
Examenvragen Experimentele
Basistechnieken

1. !"#$%&'%$"(%)*#+%,-*(+.%*/%'#01+(%,12*(/3%*45(6$.%6*7-&$&*7&7)%,8*20&7).%,! 9(:;(

8#7%-(%*45(6$(7.<

" =($%8(24($(2(7%8#7%-(%8**2>##2-(7%8#7%((7%*4'(28#$&(%,8**2#+%&7

7#:>9(:2&)"(&-.3%-**2%)(42:&9%$(%0#9(7%8#7%((7%'1(6&/&(9(%'#0(7'$(++&7)3

)2**$$(3%8*20?%8#7%((7%*45(6$@8**2>(21A%B&$%&7%((7%)(*1$&0#+&'((2-(%*0)(8&7)A

" =($%*1;($$(+&59%8(2)2*$(7%8#7%"($%'&)7##+%*0%*7)(>(7'$(%(//(6$(73%2:&'3

#2$(/#6$'%,*74(-*(+-%4&58(2'6"&57'(+%4&5%"($%*17(0(7%8#7%-&)&$##+%)(+:&-.?%$(

0($(7%(7@*/%$()(7%$(%)##7A

" C+9%*45(6$%"((/$%((7%'1(6&/&(9(%8*20%-#$%)(*1$&0#+&'((2-%>*2-%8**2%"($%-*(+

8#7%((7%4(1##+-%(D1(2&0(7$%-**2%)(42:&9%$(%0#9(7%8#7%-(%;:&8(2&7)%8#7%"($

0#$(2&##+%8#7%"($%*45(6$3%8(22&59&7)%8#7%&'*$*1(73%'(+(6$&(%8#7%-((+$5('%8#7%"($

7*-&)(%$E1(3%+#-&7)3%'1&7?

" OpmF%/E'&'6"(3%6"(0&'6"(%(7%#7-(2(%(&)(7'6"#11(7%8#7%'$2:6$:2(7%>*2-(7

-&2(6$%4(G78+*(-%-**2%-(%-&0(7'&(3%8*20%(7%)2**$$(%8#7%"($%*45(6$A%B&$%0*($

'$((-'%-**2%-(%(D1(2&0(7$#+&'$%7#)()##7%>*2-(7H

#A =*>%6#7%$"&'%#6"&(8(-%,=*(%9#7%-&$%4(2(&9$%>*2-(7.<

B(%8*20&7)%8#7%"($%*45(6$%-**2%;&57%#$*0#&2(%'#0(7'$(++&7)%,&'*$*1&'6"%*/

6"(0&'6".%0*($(7%8*+-*(7%##7



" B(%*4'(28#$&(%8#7%#$*0#&2%$2#7'1*2$

" I/%-(%9(70(29(7%8#7%-(%*0)(8(7-(%$2#6(2%#$*0'%,J%4(1#+(7

)(8*+)-(%1#-(7.A

B&$%9#7%-**2F

# K(22&59&7)%8#7%&'*$*1(7%*0%##7%'(+(6$&(8(%0#''#L'1(6$2*'6*1&(L

#7#+E'(%$(%-*(7M

# B&//:'&*7%0#29(2%(D1(2&0(7$'%,48F%&'*$*1(%0#''%(//(6$ N= $ OB $ PQ.M

# Q2#6(2%(D1(2&0(7$'%,0#''#3%2#-&*#6$&(/3%0#)7($&'6"3%8(2+&6"$(?

4A R&8(%(D#01+('F

% =($%(//(6$%*1%-(%0#''#%8#7%((7%=L&'*$**1%4&5%-(%8(20&7-(2&7)%8#7

'$2#+&7)L)(G7-:6((2-(%+#-&7)%&7%((7%S&@S&IO@0($##+%'$2:6$::2%)((/$%##7%-#$%-(

4(>()(7-(%+#-&7)(7%12*$*7(7%,-(:$*7'.%;&57A

% ,48A%K#7%#$*0&6%$2#6(2%12&76&1+(.%B($(6$&(%8#7%((7%+(9%&7%((7%8#6:T0L

'E'$((0%-**2%)(42:&9%$(%0#9(7%8#7%=(L)#'A%B**2%-(%6*04&7#$&(%8#7F

! CD$(27(%$*(8*(2%8#7%=(%,-**2%((7%4:&'%8#7:&$%((7

)#'/+('.

! C7%-(%-($(6$&(%8#7%=(%4&77(7&7%-(%8#6:T0L9#0(2%-08

((7%0#''#L'1(6$2*0($(2

OA%!"#$%#2(%$"(%/:76$&*7'%*/%(D6&$#$&*7%,*1>(99&7)3%12&99(+&7).%&7
1"E'&6#+%(D1(2&0(7$<%R&8(%(D#01+('%/2*0%$"(%12#6$&6:0%(D1(2&0(7$'F



#A Het observeren van een object:

B(%(7(2)&(%,U.%8#7%-(%)(-($(6$((2-(%'$2#+&7)%*/%"($%$E1(%8#7%"($%-((+$5(%;&57

)(+&59%,*/%"((+%-&6"$%&7%-(%4::2$%8#7.%##7%-(%(7(2)&(%8#7%-(%((2'$(%)(VD6&$((2-(

4:7-(+A

B(%*4'(28#$&(%9#7%)(-##7%>*2-(7%*1%8(2'6"&++(7-(%0#7&(2(73%#/"#79(+&59%8#7F

! R(*0($2&(%8#7%-(%((2'$(%4:7-(+M

! S#01+(%,'$##+.M

! B($(6$*2%)(42:&9$%8**2%-(%*4'(28#$&(A

$ 2(/+(6$&(M

$ 8(2'$2**&7)%8#7%CWL)*+8(7M

$ -&//2#6$&(M

$ &7$(2/(2(7$&(%8#7%CWL%*/%(+(9$2*7L)*+8(7A

4A Het localiseren van het geanalyseerde object in de ruimte:

C(7%'6"(21%)(/*6:'$(%(+(9$2*7(74:7-(+%9#7%((7%*45(6$%8((+%/&57(2%>##27(0(7

-#7%-(%2('*+:$&(L+&0&($%8#7%-(%6*78(7$&*7(+(%*1$&'6"(%&7$2:0(7$(7A

Opm: B&$%&'%#/"#79(+&59%8#7%U%8#7%-(%)(VD6&$((2-(%'$2#+&7)



6A Energie-toevoer aan het geanalyseerde fysisch systeem bepalen door

middel van:

% CWL)*+8(7%8#7%8(2'6"&++(7-(%U%9:77(7%;*2)(7%8**2%-(%(0&''&(%8#7

#7-(2(%/*$*7(7%,J%/+:*2('6(7$&(.3%(+(9$2*7(7%,J/*$*(+(9$2*7(7%(0&''&(.3

&*7(7%*/%#7-(2(%-((+$5('%8#7%#$*0(7%*/%0*+(6:+(7A

X/"#79(+&59%8#7%-(%9(:;(%8#7%"($%)(-($(6$((2-(%$E1(%8#7%(0&''&(%9:77(7

8(2'6"&++(7-(%(&)(7'6"#11(7%)(#7#+E'((2-%>*2-(7F

! B($(6$&(%8#7%*1$&'6"(%(0&''&(F%(7(2)&(8(2'6"&+%$:''(7%-(

(+(9$2*7(77&8(#:'M

! Y*$*(+(9$2&'6"(%(0&''&(F%(7(2)&(8(2-(+&7)%8#7%-(%(+(9$2*7(7

)(0($(7%$*8%"($%8#6:T0L7&8(#:M

! Z*7&'6"(%(0&''&(F%#$*0#&2(%'#0(7'$(++&7)

[8A%\CS

% B((+$5('

J%82&5%#7#+**)%##7%CWL)*+8(7

K(2'6"&+F%C2%4('$##$%((7%7&($L]%(+(9$2&'6"(%+#-&7)%-#$%9#7%4*$'(7%0($%-(

$#2)($%'#01+(3%#+'%#7#+*)&(%0($%"($%/*$*7L)(8#+A

! -(%(//&6&V7$&(%8#7%-(%(7(2)&(L$2#7'/(2%&'%"*)(2%4&5%-((+$5('

[8A%XCS



-A Resonant excitation:

X+'%-(%/2(^:(7$&(%8#7%"($%)(VD6&$((2-(%'&)7##+%*8(2((79*0$%0($%-(

2('*7#7$&(/2(^:(7$&(3%-#7%4(2(&9$%-(%#01+&$:-(%8#7%-(%$2&++&7)(7%":7%0#D&0:03

;*-#$%-(%*4'(28((2-(2%-(;(%/2(^:(7$&(%9#7%4(1#+(7%(7%;*%-:'%**9%4(1##+-(

9(70(29(7%8#7%"($%*45(6$A

(A Voorbeelden vanuit de practica:

&A _W(6"#7&6#+%2('*7#76(`F%((7%8(2#7-(2&7)%&7%-(%/2(^:(7$&(

8#7%((7%0(6"#7&'6"(%*'6&++#$&(%>*2-$%)(42:&9$%*0%((7%8#2&#$&(%&7%0#''#%$(

4(1#+(7M

&&A _K(+*6&$E%#7-%'*:7-`F%4(1#+&7)%8#7%-(%'7(+"(&-%8#7%)(+:&-%&7

-(%+:6"$%-08%2('*7#7$%(D6&$#$&*7%8#7%'$##7-(%)*+8(7%8#7%((7%)(9(7-(%+(7)$(M

&&&A _CD1(2&0(7$%*/%W(+-(`F%4(1#+&7)%8#7%-(%*'6&++#$&(L/2(^:(7$&(M

&8A _I'6&++#$&*7'%*/%#%'$2&7)`F%4(1#+&7)%8#7%-(%0#''#-&6"$"(&-%1(2

((7"(&-%+(7)$(M

8A _a*7&6#+%*'6&++#$*2`F%4(1#+&7)%8#7%-(%;>##2$(92#6"$L

8(2'7(++&7)%,J%).A



3A B('62&4(%$"(%4#'&6%12&76&1+('%*/%$"(%1"*$*(+(6$2*7

'1(6$2*'6*1E%#7-%$"(%X:)(2%(+(6$2*7%'1(6$2*'6*1EA%!"#$

&7/*20#$&*7%6#7%4(%(D$2#6$(-%/2*0%$"('(%0(#':2(0(7$'<

OpmF%'1(6$2*'6*1&(%J%-(%'$:-&(%8#7%-(%&7$(2#6$&(%$:''(7%'$2#+&7)%(7%0#$(2&(%#+'%((7

/:76$&(%8#7%UA

#A Foton-elektron spectroscopie (PES):

BICbF%4(1#+&7)%8#7F

" X$*0#&2(%#7%6"(0&'6"(%'#0(7'$(++&7)%8#7%-(%'#01+(M

" [&7-&7)'(7(2)&(%8#7%-(%(+(9$2*7(7%-&(%(2&7%;&$$(7A

!CcdZeRF%#+'%-(%/*$*7L(7(2)&(%,"/.%)2**$%)(7*()%&'%*0%#+%-(%(+(9$2*7(7%8#7%-(

dL'6"&+%$(%(D6&$(2(73%;:++(7%;(%)(*4'(28((2-%9:77(7%>*2-(7%-**2%((7%(7(2)&(L

#7#+E'#$*2%0($%((7%9&7A%C7(2)&(%C9 J%8(2'6"&+%$:''(7%-(%/*$*7L(7(2)&(%(7%-(

&7&$&V+(%(7(2)&(%8#7%"($%(+(9$2*7%,$*8%Y(20&L7&8(#:%8#7%-(%#7#+E'#$*2.

cCSfbXXQF%"($%(7(2)&(L'1(6$2:0%8#7%-(%#$*0#&2(%(7(2)&(L7&8(#:'F

Ze%CCe%dcZSQXbF%(7(2)&(L7&8(#:' $ (7(2)&(L4#7-(7



! "($%/*$*(+(9$2&'6"%'1(6$2:0%4(8#$%&7/*20#$&(%*8(2

" -(%6"(0&'6"(%4&7-&7)(7%&7%-(%'#01+(M

" (7%-(%'$2:6$::2%8#7%-(%4#7-(7

4A Auger electron spectroscopie (AES):

Opm: 8**2-((+%8#7%(+(9$2*7(74:7-(+F%-(%4:7-(+%9#7%)(0#99(+&59%)()(7(2((2-

(7%)(0#7&1:+((2-%>*2-(7%8**2%"($%)(42:&9%&7%(D6&$#$&(L42*77(7

=($%)(42:&9%8#7%-(%(+(9$2*7(74:7-(+%*0%-(%(7(2)&(%8#7%-(%4#'&'L(7(2)&(L

7&8(#:'%$(%4(1#+(7%,;*#+'%&7%/*$*L(+(9$2*7%'1(6$2*'6*1&(.%J%*70*)(+&593

!XeQF%7#%-(%(D6&$#$&(%8#7%((7%$>((-(%(L ;#+%"($%((2'$(%(L ((7%*7)(9(7-(%/2#6$&(

8#7%;&57%&7&$&V+(%(7(2)&(%9>&5$'1(+(7A

BfSF%)((7%$>((-(%(+(9$2*7(7%)(42:&9(73%0##2%(79(+%-(;(%&7%*8(2((7'$(00&7)

0($%"($ Auger procesA

XfRCc%\cIaCSF%-(%-(L(D6&$#$&(%8#7%((7%#$**0%0($%((7%)#$%&7%((7%4#'&'L7&8(#:A

C(7%(+(9$2*7%8#7%((7%"*)(2%(7(2)&(L7&8(#:%)##$%-&$%)#$%*18:++(7A%B(%*8(2-##-

##7%(7(2)&(%)($2#7'/(2((2-%>*2-$%7##2%"($%$>((-(%(+(9$2*7%,J%X:)(2L(+(9$2*7.3

-#$%:&$)(;*7-(7%>*2-$%:&$%"($%#$**0A

CeCcRZC%KXe%=CQ%XfRCcLCbCdQcIe%!IcBQ%[C\XXbB%BIIcF

" B(%(7(2)&(%8#7%-(%)(G7$&#+&'((2-(%)(G*7'&((2-(%'6"&+M



" B(%(7(2)&(%8#7%-(%'6"&+%>##2:&$%((7%(+(9$2*7%7##2%-(%'6"&+%)##$%0($

((7%)#$%,J%82&5(%1+##$'.M

" B(%(7(2)&(%8#7%"($%'6"&+%8#7>##2%"($%X:)(2L(+(9$2*7%:&$)(;*7-(7

>*2-$

&' ()*+,-)./01*2,-30410-25/,1*4,65,*--2057,+8,95*/:35,9570:9,*47,2*3;5
<=389,99,+8,>9,*47,284;53?,70/+*415/@

*' medium distances: form mm to m:

" inductive displacement sensor:

# 9**>+,;563:0>,A*4,9:+:*2,047:1+*415,<B5753C0D7/5,047:1+05?,+://54,E

8=,9553,/-85254'

# B5+F,G,;5H47:15537,04,75,E
75
/-852,0/,;5352*+5537,**4,75,A53*475304;

A*4,I,7883,75,J
/+5
/-852,A0*,K,<9:+:*2,047:1+*415,185==01054+?F

B**360D,)5+,+5>54,*=)*4;+,A*4,75,301)+04;,A*4,75,B04704;,04,75,/-852

# I045*3,A*30*625,70==5354+0*2,+3*4/=83953,<LGMN?F

O M5,*1P/-*4404;Q,;5H47:15537,04,75,E,/51',/-85254Q,8BA,75

-309*3.,/+3889,<95+,*4;:2*035,=35R:54+05,S?

