Useful Circuits Name: Bill Bair

PES 216 Prelab Questions Lab Station:

** Disclaimer: This pre-lab is not to be copied, in whole or in part, unless a
proper reference is made as to the source. (It is strongly recommended
that you use this document only to generate ideas, or as a reference to
explain complex physics necessary for completion of your work.) Coffyifyg
of the contents of this web site and turning in the material as “ori
material” is plagiarism and will result in serious consequencgs

determined by your instructor. These consequences may ificlu failing

grade for the particular pre-lab or a failing grade for the éwtiy€ semester,
at the discretion of your instructor. ** \;
« Calculate the output voltage of a voltage divider with\t llowing:
Vin=10V
R1=3kQ
R2=1kQ Q
Rl
A .
Vi = =R, Vo
0
7
First, let’s get th'gfiho standard form so we can compare it to the analysis we did for Lab
7. Notice tha ’ ready applied Kirchhoff’s Zeroth rule for the current in the circuit:
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Next, it is obvious that we need to apply the Loop Rule for the closed loop in the circuit
diagram (use Ohm’s Law as described at the beginning of the Kirchhoff’s Law pre-lab):

We have 1 loop that we need to consider. This loop is (using the letters to describe the

loop):

Loop 1 = a-b-d-c-a:

AWy %
‘ 8] ‘ Q
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I I
m— o
C d

Applying Ohm’s Law using the convention@ge beginning of the pre-lab 7:

From a to b:
:_|1R1
From b to d: Q
O AV, =-1,R,
Fromdtoc:
AV =0

From cto a; 2
AV, =+¢

q to the loop rule, the sum of the potential rises and decreases around a closed
Iooph‘(st be zero.
n
DAV, =0
i=1

4
DAV, =-L,R, - I,R, +0+£=0
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~1,R —I,R, +£=0 (eq. 1)

Solve the system of equations for the knowns and unknowns:

We are given the following information from the beginning of the problem:

10V | 3kQ 1 kO

That means that the unknowns are: Q 5

I

Here is the list of consolidated equations we found using the | le and junction rule
on the circuit:

1R, — IR, +£=0 (eq,

First, start by solving equation 1 for I;: Q
—1(RFR e =0
D)

1 R2)=
O

L&

" (R+R,)

O T

We can now pIu@values of the given information and solve for the numerical value

of the current.

‘& _ 10V
%‘bv " (@) (k)

- 10V _ 10V
* ((8x10°Q)+(1x10°Q))  (400002)

1, =0.0025 A=25mA

Finally, we can determine the potentials (voltages) across component #2 (where Vout is
located) by Ohm’s Law.
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AV, =—1,R,

AV, = (2.5 MANLkQ) = —(25x10° AJ1x10°Q)

« [ Formatted: Left

10 Volts, like our problem but you only need 2.5 Volts for your circuit to /R
would use the potential drop across resistor 2 as your “new” EMF for/fhat wedit. 1t s like
conservation of power! ©

e Calculate R1for the following voltage divider: Q\"
Vin=1000 V /:

Vour=20V
R2=1kQ
N\
R,
A o
Vi = =R, Vi
al
« [ Formatted: Left
Again, setting this% fore, using the standard notation:
MWV
a b
D W .
+ 11 Il
ﬂV3 21 ;‘ Il % R:; rl\.'\f;.
I I
e =}
C d

It is obvious that Vi, is AV3 (or simply the EMF) and V. is AV, _Hence, we are given:
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i A_VZ Rz
1000V | -20V 1 kQ

Notice that the sign on the potential drop across resistor two is negative. Recall from the
previous problem we had the following from Ohm’s Law:

Also, we found an expression for the current: 4%
= — Q
R O

Let’s plug the current into the potential drop equation and then s for 1

AVZ:(R+R ?%Q

AV, (R, +

AV,R, AV, RY = —eR,

%xr SéRz ~AV,R,
y
QRZ ~AV,R, —R,(e+AV,)

' AV, AV,

Plugging in the \ét We Were given,
‘& _ ~(1kQ)1000V +(-20V))
(b -20V

b Rlz—(lkg)(gsov)=49 O

-20V

R, =49 kQ
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e For the next 2-3 questions assume a Wheatstone Bridge with A = 1kQ, B =
100kQ and R set such that the voltmeter is reading OV. Find the resistance

value of X based on the following R values.
R =200Q
R=4Q
R=0.1Q

** Note that this question is a little flakey. Typically, the values of R are HUGE. (Like on

the order of mega-ohms). This may be more believable if the values were kilo-ohgs or

mega-ohms, but these just seem WAY too small for a typical Wheatstone Bridqe.%

|
=x ZA

N

S/

From Kirchhoff’s Rules (an: gebra) we can show that:

X ==

<) B
For the resistanc.®uﬁon box set to 200Q:
.& 5 _ (200 Q)1 k)
(b, (100 kQ)
% (200 Q)1000 Q)

X =" 2 00
(100000 )

X=2Q

For the resistance substitution box set to 4Q:
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(40)1k)
(100 kQ)

Y - (4 ©)1000 Q) 0040
(100000 )

For the resistance substitution box set to 0.1 Q: %
(0.1 Q)1 k) O 2
X = =2 e
(100 k) ‘ )

_ (0.10)1000 Q)

X = AR 2 6,001 N
(100000 ©) Q

%Q
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