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Equivalent resistance

1.1

How much will the equivalent resistance R for this circuit be ?
(Given resistors with resistance values 1 Q and 0,5 Q
connected as shown).

Rit=? [Q]

1.2

How much will the equivalent resistance Ry for this circuit be?
Given:

Ri=1Q

R,=21Q

R;=42Q

R,=30Q

Rit=?[Q]
1.3

How much will the equivalent resistance Regs for R. 40 R, 10
this circuit be. 2 il 4 14

Rlzlg, R2:4Q,R3:6Q,R4:19,R5:29
RERS R R R
Rers= 7 [Q] 1 3 5
1Q 6Q 2Q
O

1.4

Calculate the equivalent resistance Rggs for this
circuit.

Resistors have the values 0,5 2, 1,6 Q,5,2 Q,
2,7Q,7Qand 3 Q.

Rers=? [Q]

1.5
How much will the equivalent resistance Ry for this circuit
with 4 resistors?




1.6
How much will the equivalent resistance R for this circuit
consisting of 5 soldered resistors?

r'?‘
= 34
ate l shEe
o Y
1.7
One builds a "pyramid" of resistors R = 15 Q. Se the figure. -~
How much will the equivalent resistance Ryor be? alla
R=15 0
Rror=7? §
L

1.8

How much will the equivalent resistance Ryor for this circuit with 6 C
resistors?
Rror =2 [Q 20
TOT [ ] 50 2001
RT oT
2002 50

[— 120

1.9
Set up an expression, and calculate the replacement 20
resistance Ryy. (use || to to denote the parallel

connection).

R1 = ZQ, Rz = ZOQ, R3 = ZQ, R4 = 6Q, R5 = 6Q, RG R
=4Q, R; = 3Q. tot

1.10

G 8,

Rems Rers Rers
—_— —- —.—

[ 8,

Two potentiometers with total resistance of 10 kQ are connected as shown. How large is the replacement
resistance when:

a) both potentiometers are in the upper position. Rggrs =? [Q]
b) both potentiometers are in the middle position. Rgrs = ? [Q2]
C) one potentiometer is in the upper position, the other in the lower end position. Rgrs = ? [Q]
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Potentiometer with total resistance Rror = 10 KQ is connected to a measuring instrument which has the internal
resistance Rg = 1 kQ. This is far too low load resistance, so the instrument draws current from the potentiometer
sensor so that the linearity is lost.

The graph shows the ideal relationship between U and x. Sketch (rough) in the diagram how the deviation from
the ideal curve will become. Suppose E =10V and that 0 < x < 1.



Resistor resistivity and temperature dependency

2.1

How long is the cable? An electrical installation company usually give their
trainees following mission — in the store is a large and heavy cable on a reel,
how long is the cable?

A cable consists of two conductors. A leader and a return conductor. The two
leaders in the cable end that is wrapped in the back of the roll has been stripped
and twisted together. The second cable end is directly accessible. On the cable
reel side are stamped conductors cross-sectional area A = 2,5 mm?.

The resistivity of copper p = 0,018 [Qmm?/m].

( This number is known by hart of many in the electrical industry ).

2.2

With a radiation thermometer one can measure temperature !
contactlessly. In order to check such a thermometer one directs it

against a bright light bulb and then it showed the temperature 280 °C.

The bulb had a Wolfram Wire and were fed with voltage of 20 V. It

consumed the current 0.11 A. F

Previously, the cold lamp resistance had been measured at room 20V
temperature 22 °C to 98 Q. The temperature coefficient for Wolfram is
o=45107.

Calculate the filament temperature of the lamp [°C] and compare it to the temperature reading. Did the
radiation thermometer showed the correct temperature value?

2.3
An immersion heater, with resistance R = 50 Q at room temoperature 25
°C, used in conjunction with an adjustable resistor Ry, adjustable

0=R, <1000
between 0 och 100 Q. - f
The heater resistance wire is made of nickel. Nickel has temperature . : l
coefficient o = 6,7-10"°. The two resistors are connected to a stable g

voltage source E = 12 V. See the figure. E [ T
12 Ve | e
a) One adjusts R; until the water begins to boil ( 100 °C ). What is the - D 2 |-

value of the resistance R then? R =7 [Q] ST

b) One measures R; =25 Q.
Which heating power is supplied to the water viaR? P =? [W]

2.4

Describe the principle of three terminal sensing. R,

R, ’H T

Cc o }—o—
Ry



Serial — parallel circuits

3.1

Determine the current | in magnitude and direction.

3.2
a) Calculate the resultant resistance Rggs for the three __i_ )
parallel connected branches. |
+ Iy I I3
10 U
b) Calculate current | and voltage U. : - 1o
18 Q 8 Q
c) Calculate the three currents I I, and 15 and the voltage U, + ! +
over 3 Q-resistor. E 1 3| Uy
12V |
3.3
Calculate current I and voltage U for the serial-parallel R. 240

circuit in the figure.

12V
203
3.4
Calculate current | = ? and voltage U = ? for the
! L . 40
serial-parallel circuit in the figure. —
L
| = +
n 05 Q| | U=?
E <> 40 40
10V 15 O
149
3.5
Calculate current I and voltage U for the serial- R, 4Q R, 10

parallel circuit in the figure.

+
E
36V

217

py)
[e)]
5 M
N
S
Co+
C

10




3.6

a) Set up an expression of, and calculate the

replacement resistance Rggs. K1Y
b) Set up an expression, and calculate the current —
l. E 4 o ar

12 ERS RQ
R1:3kQ R2=6kQ R3:3kQ <> -
R4:6kQ R5=6kQ

Batteries

4.1

A battery has the capacity number C,q = 60 Ah. The capacity number is based on laboratory measurements.

a) How long time did the discharge last, and wich discharge current was used at this laboratory measurement?
b) Suppose that the battery with the capacity number C,,= 60 Ah is used to a lap that consumes the current 1 A.
How long will the battery last?

c) Suppose that the battery runs a start motor with the current 300 A. How long will the battery last?

(expect the capacity number to be reduced by 30% at this high current ).

4.2

a) b)

R R, R,

+
+
+

MAX

In order to determine a battery's internal resistance R, two measurements were made. see figure above to
left.

First the battery emf was measured with a good voltmeter E = 1,4 V, and then the battery was loaded with
a resistor R =10 Q and then the current | through the resistor was measurerd tol | = 123 mA.

a) What was the battery's internal resistance? R, = ? [Q]

b) What is the maximum current Iyax the battery could deliver if it was short circuited? Iyax = ? [MA]



4.3

A battery-powered equipment is
powered by a rechargeable
battery. The battery consists of a
number (n pieces) NiCad cells.

Drift

(The figure is simplified with
only two of the n cells shown.)
The CellshasE=1,1Vand R; =
0,2 Q. The capacity number for
each cell is C = 3000 mAh.

D

R=020 [

| I

The equipment consumes 1.75
Aat 6V, how many cells are

—
R=020

D

270

needed? -

Laddning

I=175A R =7 1) s

.
R=020

E=24V
R, 4
. + E=11V
> [st] |:| U,=6V () > [st]

) RIZO‘QQI::|

+

E=11V )
N —

a) n=?

The battery is charged from a 24 V battery. What a charging current I appn Should you have if you want
the battery to be charged rapidly in an hour? (From empty to full, assuming that the cell E is constant

during charging).

b) 1 apon="?

What value should R have in order to receive this charging current?

c) R=?

4.4

Three similar batteries E = 10 V and internal resistance

6 Q are connected in parallel to supply current to a
resistor with resistance 2 Q.

a) How great will current | and voltage U be?
=?[A]
u=21[V]

b) Accidentally one happens to turn one of the
batteries wrong. Use Kirchoff's laws to determine
the currents Iy, I, and I magnitude and direction
(sign). Determine U.

The task is simplified if you "merge" the two of the
batteries to one battery in a similar way as in a.

1= 2 [A]
I, =2 [A]
1=2[A]
U=21[V]

=9
60 60 680 .
10V 10V 10V
M ¥ M 20 u

310

I+
.:I O
AN10V [ = o
6 Q 6Q '
10V 10V N '
+ + 20 U
6Q B

Mergel!




Kirchoff’s current law and voltage law

5.1

Calculate the four currents 1, I, I3 och I,.

52
We know that the current | from, E, to circuit is 10 A. How
big are the currents Iy, 1, I3, 1, ? What value has E ?

5.3
Use Kirchoff’s voltage law to calulate U = ?

10

10A

40




Kirchoff’s laws, equation system

6.1
Use Kirchoff's laws to determine the three currents

amount and direction (sign).
Ilz?, |2:?, |3:?.

1, =?
An interpretation of the circuit: 1
A car owner parallel connects his poor battery 0.01 O
(8,65V) with a borrowed good battery (12,35V) to '
boost the starter motor (0,025C2) a cold winter day.
Having solved the task do you know if he had any +
advantage of the poor battery? 12,35V

6.2

Use Kirchoff's laws to determine the three currents I, I, and I3

their amount and direction (sign)..
Given:

E;=5V R;=1Q

E,=21V R, =2Q

E3 =4V R3 =2Q

Ry=15Q

L= [A]

1, =2 [A]
l,=2 [A]

6.3

Use Kirchoff's laws to

a) Determine the voltage across R, (18Q resistor).

b) Determine the current I, to the amount and direction.

c) Determine the current I to the amount and direction.

6.4
Use Kirchoff's laws to determine the current I:s and the
voltage U:s sizes and directions (sign).

11

1,=?

0,010

8,65V

18V

C

0,025 Q



6.5

a) Use Kirchhoff’s two laws to set up an equation system - === .

by which the three currents I, 1, and I3 can be calculated. ’L_Evﬁﬁ +

(You need not solve the system of equations) o, ‘BH @

i

If equationsystem is solved one gets: 2£1|:| 30 50 D |

Lb=187 1,=-10,4 13=8,55 [A]. R Rz Rs |
60V -

b) What does the voltmeter at the right in the figure show 251"()& QE?VCD

(give both amount and sign) [V]? + +

6.6

Use Kirchoff’s laws to calculate the currents I, I, and I5 to magnitude and E, 17V

direction (sign).

