 2z f
X(k)= 3 x(n)-e " g =2 Af=
n=0 N N
6. Medelvardesbildning
. o1 _ , 1Y 2
Vantevéarde: E(X)=u=X= Nzxi Varians: V(X) =0 = 1Z(xi —X)
i=1 izl
SNR = £ Medelvérdesbildning: o, = ———
- YN
8. Anslutning av matsignalen
Reflektionskoefficient: = _ Zi —Zg
Z +Z,
9. Databehandling
Polynomansattning: f(X) =cq +C X+ sz2 + e Minstakvadratlésningen ges av:
-1
c=(ATA'A™M | dar
Co 1 x xf
Cq 1 x, x2 .
C= = Koefficientmatrisen A= 2 2 = Observationsmatrisen
CZ 1 X3 X3
y1'

ym
M =| 72 |= Matdatamatrisen
y3'
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10. Matosakerheten

Yo=9£2-u(§), dar u®(9)=> uf(y) =totala variansen.

s(y)
Jn

Typ A-osakerhet: u(y) =

medelvardesbildningar.

Typ B-osékerhet (homogen fordelning): u(y) = 1

V3

homogen fordelning.

Sammansatt matstorhet: Yo = f (X1, X9 ,eeueee. JXN)

of
¢; = kanslighetskoefficienten = —
8Xi

Xj =Xj

of 2
u2<9)=2u?(9)=z(g] U (%)

11. Stérningar i matsystem

dar s(y)= standardavvikelsen (uppskattad) och n = antalet

oy, dar Jy ar de sdkra granserna i en

= Ui(¥) =¢;-u(x;), dar

Johnsonbrus: ey =V4KTRB, dar k :1,38-10_23 Li} T = Temperatur i [K]

Brustathet: N { \ }

13. Matsystemets dynamiska egenskaper

1:a ordningens system: H(s) = K
S- 7o +1
igtid: 0,35
Stigtid: t, 22,27, ~
, 1
2:a ordningens system: H(s) =
1 2 2
— s +—=s5+1
(O a)o

wo = oddmpade egenfrekvensen

10(11)

1

B =
2727'0

[Hz]

Total stigtid: t, ;o = \/trzl +tr22 +tr23 +....

dar:

