ECE 3254 PreLab 3 notes Edited 09-09-2009

Voltage Divider

T owze

_T_ 0
A voltage divider circuit consists of two series resistors, which form a voltage divider because the applied voltage
is divided between the two resistors (in this case R1 and R2). The current through R1 (I;) and R2 (Iz,) can be

found by dividing Vs by the sum of the resistors, or by solving a loop equation. Note that I, = Iz, because there is
only one loop.

Vri = Iri*R1 =Iz,*R1, Vry=Iri*R2 =1z,*R2, or you can use Node Equations to find Vg; and Vr,.

For the Prelab, find the equation for Vg, in terms of Vs, R1, and R2. You will use this equation many times this
semester, so be able to remember or derive it quickly.

Oscilloscope and Multimeter input impedance.

In our lab, each meter has about a 10MQ input impedance (you can verufy this by using one meter as an
ohmmeter, and connecting it to measure the resistance of another meter set to measure volts). This 10MQ input
will not significantly load low impedance circuits. When connected to a 1MQ circuit, the meters will load the
circuit somewhat, but accuracy will be acceptable. For a circuit with an impedance greater than 3MQ, the meter
loading effects will be significant.

The oscillosco

)

e .i.r}EUt imge;dance is IMQ in parallel with 14 pF.

At low frequencies (< 1MHz) with a circuit impedance < 100k€, the scope will not load the circuit. As the circuit
impedance or the frequency increase above 1Mhz or 100k€2, the scope loads the circuit and accuracy suffers. We
may increase the scope's frequency response and input impedance with a 10X probe, which multiples the scope
impedance by 10 and reduces the parallel capacitance. This probe also acts as a /10 voltage divider.

Thevenin Equivalent Circuit

Thevenin's Theorem: Any two terminal linear network composed of a combination of voltage sources, current
sources, and resistors, is electrically equivalent to a single voltage source (Vth) and a single series resistor (Rth).

For single frequency AC circuits, Thevenin's theorem can also be applied to complex impedances. In the case of a
complex source or load impedance, maximum power transfer occurs when Z, equals the conjugate match of Zry

(RTH = RL andj(DXTH = -j(DXL).

The Thevenin equivalent is only valid at the load terminals. Internally, we can't say anything about the circuit
from which the Thevenin equivalent was derived.
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Any circuit can be represented as a “black box” Thevenin source. The Thevenin and Norton models provide a
simple way to calculate of load voltage and current, and power for various loads. Instead of having to evaluate an
entire circuit each time the load resistance is changed, you can use the simple Thevenin or Norton circuit.

AWAN—O — o
R I Vi = Voc (open circuit voltage)
th L
+ * + Rin = Vi / Isc (short circuit current)
v v R
AN ¢ LSV 1sc  Given Voo, Vi, Rit Vi = Voo, I = Vi/Ry,

Ve = Voc - VL: Rip=Vra /L1

Given Vg, Ry, Ri: It = Ve/(RgtRy), Ve =RiIp
_ Y N or Vi = VuRi/ RytRy), I = VIR,
Thevenin Source

O
I
+ + The Norton Source is interchangeable with the
I, T R, Voo R, v, I, Thevenin source. I, =Isc and R, =Ry,
_ _ Ry = Voc/lh = Vu/lsc = Ry and Voc = Vi, = LR,
O

Norton Source

Thevenin Equivalent of a Voltage Divider

_T_ 0 —

The voltage divider circuit produces an open circuit voltage (Voc) that can be found from your voltage divider
equation. The short circuit current is easily found by shorting Vo (so Isc = Vs / R2 because R1 is shorted). Rth is
then calculated by solving Rth = Voc / Isc. The result will be the equivalent of R1 || R2 (parallel connected).

Sometimes you can't obtain a short circuit current (perhaps the current would be too high for safety, or you do not
have a meter that can make the measurement). Remember that the Thevenin source with a load resistor is just a

voltage divider. If you can measure the voltage produced in a known load resistor, you can use the voltage
divider equation to calculate Rth. Vth is, of course, still Voc.

Maximum Power Transfer

Maximum power transfer from the source to the load occurs when Rty = Ry. Efficiency at maximum power
transfer is 50% - the load and the source each dissipate half of the power produced.
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When R; <Ry - power transfer is lower, and efficiency is low because the source dissipates more power than the
load.

When R, > Ry - power transfer is lower, and efficiency is high because the load dissipates more power then the
source.

A practical example of the relationship between Ry, Rs, power transfer, and efficiency can be found in the
common stereo system audio amplifier. The output impedance of the amplifier is typically 2Q or less. For our
example amplifier, Vg = 20Vrums and Ry = 2Q.

With an 8Q speaker, Piw = 40W, Pyeaer = 32W, Pap dissipation = SW
With a 4Q speaker, P = 67W, Pypeaker = 45 W, Pamp dissipaion = 22W (the amp begins to get warm!).
With speakers paralleled for 2Q, P = 100W, Pyearer = 50 W (W00HO00!), Py dissipation = SOW The

speakers get SOW, BUT the amplifier must dissipate the other SOW and many amplifiers do not have
heat sinks capable of dissipating enough heat when a low impedance load is used.
With more speakers paralleled for 1€, Py = 133W, Pypeaker = 44 W, Pamp dissipation = S9W (OUCH!). Not only
has power transfer dropped, but efficiency is terrible and the amplifier will probably overheat.