O T2/F,=53389*;45+0/1),9*+530**2,/.995+30/1),C01),65A047+,+//,75,E

/51',/-85254Q,7*4,0/,KJ U,KE! G8:+ U,VW

O X54,A53/1):0A04;,A*4,70+,4:2P-:4+,2507+,+8+,75,A53/1)0D404;,A*4

554,G8:+ 5A543570;,95+,75,A53-2**+/04;W

O Y5+,+5>54,A*4,G,>*4,65-**27,B83754,A0*,75,=*/5A53/1):0A04;

<+8A,I-309*3.?Q,C87*+,C8,75,301)+04;,A*4,75,A53-2**+/04;,65-**27,>*4,B83754W



O opm:

# =95+54 Z,JV,=35/84*4+05W

# 9*;45+0/1)5,-5395*6020+50+,A*4,)5+,=53389*;45+0/1)

9*+530**2,0/,NP*=)*4>520D>[ ! 04/+*6020+50+

O X3,B837+,;563:0>,;59**>+,A*4,554,4839*20/*+05F

\ /09-525,54,65+38:B6*35,/54/83,95+,;857>8-5,525>+38401*W

L 53,0/,951)*40/1),184+*1+,95+,)5+

86D51+,4870;W

L ;38+5,*=/+*4754,>:4454,405+,;595+54,B83754Q,B*4+,75,9*//*,A*4,75

65B5;5475,75254,B837+,8465+**26**3,;388+W

L /452)507,A*4,75,95+04;,U,65-53>+,7883,75,951)*40/1)5,35/84*4+05,A*4,75

LGMN'

" Non-contact methods:

9**>+,;563:0>,A*4,35=251+05,A*4,201)+,*=>89/+0;,A*4,)5+,8--,A*4,554,86D51+

" laser interferometry:

# A53;520D>+,75,=*/5,A*4,75,;535=251+535475,6:4752,95+,705,A*4,75

35=5354+05,6:4752W

# *2/,)5+,86D51+,65B55;+Q,7*4,C*2,75,04+53=5354+05,A*4,75,6:4752/,C83;54

A883,554,A53*4753547,-*+3884 ! A53-2**+/04;,>*4,65-**27,B83754,A0*,)5+

9*]09:9,A*4,75,04+54/0+50+,60D,04+53=5354+05F

# A0*,K01)52/84,04+53=53895+53,184=0;:3*+084F

\ ;554,0D>04;,4870;W



\ ;554,70351+,184+*1+,95+,86D51+W

\ /45225,95+04;54,C0D4,98;520D>,60D,;563:0>,A*4,554,=8+875+51+83'

L 7:35,8-+01*W

L *=/+*4754,^,_Q,C0D4,985020D>,+5,95+54

" laser triangulation:

# 65-*204;,A*4,75,*=/+*47,+8+,)5+,86D51+,A0*,7305)85>/P;5895+305

# +85-*//04;F,`MP6552754,A*4,A883B53-54

6' large distances: from m to many km:

" triangulation with long bases:

# 9**>+,;563:0>,A*4,75,04+304/05>5,/+3*204;,A*4,554,86D51+W

# A0*,75,)85>,A*4,75,86/53A*+05,>*4,75,*=/+*47,+8+,)5+,86D51+

65-**27,B83754'

# 6AF,04,65-**275,+525/18-54,54,/*+52205+54

" laser echo:

" A53/05,JF

;563:0>+,+0D7/A53A*2,+://54,75,/+3*204;,A*4,554,-309*3.,201)+-:2/,54,75,**4>89/+

A*4,75,-:2/,7*+,;535=251+5537,B837+,A*4:0+,)5+,86D51+

X3,;527+F,Q,*2/,53,;554,/0;40=01*4+,A53A*2,;575+51+5537,B837+,04,)5+,1031:0+

L 2*;5,04+54/0+50+,A*4,)5+,;535=251+55375,/0;4**2

" A53/05,EF

9**>+,;563:0>,A*4,75,=*/5A53/1):0A04;,A*4,)5+,;535=251+55375,201)+,04,75,553/+5

)*39840/1)5,987:2*+05



\ 53,>*4,;5B53>+,B83754,8-,3*708P=35R:54+05P/1)**2 ! 75,654870;7)5754,B83754

/09-5253

6A',-3*1+01:9F,65-*204;,A*4,1

gA!"#$%1"E'&6#+%12&76&1+('%6#7%4(
#11+&(-%$*%0(#':2(%'0#++%,hhN
00.%-&'$#76('<

" LASER INTERFEROMETER

b(8(2$%0($&7)(7%$*$ &7%"$%fK%'1(6$2##+)(4&(-A%d#7

>*2-(7%)(42:&9$%#+'%(2%)((7%)*(-9*1(%*1+*''&7)%>*2-$

)(8*7-(7A

W##2 8**2#+%9+(&7(2%#/'$#7-(7%,%h%N70.%8*20(7%((7%:&$-#)&7)A

I7-(2'$##7-(%*1+*''&7)%;&57%"&(2&7%':66('8*+A

" CAPACITEIT METING

R(42:&9$%((7%"($%0*-(+%8#7%((7%6*7-(7'#$*2%*0%-(%#/'$#7-%D

$:''(7%"($%'#01+(%(7%((7%2(/(2(7$&(%,%)(+(&-(7-(%(+(9$2*-(.%$(

0($(7A



3>##24&5%S%-(%*11(28+#9$(%8#7%-(%2(/(2(7$&(%(+(9$2*-(

&'A

8**2-(+(7F "*)(%2('*+:$&(3 )((7%0(6"#7&'6"%6*7$#6$%0($

'#01+(

7#-(+(7F 8**2%"*)(%)(8*(+&)"(&-%&'%((7%)2*$(%S%7*-&)3%(79(+

)(+(&-(7-(%'#01+('%9:77(7%>*2-(7%)(42:&9$A

á PIEZOELEKTRISCHE SENSOR

\2*-:6(2(7%((7%*11(28+#9$(%+#-&7)%#+'%;(%8(28*20-%>*2-(7%-**2

((7%0(6"#7&'6"(%92#6"$A%=&(2-**2%*7$'$##$%(2%((7%1*$(7$&##+

8(2'6"&+%$:''(7%4(&-(%9#7$(7%8#7%"($%'#01+(A%B(

*8(2((79*0'$&)(%'1#77&7)%8#2&((2$%4(7#-(2(7-%+&7(#&2%0($%-(

8(28*20&7) A%e#0(+&59 A%i*%9#7%"($%)(42:&9$

>*2-(7%*0%-(%8#2&#$&(%8#7%-(%)2*$(%8#7%"($%'#01+(%$(%0($(7A

B(%1&(;*92&'$#+%9#7%;((2%9+(&7%;&573%-&$%+(&-$%$*$%((7%"*)(

/2(^:(7$&(%8#7%-(%&7$2&7'&(9(%0(6"#7&'6"(%2('*7#7$&(A%B&$%+(8(2$
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capaciteit manometerF%>(29$%-**2%"($%0($(7%8#7%-(%8(2#7-(2&7)%&7%-(%6#1#6&$(&$3

8(2**2;##9$%-**2%-(%4(>()&7)%8#7%((7%-&#1"2#)0#%2(+#$&(/%$A*A8A%8#'$)("*:-(7

6#1#6&$(&$'%1+#$(7A%B('%$(%"*)(2%"($%8#6:T0%-('%$(%8(2-(2%"($%-&#1"2#)0#%;&6"

8(2>&5-(2$%8#7%-(%8#'$(%1+#$(7A%,0($&7)(7%$*$%N]xLg%Q*22.

Moleculaire impuls manometerF%((7%*1%((7%6*7'$#7$(%'7(+"(&-%2*$(2(7-(%2*$*23

12*1(++((2$%-(%)#'0*+(6:+(7%8#7%-(%)#'9#0(2%&7%((7%6&+&7-(23%>##24&5%-(%&01#6$%;*2)$

8**2%((7%8(21+##$'&7)%8#7%-(%6&+&7-(2%(8(72(-&)%0($%-(%)($2#7'/(2((2-(%(7(2)&(A%B&$%&'

((7%0#7&(2%*0%"($%##7$#+%)#'0*+(6:+(7%&7%-(%9#0(2%$(%4(1#+(7A%I0-#$%-(;(%*1'$(++&7)

)#'#/"#79(+&59%&'3%&'%((7%6#+&42#$&(%7*-&)A

Viscose wrijving manometerF%4&5%"**)%8#6:T0%"#7)(7%8&'6*'&$(&$%(7%>2&58&7)%4(&-(%#/

8#7%-(%-2:9%(7%9:77(7%-:'%)(42:&9$%>*2-(7%*0%-(;(%$(%;*(9(7A%W(7%0(($%-(

-(#66(+(2#$&(%8#7%((7%4#+%-&(%2*$((2$%&7%((7%0#)7($&'6"%8(+-A%B(%-2:9%>*2-$%-#7%4(1##+-

-**2%$(%9&59(7%"*(%+#7)%"($%-::2$%8**2%-(%4#+%*0%8#7%uOg%$*$%u]g%2*$#$&('%1(2%'(6*7-(%$(

)##7%>#77((2%"($%8(20*)(7%:&$)(;($%>*2-$A

Gas thermische geleidbaarheid manometerF%-(%$"(20&'6"(%)(+(&-4##2"(&-%8#7%((7

)#'%8(2#7-(2-%>#77((2%-(%-2:9%&7%"($%8#6:T0%)(4&(-%,N0Q*22.%9*0$A%C(7%(+(0(7$

>*2-$%*1)(>#20-%-**2%((7%6*7'$#7$(%42*7%(7%-&$%>*2-$%)(1+##$'$%&7%((7%)#'A%B(

$(01(2#$::2%8#7%-&$%(+(0(7$%&'%7:%((7%/:76$&(%8#7%"($%*02&7)(7-%8#6:T0A%I1%O

0#7&(2(7%>*2-$%>#20$(%>())(+(&-F%)(+(&-&7)%(7%'$2#+&7)A%K#7#/%*7)(8((2%N0Q*22%;#+%-(

)(+(&-&7)%0($%"($%)#'%>()8#++(7%(7%&'%(2%(79(+%7*)%)(+(&-&7)%0($%-(%>#7-(7%(7%'$2#+&7)A

B&$%1:7$%&7%-(%$&5-%9#7%0(7%;&(7A

thermokoppel vacu�mmeter ,Q@a%)#:)('.F%)(42:&9$%8#7%NQ*22%$*$%N0Q*22A%=($

)(42:&9$%*17&(:>%$"(20&'6"(%)(+(&-4##2"(&-%8#7%((7%)#'A%-(%0($(2%4('$##$%:&$%O



(+(0(7$(7F%((7%/&+#0(7$%(7%((7%$"(20*9*11(+%5:76$&(A%S$2**0%&7%"($%/&+#0(7$%>*2-$

6*7'$#7$%)("*:-(7%>##2-**2%-(;(%*1>#20$%>#77((2%-(%-2:9%8(2+##)$%>*2-$%-**2%-(

'$((-'%8(24($(2(7-(%$"(20&'6"(%&7':+#$&(A,"($%)#'%8(2->&57$3%)((7%)(+(&-&7).%-(%5:76$&(

0(($%-(%$(01%8(2#7-(2&7)(7A%W($%-(%5:&'$(%6#+&42#$&(%9#7%##7%-(%6:28(%)(;&(7%>*2-(7

>#$%-(%-2:9%&'%8#7%"($%)#'%4&5%((7%4(1##+-(%$(01A%B(;(%(+(0(7$(7%;&57%7&($%(6"$

#66:2##$%(7%>*2-(7%0(('$#+%)(42:&9$%#+'%2:>(%&7-&6#$*2(7A

Pirani vacu�m meterF%B(%-2:9%>*2-$%"&(2%4(1##+-%-**2%$(%0($(7%"*(8((+%'$2**0%(2

7*-&)%&'%*0%((7%'(7'*2-2##-%*1%6*7'$#7$(%$(01A%$(%"*:-(7A%I0-#$%**9%"&(2%-(

$"(20&'6"(%)(+(&-4##2"(&-%8**2%(+9%)#'%#7-(2'%&'3%&'%((7%6#+&42#$&(%8(2(&'$A,-(%0($&7)(7

;&57%+&7(#&2%&7%"($%)(4&(-%N]xLO%LN]xLu%Q*22%(7%-##24*8(7%+*)#2&$0&'6".W((2%0*-(27(2(

'E'$(0(7%0#9(7%)(42:&9%8#7%O%/&+#0(7$(7%-&(%)(42:&9$%>*2-(7%#+'%-(%O%#20(7%8#7%((7

!"(#$'$*7(%42:)A%=($%2(/(2(7$&(/&+#0(7$%>*2-$%)("*:-(7%&7%((7%)#'%0($%6*7'$#7$(%-2:93

$(2>&5+%"($%0(($/&+#0(7$%&7%"($%$(%0($(7%)#'%>*2-$%)(1+##$'$A%[(&-(%/&+#0(7$(7%>*2-(7

*1%6*7'$#7$(%$(01A%)("*:-(7%-**2%((7%'$2**0%-**2%-(%42:)A%=($%(7(2)&(%8(2+&('%:&$%"($

0(($/&+#0(7$%>*2-$%)(-($(6$((2-%(7%-**2%((7%/((-4#69%6&26:&$%$(2:)%##7%-(%8(20*)(7

42*7%)()(8(7A%,-(;(%0*-(27(2(%8(2'&(%"((/$%((7%8((+%)2*$(2%4(2(&9F%N]%L%N]xLg%Q*22

Convectie vacuum meterF%Z7%$()(7'$(++&7)%$*$%-(%8**2)##7-(%0($(2'%0##9$%-(;(

0($(2%(79(+%(7%#++((7%)(42:&9%8#7%-(%7#$::2+&59(%6*78(6$&(%&7%8&'6*'(%)#''(7%*0%-(%"&$$(

