KTH EI1120 Elkretsanalys (CENMI) TEN1 2020-03-10 kl. 14-19

Permitted material: Beyond writing-equipment, up to three pieces of paper up to A4 size can be brought,
with free choice of content: handwritten, printed; small, large; text, diagram, image; one or both sides,
etc. These papers do not need to be handed in with the exam.

Unless it is stated otherwise, the final answer to a question should be expressed in terms of the known
quantities given in the question, and any clear simplifications should be done. Component values such
as R for a resistor, U for an independent voltage source, or K for a dependent source, are assumed to
be known quantities. Marked currents or voltages such as i, are assumed to be definitions, not known
quantities.

Clearly drawn and labelled diagrams are a good way to help yourself avoid mistakes, and to make clear
to others what you are doing. By showing clearly your intermediate steps in a solution, you improve
your chance of getting points even if the final result is wrong. You may write in Swedish or English; but
we suggest that writing in either is seldom necessary if you make good use of diagrams and equations!

Determination of exam grade. Denote as A, B and C' the available points from sections A, B and C
of this exam: A=12, B=10, C'=18. Denote as a, b and c¢ the points actually obtained in the respective
sections, and as ay and by the points fran KS1 and KS2, and as h the homework ‘bonus’. The requirement
for passing the exam (E or higher) is:

max(b, by) c max(a, ax) + max(b,by) +c+h

max(a, ax)
_ > > — >
1 >40% & 5 >40% & C_4O% & A+ B+C

> 50%

The grade is then determined by the total including bonus, i.e. the last of the terms above: boundaries
(%) are 50 (E), 60 (D), 70 (C), 80 (B), 90 (A). If the exam misses a pass by a small margin on just
one criterion, a grade of Fx may be registered, with the possibility of completing to E by an extra task
arranged later.

Special for the VT20 round: The optional project-task with up to 6 points substitutes for Question 9 in
this exam if that gives an advantage. In selecting whether to use points from the exam or part-exams
(‘KS’), the selection will be done per question not just per section.

Nathaniel Taylor (08 790 6222)

Section A. Direct Current

1) [4p]
Find:
IQ R Ul
a) [1p] the power from source U; O 2 N
—> + |
VW)

b) [1p] the power into resistor R3

c) [1p] the marked voltage u, R,

()
d) [1p] the power from source Iy O VVV
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2) [4p]

Write equations that could be solved
without further information to find the
potentials vy, vo, v3, v4 and vy in this
circuit in terms of the component values.

3) [4p] Ry
——— AW
R
Determine: ! O
Vo
R3
a) [3.5p] The opamp’s output potential v,. U +
b) [0.4p] The maximum power available to the I Ry Rs
resistor Ry from the rest of the circuit.
Warning: ‘conceptual’ question. T

c) [0.1p] Estimate the maximum output power (in watts) of a real opamp that is for example a small
silicon chip made for driving headphones. Just a very crude order-of-magnitude estimate is wanted, for
comparison with the theoretical ideal circuit in ‘b’.

Section B. Transient Calculations

4) [5p] Find: Rs

a) [1p] Energy stored in Cp at t =0~

b) [1p] Power delivered by Ly at t = 0"

c) [2p] Potential v at t =0T I CT) L Ra

d) [1p] Power delivered by source I ast — oo | |
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5) [5p] VIV

Find the power delivered by the C—) U-1(t) I Ry I-1(=t) CT)
voltage source, for ¢ > 0. _

Section C. Alternating Current

6) [4p]

The source’s voltage is U(t) = U cos(wt).

Determine u(t).

7) [4p] Ry oM
V. V.V [ ] [ ] +
a) [2p] Show that this circuit’s network T
function u(w)/U(w) can be expressed as Uw) C—) Ly Ly Ry Z ulw)
u(w) JwM /Ry B
Uw)  (1+jwL/Ry) (1 +jwLa/Ra) + 52
b) [2p] Sketch a Bode amplitude plot of the following network function:
jw/ws
H(w) = - - .
)= O Jefon) (L )
Assume wy < wy <K ws. Mark significant points and gradients.
8) [4p] s c
n:l |
The source has angular frequency w. |
Component values C' and R» can be chosen. U L H Ry

Other component values are fixed.

a) [3p] What values of C' and Ry will maximise the active power transferred from the left to the right
side of the transformer? Express these values in terms of the other components’ values.

b) [1p] What is the value of this maximum power when the condition in part ‘a’ is fulfilled?
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9) [6p]
Consider a balanced three-phase system according to the description below:

A three-phase voltage source provides line-voltage magnitude U at angular frequency w.

A three-phase load is formed from three resistors each of value R, connected in a delta.
The source and load are mot directly connected. They are connected through three single-
phase transformers that together form a three-phase transformer. Each of the transformers
has Nj turns on its primary winding and N3 on its secondary. The primaries are connected
with each other in delta, and are supplied from the source. The secondaries are connected to
each other in star, and supply the load.

