Experiment #8 Kirchhoff’s Laws Pre-lab Questions

** 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.) Copying
of the contents of this web site and turning in the material as “original
material” is plagiarism and will result in serious consequences as
determined by your instructor. These consequences may include a fa
grade for the particular pre-lab or a failing grade for the entire se @ te
at the discretion of your instructor. ** Q

e Calculate all the voltages and currents for all the components@vill need to

use the loop and junction rules.
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This lab afé, pBe-lab will make extensive use of Ohm’s Law, so it is of benefit to take a

mopaen view a little about how Ohm’s Law works and set-up an attack plan for
sofyiamBrOblems using Kirchhoff’s Rules. [Note: The correct spelling of this dead
physicist’s name is Gustav Robert Kirchhoff, and his last name is spelt with two h’s and

two fs. (If you’re interested, it is pronounced: “KIRK-cough”.) ** | will admit that
sometimes in English textbooks it is spelled “Kirchoff”, but that is not the correct
German spelling of the name. It’s the same as my ancestors, whose name was “Behr”.
When they came to America (a long time ago) and settled in Amish Pennsylvania (It is
interesting to note that these people are commonly called “Pennsylvania Dutch”, even
though they are not Dutch, but German. The reason is that in German, the word for
German is “deutsch”, which sounds like “dutch”.), it was changed to “Bair”, “Baer”,
“Bayer”, “Blair”, and ‘“Bear”; because some immigration officer didn’t know his




German. Could you image me winning the Nobel Prize and it having “William L. Bayer
Jr.” written on it? I'd be pissed. © ** Anyway back to Ohm’s Law.]

Assume we have the following configuration — we have a piece of wire with a resistor (R)
and a current moving through the wire (1):

Case 1: If we traverse this path from a to b (in the same direction of the while
going around a loop, then the potential drop is given by Ohm’s Law a(\

AV =-IR
— o\

Case 2: If we traverse this path from b to a (in the opposit&di@)n of the current) while
going around a loop. then the potential rise is given b = aw as:

AV =+IR Q
Next, assume we have the following con — we have a piece of wire with a

electromagnetic force (EMF, ¢) [this is also Nefnetime referred to as a “battery” or a
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“power supply”]:

[ J=3

Case 1: If we travlsse\thig path from a to b (from the negative side of the EMF to the
positive side of t ) while going around a loop, then the potential rise is given by
Ohm’s Law as:

AV =+¢

C&i; we traverse this path from b to a (from the positive side of the EMF to the
neqagvé side of the EMF) while going around a loop, then the potential decrease is given
by Ohm’s Law as:

AV =—¢

Finally, assume that we have the following configuration — we have a piece of wire with
nothing on it (just a plain piece of wire):




o
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Case 1: If we traverse this path from a to b while going around a loop, then the potential
rise is given by Ohm’s Law as:

AV =0

Case 2: If we traverse this path from b to a while going around a loop, then the tial

decrease is given by Ohm’s Law as:
AV =0 QO

Kirchhoff’s Zeroeth Rule (Corner Rule):

The current does not change around a corner in a circuit diﬁgr@

At corner a, the current does not

Kirchhoff’s First Rule (L le):

The sum of the poLA\i@@es and decreases around a closed loop must be zero.

@Q e

Kirthh Second Rule (Junction Rule):

The of the currents into a junction point must equal the sum of the current out of a
junction point.

n m

Z I In,j = IOut,k

=1 k=1

Examples:



At the junction point a, there is a single current going into the junction (1), and there are
two currents leaving the junction (I, and I3). Thus, according to Kirchhoff’s Seco le:

S THAT S IT! ***

Problem Solving Technique. T) for Kirchhoff’s Rules Problems:

1. Draw the ¢ diagram with all of its components — including resistors,« { Formatted: Bullets and Numbering

electromagndgic’forces, capacitors, inductors, transistors, etc...
2. Label e components clearly with standard notation — label resistors as Ry,

abel EMF’s as g, &, etc...; label capacitors as C, Cy, etc ...; and so

ide of each of the EMF’s with a “-".