.= 2 [A]
=2 [A]
|3: ? [A]

15V

276

12



Potential, nodal analysis, depending generators

7.1

A voltage divider consists of three resistors R; = 100 Q, R, = d

110 Q,R3=120 Q, itis fed withanemf E =12 V. T~ -

One measures the potential (the voltage relative to ground) at R, ~

the different sockets of the voltage divider. lOOQ}c — — s 1
+ e |

Voltmeter negative terminal is all the time connected to the E C) R, -~ |

socket b, ground, while the voltmeter positive terminal medan 12v 100l 7y o

voltmeterns pluspol in turn connected to the sockets a, b, c, ¥ |

and d. 12522 — |

a
What will voltmeter show? Fill in the table below. — ———— " — — — &7 ™ J
Socket a) b) c) d)

Voltmeter [V]

7.2

Use node analysis to calculate the currents I, 15, and I,.

7.3
Use nodal analysis to determine the currents I; I, och I to I /g
magnitude and direction. -t
',2
RW
OSSN
18Q
18V et

7.4 Depending generator
Use Kirchoff's laws to determine the three currents amount and —
direction (sign). 3V E=-101,

+
1,22, 1,=2, 15=2. /\11 I +/—\
Note that E is a dependent emf. U ]v

The dependent emf E depends on the current through the
1 Q resistor according to the relationship E = -10-15.

13




Thevenin and Norton Equivalent circuits

. 1 2V
£=100 =
2V T2A UR 10q
u=? =7
i 2A?

What value should voltage U get in these idealized and usually unrealistic circuits?
8.2

8.1

- - - o » » »

A T 30 Lm,ﬂx 50 7A T ¢3A 40 T“‘

+ -
Simpyify the circuits.
8.3
Replace the given two port circuit with a simpler one having an emf in series
with a resistor. + A
2V
20
B
8.4
4KQ 4K0 R
+ A -+ A
100V 16 kQ 12kQ = E,
B B

a) Determine the voltage between A and B (the open circuit voltage).

b) Determine the current that would go through a conductor with very little resistance, if it is connected
directly between A and B in the figure (the so-called short-circuit current.)

c) Determine a circuit consisting of an emf Ex in series with a resitor R, (according to figure) which is
equivalent to the given circuit if viewed from points A and B.

d) Determine the maximum power which can be obtained in a resistor connected between points A and B. (Use
the result from task c.)

8.5
Use Norton and Thevenin equivalents S k0
to gradually reduce the circuit, and then — .
L
calculate the voltage U = ? +
10 mAT Sk 2ka w=7 0,5 kG

14



8.6

a) Develop an Thévenin o,
equivalent , Ey R,, to the /‘\+
circuit with the two voltage U A
sources (7V) and current 12mA

source (12 mA). 1kQ +
T@ D 1kQ E u
+ 0
Eo:? [V] R|=? [kQ] -

o r

B
v B o
! o)
b) The circuit AB is connected to a variable resistor. One measures voltage I
and current to draw the circuit’s characteristic curve | as a function of U. Draw
this graph. grade axes. 1= 1)
U
8.7 superposition
Use superposition to solve | = 2. Rq12a
8.8
Choose the load resistor R, to dissipate the
maximum power. 5R1
o

How big is this power?

a) Develop the equivalent Thévenin circuit, Eq R, to the net with the two current sources.

b) Then calculate what current | one would get if a resistor R, = 2 kQ is connected to the original (or equivalent)
net.

15



8.10

1kQ
1kQ R R A
12v| 8V A E
+ + +
1 kQ Upg =7
_B B

a) Develop the equivalent Thévenin circuit, Eq R,, to the circuit with the two emf and the three resistors.
b) How big is the voltage drop Uag over 1 kQ resistor in the original circuit?

8.11

5mA
—-

2k I A j=?

6V 6ka
Eq =

a) Develop the equivalent Thévenin circuit, Eq R;, to the circuit with the voltage source and the current source
and the three resistors. (6 kQ resistor is not included in the circuit)

b) How large current would flow ina 6 kQ resistor if it is connected between A-B? Calculate current |
magnitude and direction (positive current direction defined in the figure).

16



Capacitance, magnetism, inductance

9.1
The figure shows a principle view of a camera flash.

7, =tomA Fress

Load ‘

a) How much electrical energy is stored in the capacitor W? » R '
b) How big is the charge in capacitor Q? _
c) How big is the lightning current (mean value) 1? E;Et:éi \évgrr:verter _[1eoVv —_
d) How big is the power during flash discharge P? T
e) How long must you wait for the next flash t,;54? \T/ 1/2000 s

1000 nF

9.2

The backup capacitors of the type "Supercap” can be used as a power backup for memaries - if one for example.
needs to move the phone from one room to another without the phone forgetting its settings.

Make a rough estimate of how long the charge on the capacitor will last? Assume that C = 1 F and U is initially
5V. The equipment draws | = 10 mA and operates down to 2.5V.

9.3

Two capacitors are parallel-connected. What about equivalent capacitance and Co._=?

rated voltage? ERS

Ci =4 pF 50V J Unmax

C,=2 uF 75V Unmax =75V
=50V C1 Cg \,\

4.F (2uF
94
Two capacitors are connected in series. Calculate the equivalent capacitance Cers

and specify how the voltage is divided between the capacitors.
E=10V
C1 =6 uF

02 =12 uF

9.5
Three permanent magnets are placed in a row as shown. Draw the magnetic force lines in the figure. Mark with
arrows the magnetic field direction.

238

17



9.6
Two permanent magnets are placed on either side of an equally large piece of metal. See Fig. The metal piece, in

the center, is of a material having permability . = 1. Draw the magnetic force lines in the figure. Mark with
arrows the magnetic field direction.

S N N S
9.7
Sketch the magnet's field lines in the figure, and how Iron
these are affected by the iron piece and the glass piece in Y\
the magnet proximity. Also mark the direction of the &
field.
N S
L Glass
9.8
A copper wire is formed as a loop through a paper. See the figure.
Through the loop, a current of a few Amperes flows in the N s

direction of the arrows.
a) Draw the magnetic field (the magnetic lines of force). around
the wires in the plane of the paper. Mark field direction of

arrows. o
b) Assume that a compass needle is placed in the hatched area on / \

the paper. Draw how the compass needle will aligns itself in
the magnetic field of the wire loop.

9.9
A current is flowes through the coil. Amagnet is nearby outside the coil. See -
the fig.Wich direction has the resulting force F, is it attractive or repulsive? -

18



9.10

Lens law. ‘s | A

We draw out the magnet (as a cork from a bottle) from the coil. Which

direction will the current | have? N |
1=? -

9.11

AAAAAARR AR

NZ-u-A
0 =

K:”I;A L=K-N?

~

Suppose that a coil is wound with N = 100 turns and then have the inductance 1 H. How many turns has to be
unwound if you want to change the coil so that the inductance becomes %2 H?

19



Transients with RC and L/R

10.1

At time t = 0 the contact bettween voltage source E = 10 V and the

t=0 C

capacitor C =500 pF which is series connected to the resistor R =
500 Q. +
a) How long time will it take for the voltage across the resistor * U

— o\ E R R

Ug =2 V?
. . . 10V

b) After how long time will the voltage across the capacitor be 2 \V? 208 o~

10.2

A capacitor C = 1000 pF is connected in series with two resistors with . _MC =1000 HFR g
the resistance R = 1kQ. at time t = 0 a voltage source with the constant N _ _
voltage E = 10 V is connected to the circuit. R _—

At what time (t =?) has the three components the same voltage across

them?

10.3

A capacitor, C = 10uF, is charged from a constant voltage source E R,=5Kk0

=22 V. The charging current is limited by two parallel connected (=0 '

resistors R; =5 kQ and R, = 15 kQ. The charging is started by the ¢ _,,

switch closing at time t = 0.

a) What time constant t has the circuit during the charge? ¥, P
:

C
b) How long time will it take until the current I through R; has __:10 oF
passed below 3 mA?
10.4
Two serieal connected capacitors, C; = 25uF and C, = 15uF, are t=0 R
charged from a constant voltage source E = 15 V. The charging ]
current is limited by a resistor R = 330 kQ. the charge is started + Ci
by the switch closed at time t = 0. E 1
a) What time constant t has the circuit during charge? Cz 4+
b) How long will it take befor the voltage Uc, reaches 2 \/? Z|: Ucs
235 -
10.5

Before time t = 0 is the capacitor via a switch connected to +5V.

At the time t = 0 the switch is changed and the capacitor will be

connected to +15 V. Suppose R = 2000 Q and C = 1000 pF.

a) How long will it take after t = 0 for voltage U¢ to reach +10
V?

b) How long time after t = 0 do you estimate dit will take for
current through R to cease? (For a technican less than 1% is
nothing.)

10.6

before time t = 0 a constant voltage E = 12 V is connected to R and C. At

time t = 0 the connection to the voltage E is removed. Suppose R =110 Q

and that C = 10000 pF.

a) How long time will it take after t = O for the voltage u(t) across the
resistor to drop to 2 VV?

b) How long time after t = 0 do you estimate it will take for current through
R to cease? (For a technican less than 1% is nothing.)

20

E— u (t)




10.7

A coil with inductance L = 0,8 H and the internal resistance R
=12 Q is connected to a constant voltage source E =12 V =0 L
with a switch. At time t = 0 the switch is closed.

a) What value will the current i through the circuit have after

one tenth af a second? i(t =01) =? [A]

b) What value will the current have after one tenth of asecond E
if R would be twice as large R = 2:12 =24 QO?

iR (t=01)=?[A]

i (t=01)=?