¢ = ddmpfaktorn



mmn.t 869'ZL 8E€9'LL 8.S'LL 8LG'ZL 8SY'LL 66€'LL 6€8'LL 612°LL 6LT'LL  OVE
6GL°LL 00L'ZL OVO'ZL 086'9L LZ6'OL L98'QL Z08'9L Zv.'OL €89'OL ¥29'9L  0EE
¥95'9L G0S'9L 9¥Y'9L /8E'9L LZ€'9L 89Z'9L 60Z'9L 0SL'OL LB0'QL ZE0'QL  0ZE
€/6'GlL ¥16'SL 9S8'GL 262'GL 8€L'GL 6.9'GL L29'SL Z9S'SL €0S'SL SHH'SL  OLE
98€'GL BZE'GL 0/Z'GL LLZ'SL €GL'GL G60'GL OE0'GL 8/6'FL 0Z6'vL 298'vL  00E
¥08'vL. OvL'vL 889Vl 0€9'vL ZLS'VL ¥LS'VL 9SH'VL 66E'VL LVEVL €82VL  06C
9zT'vl 89L'vL OLL'vL €50'VL S66'CL 8EG'EL L8B'EL €Z8'EL 99/°CL 60.'CL  08Z
ZGO't) G6G'EL LES'EL 08Y'EL €TH'EL 99E'EL OLE'EL €GZ'El 96L'EL 6EL'EL 0.2
Z80°CL 920'Cl 696'Z) TL6'TL 998'C) 661°CL €VL'ZL /89'CL 0£9'ZL v/S'ZL  09Z
8162l LOY'ZL SOV'ZL 6PEZL €62'2L JEZ'ZL 18L'ZL SZL'ZL 690'ZL €L0'ZL  0SZ
8S6°LL 206'LL 9¥8'LL LBL'LL SEL'LL 089'LL ¥29'LL 69S'LL €LS'LL 8SH'LL  OVE
E0V'LL LVE'LL 26Z'LL LET'LL 28L'LL L2L'LL 2L0'LL ZLO'LL 296'0L L06'0L  0€Z
€58°0L 86.°0L €¥2'0L 689'0L ¥EQ'0L 08S'0L GZS'0L LZY'OL ZL¥'OL 29€°0L  0ZZ
80€0L ¥SZ'0L 00Z'0L 9vL'0L Z60'0L 8E0'0L +86'6 0E6'6 9/8'6 2886  0LZ
69/'6 GL.'6 Z99'6 809'6 GSS'6 LOS'6 9YF'6 GBE'G LYE'6 8826 002
GET'6 2BL'6 6TL'6 9/0'6 €TO'6 0/6'S ZL6'8 G98'8 ZL8'8 6SL'8 06l
L0L'8 vS9'8 C09'8 0SS'8 L6V'8 Gvy'8 €6£'8 LPE'8 682'8 LE£2'8  08L
G8L'8 €€L'8 180'8 620'8 1/6'L 9T6'L VI8'L €28'L LIL'L 02ZL'L  OLL
899'L L19'L 99S'L GIS'L €9¥'L ZL¥'Z 19¢'L OLE'L 09Z'.Z 60Z'L 091
8GL°L 101, JSO'.L 9Q00'. 9G6'Q G06'O GG8'0. S08'Q ¥S/'9 +0.'9 06
¥S9'9 ¥09'9 ¥SS'9 Y0S'9 vSP'9 vov'9 668’9 G0E'9 9Sz'9 90Z'9 oYL
961’9 L0L'9 LS0'9 B800'9 6S6'G OL6'S 198'G 218'S €9'S vLI'S  0EL
G99'S 919'G 19S'S 6LS'S OLV'S Zzv'S €1€'S GZe'S 1/2S 8zZ'S 0zl
08L'G ZEL'S ¥80'G 9€0'S 886y LY6'v €68'v SH8'y 96L'v 0SL't  OLL
20/'v GS9'v 809'% 19S't €LS'y 99w 6L¥'v T/E'v SzZE'V 6.Z'v 001
ceTy S8L'v BEL'Y TOO'Y 9¥0'y 666'C EG6'E L06'C 098'€ +LB'E 06
89/t ZZl't L/9't €9t GBS'E BES'E PBY'E 8YY'E E€O¥'E 8SE'E 08
CLE'® L9zt z2T'e LlL'E ZEL'E 1BO't €v0'C ©66'C €S6'Z 606'C 0L
v98'z 028'C 917 Z€l'T 189'Z €v9'z 009T 9S5'Z ZIS'Z 99K'Z 09
Gev'c 18€'Z 8EE'T ¥6Z'T 1SZ'T 80T S9L'T 2TL'T 60T 9£0'Z 0§
€66°L 0S6'L 806°L S98'L €¢8'L 08LL 8E€L1 969'L ¥S9'L zZL9'L O
0/6°L 82G'L 98%'L Gb¥'L €O¥'L Z9E'L 0ZE'L 6/2'F 8€ZL 961'L  OF
GSLL pLL'L v20°L €E0'L Z66'0 LSE'0 LL6'0 0/8'0 0€8'0 060 0Z
6.0 60L°0 699'0 629'0 6850 .6vS'0 OIS0 04’0 LEF'O L6E'0  Ob
TGE'0 CTIE'D €L20 YET'0 S6L'0 9S5L'0 LLL'O 8L0'0 6£0°0 0000 0