Adwvice! Think calmly, and draw carefully. Use symmetry where you can. Write what you know. Simplify.
a) [Ip] What is the voltage magnitude across each load resistor?
b) [2p] What complex power is supplied by the source?

c) [2p] What is the complex value of current in the primary of the transformer that connects between
lines 2 and 3 of the source, in the direction from line-2 to line-3?

Assume that the source has phase-rotation 1,2,3 and that the voltage of line-2 relative to line-1 is taken
as the angle-reference (zero).

d) [1p] The secondary of the transformer mentioned in ‘c’ becomes disconnected from the load: imagine,
if you like, a fractured wire (open circuit) at one of the terminals of this transformer’s secondary winding.
This is no longer a balanced three-phase circuit.

What complex power does the source now supply? Think carefully!

The End. Please don’t waste remaining time ... check your solutions!
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Oversittningar:

Hjilpmedel: Upp till tre Ad-ark (bada sidor) med studentens egna anteckningar pa valfritt séitt: handskrivet eller
datorutskrift; text, diagram, bild; stor eller liten textstorlek, o.s.v. Dessa maste inte lamnas in med skrivningarna.

Om inte annan information anges i ett tal ska: komponenter antas vara ideala; angivna védrden av komponenter
(t.ex. R for ett motstand, U for en spanningskiilla, K for en beroende kiilla) antas vara kinda storheter; och andra
markerade storheter (t.ex. strommen markerad i ett motstand eller spanningskélla) antas vara okinda storheter.
Losningar ska uttryckas i kdinda storheter och foérenklas.

Var tydlig med diagram och definitioner av variabler. Du far skriva pa svenska eller engelska, men vi rekommenderar
att diagram och ekvationer anvinds i stéllet i de flesta fall.

1. [4p] Bestdm foljande:

a) [1p] effekten fran kallan Uy

b) [1p] effekten in till motstandet Rs
c) [1p] spdnningen u,

d) [1p] effekten fran killan I,

2. [4p] Skriv ekvationer som skulle kunna 16sas, utan vidare information, for att bestimma de fem potentialerna
v1,2,3,4,5 som funktioner av kretsens komponentvérden. Det rekommenderas inte att du férséker 16sa dem!

3. [4p] Bestdm:

a) [3.5p] opampens utgangspotential v,

b) [0.4p] den maximaleffekt som kan levereras till R5 (om man kan fritt bestimma Rs)

c) [0.1p] uppskatta maximaleffekt som en praktisk opamp, exempelvis som &r gjort for att driva horlurar, kan
leverera till en last.

4. [5p] Bestém:

a) [1p] Energin lagrad i Co vid ¢t = 0~

b) [1p] Effekten levererad fran L; vid ¢t = 0

c) [2p] Potentialen v vid t =07

d) [1p] Effekten levererad av kéllan I vid t — oo

5. [5p] Bestim effekten levererad av spinningskillan for ¢ > 0.
6. [4p] Killans spénning &r U(t) = U cos(wt). Bestim u(t).

7. [4p]

a) [2p] Visa att kretsen har den angivna nétverksfunktion (se ekvationen till véinster om diagrammet).

b) [2p] Skissa ett Bodeamplituddiagram av H(w) som given i deltal 'b’. Antag w1 < we < ws. Markera viktiga
punkter och lutningar.

8. [4p] Kaillan har vinkelfrekvens w. Komponentvirden Rs och C kan viljas men andra komponentvirden &r fasta.
a) [3p] Bestdm virden Ry och C som ger maximal aktiveffekt levererad genom transformatorn.
b) [1p] Hur mycket aktiveffekt passar genom transformatorn nér Ry och C viljs enligt 'a’?

9. [6p] Betrakta foljande balanserade trefassytemet: En trefas spdnningskilla levererar huvudspénning U vid
vinkelfrekvens w. Tre enfasiga transformatorer som har N; varv pa sina priméralindningar och Ny varv pa sina
sekundéralindningar kopplas for att skapa en trefastransformator. Priméralindningarna deltakopplas, och matas
fran killan. Sekundéralindningarna stjarnkopplas och matar en last som bestar av tre mostand R i delta.

a) [1p] Vad &r det for spanningsmagnitud 6ver varje fas i lasten (varje motstand R).

b) [2p] Bestdm den komplexeffekt som kéllan levererar.

c) [2p] Bestédm, som magnitud och fasvinkel, strommen i den priméra lindningen som &r kopplad mellan ledarna
2 och 3 fran killan. Antag att kéillan har fasrotation 1,2,3, och att spénningen av ledare 2 fran kéllan, relativ till
ledare 1, anvinds som referensvinkel.

d) [1p] Obalanserat fall: sekundérlindningen av en av de tre transformatorna blir en 6ppenkrets, for att ett brott
har skett i anslutningen. Bestdm den aktiveffekt som kéllan nu levererar till lasten. Ténk forsiktigt.
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