8#7%"($%"($(%/&+#0(7$%>()%$(%"#+(7A%B&$%&'%(2)%4(+#7)2&59%4&5%-2:99(7%8#7%N]%Q*22%$*$%N

#$0*'/((2A

Ionisatie vacuum metersF%-(;(%0($(7%8#6::0%-**2%)(42:&9%$(%0#9(7%8#7%-(%'$2**0

)(-2#)(7%-**2%-(%&*7(7%&7%"($%)#'%-#79;&5%-(%&01#6$%0($%(+(9$2*7(7A%C2%;&57%O

8(2'6"&++(7-(%$E1('F

=*$L6#$"*-(F%-(%9#$*-(%'$::2$%(+(9$2*7(7%:&$%&7%"($%8#6::03%>##2%;&57%&*7(7%62(V2(7A%B(



1*'A%&*7(7%>*2-(7%8(2'7(+-%7##2%((7%6*++(6$*2%>##2%;(%((7%'$2**0%62(V2(7A%B(%)2*$(%8#7

-(%'$2**0%&'%-#7%(8(72(-&)%0($%-(%)#'-&6"$"(&-%*/%-(%-2:9A%,N]yLOLN]xLN]%Q*22.%;(

>*2-(7%8**27#0(+&59%)(0##9$%:&$%)+#'A

6*+-L6#$"*-(F%(+(9$2*7(7%>*2-(7%)("##+-%:&$%((7%*11(28+#9%-**2%)(42:&9%$(%0#9(7%8#7

((7%;((2%'$(29%(+(9$2&'6"%8(+-3%$(2>&5+%((7%0#)7($&'6"%8(+-%-(%(+(9A%-(/+(6$((2$%>##2-**2

;(%7##2%-(%#7*-(%'1&2#+(2(7A%B##2-**2%&'%-(%(//&6&V7$&(%8#7%"($%0#9(7%8#7%&*7(7

8(2"**)-A%C(7%#7-(2%8**2-((+%&'%-#$%)((7%)(42:&9%>*2-$%)(0##9$%8#7%/&+#0(7$(7%-&(

9:77(7%:&$42#7-(73%+(())(2#9(7,4:27%*:$.A

NP%"*>%!*29'%#%R#+8#7*0($(2

B&$%&'%((7%(+(9$2*7&'6"%0(($&7'$2:0(7$%>##20((%((7%(+(9$2&'6"(%'$2**0%>*2-$%*0)(;($

&7%((7%8(2-2##&&7)%8#7%((7%0(($7##+-%*0%;&57%#'%>##20((%-(%)2**$$(%8#7%-(%'$2**0%#/

$(%+(;(7%&'A%i(%;&57%;((2%)(8*(+&)%8**2%"($%0($(7%8#7%-(%'$2**0,zXL0X.A%B(%((2'$(

4('$*7-(7%:&$%((7%8(2$&6##+%*1)('$(+-(%'1*(+%0($%0((2-(2(%>&7-&7)(7%8#7%)(G'*+((2-

9*1(2-2##-%0($%&7%"($%0&--(+1:7$%((7%"*2&;*7$#+(%9*01#'7##+-A%B(%>(29&7)%&'

)(4#'((2-%*1%-(%0#)7($&'6"(%{>($%K#7%Q#7)(7${F%-(%'$2**0'$(29$(%-**2%-(%'1*(+%&'

(8(72(-&)%0($%-(%$#7)(7'%8#7%-(%-2##&&7)'"*(9%-&(%-(%0#)7($&'6"(%9*01#'7##+-%0##9$

&7%"($%0#)7($&'6"(%8(+-%8#7%-(%'1*(+A

tangent galvanometerF%-(;(%)(42:&9$%"($%##2-'%0#)7($&'6"(%8(+-%#+'%2&6"$(7-%9*11(+

8**2%-(%9*01#'7##+-A%8**2%)(42:&9%0*('$%-(;(%-:'%&7%-(%5:&'$(%2&6"$&7)%)(1+##$'$

>*2-(7A%7#-((+%&'%:&$(2##2-%-#$%-(%0($&7)%4(G78+*(-%>*2-$%-**2%"($%##2-'%0#)7($&'6"

8(+-A

Astatische galvanometerF%4('$##$%:&$%O%8*+9*0(7%)(+&59(%0#)7(($7##+-(7%-&(

(8(7>&5-&)%0##2%$()(7)('$(+-%)(2&6"$%;&57A%=&(2-**2%>*2-$%-(%:&$'+#)%(79(+%4(G78+*(-



-**2%-(%'$2**0%-**2%-(%'1*(+%-&(%'+(6"$'%*0%N%0#)7(($7##+-%&'%##7)(42#6"$A%,)((7%+#'$

0((2%8#7%##2-'%0#)7($&'6"%8(+-.

Spiegel galvanometerF%&A1A8A%((7%9*01#'7##+-%)(42:&9$%0(7%((7%$*2'&(-2##-%:&$

9>#2$'3%0($%;((2%9+(&7(%1(20#7(7$(%0#)7($(73%0($%-##2##7%((7%;((2%+&6"$)(>&6"$

'1&()(+$5(A%B**2-#$%-(%#/4:&)"*(9%8#7%-(%+&6"$'$2##+%O%9((2%;*%)2**$%&'%#+'%-(%8(2-2##&&7)

8#7%-(%'1&()(+3%9#7%((7%;((2%7#:>9(:2&)(%(7%-:&-(+&59(%#/+(;&7)%4(9*0(7%>*2-(7A

D'Arsonval galvanometerF%B**2%"($%)("((+%**9%7*)%((7'%&7%((7%'$2(9%0#)7($&'6"%8(+-

$(%1+##$'(73%0($%48A%((7%1(20#7(7$(%"*(/&5;(20#)7(($3%9#7%0(7%-(%)#+8#7*0($(2

*7)(8*(+&)%0#9(7%8**2%(+9%:&$>(7-&)%8(+-A

NuA%=*(%>(29$%((7%#7#+*)(
#00($(2<
Shunt is een Engels woord dat ik niet correct kan vertalen. In deze

context is *0;(&+(7 misschien de correcte term. Een shunt zorgt ervoor

dat de stroom (deels) omheen een bepaald element in een circuit kan

geleid worden. --In het Nederlands is het ook een

shunt(weerstand): "$$1F@@7+A>&9&1(-&#A*2)@>&9&@S":7$>((2'$#7- --

I0%9+(&7(%'$2*0(7%,|%zX.%$(%0($(7%>*2-$%((7%)#+8#7*0($(2%,6/A%82##)

NP.%)(42:&9$A%B(%-2##-5('%-&(%)(42:&9$%>*2-(7%8**2%-(%'1*(+%&7%-(

)#+8#7*0($(2%;&57%;((2%/&57%(7%;*:-(7%9#1*$)##7%4&5%)2*$(2(%'$2*0(7A

C(7%9+(&7(%##71#''&7)%##7%-(%)#+8#7*0($(2%+*'$%-&$%12*4+((0%*1F%'6"#9(+

een shunt, parallel, met de galvanometer3%(7%5(%92&5)$%((7%#00($(2A

B&( shunt &'%7&($'%#7-(2'%-#7%((7%-2##-%0($%((7%+#)(%>((2'$#7-A%B#79;&5



-(%+#)(%>((2'$#7-%1#''((2$%"($%)2**$'$(%-((+%8#7%-(%'$2**0%-**2%-(

shunt3%(7%0##2%((7%9+(&7%-((+%)##$%-**2%-(%)#+8#7*0($(2A

B( stroom die gemeten wordt in de galvanometer is steeds

evenredig de totale stroomA%B(%)#+8#7*0($(2%-:&-$%7*20##+%)(;&(73%*1

((7%#/+(('1+##$5(3%-(%'$2**0%-**2%-(%'1*(+%##7A%!#77((2%-(%)($#++(7%*1

-#$%##7-:&-1+##$5(%8(28#7)(7%>*2-(7%-**2%"($%12*-:6$%8#7%_"($%)($#+%*1

"($%1+##$5(`%0($%_-(%(8(72(-&)"(&-'/#6$*2`3%-#7%9#7%-(%$*$#+(%'$2**0

2(6"$'$2((9'%#/)(+(;(7%>*2-(7A%W(29%*1%-#$%-(%>((2'$#7-%8#7%;*>(+

shunt #+'%'1*(+%)(9(7-%&'3%(7%-##2-**2%**9%-(%(8(72(-&)"(&-'/#6$*2A

b($%*1F%"($%9#7%;&57%-#$%4&5%)2*$(%'$2*0(7%-( shunt 7&($%)(7*()%'$2**0

$2(9$3%>##2-**2%-(%)#+8#7*0($(2%9#1*$%)##$%,*/%$(%8(2%:&$)(2(9$.A%B(

*1+*''&7)%"&(28**2%&'%((7 shunt &74*:>(7%0($%((7%+#)(2(%>((2'$#7-3

;*-#$%-&(%0((2%'$2**0%$2(9$A

W(7%9#7%**9%((7%8#2&#4(+(%#00($(2%0#9(7%-**2%8(2'6"&++(7-( shunts &7

$(%4*:>(73%(7%-#7%0($%4(":+1%8#7%((7%'6"#9(+##2%9&(;(7%>(+9(%5(%&7%"($

'E'$((0%>&+%'6"#9(+(7A%,;&(%#/4((+-&7)%"&(2*7-(2.



K**2%-(;( shunt &'%"($%4(+#7)2&59%-#$%(2%((7%0#$(2&##+%)(42:&9$%>*2-$

>##28#7%-(%>((2'$#7-%>(&7&)%$(01(2#$::2'#/"#79(+&59%&'%,48A%0#7)##7.A

X7-(2%;*:%4&5%)2*$(%'$2*0(7%-(%>((2'$#7-%8#7%-(;( shunt 8(2#7-(2(7A

B(;(%8(2#7-(2&7)%8#7%>((2'$#7-%;*:%((7%8(2#7-(2&7)%8#7%-(

(8(72(-&)"(&-'/#6$*2%0($%;&6"%0((42(7)(73%>##2-**2%-(%'$2**0%7&($

0((2%6*22(6$%9#7%#/)(+(;(7%>*2-(7A

C(7%#00($(2%>*2-$%4('$%&7%'(2&(%)('6"#9(+-%&7%"($%6&26:&$A%[&5%((7

1#2#++(+'6"#9(+&7)%;*:%(2%&00(2'%$(%8((+%'$2**0%-**2%-(%#00($(2%8+*(&(7

(7%-&(%;*%8(27&(+(7A%B&$%9*0$%*0-#$%((7%#00($(2%0(('$#+%((7%"((+%+#)(

,$*$#+(.%>((2'$#7-%"((/$%&7%8(2)(+&59&7)%0($%-(%2('$%8#7%"($%6&26:&$A

B##27##'$%0*($%(2%**9%2(9(7&7)%)("*:-(7%>*2-(7%0($%"($%/(&$%-#$%-(

#00($(2%;(+/%"($%6&26:&$%9#7%4(G78+*(-(7A%B&$%7*(0$%0(7 meter-loadingA

B&$%&'%"($%/(&$%-#$%-(%>((2'$#7-%,#9# load.%8#7%-(%#00($(2%)2**$%)(7*()

9#7%;&57%*0%-(%'$2**0%-**2%"($%6&26:&$%$(%4(G78+*(-(7A



15. Hoe werkt een analoge
voltmeter?
I0%((7%8*+$0($(2%$(%0#9(7%9#7%#+>((2%)(42:&9$%)(0##9$%>*2-(7%8#7%-(

)#+8#7*0($(2A%Z7%12&76&1(%;*:%0(7%'&01(+>()%((7%)#+8#7*0($(2%1#2#++(+

9:77(7%'6"#9(+(7%0($%-(%(+(0(7$(7%>##2*8(2%0(7%-(%'1#77&7)%0*($

0($(7A%!(%>($(7%-#$%*8(2%1#2#++(++(%(+(0(7$(7%((7;(+/-(%'1#77&7)%'$##$3

-:'%-#7%'$##$%-(%$(%0($(7%'1#77&7)%*8(2%-(%)#+8#7*0($(2A%C7%-(;(

'1#77&7)%8#+$%((78*:-&)%$(%4(1#+(7F%>(%9(77(7%-(%>((2'$#7-%8#7%-(

'1*(+%&7%-(%)#+8#7*0($(23%#+'**9%-(%'$2**0A%,B(%'$2**0%&'%)(9(7-%*0-#$

-(%:&$>&59&7)%8#7%-(%)#+8#7*0($(2%(8(72(-&)%&'%0($%-(%'$2**0H.%X+'%-(

>((2'$#7-%(7%-(%'$2**0%)(9(7-%;&573%&'%**9%-(%'1#77&7)%)(9(7-A

=($%(7&)(%12*4+((0%&'%-#$%-(%>((2'$#7-%8#7%-(%)#+8#7*0($(2%;*%+##)%&'3

-#$%-(%'$2**0%#+%'7(+%$(%)2**$%>*2-$%8**2%-(%)#+8#7*0($(23%(7%-&(%'$:9

;*:%)##7A%B(%*1+*''&7)F%'6"#9(+%((7 weerstand in serie met de

galvanometerA%B(;(%>((2'$#7-%;*2)$%(28**2%-#$%-(%'$2**0%-**2%-(

)#+8#7*0($(2%7&($%$(%)2**$%>*2-$3%>##2-**2%-(%)#+8#7*0($(2%4+&5/$

>(29(7A

I0-#$ de stroom door de galvanometer evenredig is met de

spanning *8(2%"($%$(%0($(7%(+(0(7$3%9#7%-(%'1#77&7)%)(0#99(+&59

2(6"$'$2((9'%#/)(+(;(7%>*2-(7A



=($%&'%0*)(+&59%*0%((7%8#2&#4(+(%8*+$0($(2%$(%6*7'$2:(2(7%-**2

8(2'6"&++(7-(%>((2'$#7-(7%&7%$(%4*:>(73%(7%-#7%0($%((7%'6"#9(+##2%$(

4(1#+(7%>(+9(%5(%##7%-(%)#+8#7*0($(2%'6"#9(+$A%,6/A%-(%#00($(2.

I*9%"&(2%&'%"($%4(+#7)2&59%-#$%-(%>((2'$#7-%-&(%)('6"#9(+-%>(2-%7&($

$(01(2#$::2'#/"#79(+&59%&'A%B##27##'$%0*($%0(7%(2%**9%8**2%;*2)(7%-#$

-(%8*+$0($(2%7&($%;*2)$%8**2 meter-loadA%X+'%-(%>((2'$#7-%8#7%-(

8*+$0($(2%$(%+##)%&'%;#+%-&(%-(%>##2-(%8#7%-(%'$2**0%-**2%"($%6&26:&$

8(2#7-(2(73%(7%;*%**9%-(%'1#77&7)A%,B(%8*+$0($(2%>*2-$%-#7%((7 shuntA.

B(%'(7'&$&8&$(&$%8#7%((7%8*+$0($(2%&'%)(-(/&7&((2-%#+'

W#D&0#+(%-(/+(6$&(%4($(9(7$%-#$%-(%7##+-%8#7%-(%)#+8#7*0($(2%7&($%8(2-(2

9#73%;*7-(2%-(%)#+8#7*0($(2%$(%4('6"#-&)(7A

=($%&'%82&5%+*)&'6"%-#$%-(%'(7'&$&8&$(&$%8#7%-(%8*+$0($(2%#/"#7)$%8#7%;&57

>((2'$#7-3%(7%**9%8#7%-(%_2(99&7)6*V//&6&V7$`%8#7%-(%)#+8#7*0($(2A%,W($

2(99&7)6*V//&6&V7$%4(-*(+%&9F%"*(%)(0#99(+&59%9#7%-(%'1*(+%-2##&(7%&7%-(

)#+8#7*0($(2A%B&$%"#7)$%#/%8#7%"($%0#$(2&##+%>##20((%;(%8#'$;&$$(7A

a2#11E%:&$+()3%8**2%4($(2%:&$+()F%;&(%82##)%NPA.