10.8
E is a constant voltage source. At time t; the switch is closed. 100 Q 4
: o - 2

a) How large is the current through the coil in the first moment?

b) How large is the current through the coil after a long timel? t,

Later, at time t, the switch will be opened. E +

c) Write down the expression for the current through the coil asa gy 1H |:| 100 Q
function of time t for the time after t,. (Suppose that the switch
is opened at time t =t, = 0).

166

s R, 600kQ
E — —{ |} On 65V
200V Off 55V
D
B5V
sy ] Vo

E =200V R;=600kQ R,=400kQ C=22uF On65V Off 55V

The circuit above flashes with a neon lamp (this was a common component at the time before the LEDSs).
Capacitor is charged. Neon lamp will "ignite” when the voltage across it reaches 65 V. It will quickly discharge
the capacitor to 55 V, and then the light will "go off".

a) From the beginning the capacitor is discharged. Calculate how long time it will take, after having hit the
switch S, until the first light pulse will appear.

b) Then the circuit will flash at a constant rate, see the oscilloscope-graph. Calculate how long time there will be
between the flashes?

¢) Suppose one removes the resistor R, from the circuit. How long time will it then be between the flashes?

21



10.10

10k 10k

5V 1k | Dq—— v 1] =

+ + —0C
D + D +
1k 150n | 1K UL
1k ] z2 1k [l] T —
O
a) Calculate the Schmitt trigger trig levels. b) Calculate the Schmitt trigger oscillator frequency.
The potentiometer is set to R = 5k.

10.11
A resistance thermometer is used for measuring the temperature of the surface of
an internal combustion engine. 20 '
When the engine is hot one measures 176 €2, and when the engine has cooled |
down for 10 minutes one measures 139 Q. After a long time (very long) the
engine will be cooled down to ambient temperature which is measured to be 25° 5
C

The temperature 3 [°C] during cool down follows an exponential function with

a time constant t, use the equation for exponential changes”.
For the resitance thermometer (with platinum) has the relationship:

R(9) =100-(1+385-1073-9)[Q]
e Determine the time constant for cool down.
T =? [minutes]

22



Alternating voltage and current, phasors

11.1

A sinusoidal entity has the maximum value A 6,0 and becomes 0 2000 times per second. The time t=0is
choosen so that the entity at that time has the value 3,0 and is rising towards 6,0. State the entity

a) mathematically

b) vawe graph

c) phasor

11.2

Calculate for this periodic alternating voltage its rms value —

which is the equivalent DC voltage that would produce the [‘”2 uen

same effect in a resistor.

0 5 10 15 20 25| t[ms]

11.3

What is the relationship between the amplitude, the peak value and the RMS value of a sine voltage?

Phasor charts

114
Identify what components that have given the voltage phasors
U; and U,.

11.5

Draw the phasor chart with all volages and currents for this
circuit. Estimate the impedance Z as the ratio between the
lengths of U och I. Estimate the impedance phase angle ¢ as the
angle between U and I phasors.

11.6

The circuit of the figure is supplied with a sinusoidal alternating voltage U
=200V, f=50Hz. The solenoid has the inductance L =0,318 H and the
two resistors R; = 100 Q and R, = 50 Q.

a) Calculate X, . U=200V

b) Draw the phasor chart for this circuit. The phasor chart shall contain U +
Urr Urs | Ig 1. Suggestion: use U,y as the reference phase C
(‘horizontal, angle 0°). Phasor lengths must be at least a rough, f =50Hz

proportionate. Mark angle ¢ in the phasor chart, the angle between |
and U.

23



11.7

Draw the phasor chart for the circuit in the figure. At the actual frequency
applies that |[Xc| =R and | X, |= R/2.

The phasor chart should contain U U; U, | I Ic.

Mark angle o in the phasor chart, the angle between | and U.

U is a suitable reference phase.

11.8
The figure shows a voltage divider. This is fed with an alternating voltage U,
and the output voltage is U,. At the actual frequency applies that |X,| = 2R.

Draw the phasor with I3, U; och U,.

Use |, as reference phase ( = horizontal). (Strive to get the right proportions of
phasors)

Alternating voltage and current, jo-method

12.1
Set up the complex expression for current | expressed in UR C o. Ay
Let U be reference phase which means a real numberl. Reply
with an expression of the form a+jb.

12.2

How can the impedance Z look like that has given
rise to this phasors? Draw the circuit diagram
diagram and calculate the components.
U=220V, f=50Hz.

1 =10A
I=10A

U =220V Z=7

U=220V
_I.
12.3
U, is a sinusoidal alternating voltage with the angular frequency . 42
Determine product R-C. = .
(No current is drawn at Uy) Uy =10V "

24



12.4
Determine the current I.

Use Thevenine equivalent.
u f -
~
220V, 50Hz
12.5
When a resistor R and a capacitor C are connected Ay -

in parallel to a AC votage source U each of the
two components gets the current 2A.

How big would the current be if the two were
series connected to the voltage source?

D7
N

12.6
Determine the complex impedance Z g for the circuit. A

— IWQ % 20102

ZAB
-201Q
JR—— 150

Bo—

12.7

Derive an expression for complex current I (with U as reference phase).

Note! One does not always havet o give the answer in the form a+jb. The
same information, but with less effort, is if the answer is expressed as a

ratio of complex numbers. Amount and arguments can if needed be u,
taken from the numerator and the denominator directly.
a+ib a+jb . .
[ Ly M arg(l)=arg(a+ jb)—arg(c + jd)
c+jd lc+ jd|
12.8
Derive an expression for complex current I (with U as reference phase). 7=?
R
+
u,f <\| L
AN ©
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12.9

Calculate impedance Z.

Calculate current I.

Calculate I¢ (use current branching formula).
Calculate U, (use voltage division formula).

+
U,f<
Y

u=30V

12.10
An AC circuit is connected to the AC mains with U =230V and f=
50Hz.R=46 Q, oL =R, r=32,5Qand C =69 uF.

a) Calculate Ig
b) Calculate I¢
¢) Calculate I,
d) Calculate I

12.11

An AC voltage U,y with the frequency f= 1000 Hz feeds a circuit with
an inductance L = 10 mH in series with a resistor R = 50 Q. In parallel
with these are a resistor Rg = 100 Q.

Given is voltage Uyt = 6,28 V.

a) Calculate I,
b) Calculate Ug
c) Calculate Uy
d) Calculate |
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Resonance

131

In a circuit R, L and C are series connected. One measures

the same voltage drop, 1 V, across all af the three
components. How big is the supply voltage U?
(NOTE! trick question) N

u =2

A"
131

13.2
Ina circuit R, L and C are in parallel. One measures the same current, =' =?
1 A, in the three parallel branches. How big is the current, I, that is 1A

taken from the supply voltage?

(NOTE! trick question) C)
4"

130

13.3
At which frequency ( expressed in R L and C ) has the current | and voltage U /

the same phase? >

Uf,
~ (]

9]

_/
1o

13.4

A serial resonance circuit has the resonance frequency f, = 2000 Hz and the bandwith BW = 200 Hz.

a) Calculate the circuit Q-value.

b) One measures the coil resistance to Rs = 2 Q. What value has X (at the resonance frequency)?
c) Calculate L and C.

d) Estimate the lower and upper limits of the bandwidth. Check that the estimate was reasonable.

13.5

A parallel resonant circuit is supplied from a
current generator which supplies 80 mA at the
resonant frequency f, =20 kHz.

a) Check that the inductor has Q >10.

Transform the serieresistance r to a parallel 7 @ [
resistance R.

b) How large is the resulting impedance (source 80 mA
+ resonant circuit) at the resonance frequency?

c) Calculate currents I, and Ic.

d) What values has L and C ?

e) Calculate resulting Q-value and bandwith.
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13.6

L2
Stores theft buttons contains a resonant circuit with a high Q value, consisting of a small coil L +r and a
capacitorC.  L=5uH r=0,5Qand C =25 pF.
a) Which resonant frequency has the circuit?
b) Which Q-value has the coil at resonance frequency?
¢) one wishes to adjust the resulting Q-value of the resonance cirquit to exact Q = 500 by connecting a
parallel resistor Ry. Vhat value should Ry have?

13.7

)
RFID
‘ reader JCZ; e ((( L

/"

Data Out

Control
Unit

ntenna

i)

SL’s access-card contains a so called RFID-tag. It communicates with the It communicates with a reader at the
turnstyle at the frequency of 13.56 MHz and the data rate of 70 kHz. To "read" the data signal with this speed
the resonance circuits included in the card and the reader needs to have a bandwidth at least twice the data rate ie
2:70 = 140 kHz.
(You only need to understand the resonant circuit r L C in order to solve the task, not the RFID technology).
Infigureis L=2,5uHand r=1,5Q the embedded coil. C is the capacitance of the resonant circuit. The
circuit parallel resistance Ry symbolises the processor connected to the resonant circuit, which consumes power
from the resonant circuit.
a) Calculate the value of C that gives the wished resonance frequency?
b) What Q-value has the coil at resonance frequency?
¢) Transform the coils serial resistans r to a parallel resistans R.
d) Suppose now that the coil only has parallel resistance.

What value should a parallel resistance Rgy have for the bandwith to be 140 kHz?
e) What value could the resistance Ry in parallel with R have for the bandwith to be 140 kHz?

(Rew =Rx|IR)
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13.8

r_ j
T |Reric
&)

RFID-key-tags are used instead of door phone for access to apartment buildings. The communication is with
radio frequency. The key tag containes a printed coil L r and a capacitor C, that forms a resonance circuit for the
communication frequency. The resonance circuit is also loaded with a processor Rpc.