Label each corner and junction of the circuit diagram with a lower case letter of
the alphabet (probably a good idea to start with “a” and go alphabetically).

5. Draw in currents. The direction can be arbitrary, so just pick a direction and stick
with it till the end of the problem! Make sure that at junctions you have the correct
number of currents though each piece of wire.

6. Label the current clearly with the values 1; 1, |5 etc...

Draw in the potential drops and rises across your components.

8. Label the potential drops and rises with AV, AV,, AV3, etc ...

~




9. Apply the Loop Rule for each closed loop in the circuit diagram (use Ohm’s Law
as described at the beginning of this pre-lab).

10. Apply the Junction Rule for each junction in the circuit diagram.

11. Solve the system of equations for the knowns and unknowns.

Let’s apply the PST’s and all of Kirchhoff’s Rules and Ohm’s Law to the circuit for this
pre-lab.

PST 1- Draw the circuit diagram with all of its components — including resistors,

electromagnetic forces, capacitors, inductors, transistors, etc...: %
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PST 2 - Label all ofithéC€omponents clearly with standard notation — label resistors as R,
Ro. etc...; label E €1, €2, etc...; label capacitors as Cy, Cy, etc ...; and so forth ...:

=
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PST 3 - Mark the positive side of each of the EMF’ wit;a “+”, as well as the negative
side of each of the EMF’s with a “-": . 6

g1

<

PST 4 - Label each corner and junction of the circuit diagram with a lower case letter of
the alphabet (probably a good idea to start with “a” and go alphabetically):
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PST 5 - Draw in currents. The direction can be arbitrary, ?yiust pick a direction and stick
with it till the end of the problem! Make sure tfialNat junctions you have the correct

number of currents though each piece of Wif@v
a h
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PST 6 - Label the current clearly with the values I; I, |3 etc...(Notice we already applied
Kirchhoff’s Zeroeth Rule):
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PST 7 - Draw in the potential drops and rises acros

ur components:
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PST 8 - Label the potential drops and rises with AV1, AV, AVs, etc ...:
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PST 9 - Apply the Loop Rule for each closed loop

as described at the beginning of this pre-la

We have 3 loops that we need to consider eac

@e circuit diagram (use Ohm’s Law

the letters to describe the loops):

Loop 1 = a-b-c-d-g-f-e-a: 0
Va8
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Qﬂviduallv. These three loops are (using
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** NOTE: we did not “get rid” of the wire connecting ¢ to f, we just are “selectively
ignoring” it at the moment since it plays no part in the loop we are concerned with. **

Applying Ohm’s Law using the convention set up at the beginning of the pre-lab:

From atob:
AV =0
Frombtoc:
AV, =-1,R,
(** NOTICE THAT IT IS NEGATIVE SINCE WE ARE TRAVERSING IN} AME
DIRECTION AS THE CURRENT! *%) N/

From c to d: \-‘
Fromeiod: Q)
Fromdtog:

From g to f:

Fromftoe:

Frometo a:

@ AV, =+¢

According to thé\loop rule, the sum of the potential rises and decreases around a closed
loop must besZerg

%‘b'

$av, -0
i=1

7
DAV, =0-1,R, +0—-1,R,+0+0+£=0
i=1

~1,R, —I,R, +£=0_(eq. 1)

Loop 2 = a-b-c-f-e-a:
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Applying Ohm’s Law using the convention set up @a&){inninq of the pre-lab:

From ato b:
AV =
From b to c:
1 :_|1R1
From c to f: O
AV, =-L,R,

From fto e: \
AV =0

Frome

AV, =+¢

According to the loop rule, the sum of the potential rises and decreases around a closed
loop must be zero.