W(29%$*$%'+*$%*1%-#$%-(%'(7'&$&8&$(&$%)(+&59%&'%##7%N@,0#D&0#+(%'$2**0%-**2

)#+8#7*0($(2.A



16. Hoe werkt een ohmmeter?

I1%-(%#/4((+-&7)%"&(24*8(7%'$##$%((7%'6"(0#$&'6"(%8**2'$(++&7)%8#7%-(

*"00($(2A%X+>((2%>*2-$%((7 galvanometer gebruikt, maar deze keer

in een iets ingewikkeldere schakelingA%B(%$(%0($(7%>((2'$#7-%0*($

7*20##+%##7%-(%1&5+$5('%)('6"#9(+-%>*2-(7A%!#77((2%-(%1&5+$5('%##7

(+9##2%)("#7)(7%>*2-(7%;*7-(2%>((2'$#7-%,"($)((7%)(+&59%'$##$%##7

9*$'+:&$(73%*/%>((2'$#7-%7:+%'6"#9(+(7.3%-#7%8+*(&$%(2%'$2**0%-**2%"($

6&26:&$A%B(;(%'$2**0%;*2)$%8**2%-(%:&$>&59&7)%8#7%-(%)#+8#7*0($(2A%[&5

9*2$'+:&$&7)%0*($%-&(%7:+%>((2'$#7-%)(8(7A%W*('$%-&$%7&($%;*%;&573%-#7%9#7

-( zero-adjust rheostat 8(2'6"*8(7%>*2-(7%,-&$%&'%((7%'6":&/>((2'$#7-.3

$*$-#$%-(%)#+8#7*0($(2%]%##7>&5'$A%W(29%*1%-#$%4&5%7:+%>((2'$#7-%-(



:&$>&59&7)%8#7%-(%)#+8#7*0($(2%0#D&0##+%&'3%(7%-#$%-&(%:&$>&59&7)%;#+

8(29+(&7(7%4&5%"($%'6"#9(+(7%8#7%((7%(+(0(7$%0($%>((2'$#7-H

=($%'6"#9(+(7%8#7%((7%(+(0(7$%,>##28#7%>(%-(%>((2'$#7-%>&++(7%9(77(7.

##7%-(%_1&5+$5('`%&'%7&($%#7-(2'%-#7%"($%'6"#9(+(7%8#7%((7%(D$2#%>((2'$#7-

&7%"($%6&26:&$%8#7%-(%*"00($(2A%B(%>((2'$#7-%8#7%"($%)('6"#9(+-(

(+(0(7$%&'%(8(72(-&)%0($%"($%8(2'6"&+%&7%'$2**0'$(29$(%$:''(7%"($

9*2$)('+*$(7%6&26:&$%(7%"($%6&26:&$%0($%>((2'$#7-A%W&''6"&(7%)(0#99(+&59(2

&7%$(%;&(7%&7%/*20:+(8*20F

R ~I(kortgesloten)-I(belast met weerstand R)

I*9%"&(2%9#7%((7%8#2&#4(+(%*"00($(2%)(4*:>-%>*2-(7%-**2%8(2'6"&++(7-(

>((2'$#7-(7%(7%'1#77&7)'42*77(7%&7%$(%4*:>(73%(7%0($%((7%'6"#9(+##2

$(%9&(;(7%-(>(+9(%$(%)(42:&9(7A

!#77((2%-(%$(%0($(7%>((2'$#7-(7%)2**$%>*2-(7%,((7%1##2%0&+5*(7%*"0.3

-#7%9#7%0(7%)((7%4#$$(2&5%0((2%)(42:&9(7%*0%-(%'1#77&7)%$(%+(8(2(73

*0-#$%-&(%'1#77&7)%$(%+##)%&'A%B(%*1+*''&7)%&'%((7 megohmmeterA%B&(

>(29$%"($;(+/-(%#+'%((7%*"00($(23%4:&$(7%-#$%5(%"#7-0#$&)%-(%'1#77&7)

*1>(9$%-**2%##7%((7%>&(+$5(%$(%-2##&(7A%,i*#+'%((7%-E7#0*%*1%((7%/&($'A.

NoA%=*>%*7(%0(#':2('%#6
6:22(7$%#7-%8*+$#)(



,(+(6$2*-E7#0*0($(2
*1(2#$&*7.<

B(%(+(6$2*-E7#0*0($(2%8(2'6"&+$%8#7%-(%)#+8#7*80($(2%&7%-(

;&7%-#$%(2%$>((%8#'$(%{'$2**0L'1*(+(7{%)(42:&9$%>*2-(7%*0

((7%0#)7($&'6"%8(+-%##7%$(%+())(73%&18%$>((%1(20#7(7$(

0#)7($(7A%C2%>*2-$%**9%((7%4(>(()4#2(%{'1#77&7)'L'1*(+{

)(42:&9$A B(%'$2**0'1*(+(7%'$##7%&7%'(2&(%)('6"#9(+-%,(7

0($(7%-:'%-(%'$2**0.3%-(%4(>(()4#2(%'1*(+%&7%1#2#++(+%,(7

0(($%-:'%-(%'1#77&7)3%-**2)##7'%0($%((7%>((2'$#7-%&7

'(2&(AAA.A%I1%#7#+*)(%0($(2'%&'%##7%-(%4(>(()4#2(%'1*(+%((7

7##+-%4(8('$&)-3%>##2-**2%((7%#7#+*)(%#/+(;&7)%0*)(+&59%&'A

C(7%'$2**0%8+*(&$%-**2%-(%'$2**0'1*(+(7%(7%62((2$%((7

(+(6$2*0#)7($&'6"%8(+-%2*7-%-(%'1*(+A%B(%'$(29$(%8#7%-&$%8(+-%&'

(8(72(-&)%0($%-(%##7)(4*-(7%'$2**03%(7%'$##$%(20((%&7%/#'(A

B&$%8(+-%>(9$%((7%'$2**0%*1%&7%-(%4(>(()4#2(%'1*(+3%>##2-**2

-(;(%((7%92#6"$%*7-(28&7-%-**2%-(%$>((%8#'$(%'1*(+(7A%B(

92#6"$%&'%(8(72(-&)%0($%"($%[%8(+-%*1)(>(9$%-**2%-(

'$#$&*7#&2(%'1*(+(73%(7%"($%[%8(+-%*1)(>(9$%&7%"($%4(>(()4#2(

'1*(+%,"&(2%+**1$%&00(2'%**9%((7%'$2**0%-**2%8&#%-(%>((2'$#7-

-&(%&7%'(2&(%'$##$M%"($%)("((+%1#2#++(+%*8(2%"($%$(%0($(7%6&26:&$.A

B(;(%92#6"$%>*2-$%$()(7)(>(29$%-**2%$>((%9+(&7(%8((2$5('A%B(

(8(7>&6"$'&$:#$&(%-&(%$:''(7%-(%-2&58(7-(%92#6"$%8#7%"($

0#)7($&'6"%8(+-%(7%-(%$()(7>(29(7-(%92#6"$%8#7%-(%8((2$5('



&'%((7%0##$%8**2%-(%$(%0($(7%)2**$"(&-A =($%2(':+$##$%8#7

-(;(%*1'$(++&7)%&'%-#$%&7%((7%6&26:&$3%-(%:&$>&59&7)%8#7%-(%7##+-

(8(72(-&)%&'%0($%"($%)(0&--(+-(%12*-:6$%8#7%'1#77&7)%(7

'$2**03%>#$ 4&5)(8*+)%((7%0##$%8**2%"($%(6"$(%*)(74+&99(+&59(

)(+(8(2-(%8(20*)(7%)((/$A%X/"#79(+&59%8#7%-(%+*#-L

9#2#9$(2&'$&(9(73%;#+%-&$%#7-(2'%;&57%-#$%"($%12*-:6$%8#7%-(

'$2**0%(7%"($%'1#77&7)%8(292()(7%-**2%((7%8*+$0($(2%(7%((7

#00($(2%-&(%#1#2$%)('6"#9(+-%'$##7%&7%"($;(+/-(%6&26:&$A%=($

8**2-((+%8#7%;*`7%(+(6$2*-E7#0*0($(2%&'%-#$%-(;(%7&($

2&6"$&7))(8*(+&)%&'3%(7%-:'%;*>(+%&7%#6%#+'%-6%6&26:&$'%)(1+##$'$

9#7%>*2-(7A

NqA%!"#$%#2(%$"(%12&76&1+('%*/
*1(2#$&*7%*/%0#)7($*0($(2'<

Search-Coil Magnetometer

B(;(%"((+%((78*:-&)(%'1*(+L%0#)7($*0($(2%&'%)(4#''((2-%*1%-(

&7-:6$&(>($%8#7%Y#2#-#EA%=($%)(&7-:6((2-(%8*+$#)(%&7%-(%'1*(+%&'

(8(72(-&)%0($%-( 8(2#7-(2(7-(%0#)7($&'6"(%/+:D%-**2%-(%'1*(+A B(;(

'1#77&7)%62((2$%((7%'$2**0%-&(%(8(72(-&)%&'%0($%-(%8(2#7-(2&7)%8#7%"($

0#)7($&'6"%8(+-A%W(29%*1%-#$%-(;(%0#)7($*0($(2%#++((7%>(29$%>#77((2

"&5%&7%((7%8(2#7-(2(7-%0#)7($&'6"%8(+-%)(1+##$'$%>*2-$ ,*/%>#77((2%-(;(



(2-**2%4(>(()$.A S$#$&'6"(%*/%"((+%$2##)%8(2#7-(2(7-(%8(+-(7%9:77(7

(79(+ )(-($(6$((2-%>*2-(7%-**2%-(%'1*(+%$(%+#$(7%2*7--2##&(7%*/%$(

*'6&++(2(7A

Hall effect magnetometer

=($ =#++L(//(6$ &' ((7 (+(9$2&'6"( '1#77&7) -&( *1$2((-$ &7 -( ->#2'2&6"$&7)

8#7 ((7 '$2**0-2#)(2 #+' +**-2(6"$ *1 -( '$2**0L (7 ->#2'2&6"$&7) ((7

0#)7($&'6" 8(+- ##7)(+()- >*2-$A B&$ 9*0$ *0-#$ -( +*2(7$;92#6"$ ((7

#/>&59&7) 8#7 -( +#-&7)'-2#)(2' 8(2**2;##9$3 >##2-**2 1*'&$&(8(

+#-&7)'-2#)(2' 7##2 ((7 9#7$ 8#7 )(+(&-(2 )(-:>- >*2-(73 (7 7()#$&(8(

7##2 -( #7-(2( 9#7$A B&$ ;*2)$ (28**2 -#$ (2 ((7 '1#77&7)'8(2'6"&+

*7$'$##$A C(7 =#++ (//(6$ 0#)7($*0($(2 ;#+ -&$ '1#77&7)'8(2'6"&+ 0($(73

>#$ (8(72(-&) &' 0($ "($ 0#)7($&'6" 8(+- ,&7-&(7 -( '$2**0 -**2 -(

)(+(&-(2%6*7'$#7$%>*2-$%)("*:-(7.

=#++ 0#)7($*0($(2' 9:77(7 ((7 ;((2 "*)( 2('*+:$&( "#+(73 0##2 ;&57 >(+

"((+ /2#)&(+3 (7 >(29(7 '+(6"$' ((7 4(1(29$( $(01(2#$::2 2#7)(A I0-#$

"($ "#++ (//(6$ #/"#79(+&59 &' 8#7 -( +#-&7)'-&6"$"(&- (7;3 &' ((7 )*(-(

6#+&42#$&(%7*-&)A

Fluxgate magnetometer

B( *1(2#$&( 8#7 -(;( 0#)7($*0($(2 &' )(4#''((2- *1 -( '#$:2#$&( 8#7

$>(( /(22*0#)7($(73 >#77((2 (2 ((7 :&$>(7-&)( "*)( /2(^:(7$&( #6

'$2**0 -**2 >*2-$ )('$::2-A O 12&0#&2( '1*(+(7 '$##7 *1)('$(+- &7

$()(7)('$(+-( 2&6"$&7)(73 (7 &7 -( #/>(;&)"(&- 8#7 ((7 (D$(27 0#)7($&'6"



8(+- &' -( $*$#+( 0#)7($&'6"( /+:D -**2 -( '(6:7-#&2( '1*(+ ,-&( 2*7- -(

$>(( /(22*0#)7($(7 ;&$. 7:+A !#77((2 (2 7: ((7 :&$>(7-&) 0#)7($&'6"

8(+- ##7)(+()- >*2-$3 ;#+ "($ 8(2'$(29$ */ #/)(;>#9$ >*2-(73 -**2 -(

(D$(27 )(&7-:6((2-( 8(+-(7 &7 -( /(22*0#)7($(7A B&$ ;*2)$ 8**2 ((7 9*2$(

$&5-''"&/$ $:''(7 -( '#$:2#$&( 8#7 -( $>(( /(22*0#)7($(703 >##2-**2 (2

((7 9*2$( 1:+' *7$'$##$ &7 -( '(6:7-#&2( '1*(+3 0($ ((7 -:44(+( /2(^:(7$&(

$*8 -( ##7)(+()-( #6 '$2**0A B(;( 1:+' >*2-$ )(0($(7 0($ +*69 &7

-($(6$&(A =&(20(( 9#7 ((7 0#)7($&'6" 8(+- $*$ *1 ((7 0&62*$('+# )(0($(7

>*2-(7A B( 8**2-(+(7 8#7 -(;( $(6"7&(9 &' -#$ "($ )*(-9**13 '7(+ (7

4($2*:>4##2%&'A

Nuclear magnetic resonance magnetometer

B(;( 0#)7($*0($(2 0##9$ )(42:&9 8#7 -( b#20*2 12(6(''&( 8#7 "($

0#)7($&'6" 0*0(7$ 8#7 ((7 #$**09(27-((+$5( ,48 12*$*7 &7 "O*. 4&5 ((7

:&$>(7-&) ##7)(+()- 0#)7($&'6" 8(+-A I0 -(;( 12(6(''&( $( *4'(28(2(73

>*2-(7 (2 (7(2)&(*8(2)#7)(7 )('$&0:+((2-3 048 2#-&*)*+8(7A K**2 $>((

0*)(+&59( '1&7 *2&(7$#$&(' ;&57 (2 $>(( *8(2((79*0'$&)( (7(2)&(7&8(#:'