L=043mH r=4Q C=3,77 nF Rpic = 20 kQ

a) What is the resonance frequency of the key tag? f="? [kHz]

b) What Q-value has the printed coil at resonance frequency? Q. = ? [times]

c¢) What resulting Q-value (with the processor included) will the resonance circuit have? Qs = ? [times]

d) What is the resulting bandwidth of the resonance circuit? BW = ? [kHz]
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Filters

14.1

The figure shows a simple filter with L and R.

a) Derive the filter's transfer function.

b) Enter the filter magnitude function and phase function.
c) Give an expression for the filter cut-off frequency fe.
d) What kind of filters is it LP HP BP BS ?

u, _,

U,

=2

U,

=7 arg(g—z]z? fo =? LP HP BP BS?

=1

14.2

Set up an expression for I¢(U, o, R, C). _Q__L

Q

14.3
The figure shows a simple filter with a capacitor C and two resistors R; and
R,.
a) Derive the filter transfer function, the ratio between the complex voltages R1
U, L]
U, ot Il
. _ _ U C'l
b) What values of the transfer function magnitude and phase angle going U R U
towards at the low frequencies? 1 L2 2
What values of the transfer function magnitude and phase angle going O .

towards at the very high frequencies?
What kind of filters is it, LP HP BP BS?

c) Set up an expression of the filter cutoff frequency (then the numerator real part and imaginary part are equal)?

d) Suppose that R; =1 kQQ and R, =2 kQ and C = 1 uF. Calculate cut off frequency.

144

The figure shows a simple filter with L C and R.

a) Derive the filter's transfer function.

b) Derive the filter magnitude function and phase function.

c) At what frequency will the numerator be purely real? Give an L C

expression for this frequency f,.
d) What is the value of the magnitude function at this frequency?

What value does the phase function have at this frequency? U1
e) Examine the filter's magnitude and phase for very small Y R Uz
frequencies (f~ 0 ) and for very high frequencies (f~ ).

What kind of filters is it, LP HP BP BS ? o

Yo , Y2
u

=1

=7

=? arg(%):? fy =? LPHPBPBS?
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145

Wien bridge often occur as feedback networks in amplifiers. (The two R 1| ©

R, and the two C are the same). o—{ | | C
U . . .

What value doesu—2 approach at high, respective low frequencies? + c +

1 U, - U,
For what value of f (expressed in R and C) does U, and U, has the - -
same phase angle?

@]

. .U .
How big is the ratio U—Z at this frequency?
1

14.6

The figure shows the Wien bridge "backwards".

a) Derive the filter's transfer function.

b) ( Sketch magnitude function and phase function. )

¢) What amount and phase angle has the transfer function
when o =1/RC?

14.7
The figure shows a simple filter with two R and a L. R

a) Derive the filter's complex transfer function U , /U ;. [ }

b) At what angular frequency wx will the magnitude function be

U, 111U, =172 2 S L

Give an expression for this frequency wx with R L. U1 R U2

¢) What value is the transfer function magnitude going towards at the low frequencies, @ ~ 0? What value has the
phase function at very low frequencies?

d) What value is the transfer function magnitude going towards at very high frequencies, @ = oo ? What value has the
phase function at very high frequencies?

14.8
The figure shows a simple filter with L C and R.

a) Derive the filter’s transfer function U , /U, .

b) At what angular frequency @, will denominator be purely imaginary?
Give an expression for this frequency @, with R L and C.

c¢) What value has the transfer function magnitude at this angular frequency, a.?
d) What value has the phase function at this angular frequency, a, ?

e) Give an expression for the transfer function 1, /U ;. ( Note! You alredy have U , /U, froma)

U, (o)

a)uz—(a)):? b) oy (R,L,C) =7 C)U( )
Yoy

U, (o)

_ U,(wy) | _ 1z(0) _
'Jd“%gwn}?”gwf?
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Transformer, inductive coupling

:|R2=?

15.1
For a transformer in operation the following data was measured:
Primary Secondary
N1 U1 |1 N2 U2 |2
600 225V ? 200 ? 9A
Calculate the two missing values.
15.2
For a transformer in operation the following data was measured:
Primary Secondary
N1 U1 |1 N2 U2 |2
? 230 V 2A 150 ? 12 A
Calculate the two missing values.
15.3
For a transformer in operation the following data was measured:
Primary Secondary
A\ U Iy N, U, 2
600 225V ? ? 127V 9A
Calculate the two missing values.
154
U=10V,50Hzand I, =0,2 A. Calculate I, and R,. I.=02A R;=100Q 1, =2
+ I+
ov " | |
MOEENAS 38
| |
| |
133 N
155
R,=1300Q 5 -
It It
+
230V ' '
E R, o7, Ly | | R
/\/ =250Q 171 | Y2 =15Q
| |
=7 ! !

)
A\

A transformer with a ratio of 5: 1 is connected to the mains E = 230V via a voltage divider R; =150 Q and R, =
250 Q. The secundari side of the transformer has the load R; = 15 Q.

Calculate the current I through resistor R,.

15.6
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Four coils are connected as shown. They are totally independent of ©
each other, they have no common flow.
How large is the resulting inductance Lggs=? Ly=4H
Leps="7 L,=6H
Ly=4H
o}
15.7
Calculate the total inductance of three series M, =1
connected coils placed so that they access _ S—
portions of each flow. [H]
L; =5[H], L, =10 [H], Ls =15 [H], M,=2 M, =3
My, = 2 [H], M3=3 [H], Mi3=1 [H]. gl e
o [ ] o
A1 B
Lror = 2 [HI. O—MO
L =5 L, =10 L, =15
15.8
Mi; My My a)D b)
® L ) L,
A o e UM e el gl e WA (L]
L, L, L; @ L ©
Three inductors L = 12, L= 6, L,=5 [H] are series connected. H
When inductors are close to each other the placement on the circuit board can be

important. In the figure to the left a) will inductors to have a portion of the magnetic
lines in common. They then have the mutual inductances M,=3M,=1M, =1 [H].

In the figure to the right b) the inductors are mounted three dimensional so that there are no shared power
magnetic lines.
a) Calculate the total inductance for the arrangement in figure a). Lior=?

b) Calculate the total inductance for the arrangement in figure b). Lior = ?
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Solutions

Equivalent resistance

11
Rt = 2-[ 105409 4
1+05+05
1.2
Ry -R .
R4(Rl+#j 0 (1 2242
Rees = Ry +R3/ 21+42) _30(1+14) 3015
ot~ Rp-Rg) 2042 30+1+14 45
Rg+| R+ " 30+| 1+
Ry +R3 21+42
1.3
6-3 1-6
R =1+2=3 Ryg= " =2 Ry =4+2=6 Reg =Ry = - =0860
14
5,2(2,7+77'3;j
Rene = o,5+1,6+—;3 =460
52+27+——
7+3
15

The three resistors R; ... Rz are connected in parallel

[kQ]: R,,; = ﬁ =1527. The resistor R, is in parallel with a “short circuit wire” (R=0),

28 84 56
O-Rs _ 4. Totally we get Rt = Ry s+ 0=1527 kQ.
0+Ry, e
1.6
The four resistors R, ... Rg are in parallel.

R _ 1 — 4 o and thereafter connected in series with R;. Ryt =4 +2 =6 Q.
2345 ( 1 1 1 1)

e e S
12 12 24 24

1.7
R =15+ ! + ! =15+5+3=23Q
ToT = 1 1 11 1 1 1 1 -
—+—+— —t+—+—+—+—
15 15 15 15 15 15 15 15
1.8
The circuit consits of two equal parallel branches. One of the branches have:
20-5 - . . 6-6
Rene = —— +2 = 6. Then the total equivalent resistance is: R == =3Q
ERS = 2045 q TOT 6.6
1.9
Rt = (R, IRs) + R R, )+ Ry)II R, + Ry e
6-3 2+4)-6 200
Ry; =——F=2 4567=¥=3 R ™
’ 6+3 T 2+4+6 20

(3+2)-20

Rizaser = 342420 R

=4+2=6Q

tot
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1.10

3 b 9
5k O 5k Q

a) 10/2 = 5k b) 5/2+5/2 =5k c) 0

111

10+ U]
94
8<,
74
6+
541
a1+
34
241
1+ X

02 04 06 08 10

Resistivity and resistors temperature dependence

2.1
| I___"?_j |
2R ! !
—_— = |
230 ! . !
| I |
=7

A smart trainee go and get a Q-meter and measures the resistance in the two series connected wires of the cable.
This measurement gives 2R = 2,3 Q.

Each wire then has the resistance R = 1,15 Q.

The length I of the cable can be calculated:

I = (RxA) / p =1,15%2,5/0,018 = 159,7 m

It had been troublesome to measure out the length of the cablewith measuring tape!

2.2
Ry=2 =20 _1890 R -98Q «=45.107 t-98°C
| 011
Ry =R +Ry-aft—t) < tzzﬂ-rZZ:ZlZ,S"C
98-4,5-10

The radiation thermometer thus showed 60° improper!

2.3
a) N = 6,7103

E 12 12

- - - —012A < P=12.R=0122.751=1,08W
R+Ry 751+25 1001

b) I
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2.4

Describe the principle of so-called three wire connection. R,

At three-wire measurement, measure first the resistance between A & o o

and B. Then you get with 2-R, to much. By measuring the /E/
resistance between B and C you find out how much 2-R, is and is R, R,

thereby able to correct the first reading.

Serial — parallel circuits

3.1
LBV v sy
Y Van
360 240 480
H H
—
1080
2
8+6-12=2 36+24+48=108 |=—=019A
10,8
3.2
a)Rres=2Q b)1=4A, U=8V ¢) ;1 =1A 1,=2A13=1A U =6V
3.3
We calculate two equivalent resistances.
2412 1
Y27 412 Raas™ 1 1 1 30
9 18 ©6
U can be calculated with the voltage division formula:
R

Ug, =E 12 _qp 8 =8,73V

Ri,t Ry, 8+3
Voltage over Ry ,5=E -U =12-8,73=327 V and then | = F\: =327/6=055A.

