Circuit elements in graphical form
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With this polarity definitions the elements receive
power when the U and | are positive.

(Emf and Current generator are beeing “charged”)
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Two-terminal circuit with emf
and resistance

U=E+Rlorl=(U-E)R
When U > E will | be positive. The circuit receives power.
When U < E will | be negative. The circuit delivers power.
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Two-terminal circuit with emf
and resistance
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Two-terminal circuit with emf
and resistance
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Two-terminal circuit with emf
and resistance
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Circuit delivers power. Then it is convenient to define the
current in the opposite direction.
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(Current source and resistance)
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| = U/R + I,
If U >0 the circuit is recieving powetr.
When U < 0 the circuit is delivering power.
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(Current source and resistance)

The circuit is delivering power.

Then it is convenient to define the current in the opposite
direction.
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Measurements at the AD-Lab

_ _ _ Measuring equipment
At lab vi are loading two different two-

terminal circuits with a variable resistor, AD
100 Q ... 1k . We measure the T
associated values of voltage U, and

I
—oc U +
current | (indirectly as voltage drop %-r ~ o ] ()
B
G -

over a constant 100 Q resistor) with two
of the AD-converter channels.

Measured values are stored in a file and - _ 0ag
presented with excel. Variable resistor loa

l
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Are 2-terminal equivalents true?

Thevenin theorem says:

R|:R”R
| T
+ R A ’) + )
EC) +—O = 5
R O
R
e o= Er €D

IS this correct?
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Measurements on two-terminal circulits

’T Will it realy be the same’7

U
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Rail splitter virtual ground?

TLE2426

LP PACKAGE
TTTTTT W
» ( ) V . IN
IN b
COMMON OUT 2
auT

This circuit containes a control system which "tries" to
keep the output voltage V7 at half the input voltage
VIN-

<

What are the uses for a rail splitter circuit?
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Measuring a bipolar voltage

Advalue

D Fﬂl

signed long Advalue;

Advalue = ADRESH*256;

Advalue += ADRESL;

(If an alternating voltage is

referred to E/2, the voltage can be

TN
dneaaﬂed\Nnh__mgn. )

Advalue -= 512; // -512...0...+512
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AD with external reference?
U< 2,5V then REF=2,5V Is a better choice than REF=5V.

AD
] ! |
i , T REF
OT WL ds]
E PA — oc |
R U
. T [°

o |f the AD-converter uses 2,5V reference (from the rail
splitter circuit) we will get better measuring accuracy!

William Sandgvist william@kth.se



AD with external reference?
U< 2,5V then REF=2,5V Is a better choice than REF=5V.

: AD

D == p s, ﬁ

LE =IR

0 o

o |f the AD-converter uses 2,5V reference (from the rail
splitter circuit) we will get better measuring accuracy!
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Log measurement values to a text file

Use PICKIit2 UART tool for logging measurements in the
file.

PICkit 2 UART Tool

: 2 data bitz - Mo party - 1 Stop bit.
| 3600 =] _Conmect || Discornes t] VDD st newline = 40D 0u04

Liog ta File |

Start/ Stop
log to file

=| data.txt
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Measured values to Excel
“| data. txt

Textimportguiden - Steg 1 av 3 2| x|

£-4 Microsoft Excel - Bok1
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% {dvgransade Falk: - Semikol

— I spers ~imisnesd. -raten, SEPArated format is suitable

[ perseom seramperteraiva 101 AIFect Import with the
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B &p skrivut...  CtrH+S  Farhandsgranskning av il C:\Dacu Wi Zard .

5 M 000 il
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Scatter plot in Excel

Home Insert Page Layout Formulas Data Review View Arrobat
--—! e BEE [ = i u "\}f - h 17 Line =
| ¥ a ) L 4 = e il
d B [l BE 4 _.l" = (afi + ! . i’ 8 Column =i
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5 5 iy 5 measuremes | | Scatber with only Mark
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Mark data-columns and then click on Scatter in the
Insert-menu.
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Design

i

ridlinies

B EE R

More Trendline Oplions...

Layout Format Fm Trendline
i 1 | | Trendine Options
Plot t 1 Trendline Line Color
Area ~ t 5
Line Style
Chadaw

MNone

Removes the jelected Trendling or all
Trendlings if aone &ré electad

Linear Trendline

Adds/sets a Linear Trendline for the
selected chart series

Exponential Tremdiine

Adds/sets an Exponential Trendline fo
the selected chart senes

Linear Forecast Trendline

Adds/sets 3 Linéar Trendline with 2 pe
farécast 1oi the selected chart series
Two Period Moving Average
Adds/sets a 2 Period Moving Average
Trendline for the selected cham sefies

Glow and Soft Edges

"
M Ty
pY \
138 t\
138 m,
o . * Serwsl
1 . Limee [Sarbitl
\\
135 %

Trendline Options
Trand Regression Type

1]
-'_"ingneu

- ] Ly ithric

Expanantial

Forward: 0,0
Badovard: 0,0
| x: gt = 00
[#] Desplay Equation on chart
| Dispiay B -squarned vaie on chart

Trendline and Equation

Layout — Trendline — Moore
Trendline Options

== Display Equation on Chart

0
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Two-terminal equivalents proved?

If 1t Is 1dentical equations for the
two equivalents - surely two-
terminal equivalents are
probable, although not proven?
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Simulate

.op
.step param R_v list 100 200 500 700 1000

We want to automatically simulate with different
values of RL, eg. 100 200 500 700 1000 Q.

RL value must be changed to a parameter {R_v}. The
curly brackets around the variable name R_v means
just parameter.
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Simulate

::ap param R_v list 100 200 500 700 1000 ,
t: Draft2.raw
ol o
. #]Simulate.
Problem with plot: X-axis
becomes the parameter
FI.T Edit Text on the Schematic: E R_V’ We Want V(O ut) .
How to netlist this text Justification Font Size K
Caomment Left v| | 1.5[default] v'|
(@)sPICE direstive Vettical Text (T

| .step pararn B_w list 100 200 500 700 1000 < - I Edit TeXt, '[O insert SPICE
: directive In schematic.

Type Chrl-M to start a new line.
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Correct quantities in the plot

t: Draft2.raw

[uantity Plotted

Lef; (100

Mowe mouse pointer
past the axis to show
ruler symbol — Left
click to change the x-
axis r_v to V(Out).

L’"’" Draft2.raw

Zoom Area

Foom Back

17 Add Traces to Plof

Available data: | Cancel |

"ot
"n001]
W [n002]
I[FR1]
I[FR2]

IR
1)

_w

E xpreszionz] to add:
I[R3]

o | AutoR ange

‘l: Draft2, % Visible Traces
12 Add Trace

c'i'E Delete Traces
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Right cIicI; an chose Add
Trace. Add I(R3).



The circuit with simulated load

IR3) |

V(Out)
No mA or Volts are shown — you have to make your

own calculations on this circuit later ...
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