NTSY1: Natur, Technik, Systeme
Test 2, November 2016

Erstes Semester WI16

Erlaubte Hilfsmittel: Persdnlich verfasste Zusammenfassung
von bis zu 6 Seiten; Buch: The Dynamics of Heat. Rechen- und
Schreibzeugs.

Antworten mussen begriindet und nachvollziehbar sein.

Dauer der Prifung: 60 Minuten.

Windkesselschaltung mit Spule

Analysieren Sie eine Windkesselschaltung mit zwei Kondensatoren
und einer Spule und einem zusitzlichen (Mess)Widerstand R, da-
zwischen. Die Schaltung wird mit einer Spannungsquelle (deren
Spannung von Hand rythmisch verdndert wird) iiber eine Diode und
einen Vorwiderstand betrieben. Am anderen Ende entladen sich die
Kondensatoren iiber ein zusitzliches Widerstandselement.

R, Ry Ry L Sotenoid

Im ersten Diagramm (oben rechts) sind die Spannung iiber der
Spannungsquelle und die Spannungen iiber den beiden Kondensa-
toren gegeben. Im zweiten Diagramm (rechts) sieht man die Span-
nung iiber dem (Mess)Widerstand R,.

Daten: Kapazititen der Kondensatoren: 470 yF. Widerstand zwi-
schen Spannungsquelle und erstem Kondensator: 50 Q. Messwider-
stand zwischen den Kondensatoren: 50 Q. Widerstand der Spule: 64
Q. Widerstand nach dem zweiten Kondensator: 1000 €.
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a. Welche der Kurven in Diagramm 1 entspricht der Span-
nung iiber der Spannungsquelle, iber dem ersten Konden-
sator und iiber dem zweiten Kondensator? Warum? [1 P]

b. Formulieren Sie die Bilanzgleichungen fiir die Ladung der
beiden Kondensatoren (separat) in momentaner Form.
Zeichnen Sie dazu im Schaltungsdiagramm die dazugeho-
rigen Grossen ein. [1 P]

c. Formulieren Sie den Maschensatz fiir die mittlere Masche
(die mit dem Zusatzwiderstand R,). [1 P]

d. Skizzieren Sie so genau wie moglich die Stirke des elektri-
schen Stromes zwischen den beiden Kondensatoren als
Funktion der Zeit. [2 P]

e. Betrachten Sie den Zeitpunkt # = 7.0 s. Wie gross ist die
Spannung iiber der Spule? [2 P]

f.  Betrachten Sie den Zeitpunkt r = 7.0 s. Wie gross ist die re-
sistive Spannung iiber der Spule? Wie gross ist die indukti-
ve Spannung iiber der Spule? [2 P]

g. Betrachten Sie den Zeitpunkt r = 7.0 s. Benutzen Sie die

bisherigen Daten, um die Induktivitit der Spule abzuschiit-
zen. [2 P]
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NTSY1: Natural and Technical Systems
Test 2, November 2016

First Semester WI16

Allowed tools: Personally writtensummary of up to 6 pages.
Book: The Dynamics of Heat. Calculators and writing materials.

Answers must be explained and must be documented.

Duration of the exam: 60 minutes.

Electric windkessel circuit with solenoid

Analyze a windkessel circuit having two capacitors and a solenoid
and an additional resistor R, for measuring the current between
them. The system is driven by a power supply (whose voltage is
changed rhythmically by hand) through a diode and a first resistor.
At the other end, the capacitors discharge through an additional re-
sistor.

R, R, R, L Sotenoid

The first diagram (top right) shows the voltages across the power
supply and the two capacitors. In the second diagram on the right,
you see the voltage across R,.

Data: Capacitances of the capacitors: 470 uF. Resistance of the re-
sistor between the power supply and the first capacitor: 50 Q. Resis-
tance of R, between the capacitors: 50 Q. Resistance of the
solenoid: 64 Q. Resistance of resistor after the second capacitor:
1000 Q.

Voltage / V

Voltage / V

4.0
35
3.0
2.5
2.0
1.5
1.0
0.5
0.0

0.30

0.25

0.20

0.15

0.10

0.05

0.00

-0.05

\

7.4 7.

Time /s

e

M

6.8

7.0

72

7.4 7.

Time /s

6 7.8

WI16 2016, dumo, fusa NTSY 1



a. Which of the voltages in the first diagram corresponds to
which element of the circuit? Why? [1 P]

b. Formulate the laws of balance of charge for the two capac-
itors (separately) in instantaneous (dynamical) form and
enter the relevant quantities in the circuit diagram. [1 P]

c. Formulate the loop rule for the second loop in the circuit di-
agram (the one with R). [1 P]

d. Sketch as precisely as possible the electric current between
the capacitors as a function of time. [2 P]

e. Consider t = 7.0 s. What is the value of the voltage across
the solenoid? [2 P]

f.  Consider t=7.0 s. What is the value of the resistive voltage
across the solenoid? What is the inductive voltage across
the solenoid? [2 P]

g. Consider r = 7.0 s. Use previous results to estimate the in-
ductance of the solenoid. [2 P]
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Solutions

a.Take t =7 s: Highest curve (3.5 V) corresponds to US. Second highest (2.4 V) to UC1, lowest (1.0 V) corre-
sponds to UC2.

b.
d
EQI =Ip — 1y,
d
EQz =1lgy = Ip;
C.
Uci=Ucy =Upy +Up, +U,
d.
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Usotenvia =Ure +U |,
=Uc) ~Ug, - Upg,
=24V -1.0V-02V =12V
f.
U (7.0) =R, 1,(7.0)
=64:4.0-107V =026V
UL(7~0) = USolenoid(7'0) - URL(7'0)
=12V -0.26V =094V
g.
dl,
ﬁ=lUL L=Lz 0'94H=25H
dt L dly, /dt  0.038

WI16 2016, dumo, fusa NTSY 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