5

3.4

4

—-(0,5+15) E 10
RtOt:4+—:5 |tot:—=—:2A

2+ (05+15) Root S

The current is divided between thre parallel branches: 4//4//2. Over these is the voltage =
0,5
05+15

2
=E -l 4=10-2-4=2V.Weget I=—=05A and U =2 =05V
4
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3.5

. . 6-(1+2)
We calculates an equivalent resistance. ———— = 2
6+1+2

. . 2
Ur: =36 V. Ugs can be calculated with the voltage division rule: 363 =12
+

then |:|R3=%:12/6:2A
Rs

2
Voltage U over Rs can be calculated by voltage division rule: 12——=8

1+2

3.6
8) Regs = Ry +(R, [| (R; + (R, | R.)) =

6-6
Rs=——-=3 R,;=3+3=6
45 6+6 345 e 3KO

6-6
R2345=m=3 Reps = Ripgys =3+3=6 E

E 12 lyy 2 12¥
b) I, = =22 l,=-R=S=1

Rers 6 2

les 1
|R4=$:5=0,5[mA]

Batteries

4.1
a) C,o=60 Ah means that the discharge has been ongoing for 20 hours and that the battery capacity Ixt was 60
Ah. The constant discharge current I that was used was then 60/20 = 3 A.

b) The capacity number is developed at the current 3 A. Then one can assume that the battery capacity is
unchanged at the nearby current value of 1 A. We gett= C/l = 60/1 =60 h.

¢) The high current 300 A is a completely different operating condition than that used by the manufacturer to
develop the capacity number. From experience (here given) we know that the capacity gets lower at high
currents. Therefore, it is expected that the capacity's reduced till 70%. C'=0,7xC =0,7x60 = 42.

We gett=C'/1 =42/300 = 0,14 h 0,14x60 = 8,4 min.

4.2
) 1= ° o ow3= " o r="" _10-1380
R +R R, +10 0,123

E 14
b) lyax = — = - =101A
) MAX R| 138
4.3

U 6

a U=6 1=175 n-E-n-Rj-1-U=0 n= 8 st

E-1-R 11-175.02
b) At serial connection the voltage is increased but the capacity will be the same. C = 3000 mAh.

Cott = 1=5-3_34
t 1
c) 24-8-11-R-3-8:0,2-3=0 R=24_8'1’1_8'0’2'3=3,47Q

3
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4.4

Three equal batteries can be merged into one with E =10V and R, =6/3=2 Q.
a)1=10/2+2)=25A.U=225=5V.

b) Two equal batteries can be merged to one with E =10V and R, =6/2 =3 Q.
Kirchoff’s current law gives:

e |, —-I,-1=0

Kirchoff’s voltage law around two meshes gives:

e 10-3:1,+10-61,=0 < -3I,-61,+01=-20

e 61,-10-21=0 < 0I,+61,-21=10

On matrix form:

1 -1 -1 I, 0

3 6 0 |e|l,|=|-20 L=278A 1,=194A [1=083A
0 6 =2 | 10

U=12=0832=167V

Kirchoff’s laws will be next in course!

Kirchoff’s current law and voltage law

5.1
L=5A1L,=25A13=25A0chl;=5A.

5.2
E=Ryor-1=26210=262V
|4=5=@=6,55A l;=1-1,=10-655=345A
4 4
|3=§=2,75A
2
53
| _ 13 ~027 ; 15@ 1,6Q
15+16+0,4+0,8+0,5 o B o HN
U,s =05-0,27=0,14 v U=
U,, =15-0,27 =0,41 050 080 —
U=-014+13-041=076V — ]

or U =0,27-(0,8+0,4+1,6) = 0,76 VV
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Kirchoffs lagar, ekvationssystem

6.1
Kirchoff’s current law: . Py @
|1+|2—|3=0 = |3=|1+|2 1_.+ 2_+ I =
0,010 0,010
0,025 0
+ t
1235v ( | ) se5v )

Kirchoff’s voltage law:
12,35-0,011; -0,02513 =0 < 1235-0,011;-0,025(1; +1,)=0 < 0,035l; +0,0251, = +12,35
Kirchoff’s voltage law:
8,65-0,01-1,-0,025l;=0 < 8,65-0,01-1,-0,025(l;+1,)=0 < 0,0251; +0,035I, = 8,65
two equations, two unknowns, thus solvable.
(0,035 0,025J ( Il) (12,35}
= {=360A 1,=-10A I3=1{+1,=350A

0,025 0,035/\1, 8,65

The bad battery degrades the starting current with 10 Al

6.2

Kirchoff’s current law gives:

. —|1+|2+|3=0

Kirchoff’s voltage law around two meshes gives:

e E;-11-Ri—-12-R4E3-11-R3=0 < -3I1-15l+0l3=-9

° —E2—|3~R2+|2~R4=0 Ly 0|1+15|2—2|3=21

On matrix form:

-1 1 1 I 0

-3 -15 0 |e| Iy |=]|-9] solution: I1=-2A 1,=1A 13=-3A
0 15 -2 I3 21

6.3
a) Over 18Q-resistor is E; 18 V.

(I3 =-18/18 = -1 A in opposite direction than stated in figure)
Ei-E, 16-12
RR, 6

I, has opposite direction than stated in figure.

b) Ez—Rllz—Ej_:O :>|2=— =-1A.

C) |1+|2+|3:0 |1:1+1:2A

6.4
Kirchoff’s current law gives:
e I1-lp-1=0
Kirchoff” voltage law around two meshes gives:
e —I,-R3+E;—I11-Ry =0 & 1;+31,+0-1=12
e I,-R,-1'R-E,-1-R=0 < 0I,+3l,-61=6
On matrix form:
1 -1 -1 (14 0
1 3 0|ely|=|12 solution:
0 3 -6 | 6

11=333A 1,=289A 1=044A
= U=1-R=4-044=1,78V
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6.5
Kirchoff’s current law:
|1+ |2 + |3 =0

Kirchoff’s voltage law (left):
-25-2-1,+3-1,+60=0
reorder:

-2 |1+3' |2 +0- |3=—35

Kirchoff’s voltage law (right):
—60-3-19+6+5-13-20=0
reorder:
0-1,-3-1,+5-13=74

Equation system on matrix form:
1 1 1 Ih 0

—2 3 O0le|ly|=[-35
0 -35 lig) \74

) (187
a) | 1p|=|-104
I3) (855

b) Voltage at voltmeter U =-E3 - Ry-l3 = -6 - 5-8,55 =-48,75 V

6.6

Kirchoff’s current law:

o |1+|2+|3=0

Kirchoff’s voltage law around two meshes gives:

e —I,-R +1,-R,-E, =0 < —4I,+0l,+61,=15

e E,-I;-R,+E, +I,-R;,-E; =0 <« O0I, +81,-61,=-8

On matrix form:

1 1 1 I, 0

-4 0 6 |ofl,[=]|15 solution: I, =-156A 1,=01A 1,=146A

0 8 -6) (1,) (-8

Potential, node analysis, dependent sources

7.1

UR1:12-$:3,64V UR2:12-$:4V UR3=12~$=4,37V
100+110+120 100+110+120 100+110+120

Socket a) b) C) d)

Voltmeter [V] -4,37 0 +4 4+3,64 = 7,64
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u u

l,=—=—
R, 12

, _U-E_U-24

'R 6

(Y U-24 2.U-48+U 1923.U —48
12 6 12

U=20V

7.3 Node analysis

|1+|2+|3=0 |1:—|2—|3
E; =18V

|3=— (El— 0)/R2:—18/18
=-1A

Iz=—(E1—E2)/R1=—(18—12)/6==—1A
lh=- - Iy == (1) = (1) = 2A

7.4 Dependent source

Kirchoff’s current law: |, +1, +1, =0

Kirchoff’s voltage law (not dependent emf):
-21,-3+1;=0 < -21,+01,+1l,=3
Kirchoff’s voltage law (with the dependent emf):

-1, -(-101,)+3l,=0 <« O0l, +3l,+91,=0

1 1 1) (1,) (0
—2 0 1le|l,[=|3
0 3 9)\1,) (o

1, =2 _167
12

20-24

=-0,67

l,

l,+1,=1 —067+267=1

180
(D
12V

v, E=101,
1IN
N VN
10
20 30

(numerical values are the same as in the course throughout lecture example ...)
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Thevenin and Norton equivalents, superposition
8.1

' T“ R=100 .
o (D

& e e

8.2
I [ ! 7-10=-3
TA T an ¢10A 60 36
3+6
?A$T$¢SA$4D$T4A
83 EK:1V,R|:1Q
8.4
16-(4+12)
100, 16+4+412  _.0n8 _ B 12
a) Ugy, =100 4+w_looﬂ_ea,m Upyo =66,67-——=50V
16+4+12
4 one) s
b)c) R, =12](4+4]/16)= 20/ _45kQ = I, =—=111mA
4.16 5
12+4+ '
4+16
2 2
d R,=R, = P= B, __ %0 -=0114W
4-R, 4-45-10
8.5
5k ko .
2:(5+8) )43
+ 2+5+8
50 2
50- =6,67
2+5+8
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1,73 kG

5,67V

a) 7V and 1k transforms to a current source, 7 mA
and 1k. Then two currentsources can be merged into
one 5 mA and 1k. Transform to voltage source 5V
and 1k. Total 2 V with a voltage divider. Last 1V

U =6,67'L=1,49V
05+173
YA MY A
N o | el =
1kQ _ 7 mA
+ |::|1k£2_ ¢ T Dﬂm
n B B
05kQ A
_ +
= v

and 0,5 k.

b) The two port | = f(U) is a line. Dry run U = Eq = 1V and short circuit I

= Eo/R, = 2 mA are two points on the line.