&7-&(7 (2 ((7 :&$>(7-&) 0#)7($&'6" 8(+- &'A B( +#)(2( $*('$#7- ,48 4&5

'1&7 LN@O. ;#+ 0((2 4(;($ ;&57 -#7 -( "*)(2 $*('$#7- ,4&5 rN@O.3 >##2-**2

"($ '#01+( )((D6&$((2- 9#7 >*2-(7 048 2('*7#7$&(F -**2 (2 /*$*7(7 0($

-( 5:&'$( (7(2)&( *1 #/ $( '$:2(7A X#7)(;&(7 "($ 0#)7($&'6" 0*0(7$

)(9>#7$&'((2- &'3 ;#+ (2 (79(+ 2('*7#7$&( *1$2(-(7 &7-&(7 -( /*$*7(7 -(

5:&'$( )*+/+(7)$( "(44(7 ,-&$ ;#+ 0(('$#+ &7 "($ 2#-&*)(4&(- ;&57.A B(

)*+/+(7)$( >##24&5 (2 (D6&$#$&( *1$2((-$3 9#7 ;((2 7#:>9(:2&) )(0($(7



>*2-(73 (7 9#7 *70&--(++&59 )(42:&9$ >*2-(7 *0 "($ 0#)7($&'6" 8(+- $(

4(1#+(7A

B(;( $(6"7&(9 "#7)$ &7$2&7'&(9 #/ 8#7 -( (&)(7'6"#11(7 8#7 9(27(73 (7

9#7%-:'%)(42:&9$%>*2-(7%*0%#7-(2(%0#)7($*0($(2'%0((%$(%6#+&42(2(7A

SQUID= Superconducting Quantum Interference Device

B(;( 4('$##$ ((7 9+(&7( ':1(2)(+(&-(7-( 2&7)3 >##2&7 $>(( 8(2;>#9$(

1:7$(7 ##7)(42#6"$ ;&57 ,5*'(1"'*7 5:76$&*7'.A B**2 ;*`7 2&7) ;#+ -(

0#)7($&'6"( /+:D )(9>#7$&'((2- ;&57A !#77((2 (2 ((7 6*7'$#7$( '$2**0

-**2 -( 2&7) )('$::2- >*2-$3 ;#+ ((7 8(2#7-(2&7) 8#7 0#)7($&'6"( /+:D

+(&-(7 $*$ '6"*00(+&7)(7 8#7 "($ 8*+$#)(A =&(2:&$ 9#7 12(6&(' "($ ##7$#+

8(2#7-(2&7)(7 8#7 /+:D9>#7$:0 4(2(9(7- >*2-(7A Z7-&(7 -( *11(28+#9$(

8#7 -( 2&7) )(9(7- &'3 9#7 "&(2:&$ "($ 0#)7($&'6" 8(+- 4(1##+- >*2-(7A

B(;( $(6"7&(9 &' -( 0(('$ 7#:>9(:2&)( 0#7&(2 *0 "($ 0#)7($&'6" 8(+- $(

4(1#+(7A C(7 7#-((+ (28#7 &' -#$ -(;( #++((7 4&5 ;((2 +#)( $(01(2#$:2(7

>(29$3%##7)(;&(7%-(%2&7)%':1(2)(+(&-(7-%0*($%;&57A

N}A =*> *7( 6#7 0(#':2( &7$(7'&$E */
(+(6$2*0#)7($&6%2#-&#$&*7<

Thermische detectors

Q"(20&'$*2 9#7 )(42:&9$ >*2-(7 *0 -**2 -( '$2#+&7) )(&7-:6((2-(

$(01(2#$::2 8(2#7-(2&7) $( 0($(7A W(29 *1 -#$ -( 0#''# ;* 9+(&7

0*)(+&59 )("*:-(7 0*($ >*2-(73 *0 ((7 )2*$( 7#:>9(:2&)"(&- $(



4(2(&9(7A S1(6&#+( $"(20&'$*2' 0($ ;* 9+(&7 0*)(+&59( 0#''# >*2-(7

-**2)##7' 4*+*0($(2' )(7*(0-A X7-(2( $(01(2#$::2 '(7'*2(7 ,;*#+'

*1((7)('$#1(+-( $"(20*6*:1+('. */ 1E2*(+(6$2&'6"( (+(0(7$(73 9:77(7

**9 )(42:&9$ >*2-(7 *0 8#2&#$&(' 8#7 $(01(2#$::2 &7 -( -($(6$*2 $(

0($(703 -&( -&2(6$ )(2(+#$((2- ;&57 ##7 -( &7$(7'$&$(&$ 8#7 -( &79*0(7-(

'$2#+&7)A B( )(8*(+&)"(&- 8#7 ;:+9( -($(6$*2' &' 8**27#0(+&59 )(+&0&$((2-

-**2 $"(20&'6"( 2:&'A X#7)(;&(7 -(;( (8(72(-&) 0($ -( $(01(2#$::23

>*2-(7%$"(20&'6"(%-($(6$*2(7%8##9%;*%"#2-%0*)(+&59%#/)(9*(+-A

Electron emission detectors

Z7-&(7 -( (7(2)&( 8#7 &79*0(7-( /*$*7(7 8*+-*(7-( "**) &'3 9:77(7 (2

(+(9$2*7(7 :&$ "($ "($ *11(28+#9 8#7 ((7 (+(6$2*-( )('+#)(7 >*2-(73 >#$

2(':+$((2$ &7 ((7 (+(9$2&'6"( '$2**0 -&( ((7 -&2(6$( &7-&6#$&( )((/$ 8#7 -(

&7$(7'&$(&$A B(;( $(6"7&(9 &' -#7 **9 4&5;*7-(2 "#7-&) *0 -( &7$(7'&$(&$

8#7 "**)(7(2)($&'6"( /*$*7(7 $( 0($(7A K##9 >*2-$ -(;( 0(($$(6"7&(9

)(6*04&7((2- 0($ ((7 1"*$*0:+&1+&(2 $:4( ,;&( 82##) O].A =&(20((

9:77(7 7#:>9(:2&)( '$2#+&7)'-($(6$*2(7 *1 9#0(2$(01(2#$::2 )(0##9$

>*2-(7A C(7 #7-(2( :&$42(&-&7) "&(28#7 &' -&$ $( 6*04&7(2(7 0($

'6&7$&++#$*2(7 ,-(79 ##7 -( 0:*7 -($(6$*2 &7 #7PH.A B&$ 0##9$ "($ 0*)(+&59

*0 **9 -( &7$(7'&$(&$ 8#7 #7-(2( -((+$5(' $( 0($(7 ,0:*7(73 #+/#L (7

4($#'$2#+&7)3%(7;A.



20. Discribe operation of photon/particle
multipliers.

B(%>(29&7)%8#7%-(%1"*$*7%0:+$&1+&(2'%&'%)(4#'((2-%*1%"($

1"*$*L(+(9$2&'6"%(//(6$A%!#77((2%7#0(+&59%/*$*7(7%&78#++(7%*1%((7

*11(28+#93%9:77(7%"&(2%(+(9$2*7(7 >*2-(7

+*')('+#)(7%-**2%"($

1"*$*L(+(9$2&'6"%(//(6$A%,%#/"#79(+&59%8#7%"($%)(42:&9$(

0#$(2&##+%>##2%"($%/*$*7%*1%&78#+$3%9#7%-&$%$*$%N%(+(9$2*7@/*$*7&78#+

*1+*1(7%.A%=($%+*')('+#)(7%(+(9$2*7%>*2-$%4&5)(8*+)%8(2'7(+-%-**2%((7

##7)(+()-%1*$(7$&##+8(2'6"&+%8#7%"($%((2'$(%*11(28+#9%7##2

((7%8*+)(7-(%-E7*-(A%=&(2%9#7%"($%/*$*L(+(9$2*7%,%J%(+(9$2*7%-#$%&'

+*')('+#)(7%-**2%((7%/*$*7%.%>((2%(+(9$2*7(7%82&50#9(7A

I1%":7%4(:2$%>*2-(7%-(;(%(+(9$2*7(7%8(2'7(+-%$*$%-(%8*+)(7-(

#7*-(3%>##2%-(%j'(6:7-#2E%(+(6$2*7'j%,%J%(+(9$2*7(7%-&(%82&59*0(73%-**2

#7-(2(%(+(9$2*7(7%.%*17&(:>(%(+(9$2*7(7%82&50#9(7%-&(AAA

B&$%12*6('%4+&5/$%;&6"%"(2"#+(7%(7%:&$(&7-(+&59%>*2-$%-**2%'*0'

'+(6"$'%N%/*$*7%;*8((+%(+(9$2*7(7%82&5)(0##9$%-#$%"($%;*2)$%8**2%((7

0(($4##2%(+(9$2&'6"%'&)7##+A

Y&):2(7%*1%1#)&7#j'%ku%$*$%(7%0($%kk%&7%"**/-'$:9%P%9:77(7
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21. How one can measure energy spectrum
of electromagnetic or corpuscular
radiation?
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Hieronder vertaal ik gewoon wat er in de cursus staat, want ik

word er niet wijzer uit... het spijt me :

Als een volgende stap worden het aantal van gebeurtenissen

die dezelfde waarde voor de lading Q geven opgeld in individuele kanalen,

met het Kanaalnummer dat groeit in

grootte met de gemeten lading. Door het plotten van het

aantal metingen in elk kanaal in functie van het Kanaalnummer, bekomt

men een replica van het gemeten deeltjes-

of foton energie spectrum.



22. What is Zeeman effect and how it can be
used to determine the magnetic moment of
an electron or nucleus?

=($%i((0#7%(//(6$%"((/$%$(%0#9(7%0($%((7%(7(2)&(L'1+&$'&7)%8#7

-((+$5('3%>#77((2%;(%&7%((7%0#)7($&'6"%8(+-%>*2-(7%)(1+##$'$A

K(+(%-((+$5('%"(44(7%((7%&7$2&7'&(9%0#)7($&'6"%0*0(7$%-#$

8(2'6"&+$%8#7%]A%K*+)(7'%-(%9>#7$:00(6"#7&6#%)(+-$%-#$%-(%*2&V7$#$&(

8#7%-(;(%0#)7($&'6"(%0*0(7$(7%&7%((7

##7)(+()-%0#)7($&'6"%8(+-%(79(+%-&'62($(%>##2-(7%9#7
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(7(2)&(L$*('$#7-%42(7)(73%(7%-(;(%8(2#7-(2&7)%9#7%>*2-(7%*1)(0($(7~A

(* Voor de liefhebbers, ik weet dit uit ons projectwerk, maar

staat niet in de cursus: De overgang kan worden gemeten op de volgende

manier :

Wanneer men golven instuurt op de kern of het elektron, zal

bij de juiste energie dus absorbtie optreden. De intensiteit van de

ingezonden stralen is dus HOGER dan die

van de teruggekomen straling van het object, omdat een deel

van de straling is geabsorbeerd. Dit intensiteitsverschil wordt dan

opgemeten. )
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(+(9$2*7A

23. What say Wiener-Khinchine and

Parseval theorems? What is the physical

meaning of these statements?



� Wiener-Khinchine theorem
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� Theorema van Parseval
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24. What says Nyquist sampling theorem?

What means aliasing?
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� Nyquist sampling theorema
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� Aliasing
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29. Describe physical origin and most important

properties of noise originating from radiative and

inductive coupling
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*1%N]]%(7%Ng]%=;A%X+'%>(%)2**$%)(7*()(%/2(^:(7$&('%)(42:&9(73%;#+%"($

(//(6$%8(2>##2+**'4##2%>*2-(7A%B(%-2#-(7%-&(%*7;(%'&)7#+(7%8(28*(2(7

)##7%-(;(%(+(9$2*0#)7($&'6"(%'$2#+&7)%�*11&99(7�%(7%;*%((7%'$*2&7)

*7-(28&7-(7%*1%g]%=;%(7%8((+8*:-(7A%C2%9:77(7%**9%#7-(2(%42*77(7

;&57%8#7%-(;(%'$2#+&7)%,-&(%-#7%**9%*1%#7-(2(%/2(^:(7$&('%9:77(7

8**29*0(7.3%0##2%*7'%(+(9$2&6&$(&$'7($%+(8(2$%-(%)2**$'$(%4&5-2#)(A



B(%4('$(%0#7&(2%*0%"($%(//(6$%8#7%-(;(%2:&'%$(%8(20&7-(2(73%&'%-**2

*1%"*)(%/2(^:(7$&('%,v%N]]%=;.%$(%>(29(7%(7%8((+8*:-(7%8#7%g]%=;%$(

8(20&5-(7A%X+'%(2%$*6"%0($%9+(&7(%/2(^:(7$&('%>*2-$%)(>(29$3%9#7%0(7

-(;(%4('$%#/'6"(20(7%-**2%6*#D&#+(%9#4(+'%$(%)(42:&9(7%*/%-**2%-(

-2##-%#/%$(%'6"(20(7%0($%((7%)(##2-%*0":+'(+F

B(%6*04&7#$&(%8#7%-&$%*0":+'(+%(7%-(%-2##-%)##$%((7%6*7-(7'#$*2

8*20(7A%W($%((7%(//(6$&(8(%6#1#6&$(&$%)##$%((7%6*04&7#$&(%;&57%8#7%-(

6#1#6&$(&$%$:''(7%-(%42*7%(7%"($%'6"&+-%(7%$:''(7%-(%-2##-%(7%"($

'6"&+-A%!#77((2%>(%(6"$(2%"($%'6"&+-%0($%((7%+#)(%>((2'$#7-%##7%-(

)2*7-%8#'$"#7)(73%9:77(7%>(%-(%2:&'%8(20&7-(2(7%0($%((7%/#6$*2

R(>**7+&59%)##$%-(;(%/#6$*2%8#7%((7%)2**$$(%8#7%N]
o
;&57A%X+)(0((7

0*($%-(%-2##-%;*%9*2$%0*)(+&59%>*2-(7%)("*:-(7%*0%-(%a'&)7#+L

'"&(+- ;*%9+(&7%0*)(+&59%$(%"*:-(7A

" Z7-:6$&8(%6*:1+&7)%,8**2%0((2%&7/*F%1:7$5(%kAk.



B(;(%2:&'%+&59$%*1%"($%8*2&)(%)(8#+3%0##2%"((/$%((7%0#)7($&'6"(

**2'12*7)A%X+'%(2%((7%)('+*$(7%92&7)%8**29*0$%8+#94&5%-(

(D1(2&0(7$(+(%*1'$(++&7)%,;&(%/&)::2.%9#7%-(;(%8**2%((7%0#)7($&'6"(

9*11(+&7)%;*2)(7%(7%;*%*7;(%0($&7)(7%&7%-(%>#2%42(7)(7A%=($%4('$(%&'

*0%(2%,7($%;*#+'%4&5%2#-&#$&8(%6*:1+&7).%((7%)(##2-%'6"&+-%2*7-%$(

;($$(7%*0%;*%"($%0#)7($&'6"(%8(+-%$()(7%$(%)##7A

30. Describe physical origin and most important

properties of 1/f (flicker) noise.