6 8 L 9 S 12 € z b 0 0

6€0°0- 2400~ 9LL'0- ¥SL'0- €6L'0- LE€T'0- 69Z'0- L0E'0- SPE'D- €8E0- 0
L2P'0- 650~ 96¥'0- ¥ES'0- L2S'0- 809'0- 9¥9'0- €89°0- 0ZL'0- SL'0-  Ob-
¥6.°0- 0£8°0- L98'0- ¥06'0- 0¥6'0- 9.6°0- €L0°'L- 6¥0°L- S80'L- LZL'L- 0z
LSL'L- 26L'L- 822'L- ¥9Z'L- 662'L- GEEl- 0LE'L- SOV'L- Obv'L- GIt'L-  of-
0LG'L- GPS'L- 62G°'}- $LO'L- 8VO'L- €89'}- LLL'}- LGL'L- S8Z'L- 618'L-  OF
€98°'L- £88'L- 0T6'L- ¥S6'L- £86'L- L20C- $SO'C- 280°C- 0C2L'Z- €SL'Z-  0S-
98L°C- 81T~ LST'T- €8T'C- 9LE'Z- 8¥E'Z- 08€'C- ZLv'e- vvv'Z- 9/¥'Z-  09-
10G'2- 6€S'2- L2G'2- 209'C- €€9C- ¥99'C- 669'C- 92.'C- ISL'T- 88LZ- Ol
818'C- 6¥8'2- 6/8'C- 0L6'C- 0¥6'Z- 0.6'Z~ 000'¢- 0£0'c- 6S0'C- 680°c-  08-
8LL'e- 8pl'e- L/L'e- 902'e- G€Z'€- ¥92'c- €62'C- 2TE'e- 0SE'S- 6.€'C- 06
L0V'e- SEV'E- E9P'E- L6Y'E- 6LG'€- LVS'E- vIS'€- 209t 629'C- LS9'E-  00L-
v89'€- LLL'E- BEL'E- G9L'E- I6L'E- 818'€- v¥B'e- 1/8'e- L68'C- €26'C- 0L
6¥6'€- G/6'€- 000'v- 920'%- 2SO't~ 2.0t~ 20Vt~ LZV'v- ZSL'v- ZLL'p-  0Zb-
20Ty 9zZ'v- LGT'Y- S/Z'% 00E'w vZe'v- 8vE't- ZIE'v- S6E'V- BL¥'P-  OEL-
EVY'p- 99 68F'h- ZLS'H- SES'- 8SS't- LSSV~ Y09'h- 929 8YO'r-  OVL-
VL9V~ €69V GLL'V- LEL'V- 6SL'v- 08L'v- 208'v- €28~ vP8'p- G98'7-  0GL-
988'v- L06'v- 8T6'v- 6V6'V- 696t 686'v— 0L0'G- 0£0'S- 0S0'G- 0/0'S-  09L-
680°G- 60L'G- 8ZL'G- 8YL'S- L9L'G- 98L'G- GOZ'S- ¥22'S- ZvZ'S- L92'S-  OLL-
62'G- 16Z'G- 9LE'G- YEE'S- LGE'G- B9E'S- L8E'C- vOV'G- LZY'G- 6ev's- o8l
95¥'G- €4¥'G- 68¥'G- 90G'G- €25'G- 6EG'G- SSS'S- LLG'S- /8S'S- €09'G-  06)-
619'G- $€9'G- 069'G- G99'G- 089'S- G69'S- 0LL'G- ¥TL'S- 6€L°/- €61'G- 002
191'G- 28.'S- G61'G- 608'S- £28'G- 9£8'G- 0G8'G- €98'C- 9/8'G- 888'S-  0LZ-
L06'S- ¥16'G- 926'G- 8E€6'G- 0G6'S- 296'G- €16'S- G86'S- 966'G- L00'9-  0ZZ-
to.o--wmo..o- 8€0'9- 6¥0'0- 6S0'9- 890'9- 820~ /80°0- 960'0- GOL'O-  0€Z-
vLL'9- 2ZZl'9- 0EL'9- 8EL'O- 9VL'O- €GL'9- 09L'9- Z9L'9- ¥ZL'9- 08L'9- OvZ-
1819~ €619~ 861'9- ¥0Z'9- 602'9- vLT'9- 612'9- €22'9- 822'9- TEZ'9-  0ST-
962'9- 6€2'9- Z¥C'9- S¥C'9- 8YT'9- 1SZ'9- €6Z'9- GGT'O- 9G2'9- 8SZ'9- 09z

= z- - - G- 9- L7 8- 6~  Ol- Do
D 06€ 111 D 09T~ 19[[eAISIUL I SPURAUE (OO0  UBIULISUOY

-1eddoy Ae 1gisaq 1 dA [ *1 dAy e juswopsounoy
119 1QF (AW 1) UWOOULId) I9AQ [[oqe] UD I3[]0] uepaN

L-d£) ‘[oqeysjuswndpouria

11(11)