8.7 superposition

Ri120 Ry120
+ f; I
£ 2
36V 60 X R TIK
| Ea 94
E 36 "o R, 12

I': — :2
R+R, 12+6

A turned down current source is a circuit break!

I’ one can calculate with OHM’s law.

K =9. =6

R +R, 12+6
A turned down voltage source is a circuit short cut.
I” one can calculate with current branching.

I="+1"=2+6=8A

8.8
R=R+Re 5,35 75 —E—PRe_90.% _1g
R +R, 5+5 R +R, 5+5
E. 10°
Puax = ——=—= =333W
WCU4.R 475
Ry
50 a
£ T Rq 50 !
20\1’() P=Max? P=Max?
+
i s .
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SMA|2KQ < 10V+2KQ, 4mA|1kQ < 4V+1KQ = 6V+6KQ

E, 6

I = p—
R, +R. 6+2

=0,75 mA

R a 1 1
!i_o RI = 1 1 1 —ng
( \ + +
o KkQ  1kQ  1kQ

Suppose A and B short cut. The third 1 kQ resistor is then without current.

K:ﬂ+ﬂ=18mA |K:5 = EO:IK-R,:18-1:6V
1KQ  1kQ R, 3

The voltage U g has the same value as E,,.

8.11
3kQl2kQ
2kQ  1kQ V—+ A 3kQ A =1.2kQ A r=7
1V
6V =
2kQ
+
B +
O

The current source and 1 kQ resistor can be transformed into a voltage source. The whole circuit will be a 1V
voltage source with a voltage divider.

EO:L—E—:Q4V R,:égazLZkQ
3+2 3+2

The unloaded voltage will be 0,4V, and the internal resistance 3kQ||2kQ2 = 1,2kQ2. Note that the voltage source

0,4V is counter defined in the original figure.
At last the the current (with electronics prefixes: mA kQ V) 1=-0,4/(1,2+2) =-0,125 [mA]
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Capacitance, magnetism, inductance

9.1
W=1.C-.U?> a) W=1.C-U?=1.1000-10°-100% =5J, Ws
Q=C-U b) Q=C-U=1000-10"°-100=01C, As
.9 0 1229 o504
t t  1/2000
p_W d) W__ S5 _iokw
" t  1/2000
| . . .10°%.
O U- Q _ Mg o _ tLadda=C U _1000-10 _3100=105
C C s 10-10
9.2
AQ=C-AU =1-(5-25) =25 As (= AQ _ 2'5_3=2503=4min
| 10-10
9.3

Capacitance values are added, parallel connection is the same thing as if capacitor areas are added. The capacitor

with the lowest withstanding voltage determines the equivalent capacitor rated voltage. It is in that capacitor the
impact will occur.

Cers=Cy +Cy=4+2=06pF 50V

9.4

No current or charge can pass trough a capacitor. Two serias connected Cekrs
capacitors must always have the same charge! Qc; = Qco. Cq +

Qe1=Q,=Q = Cxs'E = C-U, = C,-Ug E C) Qor —— - Yer
. C
ﬂ:4“|: Q=4-10°-10=40uC Qc2 iiz +UC2

ERS T 5412

Q 40-10°
@~ " 107 =666V U,=E-U,=10-6,66=333V
1

U

9.5

) (N
)

238b

)
rd
pd
|

9.6
The metal part has the permabilitety z; = 1, which is the

same as for air. It does nor influence the magnets in any T —
way.
The magnets distance from each other is large, so the S—N N

magnetic fields is the same as from completely alone — S~

magnets.

@

238c
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9.7

jarnbit
N

219 glashit
A
= T —
///_ N \ \ N~ a4

// // \\ \‘ \f \/ /7, \\ N

i /// \\\ Voo o I// \\\ \

[ \ | | | \ \ 1 1 1

v/ L /,l \ VN

NN S 8 VA NI sy
Vv 01N \ N -7

A
|
272s

Rigt hand rule:

"1f you keep on the coil with your right hand so that the fingers pointing in N d N S
the direction of the current, the thumb is pointing toward the north end." =
This force is attractive because the electromagnet and permanent magnet A |
face different poles to each other.
9.10
The current is to counteract the movement. So will it be if the magnet leaves the coil S
at the "south side" (= attraction between the coil and magnet). Right hand rule then
gives the current direction out from the winding. I
.'I ===
LD
=P
(L___J K
9.11
L=1=1002-K = K=10" Unwind 29 turns (100-71) for the

inductance to decrease by half.
05=N%-10" = N, =+/5000=71 71-100=29
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Transients with RC and L/R

10.1

The circuit has the time constant t = R-C =500-500-107° =0,255. Capacitor is at first moment uncharged,

when connected it will charge to + 10 V. For the voltages Kirchoff” voltage law applies E +Us +Ug =0.

Attime t=0:10+0+Ug =0.Attime t=w : 10+10+Ug =0.
We get for Ug:
Upo =0 ug=10.
t _t
a) X() =%, — (X, —X)e T = Ug(t)=0-(0-10)e 025 =10e *

2-106% o 02-¢ % o N02=e*-—at = t--1%2_ g4
b) When the voltage over C is 2 V it will be 8 V over R.
8-10e" o 08-e™ o IN08=he -4t = t=-"%8_q0gs

10.2
When the three components has the same voltage it will be %10 =333V.

The two resistors can be merged to one R” = 2kQ. We let Uc(t) be x(t) in the formula for exponetial process.

Startvalue U¢(t) = 0 (from the beginning the capacitor is empty)

Endvalue U (t = o) =10 V (the capacitor is charged to the full voltage after a long time)

1=R-C=2-10%1000-10°% = 2s.
t

X(1) = Xeo — (X — Xg)E T

t t
Uc(t)=10-(10-0)e T = Uc(t)=10-10e 2

0667=e 05 In0667)=-051 = t="% _og1s

10.3
Ri-R .

The two resistors can be merged to one R = 172 - 515 =3750Q2.
Rl + R2 5+15

a) Timeconstant is: T = R-C = 3750-10-10° = 0,038 s.

b) When current through R, is 3 mA it will be 1 mA through R,. Both resisors are
in parallel and has the same voltage over them. Cureents will then be inversely
proportional to the resistances. The total current is ltor = 4 mA. Use X = o7 in
the formula for exponetial process. From the beginning the capacitor is empty

and then lto1 = % =59-10"3. Aftera long time the capacitor will be full and
then ITOT =0.

t t
ITOT(t):O—(O—%)e T = Iqo7(t)=59-10"3¢ 0.038

E

=263

4
4.1073=59.10"3¢7203 o In(zg)=-263t = t =0,014s
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104
a) Series connected capacitors:
co Cy-Cy _ 2515

C,+Cy 25+15
t1=R-C=330-10%-9,38-10% =315

_t

b) x(t) =X, — (X —Xp)e T
After long time (t = o) there will be E = 15 V over the series connected capacitors. The charge Q is the same in
both capacitors (no charge can pass through a capacitor).

1078 =9,38-107% = 9,38 uF

-6
E-Q - Q-E.c-15.938-10° —141pC et =) =2 =181~ _g3gv
C C, 15.10°
At beginning the capacitors are empty. uco(t =0)=0. We get:
t
Uco () = Ucp,, —(Uca,, —Uczg)e ' & ucy(t) = 9,38(1—6_0’32't)
Ucz(t)zz vidt=7?
2- 9,38(1— e_0'32't) o (ﬁ— j — e 032t o n079) = InEe*%2!) & _024--032t = t=075s

10.5
The capacitor is first charged to 5 V, at the change of the circuit it will be further charged towards 15 V.

We get u,, =15 Uy =5. The time constant of the circuitis t= R-C = 2000-1000-107° = 25
_t _t _t
X(t) =Xy — (X0 —Xg)e T = u(t)=15-(15-5)e 2 =15-10e 2

t t
t

10-15-10e 2 < -5-=-10e 2  In>=lne 2=-L1 — t= _2In>=139s
10 2 10

When the capacitor is fully charged the current will cease. This will happen after about 10 s (5 time constants).

10.6
ut)=2 u, =0 ug =12 1=R-C =110-10000-10%=1,1s
t _t
X(t) =X —(Xoo —Xg)e T = 2=0-(0-12)e
t

2 _e 1l o 1,1-|n(1j=—t = t=197~2s
12 6

An exponentially process can be considered as terminated after 5-t =5-1,1 =5,5s.

10.7
X, = entity start value i(0)=0

X,, = entity end value i(oo):E=E=1 b)E:0,5
R 12 24

0.8

08 006 )
24

7 =time constant = L = =0,03
R 12

t
X(t)=Xo — (X — xo)e_;
_ t 3 t _ 0,1
a) i(t)=1-(1-0)e %06 —1_¢ 006 — jt=01)=1-e %06 —081A
3 t B t _ 0,1
b) i(t)=05-(05-0)e %8 =05.(1-e %03) = j(t=01)=05-(1-e *%03)=048A
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10.8

a) The inductor has a current inertia so at the beginning the current stays at 0.
. . . di
b) After a long time the current through the inductor is constant (no change), i 0, and the emf over the

. . di . - . .
inductor is then e = LE =0. The inductor zero emf short circuits the parallell 2100 Q resistor. Current is

limited by the serias resistor vith the value 100 Q. | = % =01A.

c) When the switch breaks the circuit the current will subside to zero with a time constant of

t_ L _oots
R 100

t t t

X(t) = X — (X —Xg)€ T = i (t)=0-(0-01)e 00l =0ge 0OL,

10.9
The circuit has the Thevenin equivalent: R, = 600|400 = 240 kQ E, = 200-400/1000 = 80V
a) s R, 600k

=R, -C=240-10°-22.10° = E —f On 65V
r=R,-C=240-10"-2,2-10 0,528 200V ] OPf 22y

_ all 80-0 4 R, . +
t=71 Inthe ot 0,528-In 8065 0,88s | 400ke> D 22 o)u(d
b) )
7=0,528
t=rn—3__0528.1n30=° _g 275

the rest 80 -65

c)

If R, is gone E will not be voltage divided. E = 200. Time constant will change.
r=R,-C= 600-10°-2,2-10° =1,32
all 200-55

132-In—————==0,094 s

t=7r-In =
the rest 200-65
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10k 1k sz : o
5V |1k — oV + LEDS A3 ? Spal.mmgs-
‘(\ ? T 5V C -? | Spinnings- N delning

Ak delning =
Wkﬁi 4LJ Siz: [1):/ 1+o,5=@

1 2
U, =5-~167V U, =5<~233V

3 3

+8% —— —
Ok Z2) | P R N
5

V| 1k ]JW _ '
+ | N
T Y / i
1150 1k (1 A \ /
T 3 e
a
-

r=R-C=5-10%-150-10" =0,75-10"°

_1,
all__ 75109102252
the rest 1.5

t,=7-In =0,75-10%-In2=5,2ms

w

t,=1 T=2-tl=2-5,2-10*3:10,4m3 f:lz;_g
T 10,4-10

We can shorten away the supply voltage 5V. The frequency is thus independent of the supply voltage!