Pspice modeling using the Parametric Sweep
Begin with the voltage divider from Prelab question 2. Save the model as Lab 3 Thevenin or something similar.

Add a new variable resistor to use for RL
[Draw > Get New Part > R_var > Place & Close].
Hit the esc key after you have placed the var resistor.
Rotate the var resistor [Edit > Rotate], then drag it to where you want it.
Edit the Variable resistor to name it RL, and edit the component so that Value=RVAR, SET=1.
Connect (wire) RL in parallel with R1.

Move (or place) the Voltage and Current probes to measure Vg and Ig..
If you already have probes, click them and move them to measure Iz, and Vy;.
If you need probes, see Lab 1 about how to click the probes on the toolbar and place them.

Add a Parameter
[Draw > Get New Part > Param > Place & Close].
Hit the esc key after you have placed the Parameter somewhere on the schematic.
Click the Parameter and edit it so that Namel=RVAR, Valuel=1.
Your schematic should look something like this:

 PARAMETERS:

VAR
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Set up the analysis
[Analysis > Setup > check the boxes for DC Sweep and Parametric]

Analysis Setup rg|
Enabled Enabled

I AL Sweep... Optiong... Cloze |

u Load Biaz Point... I~ Parametric. ..

[ Save Bias Point... I Sensitivitg. ..

v DC Sweep... I Temperature. ..

I Mante Carlo/worst Caze. . I Transfer Function...

I Bias Paint Detail [ Tranzient. ..

Digital Setup. ..

Click the DC sweep button and set these values (Note: this sets Vs to remain constant):

DC Sweep E|
Set Var Type = Voltage Source, Swept ar. Type Gl e
) + “olkage Source il £
Sweep Type = Linear
> " Temperature Ii
Name = VS " Current Source
S V 1 — 15 " Model Parameter
tart Value
E d V 1 15 " Global Parameter
N alue =
5 T
Increment = 500m o StartValue |15
> hlt OK i Ecteve End “falue: 15
" Decade Increment: 500m
7 Walue List Ii
Mested Sweep... Cancel

Click the Parametric button and set these values
(Note: this sets RL to begin at (calculate and enter the value below) Rth/4, step in 100Q intervals,
and end at (calculate and enter the value below) Rth*4):

Parametric E|
Swept Var Type = Global Parameter Swept Yar Type _
Sweep Type = Linear " “olkage Source ilates R
’ " Temperature
Name = RVAR, Start Value = (Rth/4), St
End Value = (Rth*4)’ " Model Parameter
Increment = 100 * Global Farameter
S i
>OK :eiie:::e Start Walue: 838
> Close {~ Octave End  alue: 14 4k
" Decade Increment: 100
" Walue List
Cancel

Run the Simulation

A

Hit the simulation button (or hit F11 or click Analysis > Simulate)

If your simulation had no errors, you should see V(RL:2) steadily increase and I(RL) near 0.
Troubleshoot your wiring and setup if you have errors.

Add a trace for Pg.
Click Trace > Add Trace >
In the “Simulation Output Variable” window: choose V(RL:2) (or your voltage probe is name),
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Then type “*” after the voltage probe name (* is multiply, and P = V*I),

Then in the “Simulation Output Variable” window: choose I(RL)(or what your current probe is named),

Then He “*1000” (to make the trace readable, we are convertini to mW bi multii 1iring by 1000)
Add Traces

Simulation Output W ariables Functions or Macros
I [ =l

IGEN] H -~

liF2 v  Analog |

I0/s) - 5

MIEM_0007) -

wi$H_0002] v “oltages ,.-'

W)

wIR1:1] [v Currents BBS()

VIR1:2) ~ ARCTAM( )

VIR2:1) ATAM[]

VIRZ2:2) i LE]]

VIRLT] v Aliaz Mames e

VIRL:2) — COas[ ]

W s +] [BI]

vl DE[ ]

Ralizhl] EMWwMA=[ | ]

RalvE] EMWRIML . )

W2(R1) EXP[]

W2(R2] Gl ]

W2(AL) IMG[ ]

W s LOGI ]

21 wariables listed hDEﬂ ory
Max[ ] ho

Full List

Trace Expression: | WRL:2] = I[RL] Ok I Cancel Help

> OK. (You should see another trace. If it is negative, double click
the trace name and place a “-” in front of the expression and say OK).

Change I(RL) to milliAmps
double click the -I(RL) trace identifier and change it to -I(RL)*1000
This will move the current trace up into visible range on the simulation display.
Multiplying the current trace by 1000 essentially changes the scale from A to mA.

Widen each trace for printing:
Click on each trace, then right click > properties > Width >

use drop down to select the second choice > OK

You should see now something
2.8 " " n =

like this:

a 2K LK
O ULRL:=2) o —TI{RL)=1888 —U(RL:2)» I(RL)»18088

Use the cursor to find and Label Vg, Iz, and Pg;.

Click the “Toggle Cursor” button on the toolbar oF , move the cursor to the desired value of RL
For each trace, Click the small square, diamond, or triangle to make a trace active, then click the
“Mark Label” button on the toolbar e
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