B(;(%8*20%8#7%2:&'%9*0$%8**2%&7%8((+3%;*%7&($%#++(3%8#'$(%'$*/%(+(9$2*7&6#

6*01*7(7$(7A%B(%N@/L2:&'%&'%)(+&79$%##7%-(%�2#7-*0%$(+()2#1"%'&)7#+'�3

-&(%8**27#0(+&59%>*2-$%*1)(>(9$%-**2%*11(28+#9L%*/%&7$(2/#6(%(//(6$(7A

B(%N@/L2:&'%"((/$%7&($%N%**2'12*7)3%0##2%&'%((2-(2%-(%'*0%8#7%8(+(

/E'&'6"(%8(2'6"&57'(+(7A%i*%9#7%-(;(%#/"#79(+&59%;&57%8#7%-(%$"(20&'6"(

2:&'3%*/%8#7%&7$(2#6$&('%$:''(7%(+(9$2&'6"(%+#-&7)(7A%X+'%(2%((7%:7&/*20(

8(2-(+&7)%&'%8#7%'&)7#+(7%,-&(%#+'%N@/l%-#+(7.%0($%6(7$2#%>##2%-(%2:&'



)2**$%&'3%9#7%"&(2*8(2%((7%&7$()2##+%>*2-(7%)(7*0(7%(7%8*+)$%"&(2:&$%((7

N@/L#/"#79(+&59"(&-A

B(%N@/L2:&'%&'3%&7%$()(7'$(++&7)%$*$%'*00&)(%#7-(2(%2:&'/#6$*2(73

#/"#79(+&59%8#7%0#$(2&##+%$*$%0#$(2&##+%(7%"&(2%9#7%-:'%)((7%#+)(0(7(

8**2'1(++&7)%>*2-(7%)(0##9$%*8(2%-(%N@/L2:&'A%I8(2%"($%#+)(0((7%0*($(7

+#)(%/2(^:(7$&('%8(20(-(7%>*2-(7A

31. What is the difference between accuracy and

precision of a measurement instrument?

" X66:2#6E%,7#:>9(:2&)"(&-.



B(%#66:2#6E%&'%#/"#79(+&59%8#7%"($%)(42:&9$(%&7'$2:0(7$A%B(;(%"((/$

-:'%$(%0#9(7%0($%-(%'E'$(0#$&'6"(%/*:$%8#7%"($%&7'$2:0(7$A%=*(

9+(&7(2%-(%'E'$(0#$&'6"(%/*:$3%"*(%7#:>9(:2&)(2%"($%2(':+$##$A

" \2(6&'&*7%,12(6&'&(.

\2(6&'&(%&'%)(+&79$%0($%2:&'3%(7%-:'%0($%-(%>&++(9(:2&)(%/*:$A%C2%;&57

7#$::2+&59%**9%#+$&5-%9+(&7(%#/>&59&7)(7%*1%"($%0#$(2&##+%-#$%>(

)(42:&9(7A%[&58**24((+-F%((7%>((2'$#7-%-&(%)(0##9$%>(2-%*0%N]%*"0

$(%;&573%;#+%#+$&5-%((7%9+(&7(%#/>&59&7)%8#7%-(;(%>##2-(%"(44(7A%B&$%&'

-:'%**9%)(+&79$%0($%-(%12(6&'&(A%=*(%9+(&7(2%-(%>&++(9(:2&)(%/*:$3%"*(

12(6&(;(2%-(%0($&7)A

32. Describe two approaches to analysis of signal source

loading (Thevenin and Norton theorems)

" Q"(8(7&7

Q"(8(7&7'%$"(*2(0%;()$%*7'%-#$%(+9%7($>(29%4('$##7-(%:&$%+&7(#&2(

&01(-#7$&('%(7%8*+$#)(42*77(7%8(28#7)(7%9#7%>*2-(7%-**2%((7

(^:&8#+(7$%6&26:&$%0($%8*+$#)(42*7%(%0($%&7%'(2&(%((7%&01(-#7$&(%2A%=($

8*+$#)(%(%&'%-#7%)(+&59%##7%-(%*:$1:$%8*+$#)(%8#7%"($%7($>(29%(7%2%&'

)(+&59%##7%-(%$*$#+(%&01(-#7$&(%8#7%"($%6&26:&$3%>##24&5%>(%"($%;&(7%#+'

*:$1:$%:&$)#7)(7%0($%#++(%8*+$#)(42*77(7%]%(7%8(28#7)(7%-**2%":7

&7$(27(%&01(7-#7$&('A



X+'%>(%-#7%((7%0(($&7'$2:0(7$%0($%>((2'$#7-%c%(2##7%"#7)(7%>*2-$

-(%:&$)##7-(%'$2**0%(7%'1#77&7)%4(1##+-%-**2F

" e*2$*7

e*2$*7'%$"(*2(0%;()$%(&)(7+&59%"($;(+/-(%0##2%-#7%8**2%((7

'$2**042*7%-&(%1#2#++(+%9*0$%$(%'$##7%0($%-(%>((2'$#7-A%!(

)(42:&9(7%>((2%+&7(#&2(%&01(-#7$&('%(7%8*+$#)(42*77(7A%2%4+&5/$

"($;(+/-(%8**2%e*2$*7%#+'%8**2%Q"(8(7&7A



=($%:&$)##7-(%8*+$#)(%>*2-$%-#7%)(+&59%##7F

33. What is the physical meaning of the noise figure and what

device parameters can be found from it?

7*&'(%/&):2(%/%J%9#2#9$(2&'#$&(%8-%(D$2#%2:&'%-&(%((7%8(2'$(29(2%$*(8*()$

&-((F%/#6$*2%>##20((%S@e%8(2'+(6"$(2$%,-##+$.%7#-#$%'&)7##+%-**2

8(2'$(29(2%)&7)

I*2'12*79(+&59F%'&)7##+%S%2:&'%e

e#%8(2'$(29(7F%9~,S%r%e.%r%e#%,J#--&$&*7(+(%2:&'.

[('6"*:>%c#%#+'*/%"($%((7%(D$2#%2:&'%>#'%*1%&7)#7)F%c(

-:'F%:&$)#7)%J%9~,S%r%e%r%e(.

:&$>(29(7%;*#+'%8)+7%oAP%(7%oAu

c:&'%&7%&7)#7)%&'%~0&7'$(7'~%$"(20&'6"(%2:&'F%*7-(2)2(7'%4(1#+(7%8**2%/

+(&-$%$*$%/#6$*2%&7%oAkF



/%&'%-:'%0((2%'1(6&/&(9F%8(2'+(6"$(2&7)%8#7%S@e%&7-&(7F%&7)#7)%J

$"(20&'6"(%2:&'%&7%>((2'$#7-

I*9%)(42:&9$F%Y%J%/%&7%-[F

C79(+(%>##2-(7F

Y%h%N-[%JJ%;((2%)*(-

Y%v%N]-[%JJ%;((2%'+(6"$

Y%&'%$(%"(2>(29(7%7##2%(^:&8#+(7$(%&7)#7)'2:&'%J%e(%|%'^2$,B(.

-&$%&'%~1(2%=;%4#7-42((-$(H~%,7**$F%-&(%((7"(-(7%;&57%7*)#+%/&'"E%AAA%,$"(7

#)#&73%)#7'%-&(%6:2':'%&'%/&'"E%F�..

34. What are the properties of optimum and matched filters?

Y&+$(2F%4(9&59%(79(+%-(%2(+(8#7$(%/2(^:(7$&('F%)((7%+#'$%8-%2:&'%(+-(2'

'1(6$2#F

$2#7'/(2%/:76$&(F%m

&71:$%J%Z%J%S%r%e

-*(+F%*:$1:$%J%mZ%J%S



Optimum

J%*:$1:$%7##2%((7%,8**2#/%)(9(7-(.%{6*22(6$({%8*20%$2#7'/*20(2(7

0&7&0#+&'((2%9>#-2#$&'6"(%#/>&59&7)%$''%'&)7##+%S%(7%*:$1:$%mZ

8)+%oAN]M%0##2%8*+)$%**9%)(>**7>()%:&$%-*(+F

mZ%J%S%Jv%m%J%S@Z

Jv Y = S/(S+N)

0#>F

m%)2**$%,|N.%8**2%/2(^:(7$&('%8#7%S

m%9+(&7%,|].%8**2%#++(%2('$

Jv%;*2)%-#$%m%{##7'+:&${%4&5%S

I10F%S%(7%e%7&($%(6"$%)(9(7-M%0##2%:&$%S@,Sre.%9#7%>(+%*7)(8((2%-(

6*22(6$(%/2(^4#7-%)(8&*7-(7%>*2-(7

Matched

J%S@e%0&7&0#+&'(2(7

&7%12#9$&59F%m%)(+&59##2-&)%##7%*1$&0:0%/+$(2

S%J%0#D%'&)7##+%#01+&$:-(

e%J%20'%8-%2:&'M%>#7$%)(0&--(+-(%J%4(+#7)2&59(2%-#7%(D1&+6&($%0#D&0:0

,9*2$(%1&(9(7%0#9(7%7&($%8((+%:&$.

:&$>(29&7)%,1kM%0##2%*74()2&51(+&59%vth.%+(8(2$%:&$(&7-(+&59

0($%$t0%J%0(#':2(0(7$%$&0(



Jv%'1(6$2:0%-:'%**9%+#$(7%##7+(:7(7%4&5%"($%'&)7##+%S3%0##2%0($%>#$

(D$2#%/#'(/#6$*2(7

f&$%-(%0#D&0#+(%S@e%8**2%-(;(%m%8*+)$F

>##24&5%&7$()2##+%*8(2%-(%*1)(0($(7%4#7-42((-$(3%(7%B7%-(%'1(6$2#+(

-&6"$"(&-%8-%2:&'%*1%-(;(%4#7-42((-$(

B:'F

L%0(($%)2*$(%'&)7#+(7%,;*-#$%&7$()2##+%*8(2%SS~%)2**$%&'.

L%0(($%*1%/2(^:(7$&(4#7-(7%>##2%>(&7&)%2:&'%&'%,;*-#$%hB7v%9+(&7%&'.%Jv

"*)(%/2(^:(7$&('3%4:&$(7%-(%N@/%7*&'(3%":03%AAA

35. Describe the noise suppression using signal averaging.

0($(7%##7%"*)(%/2(^:(7$&('%7&($%#+$&5-%0*)(+&59%,84F%$2##)%8(28#+%8#7

-((+$5('%Jv%4("**2+&59(%$&5-%$:''(7.

*1+*''&7)F%&7$()2#$&(%*/%:&$0&--(+&7)%8"%'&)7##+

&7)#7)''&)7##+%J%'%r%7%,'&7)##+%r%7*&'(.

'#01+(%-&$%e%9((2F%'%4+&5/$%r@L%)(+&59M%0##2%7%&'%>&++(9(:2&)

Jv%*:$1:$%J%'~e%r%7~'^2$,e.

,7*&'(%0##9%((7%j2#7-*0%>#+9j3%8#7-##2%-(%8&(29#7$'>*2$(+.

-(%)(0($(7%'@7%&'%7:%'^2$,e.%9((2%"*)(2%-#7%-&()(7(%;*7-(2%#66:0:+(2(7

,-:'%4&5%N%0($&7)3%jeJNj.



eIIQF%*11#''(7%8**2%#+&#'&7)%4&5%"($%'#01(+(7%8"%'&)7##+F%;*2)%8**2%((7

+##)L-**2+##$%/&+$(2%4&5%6*22(6$(%6:$%*//%*0%)((7%"**)/2(^:(7$(

2:&'6*01*7(7$(7%0((%$(%"(44(7H

82##)%PkLPq%,;&(%8*2&)%5##2%82##)
PPLPg.

39. Describe the application of bridge circuits in electrical

measurements and the optimal construction of the resistive

differential bridge.

I0%(D$2#%2:&'8(20*)(7%$(%8(20&5-(73%0*($(7%>(%((7%;*%;:&8(2%0*)(+&59

&71:$'&)7##+%8#7%-(%-($(6$2*%8(292&5)(7%#+'%0*)(+&59A

C2%>*2-$%)(42:&9%)(0##9$%8#7%((7%42:)L6&26:&$A%C�7%8#7%-(%#20(7%4(8#$

-(%/E'&'6"(%-($(6$*2A%,;&(%/&)::2%oANN%1)%Ng.

C(7%'&)7##+%;#+%;*2)(7%8**2%((7%#/>&59&7)M%"($%*:$1:$'&)7##+%>*2-$

)(0($(7%$A*A8A%]%8*+$%*/%-(%#6"$(2)2*7-%>##2-(A

I1$&0#+(%'$2:6$::2F%!"(#$'$*7(%42:)

X+'%-(%42:)%&7%4#+#7'%&'3%;#+%-(%#/>(;&)"(&-%8#7%((7%'&)7##+

*8(2((79*0(7%0($%((7%'1#77&7)'8(2'6"&+%8#7%7:+%8*+$%*8(2



-(%6(7$2#+(%-($(6$*2A

I0%-(;(%4#+#7'%$(%4(2(&9(7%9:77(7%>(%-(%>##2-(%8#7%-(%8#2&#4(+(

>((2'$#7-%c'%##71#''(7A

!(%>&++(7%7:%-(%2(+#$&(8(%)(8*(+&)"(&-%0#D&0#+&'(2(7A%B(;(%&'

)(-(/&7&((2-%#+'

0($%'%-(%'&)7##+'$(29$(%(7%K%-(%'1#77&7)%#/9*0'$&)%8#7%-(%8*(-&7)%8#7

-(%42:)A

B(%2#$&*%8#7%-(%>((2'$#7-(7%2%&'%)(+&59%##7F

B(%/2#6&*7(+(%>##2-(%8#7%-(%'(7'*2%>((2'$#7-%,-:&-%"($%4(2(&9%##7

>##2*8(2%-(;(%8#2&((2$.%F

!(%7(0(7%##7%-#$%-(%42:)%)(4#+#76((2-%&'%4&5%##7>(;&)"(&-%8#7%((7

'&)7##+%>#77((2 A

B#7%8(292&5)(7%>(F

[(9&59(7%>(%"($%'1#77&7)'8(2'6"&+%$:''(7%-(%$>((%'1#77&7)'8(2-(+(2'

,cD3c'%(7%c#3c4.3%-#7%4(9*0(7%>(%8**2%-(

:&$)#7)''1#77&7)F



=&(2:&$%+(&-(7%>(%-#7%#/%8**2%8%F

B(%)(8*(+&)"(&-%8#7%"($%42:)6&26:&$%4(2(&9$%;&57%0#D&0:0%4&5%2D%J%NA

X#7)(;&(7%((7%>##2-(%8#7%D%*7)(8((2%N%*8(2((79*0$

0($%((7%;>#9%'&)7##+%,9+(&7(%#/>&59&7)%8#7%-(%>##2-(%;*7-(2%'&)7##+.3%;#+

2%&-(#+&$(2%**9%*7)(8((2%N%;&57A

B:'%8**2%-(%*1$&0#+(%42:)%)(+-$F%cX%J%c[%(7%cS%J%c�W&7

40. How does a Digital to Analog Convertor (DAC) work? ,cLcO

+#--(2%*2%>&$"%&-(7$&6#+%6:22(7$%'*:26('.