=962 Hz

10.11
R(9) =100-(1+385-1073-9)[Q]
Ry =176 Q
R(t=10min) =139 Q
R,, = R(9 =25°) =100-(1+385-10~2 - 25) = 109,6 [ Q]
t 10

X(1) = X, —(X,, —Xp)e T = R(t=10min) =139 =109,6—(109,6—-176)e *

10
0443=¢ T < In(0,443):—E = 1=L:12,3minuter
T 0,815
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AC voltage and current, phasor

111
a) X(t) = 6sin( 2000w - t + 1/6 )
b) c)
6
X (t) =sin(2 nft+%)
3
2nft
04 ' 2nf
0 2n =2000 7
6 [rad/s]
11.2
]u(t)zdt
U1 :\/(22+(—2)2+0).5.10-3 _ RMS
T 15-10°°
0 5 10 15 20 25| t[ms)
.5.10°° — |— |——
RYCESTRRPNY _2
15-10
11.3

-
j sin(eot)? dt
0

- 1 U

U - = U —_= ——
T 22
Phasor chart
11.4
U‘i
| dentify what components that have given the voltage f_; -
phasors U; and U,. ~L Ui E
U, has the same phase as the current so it is a resistor that E () e
has given the voltage phasor. U; is earlier in phase than I so £ 2
here we have a component with a current inertia, an /
inductance. U,
11.5
'y ¢
— 1
U, —— - -
vt ! |XC‘721:}‘07
MO e
Iq N 'rc c
A T eyt
- “Tonfc
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1)U, reference phase (=horisontal)
2) U, ==
311U, I.=1I, U L

4 I=1 +1 IJ_I

5)U, LT /LZA <UC

11.6

Xp=2-n-f-L=2-%n-50-0,318 =100 Q. We choose U r
as reference phase. Current I has the same direction as U, .
Current I_is 90° after U g and has a equally long phasor as Ig
because R; and L has the same resistance to the alternating
current (X_ =100 Q, R; = 100 Q). The two currents I_and Iz

can be added as vectors to a vector I, 1= IR + I|_ lis

V2 times longer than I, and I (Pythagorean Theorem).
Current | passes through the lower resistor R,. The voltaged

rop over Ug, will have the same direction as | and is \/Etimes
bigger than U, r (because the resistors are equal and the
current is so many times larger). The voltage U can finally
determined as the vector sum of U g och Ug, ;

U=ULR +UR2.

11.7

Start with U, as reference phase. The current I has the same
direction as U,. (U, = IgR)

Current I¢ is 90° before U, and is equally big as Ir

(because Xc =R)

Currents I and I are summed to I. T:TR +Tc | :\/§~ IR
(Pythagorean Theorem)
. R Ir-R
Upis90° before | Uy =1-X| =2 1g -—=
1 1 L R 2 \/5

TL

The angle ¢ is the angle between voltage U over
the whole circuit and the current | flowing in to
it.

The voltages U, and U, are summed to the voltage U. U =U1 +U>.

( One can se that U will get equally bigas U, !)

11.8
RI, 3Rl

2RI,
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Alternating voltage and current, jo-method

121
U U u .
l=lg+lc=—+——="+joC-U
L —R -C R 1 R J
jaC
12.2
;zgz 220 _ 220 __(8,6—5]_)=1892—11001=19’1_11'1j
1 10-co0s(30°) +10j-sin(30°) 8,6+5j (8,6—5j) 99
this impedance could be a resistor R = 19,1 Q in serias with a capacitor with the reaktance
Xc=-111 Q.
1 1
Xe=————7=-111 = C=- =287 uF
wC 27 -50- (-111)
12.3
1
joC  (joC) 1 U, » a~2 10
u,=U,: . =U,- = —=vJ1+R0wC°=—=2
= = Ry L (aC) —' 1+ jwRC U, 5
jaC
1+R20%C?=4 < RaC=+3 < RC:ﬁ
0]
12.4
75-50
l:g = |= 58 — = R =750 0 , FL=100
Z |(30+10) + j40| il
v
- i =156 A | X =400
\J(30+10) + 40° A
50 .
E=220-—"5=88Y, 50Hz
12,5
Parallel connection: Serial connection:
. U U
I=lg+lc=—+U-jaC I= I =
1 2
! R+ jac R )
=2 1o =UoC J C
1=2+2j r-t _E -——Y A
oC 2 141
12.6
15+ j20)- (10— j20) 550- j100 .
_AB:( j20)- (10— j20) _ 100 _ 55 iafa]
15+ j20+10 — j20 25
12.7

1y L. : 1
R+ -JoL il -—
( ja)C) Jo ) C+ja)LR R+ j(oL a)C)

Z=

1=2=u
A

RJrja)LJr_i R+j(a)L—i) L+jcoLR
joC woC C



12.8
Voltage U is directly over the parallel branch with the inductance L.

=Y ;Y
T joL oL
12.9
Zoe =28 228Dy g, 47
2-8) (2+8))
Z=3+6)+1,88-0,47j=4,88+553] Z=+488"+553 =7,380Q
|_U__ 30 (488-553) 1465-1659j ,. o || hiig 4
Z 488+553) (4,88-553)) 54,41

_2(2,7-3j) (2+8j)
T 2-8]  (2+8))
U - 6j _gg__ 8i  (488-553))
=t 3+6j+(1,88-0,47j) 4,88+5,53] (4,88-5,53j)

=0,86+0,46] 1.=+/0,86"+0,46"° =0,98 A

=18,3+16,2) U, =24,4V

12.10
a) U andh I are in phase and will be our reference phase with, R e
argU) =0 U =2 =7 [
230V R _|c
U:R.'R = IR:E:@:SA 50Hz |::| —
R 46 ~ ’
o
b)
Q=.Llc = U =i|C = l.=U-0wC=230-2-7-50-69-10° ~5A
joC wC
arg(l.) =arg(U)+arg(jwC) = 0°+90°=90°
c)
U=2, 1 =(r+jol) 1, = l,=—oo =20 5p
Jri+(ol)? /3257 +(325)°
32,5°
arg(l,,) =argU) -arg(Z ) = 0°—arctan 7 = -45°

d)
lzl_c +lR +|_Lr

I =(Ig =1, -sin45°) + (1, + 1, -c0545°)? =
=/(5-5-0,71)? + (5+5-0,71)? =

— /1,462 +8542 =/75 ~8,66A
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12.11

a) U, arechosen as reference phase, arg(U,;)=0
Uyr =jol-1; Uy =Uy; =6,28

= l_AUT == 6128 3 - 0,1j
joL  j-27-1000-10-10
1, =01A

b) Us=R-1, =-50-0,1j=-5j U,=5V
c) Uy=U,+U, =6,28-5]j U, =+/6,28°+5=8,0V

1, =S 528751 630,05
R, 100
d) I=1I_+I,=-01j+0,063—0,05]=0,062—0,15]

| =4/0,063*+0,15* =0,16 A

Resonance

13.1

Because |U¢| = |Uy| there is resonance. The voltage drops over L and C will cancel each other and left over will
be 1V overR.

u=1V.

13.2

Because |I¢| = |l | there is resonance. | = 1 A, the current in L and C is a circulating current, I¢c = -I.

J + U_ .(R_J_a)l‘):u. ja)c_,_% -
1 R+joL (R-jol) R* + (wl)

jaC
R . ol
LYY J(aC — D2, (12 )
R* + (wl) R* + (wl)
We have here chosen U as reference phase, real. Curerent I must then also be reall to be in phase with voltage.
This provides the condition that Im[l J: 0.

wl , 1 R? 1 [1 RZJ

C=—"" = o= w=24 = f= _
LC L

R? + (al)? TN T o

This frequency is the resonance frequency.
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13.4

a)
Q-value. BW:h = Q= fo :@:1
Q BW _ 200
b) XL
R=2Q Q=25 = X, =Q-R =10-2=200
s
c)
X, =2l = L2t -2 _i59mH X =X,
24, 272000
Xe=—s o c=—t -1 _a9g,F
24,C 27,X.  27-2000- 20
d) BW BW

flzfo—Tzlgoo flzf0+722100

fo =4/ f, - f, =+/1900-2100 =1997 ~ 2000 OK!

