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Two port circuits — Black box
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The power supply

VOLTAGE
knob to set the

constant voltage e/

Coarse and

1“5'E-'|ﬂs|-¢=

adjustments.
: I—GUHREH -I " =
/Dnc@[ 2
@
+ and- poles

Buttons to select
the display of
voltage or
current.

Voltage / Amps
C.V. Continuous
Voltage. Led indicating

that the unit operates as
a voltage generator.

@

( GND is to connect the metal casing to +/- to $apgp interference ).
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The power supply

CURRENT
knob to set the
current limit.
Coarse antNl
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To set the current
limit you show
“Amps” and then
short voltage poles.

The/set current then
comes the
maximum current
that can occur.



Voltage and Current generator

(Ex. 8.1) What value will th& get in these idealized and
usually unrealistic circuits?

() éﬁ ﬂ

20
b

FH=100

William Sandgvist william@kth.se



Voltage and Current generator

(Ex. 8.1) What value will th& get in these idealized and
usually unrealistic circuits?
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=1 D=2V
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Voltage and Current generator

(Ex. 8.1) What value will th& get in these idealized and
usually unrealistic circuits?
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U=20Y
18V
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Simplify ... (8.2)
ST

T




Simplify ... (8.2)

R " 7-10=-3 —
?A@Tﬁgoéwmﬁ]m 36 _, 3ﬁ$¢ﬁ:|in
| : ‘o  3+6 — o
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R " 7-10=-3 —
?A@Tﬁgoéwmﬁ]m 36 _, 3ﬁ$¢ﬁ:|in
| : ‘o  3+6 — o

TS




William Sandgvist william@kth.se



Equvalents step by step ...

(8.4) Electronics prefix [V] [K2] [mA]

gk

+
'IUFHHT Sk ﬁ;?kﬁ L= ﬁ;ﬂﬂfiﬁ
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Equvalents step by step ...

(8.4) Electronics prefix [V] [K2] [mA]

8 ka
o 1058=50

+
TUWHT ok ﬁ;?kﬁ L= ﬁ;fﬂk&

Ry

William Sandgvist william@kth.se



Equivalents step by step ...

(8.4) Electronics prefix [V] [K2] [mA]

8 ka
o 1058=50
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Equvalents step by step ...

(8.4) Electronics prefix [V] [K2] [mA]
gk
. o 108=50
+
'leAT ok |i|2|«£‘1 =7 $D5kﬁ
2[(5+8)=l73
2+5+8

Eli 0

2+5+8

0,5 ko
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1,73 kG

+
+
567 Y =7 ﬁ; 0.5 ko

Voltage divider:

U=6671 05 =149V
05+ 173
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( Wheatstone bridge equivalent)

_|_
?2V<

]
N

]RL

Determine the Wheatstone bridge Thevenin equivalent
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( Determine R, )

- -

| 60 12 0
Voltage turned : ot — e t;*_E AR D_g
down to zero | B

| 30 40

|_ [

R = 6[3 1204 _E£0
6+3 12+ 4

William Sandgvist william@kth.se



( Determine E; )

+
?EUC

6

o[ re F2 [ U, =7230——=48
T fea nal %2 6+3
b+ —a
“o U2:72E—I—12 =54
f R 12+4
50 40 E,=54-48=6V
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( Determine R, E;)

u, -720.-%_ =48
6+3

U, =7202% =54
12+4
E,=54-48=6V

Donel
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_|_
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N
B
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Equivalent circuits (instead of mesh analysis)!

20 40 30

r=?

oD e e (o
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Equivalent circuits (instead of mesh analysis)!

William Sandgvist william@kth.se



Equivalent circuits (instead of mesh analysis)!

12 _ 067 315 _ 188
2+1 40, _, 3%5

1 ¥ -
10— = 333 6—— =375
1+2 5+3

William Sandgvist william@kth.se




Equivalent circuits (instead of mesh analysis)!

B

+ +
1 — )
10,238 C) 1= 3837375 __4064A <> O5r3 3
067+4+188
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EX. current generator at node analysis

(7.2)

—1,-1, 410 1,+1,=1

|2:£:H E
RZ 12 24 \/

_U-E_U-24

1 Rl 6

.U, U-24_20U-48+U
12 6 12

U=20V
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Node analysis — the currents

20
| =5"=167
212 L

_20-24_

Il

I,+1,=1 = -067+167=1
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Example (8.9)

a) Derive a Thevenin’'s equivalel, R, to the circuit with the two current
sources.

b) Calculate how big the curreintvould be if you connected a resisRy

= 2 kQ to the circuit (or it's equivalent).
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Example (8.9)

SmA[2kQ & 10V+2kQ, 4mA||1kQ < 4V+1kQ = 6V+6kQ

E
I = 0 - 6 =0,75 mA
R, +R 6+2

I L
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Example (8.10)

1kQ

1 KQ A R A

12V| 6V —1 5 Eq S
+ + +

* - 7O O

a) Derive a Thevenin’s equivaleld, R, to the circuit with the two voltage
sources and the three resistors.

b) How big is the voltage drdg,; over 1 K2 resistor in the original circuit?
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Example (8.10)

Let’s calculate the voltage drap,g over the 1 K resistor in the circuit,
from the Thevenin’s equivalent, as tHég, will be the same as thg)!

1kQ R, is the equivalent resistance
A when the both voltage sources are

12% 7 turned down to zero:

1 1

B — —_—

R 1 1 1 3 kO
+ +

1kQ 1kQ 1kQ

Suppose A and B short circuited. The third desistor will then be
without current and can be ignored. The short tiouirent will come from
the two votage sources through their(1kesistors:

12V 6V
| K = + =
1kQ 1kQ

18 mA
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Example (8.10)

The Thevenin equivalent will have the same shocudi currentl, = 18 mA.
This makes it easy to calculdig

-5 o g =1 R =18F=6V
R 3

l K

And the voltage drop) .5 is the samé&, |U,=6V.
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Example (8.11)

Ri A J=2

O

= E '/ ) Dﬁkzz
0
B

o

a) Derive a Thevenin’s equivaleiidy R, to the circuit with the voltage
source and the current source and the three nesiétde 6 K2 resistor is
not includes in the circuit).

b) Calculate how big currehtwould flow in a resistoR = 6 kQ
connected to A-B? What direction will the curreavb?
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Example (8.11)

2k 1k 5;:'/—\+ A kO A =12KQ A =2
5]

B o) 0.4V
EUC = f’) - *‘() .
K 0 6k
= B + £ 1 B
O + & Cr

The current source with the Dkesistor can be transformed to
a voltage source. The circuit then becomes a liMg®e source
with a voltage divider.

2 32

E,=1-———=04V R =—""=12kQ
°T3+2 RT3t

L

The open circuit voltage is 0,4 V, and the intemesistance
3kQ||2kQ = 1,2 kQ. Note. The voltage source 0,4V is opposite
to the definition of the figure.
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