R-2R ladder DAC ,;&(%/&)::2%qAN%1)%O.

=($%-*(+%8#7%-&$%6&26:&$%&'%((7%#7#+**)%'&)7##+%$2#7'/*20(2(7%7##2%((7

-&)&$##+%'&)7##+A%,8#7%N]L$#++&)%7##2%4&7#&2%-:'%(&)(7+&59.



=&(28**2%>*2-$%)(42:&9%)(0##9$%8#7%((7%2(6:2'&(/%6&26:&$%,-(%8&(29#7$(7

&7%-(%/&)::2.A%=($%&7&$&V+(%(+(0(7$%&'%((7%1#2#++(+'6"#9(+&7)%8#7%$>((

>((2'$#7-(7%0($%((7%>##2-(%8#7%OcA%I/%0($%#7-(2(%>**2-(73%((7

(^:&8#+(7$(%>((2'$#7-%8#7%cA%B&$%(+(0(7$%>*2-$%&7%"($%8*+)(7-(%(+(0(7$

'(2&V+%)('6"#9(+-%0($%((7%>((2'$#7-%c3%(7%-(;(%$('#0(7%1#2#++(+%0($%OcA

i*%92&5)(7%>(%8**2%-&$%(+(0(7$%>((2%((7%(^:&8#+(7$(%>((2'$#7-%8#7

cA%B&$%)##$%;*%-**2%8**2%8(2'6"&++(7-(%(+(0(7$(7A

B(%'$2**0%-&(%"($%6&26:&$%4&77(7)##$%&'%-:'%)(+&59%##7 A

X+'%>(%-(%'$2**0%-**2"((7%"($%6&26:&$%8*+)(7%9*0(7%>(%8(2'6"&++(7-(

97**11:7$(7%$()(73%((7%4&77(7%(+9%6&26:&$(+(0(7$A%X#7)(;&(7

-(%>((2'$#7-%&7%4(&-(%$#99(7%)(+&59%&'3%92&5)(7%>(%((7%(8(72(-&)(

*1'1+&$'&7)F

Z@O%;#+%#/)('1+&$'$%>*2-(7%(7%7##2%((7%'6"#9(+##2%)##7M%Z@O%;#+%7##2%"($

8*+)(7-(%6&26:&$%(+(0(7$%)##7A%B##2%>*2-$%"($%>((2%*1)('1+&$'$

(7%92&5)(7%>(%((7%'$2**0%Z@u%-&(%7##2%((7%$>((-(%'6"#9(+##2%)##$%(7%Z@u

-&(%7##2%"($%8*+)(7-(%(+(0(7$%)##$3%(7;AAA

X+'%>(%-(%'($$&7)%8#7%-(%8(2'6"&++(7-(%'6"#9(+##2'%#+'%"($%-&)&$##+%&71:$

'&)7##+%4(9&59(7%,0($%]%8**2%((7%*1(7%(7%N%8**2%((7%)('+*$(7.3

-#7%;#+%-(%'*0%8#7%-(%:&$)##7-(%'$2*0(7%*8(2((79*0(7%0($%"($

(^:&8#+(7$(%#7#+*)(%'&)7##+A



!(%7*(0(7%-(%((2'$(%'6"#9(+##2%-(%W*'$%S&)7&/&6#7$%[&$%,WS[.%(7%-(

+##$'$(%-(%b(#'$%S&)7&/&6#7$%[&$%,bS[.A

X+'%>(%8**2%-(%'($$&7)%8#7%-(%bS[%-(%8#2&#4(+(%SN%7(0(73%-#7%4(9*0(7

>(%-(%8*+)(7-(%:&$-2:99&7)%8**2%-(%$*$#+(%'$2**0A

!##24&5%S&%)(+&59%&'%##7%]%*/%N3%#/"#79(+&59%8#7%-(%'($$&7)%8#7%-(

'6"#9(+##2A

!(%9:77(7%-(;(%:&$-2:99&7)%8(2((78*:-&)(7F

W##2%-(%$(20%$:''(7%"##95('%9*0$%1(2/(6$%*8(2((7%0($%((7%4&7#&2%)($#+

0($%e%4&$'F

B(%>##2-(%8#7%-(%e%4&$'%&'%4(1##+-%-**2%-(%'($$&7)%SNLSe%8#7%-(

'6"#9(+##2'A

K**24((+-F%g%'6"#9(+##2'F%N]]N]



B(%:&$)##7-(%'$2**0%&'%-#7%,&7%/:76$&(%8#7%-(%4&77(79*0(7-(.

C7%-&$%9*0$%1(2/(6$%*8(2((7%0($%"($%&7)(8*(2-(%-&)&$##+%'&)7##+%N]]N]3

>#$%&00(2'%)(+&59%&'%##7%NqA

41. How does a successive approximation AD convertor work?

,;&(%**9%/&)::2%qAP%(7%qAu%*1%1)%g%�%k.

C(7%XB%6*78(2$*2%;($%((7%#7#+**)%&7)#7)''&)7##+%*0%&7%((7%-&)&$##+

:&$)#7)''&)7##+A

C2%>*2-$%/(&$(+&59%)(42:&9%)(0##9$%8#7%((7%*0>()A%W(7%&$(2(2(7%*8(2%#++(

0*)(+&59(%-&)&$#+(%'&)7#+(73%-(;(%-**2%((7%XB%6*78(2$*2%'$:2(7

(7%"($%#7#+*)(%:&$)#7)''&)7##+%8(2)(+&59(7%0($%"($%>(29(+&59(%#7#+*)(

&7)#7)''&)7##+A

B&$%>*2-$%*1%-(%8*+)(7-(%0#7&(2%)(-##7F%((7%'"&/$2()&'$(2%"*:-$%"($

":&-&)(%-&)&$##+%'&)7##+%4&5A%[&5%"($%8#7%'$#2$%)##7%>*2-$%-&$%*1%]]AAA]]

)(;($A



B#7%4()&7$%"($%&$(2#$&(12*6('A%B(%0(('$%+&79'(%4&$%,-(%W*'$%S&)7&/&6#7$%[&$.

>*2-$%*1%((7%)(;($A%=($%8(292()(7%:&$)#7)''&)7##+%8#7%-(%BX%6*78(2$*2

>*2-$%8(2)(+(9(7%0($%"($%#7#+*)(%&7)#7)''&)7##+A%Z'%"($%:&$)#7)''&7)##+

8#7%-(%BX%9+(&7(2%*/%)(+&59%##7%"($%#7#+*)(%'&)7##+%)(4(:2$%(2%7&($'A%Z'

"($%)2*$(23

>*2-$%-(%":&-&)(%4&$%*1%]%)(;($%(7%'6":&/$%"($%12*6('%��7%4&$%7##2%2(6"$'

*1%(7%>*2-$%"(2"##+-%$*$-#$%>(%##7%-(%0(('$%2(6"$'(%4&$%;&$$(7A

K**24((+-5(%,7*20##+%>*2-(7%-(%'1#77&7)(7%8(2)(+(9(7.F

S$(+%-#$%"($%#7#+**)%'&)7##+%((7%>##2-(%{o{%"((/$A%C7%-#$%"($%-&)&$##+

'&)7##+%u%4&$'%9#7%4(8#$$(7A

B#7%)##$%"($%12*6('%#+'%8*+)$A

N]]]%9*0$%*8(2((7%0($%((7%>##2-(%8#7%qA%B&$%&'%)2*$(2%-#7%o%-:'%>*2-$

-(%((2'$(%4&$%*1%]%)(;($A

]N]]%9*0$%*8(2((7%0($%((7%>##2-(%8#7%uA%B&$%&'%9+(&7(2%-#7%o%-:'%>*2-$

-(%$>((-(%4&$%*1%N%)("*:-(7A

]NN]%9*0$%*8(2((7%0($%((7%>##2-(%8#7%kA%B&$%&'%9+(&7(2%-#7%o%-:'%>*2-$

-(%-(2-(%4&$%*1%N%)("*:-(7A

]NNN%9*0$%*8(2((7%0($%((7%>##2-(%8#7%oA%B&$%&'%)(+&59%##7%o3%-:'%>*2-$

-(%8&(2-(%4&$%*1%N%)("*:-(7A



!(%"(44(7%"($%(&7-(%4(2(&9$A%I7'%/&7##+%-&)&$##+%'&)7##+%&'%-:'%]NNN%(7%-&$

&'%&7-(2-##-%)(+&59%##7%oA

uOA%=*>%>*29'%#%-:#+%'+*1(%XB
6*78(2$(2<

B(%{-:#+L'+*1({%'$##$%8**2%"($%)2#/&(95(%*7-(2A%C&)(7+&59%9*0$%-(;(

0($"*-(%(2*1%7((2%((7%6*7-(7'#$*2%8&#%((7%*1#01%,"($%)("((+%&'%((7

&7$()2#$*2'6"#9(+&7)3%;&(%12#6&$&6:0%*1#01.%*1%$(%+#-(7%8**2%((7

4(1##+-(%$&5-A%B##2$*(%>*2-$%-(%'1#77&7)%K&7%,"($%#7#+*)(%'&)7##+.%*1%-(

&7$()2#$*2'6"#9(+&7)%##7)('6"#9(+(+-%8**2%((7%)(9(7-(%$&5-%QN%,&7%((7

6*01:$(2F%e%9+*96E6+&3%4&5%((7%^:#2$;92&'$#+F%e%$2&++&7)(7.3%(7%-##27#%>*2-$

((7%)(9(7-(%'1#77&7)%0($%$()(7)('$(+-(%1*+#2&$(&$%**9%*1%-(%&7$()2#$*2

##7)('6"#9(+-3%(7%-(%$&5-%QO%,##7$#+%9+*96E6+&@$2&++&7)(7%7.%>*2-$%)(0($(7

>##2&7%-(%6*7-(7'#$*2%$(2:)%7##2%]%)##$%,-(G7$()2(2(7.A%[+&594##2%)(+-$

-(;(%/*20:+(F



QN~K&7@ca%J%QO~K2(/@ca

B&(%*0)(;($%9#7%>*2-(7%7##2%-(;(%,QJD%9+*96E6+&@$2&++&7)(7.F

K&7%J%K2(/~7@e

Z7%-(;(%&'%(79(+%K&7%*74(9(7-3%(7%9#7%-:'%'&01(+>()%4(2(9(7-%>*2-(7A

B(%12(6&'&(%"#7)$%(79(+%#/%8#7%-(%12(6&'&(%*1%K2(/%(7%-(%&7$(27(%9+*9A

K**2-((+%8#7%-&$%'E'$((0F%)2*$(%12(6&'&(%,{#66:2#76E{.3%*7#/"#79(+&59%8#7

$(01(2#$::2@'$#4&+&$(&$%8#7%c3aAA,%-(;(%>*2-(7%"((7%(7%$(2:)

)(G7$()2((2-.

e#-((+F%-(G7$()2#$&(%,*7$+#-(7.%9*'$%2(+#$&(/%8((+%$&5-

uPA%=*>%-*('%#%/+#'"%XB%6*78(2$(2
>*29<

C(7%/+#'"%X-%&'%)(0##9$%*0%;((2%'7(+%XLvB%*0%$(%;($$(7A%B&$%)(4(:2$

-**2%-(%'1#77&7)%8#7%#++(%0*)(+&59(%>##2-(7%-&(%"($%:&$(&7-(+&59(%-&)&$#+(

)($#+%9#7%"(44(73 $()(+&59 $(%8(2)(+&59(7%0($%-(%&7)()(8(7%'1#77&7)%K&7

,0(29%*1%-#$%-&$%4&5%((7%)(>*7(%cLOc%7#%(+9##2%)(4(:2$.A%B&$%&'%"($%4('$

:&$%$(%+())(7%0($%((7%8**24((+-F%'$(+%-#$%"($%-&)&$#+(%)($#+%-#$%-(%/+#'"

XB 0*($%$(2:))(8(7%q%4&$'%4(8#$3%-#7%9#7%-&$%)($#+%-(%>##2-(7%]LOgg

##77(0(7A%B(%/+#'"%XB%0*($%-#7%8**2%#+%-&(%Ogg%>##2-(7%$()(+&59%((7



*8(2((79*0'$&)(%'1#77&7)%62(V2(7%(7%8(2)(+&59(7A%B&$%62(V2(7%)(4(:2$

0($%*A#A%Ogg%cLOc%+#--(2'%,>*2-(7%&7)('$(+-%*1%NLOgg3%(7%)(8(7%-:'

2('1(6$&(8(+&59%NLOgg~K2(/@Ogk3%;&(%cLOc.3%(7%((7%6&26:&$%-#$%6*7$2*+((2$

*/%K&7%9+(&7(2%&'%-#7%Kt,cLOc.%,)((/$%((7%]%&7-&(7%>(+3%((7%N%&7-&(7%7&($.A

B(%cLOc%+#--(2%r%-#$%6*7$2*+(6&26:&$%7*(0$%0(7%-(%6*01#2#$*2A%Cc%;&57

-:'%0&7'$(27'%Ogg%6*01#2#$*2'%,-(%7:+-(%6*01#2#$*2%&'%7&($%7*-&)3%-&(

)((/$%$*6"%#+$&5-%].A%K#7:&$%-&(%6*01#2#$*2'%8(2$2(9$%-:'%((7%+&5'$

NNNAAAN]]]AAA]%,-(%6*01#2#$*2'%'$##7%8#7%)2**$%7##2%9+(&7.3%-#$%##79*0$

&7%-(%;*)(7##0-(%$"(2*0($(2AB&(%$"(2*0($(2%8&'$%:&$%>(+9%)($#+

*8(2((79*0$%0($%-(%)2(7'%$:''(7%-(%N$5('%(7%-(%]($5('3%>#$%"($%-&)&$#+(

)($#+%4(1##+$%8#7%-&$%#7#+*)(%'&)7##+A%=($%7#-((+%8#7%-&$%'E'$((0%&'

-:&-(+&59%"($%/(&$%-#$%(2%Ogg%6*01#2#$*2'%7*-&)%;&57%,Ogg 9((2%0((2%-#7

((7%'&01(+(%cLOc%+#--(2.3%(7%**9%'7(+%)(7*()(%+*)&'6"(%((7"(-(7%,484%&7

-(%$"(2*0($(2.A%I*9%&'%"($%0#D&0:0%##7$#+%4&$'%4(1(29$%,$(8((+

6*01#2#$*2'%8(2>(99(7%$(8((+%"&$$(@9:77(7%7&($%0((2%'#0(7%&7%-(%/+#'"

XB%;&$$(7.AC(7%0*)(+&59(%*1+*''&7)%8**2%-&$%'E'$((0%&'%*0%-(%/+#'"%XBj'