135

a) 30

X
The coil Q-value, parallel resistance. Q = R—L = > =15 R=Q%?.-r=15°-2=4500Q
s

b)  Z .. =450] 450 =225 Q)
) 18

| -Zgns =80-107°.225=18V lc:ﬁ = l.= 06AZ+90°
-]
I, = 18. .~ 06A~Z-86°
2+j30
d
: =X 30 ~=0,24mH C= 1 L ——=265nF
2z f, 27-20-10 27 fy+|Xe| 27-20-10°-30
e) 108
QTOT:§:715 BW=£=20 10 = 2,67 kHz
30 Q 75
13.6
1 1
a) f, = = =14,2 MHz
" 27JL-C 274/5.10°.25.10%
b) The coil Q-value
o L . .10%.5.10°®
0= Ay-L _27-142:10°-510° .,

r 0,5

c) Total parallel resistance for Q = 500 will be:

Rgsoo =500 27f, - L = 500-27-14,2-10°-5-10"° = 224 kQ
The coil resistance transformed to parallel resistace will ber:
R=Q%-r =894%.0,5 =400 kQ

Chose Ry so that:

R- RQSOO . 400- 224

Ross =Ry IR = Ry = =
Q500
° X * R-Ryso 400-224

=507 kQ
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13.7
1 1 1
fy= = C=—7F="3 i 62
2z4/L-C 4z°Lfy  4zx°-25-107-(13,56-10°)

=55 pF

ol 2#,-L 2r-1356-10°-25.10°°

_ob ~142
Q r r 15
R=Q% r=142% .15 =30,25 kQ
f, 1356-10° R
= to 19010 _g505 = Bw
Qew =5 = 140.10° Qow =Vt L

Roy = Qg - 27+ f, - L =96,86-27-1356-10° - 2,5-10° = 20,63 kQ2

Rew =Ry IR = Ry = R Rew = 30,25-20,63 -10° =64 kQ
R-Rgw 30,25-20,63

If the electronics are power efficient and does not consume more current than a 64 k resistor the resonance
circuit will have a bandwidth of 140 kHz. Unnecessarily large bandwidth increases sensitivity to disturbances.

13.8

1 1
27JL-C  27,/0,43-10°-377-10°°
2f,-L  27-125-10°-4,3-10°°
by Q = --F 84,4
r 4
Reic _ 20-10° 27, -L 338
C) RPIC = 20103 r‘PIC = PIZC - 2 Z’BQ Qres = ° = =
Q! 84,4 lroe +1, 4428
f f, 125-10°
d) Q. = 0 BW=—2= =2,5kHz
BW res 50
Interested in the function? PIC processor has
"protection diodes" inside the chip — these will now act Vdd
as rectifier diodes and rectifi the 125-kHz signal to
provide power to the CPU. A capacitor Cpyr keeps the P |C C PWR
supply voltage stable (the chip internal capacitance CLKIN I
will be enough). The processor uses the 125-kHz- RA4
signal as its clock (CLKIN). One instruction takes 4
clockcycles. A program that sends a bit ”1” can look Vss B
like this:
II1 n *
NOP NOP
T
TRISA.5 = 1; /* CLKIN is input */
PORTA.4 = O;
TRISA.4 = 0; /* RA4 pin at GND, RF-signal is damped */

nop(); nop(); nop(); nop(); nop(); nop(Q); nopQ);
TRISA.4 = 1; /* RA4 pin is threestate, RF-signal is undamped */

nop(Q; nop(); nop(); nop(); nop(); nop(); nopQ);
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14.1
U, _deb IR U, iel] el
U, R+jaol 1+ jo |Q1| IR+ jol | R? + (wlL)?
R
arg(gjzarg( Jw.L ]=ar9(j0)L)—arg(R+ja)L)=90°—arctan(w—Lj= + E +
U, R+ joL R U, éL u,
=arctan(ij R’ =(wL)’ w=27-f, = fG=i HP 5 [ o
ol 27l
14.2
R"al)c joC R U
Rjjc=—1 12 le===Uc-joC
R, L joC 1+jeRC 1
jaC jaC
R 1+jeRC
1+ joRC R 1 jaC
U.=U N oy | —y_J2%
= Ry R 1+ jowRC 1+ joRC +1 e 2+ joRC
1+ jwRC R
14.3
R1'.i .
joC joC R,
Rl ||C: 1 . =
R, + joC  joR C+1
joC
u, R, joRC+1  R,(@RC+1)  jeRRC+R,
U, g, R jeRC+1 R,(oRC+D+R  joRR,C+(R +R,)
27 jeR,C+1

wo~0> &z R2 &:1 argg ~0Q°
U, 3 U

W —> 0= &:1 arg é ~0°
U, U,
The crossover frequency is when the numerators real part is equal to its imaginary part:
RRC=(R+R) = o=utR) ¢ (R+R)
Rle'C 27Z'R1R2C
(1-10° +2-10°%)

- 3 3 o =239 Hz
27-1-10°-2-10°-1-10
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L5

U, | R, U, m

o7}

O o

11 R UV
1w’ 1’ 1o w 10t

10" |Io' uln‘ 16" 10"
The filter is a high pass filter, HP, that passes high frequencies but attenuates 1/3 at low frequencies. The phase
shift is greatest at the "cutoff frequency" 240Hz when it amounts to ca. 12°.

14.4
U, R _ R |Q2|_ R — R
u, . 1 T 1 u,| . 1., 1
= oL+—+R R+ j(wb—— =1 R+ j(ob ——— 2 _ Ty
J ol J( a)C) | R+ J( wC)I R? + (wL a)C)
U R : 1 (wL—i)
arg G—Z =arg :arg(R)—arg(RJr j(a)L—E)j=O°—arctan wC
=1 R+ j(wb—-—2) R
1 1 1
oL-—)=0 = o, = f,=—+—=
( a)C) L-C 27+ L-C
U U
f=1f =|=%=1 arg(a—2 = —arctan(0) = 0°
BP
100
50
0
-50
Dn 1 ] 3 4 5 -100 ’ ’
1 10 10 10 1o 10 10° 10' 10 10’ 10 10
1
© define impedanses Z1 = R+_i och Zy = JoC = _R
joC Ry L+ 1+joRC
+ ](DC
o R
sz_ Zy _ 1+j(DRC . R
o Ui Z1+4Zy 1 R B ( 2 _1)
R+joc T 1rjore  SRTIRT-0C— o
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1
o—>0 = —C—>oo.Nar o> = oC—> o,

[0}

(RZ-mC—i)—wo = u—2—>0

oC Ui

When RZ-mC—i:O at co:i then u—2=£
oC RC U; 3

1
define impedanses Z, = JolC _R ochZ, =R +i
Ry L+ 1+jeRC j
joC
1
R+ 1 1 H 2p2p02 H
U, _ jaC 'ja>C(1+Ja)RC) __(@-o°R°C7)+2jwRC
U, , 1, R jeCl+jeRC) 7 (1-0’R’C*)+3jeRC

+- .
joC 1+ jaoRC

a)zi = wRC=1 w’R’C’=1 = Y9, 2 argg =0
RC U, 3 U,
a5
0751
07
D.BEmD = 1'02 pe ot i 10’ i 10° 10!
14.7
R+ joL
a) L= R-jolL U, R 3 1 _ R+joL  R+joL
R+ jolL U, gr, R-jolL 14 1-joL  R+joL+joL R+ j2aL
R+ joL R+ joL R+ joL
' JR? + (al)?
o) Yol [Rdeb| 1 YR L ooe o DR agel)?
U,| [R+j20L| V2 R?+(eL)? 2
R
R?=2(wL)? = wy=—F
(ol) *= 1
5 Rtiel R+0_y o Mol g Y2 g
R+ j2wlL R+0 U, U,

61



B+jL

d) R+_JwL @ @ —> 0 0+_JL _1 ‘g=0,5 arg(L—J—2]=0°
R+ j2wlL B+ joL O+j2L 2 U, u,
@
@
R 0.9
L1
[IR:]
oYY,
AV L — 07 L
U, _R U, 06 K
N © 10
14.8
a) Liz(a)) :? b) a)x (R,L,C):O C) lJZ(COX) :? d)arg[L_JZ(a)X)J:? e) lR(w) :?
U,(w) U, (o) U, (ay) U, (o)
R al)c jC R
a)b)  R|IC=—JG 20—
R joC 1+ jaRC
jaoC
_ R
U, 1+jeRC 1+ jeRC _ R _
Ui s | 1+ joRC  jaL(l+ jaRC)+R
1+ joRC
R U 1
- RE|=2|=0 = w°RLC=R w=—F——
(R—@?RLC) + jol LAJ @ “=JLC
U, (R-w’RLC)+ jol JLC \F U, \F L
0+ j,|= —
C C
R
U, T
d) arg{—}=arg . |L [|=-90°
U, J c
1

L
R

<[

lg
U, (R-@’RLC) + jolL
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Transformer, inductive coupling

15.1
Transformer has the voltage ratio n = N;/N, = 600/200 = 3.

1 225 1 9
Weget U, =—U;=——=75Vand Iy =—1,=—=3 A.
g 2= Y1773 1777273
15.2
N, 1
N_:E = N1=6N2=6150:900 U2=U1/n=230/6=38,3V
1
15.3
Transformer has voltage ratio
U, N, 127 >0 = T2y M7 05 T
We get | —&I —EQ—SOSA
e =N, 200 O
15.4
U;=10-0,2-10=8[V] UZ:%U1:0,5~8:4[V] IZ:%I1:2-O,2=0,4[A]
U
R, =——2-* _10[q
I, 04
15.5
R,= 1500 51 2
R R, ., = N, R 52.15 =375
3 -2 N_ R, = Y=
%2< (] 2
= 37502 =150 E/2 115
?E 250)|375=150 I =——=—"-=046A
250 250
— Lror =
Ly +Mp =My +
M, =3 Lo+ Mpp— Mg +
: : ® Ls— M3 — Mgz =
L =5 L,=10 L, =15
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15.8

a) Lior =L =My + My, +
Lz _MlZ _M23+
Li—My+My, =
=12-3+1+6-3-2+5-1+1=16[H]
b) Lior=L+L,+L,=12+6+5=23[H]
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