;(+/%**9%>((2%-(%0*)(+&59(%)($#++(7%$(%+#$(7%*8(2+*1(7%&7%1+##$'%8#7%;(

#++(0##+%$()(+&59%$(%4(2(9(7(7A%I1%-&(%0#7&(2%9#7%0($%0&7-(2

6*01#2#$*2'%$*6"%((7%"*)(2(%12(6&'&(%4(2(&9$%>*2-(73%(6"$(2%>(+%$(7

9*'$(%8#7%-(%'7(+"(&-A

82##)%uu%Luo%,;&(%8*2&)%5##2%82##)
uNLuu.



uqA ()*+,1)*4;5/,811:3,04,+)539*2,-38-53+05/,8=,9*+530*2/,*+,28B,+59-53*+:35/@
K51)*40/1)5,50;54/1)*--54F

a05+,*225,9*+530*254,C0D4,;5/1)0>+,89,+5,;563:0>54,60D,1.8;5401/Q,/8990;5,9*+530*254

B83754,6355>6**3Q,*47535,B83754,7*4,B553,)*3753',K54,985+,88>,35>5404;,)8:754

95+,75,+5390/1)5,184+3*1+05,A*4,65-**275,9*+530*256'K*+530*254,705,B52,63:0>6**3,C0D4

C0D4,/+*0425//,/+552Q,*2:9040:9Q,>8-53Q,a060:9,54,+0+*40:9,54C'''

N59-53*+::3,*=)*4>520D>)507,A*4,B*39+5,1*-*10+50+,A*4,A*/+5,/+8==54F

M5,B*39+5,1*-*10+50+,A*4,9*+530*254,0/,75,955/+,652*4;30D>5,-*3*95+53,705,65-**2+

)85A552,B*39+5,A*4,554,9*1)045,985+,;5)**27,B83754,89,75,;5B54/+5

+59-53*+::3//1)**2,+5,65350>54',I4,A*/+5,/+8==54,>*4,75,B*39+5,65B**37,B83754,04

+B55,/./+5954F

� L*++015,A063*+084/,<0>,754>,A063*+05/,7883,75,/+3:1+::3,A*4,)5+,9*+530**2?
� X251+38454,*2/,):4,184154+3*+05,;388+,0/'
L*++015,184+306:+084F

Y5+,>2*//05>5,98752,0/,;56*/5537,8-,75,A5384753/+52204;,7*+,52>,*+889,554

`M,8/102*+83,0/,705,bU`]>c6N,)55=+',M5,5453;05,705,04,J,982,A*4,554,/+8=,C0+

0/,7*4,;520D>,**4,F UUNAkBT=3RT'

M5,B*39+5,1*-*10+50+,0/,7*4,;520D>,**4,`dQ,70+,0/,75,M:284;Pe5+0+,B5+',M0+

>2*//05>,98752,0/,;857,60D,>*953+59-53*+::3Q,9**3,60D,2*;5,+59-53*+:354

;527+,75C5,405+,9553,897*+,53,7*4,9553,R:*4+:9,5==51+54,C0D4',X3,C0D4,+B55

+)5830f54,89,75,R:*4+:9,951)*401*,+5,;563:0>54,89,75,B*39+5,1*-*10+50+

+5,65-*254'

M5,X04/+504,+)58305F,X3,B837+,554,A53554A8:70;04;,;59**>+Q,4*9520D>,7*+

*225,*+8954,04,554,A*/+5,/+8=,A0635354,95+,554,C52=75,=35R:54+05,60D



;5>B*4+0/55375,*9-20+:75/',M5,;5>B*4+0/55375,5453;05,A*4,52>5,8/102*+83,0/

7*4,F

X4,75,B*39+5,1*-*10+50+,0/,7*4,*2/,A82;+F

B**360D U,) gg

75,M56.5,+59-53*+::3,0/,<554,+59-53*+::3,*=)*4>520D>5,/883+520D>5,B*39+5

95+,75,>*3*>+530/+05>5,+59-53*+::3,A*4,554,*+890/1)5,A063*+05?',M0+,>B*9

51)+53,405+,8A53554,95+,5]-530954+525,B**3754'

M5,M56.5,+)58305F,M5C5,+)58305,C5;+,7*+,7*+,*+8954,04,554,A*/+5,/+8=,405+

84*=)*4>20D>,C0D4,54,*22554,65-**275,A063*+05,=35R:54+05/,C0D4,98;520D>',M5

/883+520D>5,B*39+5,0/,7*4F

� h0D,>*953+59-53*+::3,;527+,7*4,7*+,ij`d,<M:284;Pe5+0+,B5+?,54,*2/
N^VQJN)5+*M i,A*30553+,75,/883+520D>5,B*39+5,1*-*10+50+,95+,Nk`',L*;5,i

65+5>54+,7*+,;38+5,+59-53*+::3/,A53*475304;54,*2/,>25045,B*39+56384454

**4B5C0;,C0D4'

X25>+38454,184+306:+05,**4,/883+520D>5,B*39+5,A*4,95+*254F

N)5390/1)5,5453;05,>*4,88>,8-;5/2*;54,C0D4,04,75,A30D5,525>+38454,A*4,554

95+**2',G82;54/,R:*4+:9,+)58305,>:4454,*22554,525>+38454,95+,554,/9*225

=3*1+05,701)+,60D,75,l5390,5453;05,4**3,554,)8;535,/+**+,;563*1)+,B83754,54

C8,+)5390/1)5,5453;05,8-/2**4',M5,/883+520D>5,B*39+5,)0537883,A53883C**>+

0/,;520D>,**4F



<5A543570;,95+,75,+59-53*+::3,7:/'?,M5,+8+*25,/-510=05>5,B*39+5,1*-*10+50+

0/,7*4,;520D>,**4F

m4753,75,&n,B837+,75,525>+384,184+306:+05,**4,75,/-510=05>5,B*39+5

652*4;30D>',I4,1.8/+*+01*,7**2+,i,3*--53,95+,7*25475,+59-53*+::3Q,)0537883

C:2254,13.8;545,/./+5954,/452253,*=>85254,*2/,C5,>8:753,B83754,54,C:2254

/9*225,B*39+5,25>>54,;38+5,+59-53*+::3//+0D;04;54,A53883C*>54'

N59-53*+::3,*=)*4>520D>)507,A*4,+)5390/1)5,5]-*4/05F

(*44553,9*+530*254,B83754,*=;5>8527,A*4,`VVn,+8+,13.8;545,+59-53*+:354

C*2,75,+)5390/1)5,5]-*4/05,18f==010f4+,A53*475354',Y0537883,>*4,)5+

9*+530**2,84A53B*1)+/,04>309-54',M5,5]-*4/05,18f==010f4+,<o*2-)*?,C*2,4**3,V

;**4,*2/,75,N,701)+,60D,Vn,>89+,54,o*2-)*,0/,60D4*,+59-53*+::3/84*=)*4>520D>

60D,)8;5,+59-53*+:354',K55/+5,951)*40/1)5,75=839*+05,<pVq?,;565:3+

B*44553,)5+,9*+530**2,A*4,>*953+59-53*+::3,4**3,A28506**3,/+0>/+8=,B837+

;563*1)+'

N59-53*+::3,*=)*4>520D>)507,A*4,75,+)5390/1)5,;5250704;F

M5,B*39+5,=2:],7883,554,/+:>,;5250753,0/,;520D>,**4,F

B**360D,o>*--*,75,+)5390/1)5,1847:1+05,18f==010f4+,0/',h52*4;30D>,0/,7*+

o>*--*,<N?,/0;40=01*4+,A*30553+,95+,75,+59-53*+::3',(553,+B55,951)*40/954

705,5453;05,>:4454,+3*4/-83+5354F

� L*++015,A063*+084/
� r5250753,525>+38454'
I4,Ò-:35Ó,95+*254,78904553+,75,184+306:+05,A*4,;5250753,525>+38454'



X25>+384,189-8454+F,M5,+)5390/1)5,;525076**3)507,o>*--*c5,0/,04A53/

5A543570;,95+,75,+)5390/1)5,B553/+*47,(c5,705,525>+38454,84753;**4,7883

):4,A53/-350704;',X3,C0D4,+B55,A53/-350704;,951)*40/954Q,A53/-350704;,7883

84C:0A53)5754,<Wo = \beta/T) 54,A53/-350704;,7883,=8+8454,<(0U,o*2-)*

NkE?',M5,525>+38454,189-8454+,A*4,75,B*39+5,B553/+*47,B837+,7*4F

<60D,2*;5,+59-53*+:354,0/,84C:0A53)5754,/1*++5304;,78904*4+?'

(*39+5,;5250704;,7883,388/+53,+302204;54F,M5,;388+/+5,B553/+*47

+5;54,70+,+.-5,B*39+5,;5250704;,04,95+*254,>89+,7883,75,A53/-350704;

A*4,-)848454<;5>B*4+0/55375,+302204;/B0DC5,A*4,554,>30/+*2?,8-,75

;5250704;,525>+38454'Wph = A/T
2

. M0+,5==51+,B837+,;545;5537,04

95+*254Q,9**3,0/,)5+,540;/+5,5==51+,60D,)*2=;5250753/,54,0/82*+8354'

K5+*254,)56654,;38+5,A53/1)02254,04,+)5390/1)5,;525076**3)507'

u}A ()*+,1)*4;5/,811:3,04,5251+301*2,-38-53+05/,8=,9*+530*2/,*+,28B,+59-53*+:35/@,Y8B

*35,+)5.,352*+57,+8,+)5,+)539*2,-38-53+05/,<+)5,(05759*44Pl3*4C,2*B?@

�
N59-53*+::3/*=)*4>520D>)507,A*4,525>+30/1)5,35/0/+0A0+50+F

I4,75,B5+,A*4,m)9,0/,75,525>+30/1)5,B553/+*47,;5352*+5537,**4,75,/-510=05>5

35/0/+0A0+50+,o3)8',I4,95+*254,0/,A53*475304;,A*4,525>+30/1)5,35/0/+0A0+50+,A883*2

A53883C**>+,7883,)5+,A53/-350754,A*4,525>+38454,7883,388/+53,+302204;54,<=848454?,54

7883,)5+,A53/-350754,A*4,525>+38454,7883,84C:0A53)5754,8=,75=51+54',G883

N59-53*+:354 T> !D C*2,75,=848454,A53/-350704;,8A53)553/54,54,o3)8,/+0D;+

5A543570;,95+,NF



95+,o*2-)*,75,2045*035,+)5390/1)5,18f==010f4+,A*4,525>+30/1)5,B553/+*47',h0D,28;5

+59-53*+:354 T<<!"D C*2,75,84C:0A53)50754,A53/-350704;,8A53)553/54,54,C*2,o3)8

184/+*4+,B83754',N://54,75C5,+B55,;5605754,C*2,o3)8,554,=:41+05,B83754,A*4,75

+59-53*+::3',M5,d5/07:*2,d5/0/+*415,d*+08,<ddd?,B837+,;563:0>+,A883,75

84C:0A53)507,A*4,554,95+**2'

(05759*44Pl3*4C,B5+F,I4,95+*254,B83754,75,+)5390/1)5,<o>*--*?,54,75,525>+30/1)5

<o/0;9*?,;525076**3)507,65-**2+,7883,75C52=75,525>+384,A53/-350704;,951)*40/954F,75

525>+384P=8484,54,525>+384P84C:0A53)507,04+53*1+05/',M5,B05759*44Pl3*4C,B5+,C5;+

4:F

(**360D,LV,75,28354+C,184/+*4+5,0/F,EQ&stJVkPs,(om)9gnkE',M5C5,B5+,;527+,60D

>*953+59-53*+::3,54,N^^!"D .

g]A Describe thermodynamic cycles used for
cooling in cryogenic temperature range.

I/854+38-0/1)5,>85204;F

m9,*=,+5,>85254,985+,75,54+38-05,u,7*254',m9,75,+59-53*+::3,04,-3*>+0D>,+5,2*+54

7*254,985+,954,7:/,553/+,554,9*4053,A04754,89,75,54+38-05,+5,A532*;54,60D,184/+*4+5

+59-53*+::3/',M0+,2**+/+5,20D>+,8498;520D>,897*+,75,54+3805,405+,*22554,*=)*4;+,A*4,N

9**3,88>,A*4,*47535,=./0/1)5,50;54/1)*--54',v05,+5>5404;,JV'w',I4,+*>,Th,B837+,75

-*3*95+53,x,A532**;7,54,C8,B837+,75,54+38-05,A532**;7,+53B0D2,75,+59-53*+::3

75C52=75,620D=+',M**34*,B837+,75,+59-53*+::3,*70*6*+0/1),A532**;7',M**34*,7883,x

+53:;,4**3,C0D4,883/-384>520D>5,B**375,+5,2*+54,;**4,C*2,)5+,/./+559,554,2*;535



+59-53*+::3,)56654Q,70+,B837+,A525,>5354,:0+;5A8537Q,C8,C*2,75,+59-53*+::3,C*>>54'

<K53>,8-,)5+,0/,8498;520D>,89,+8+,Vn,+5,>8954?

T70*6*+0/1)5,5]-*4/05,1./2:/F

Y053,0/,x,75,73:>',M0+,B837+,;563:0>+,04,75,u0984,)520:9,20R:5=053'<C05,=0;::3,JVQy?

Y053,B837+,Y5,;*/,;5189-35//5537,04,J,>*953,+8+,84;5A553,JVV*+9,+53B0D2,75

+59-53*+::3,Jzn,620D=+,7883,Y5,04,>*953,E,)0++5,+5,2*+54,:0+B0//524,95+,)5+,>8>5475

YE,04,)5+,6:0+54/+5,A*+',M**34*,B837+,)5+,Y5,04,>*953,E,A53B0D753+,54,C*2,75

;5189-35//55375,Y5,A*4,>*953,J,:0+C5++54,+8+,554,73:>,A*4,J,*+9',Y0537883,C*2,)5+

;*/,04,>*953,J,*=>85254,+8+,554,+59-53*+::3,N1'

T70*6*+0/1),759*;45+0/*+05,1.12:/F

Y053,0/,xU,h,<9*;45+0/1),A527?',M0+,0/,75,955/+,;5>8C54,+51)405>,89,+59-53*+:354

2*;53,7*4,Jn,+5,>30D;54',N*>,ThF,04,554,-*3*9*;45+0/1),C8:+,B83754,75,CB*>>5

04+53*;535475,/-04/,8-;520D47,7883,554,)88;,9*;455+,A527,**4,+5,25;;54,)05360D

B837+,75,B*39+5,A*4,75,9*;45+0/*+05,7883,)5+,Y5,184+*1+,8A53;573*;54,**4,)5+,Y5

04,75,89;5A5475,>*953',a*7*+,)5+,8A5373*1)+/;*/,0/,A53B0D753+Q,B837+,)5+,9*;455+

A527,;5357:15537,54,75,+59-53*+::3,A*4,75,C8:+,-02,7**2+,7883,*70*6*+0/1)5

759*;45+0C*+05',<75,/-04/,>5354,+53:;,4**3,554,1)*8+0/1)5,8375404;Q,75,+8+*25,54+38-05

620D=+,)5+C52=75,7:/,75,+59-53*+::3,7**2+'?'