$ A, <0
i=1

5
YAV, =0-1L,R, —1,R, +0+£=0

i=1




—1,R, —1,R, +£=0_(eq. 2)

Loop 3 = c-d-g-f-c:
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Applying Ohm’s Law using the convention set up at the b&in@ of the pre-lab:

From c to d:
Fromdtoqg:

AV, = -WR,
From g to f: \

AV =0

From fto c: O

@ AV, =+1,R,
(** NOTICE THQX[S POSTIVE SINCE WE ARE TRAVERSING IN THE OPPOSITE

DIRECTION THAN THE CURRENT! **)

Accordiag, topthe loop rule, the sum of the potential rises and decreases around a closed

$av, <0
i=1

4
> AV, =0-1,R, +0+1,R, =0

i=1

—1,R, +1,R, =0 (eq. 3)




PST 10 - Apply the Junction Rule for each junction in the circuit diagram:

We have 2 junctions that we need to consider each individually. These two junctions are
(using the letters to describe the junctions):

Junction 1 @ c:

|,
131 - QOQA)

According to the junction rule, the sum of the currents into a j ct ion point must equal
the sum of the current out of a junction point. O

l,=1,+1, (eq. 4

Junction1 @ f: no

Y
According to the junction Q\e sum of the currents into a junction point must equal
the sum of the current (@Jf a junction point.

3 =1,(e0.5)

I, +1
PST 11 - 5@ system of equations for the knowns and unknowns:

W@% the following information from the beginning of the problem:

R, R, R,

&
10V | 10kQ | 100kQ | 1kQ

That means that the unknowns are:

1,1, 1;,and I,




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

~1,R, — I,R, +£=0_(eq. 1)

—1,R —1,R, +£=0 (eq. 2)

~1,R, +1,R, =0 (eq. 3)

l,+1,=1, (eq5)

First, start by solving equation 3 for Is:

O\a

_ IR, M
Plug equation 6 into equation 1:
-1, 1@%&‘ 0
R-LR,+£=0

©

Notice that this is exac@w same as equation 2! So at least we did the loop rules right!

Look at equati d equation 5. Notice that the sums are the same for both of those
equations. T/ sPmean that:

(b l,=1,(eq.7)

Use equation 4 and plug the value for I, into equation 2:

(I, +1;,)R, = 1,R, +£=0

—1,R, —1,R —I,R, +£=0_(eq. 8)

Use equation 6 and plug in the value of I3 into equation 8, then solve for Iy:




" R+ 12 4R ‘:S
[me ) S
= RR, +ER(1RR32)+ R,R,) O

N

solve for I3:

Use the value we just found for I, and plug it into equatiorq,

P

—1,R, +
(R{R, +R,R, +

&)’ S(Rz)

,(Rle +RR,+R, Rs)

Use the values we )@nd for 1, and for I3 and plug them into equation 4, then solve

forl;: Q
Yy I + I — E(RS) + 8(R2)
‘b‘ 27 (RR;+RR, +R,R,) (RR,+RR, +R,R;)

| = 5(R3)+5(R2)
' (R1R3 +RR, + Rst)

B &R, +R;)
b (RlRS + RlRZ + RZRS)

Use the value we have found for I, and plug it into equation 7, then solve for I4:




=1,

| _ €(R2 + R3)
‘o (R1R3 + RlRZ + RZ RS)

Now we have expressions for all four currents in the original circuit.

_ &(R, +Ry) | = &(R,)
" (RR+RR, +RR)[ ] (RR;+RR, +R;R;)

AR,) ARt Ry) OQ

IZ =
* (RRy +RR, +R,Ry)[ ] * (R1R3+R1R2+R&)

We can now plug in the value of the given information and solpﬁsvthe numerical value
of each of the currents.

- 10 V (100kQ2 + 1kQ)
' ((10kQ)1ke2) + (102200 (100kQ)1kQ2))

10 V(1010000Q2) ~10V(1010000)
(1x10707)+(1x10°Q*)+ (1x10°0)) ~ (111000000002?)

Il

10 A=0.90991 mA

- 10V (1kQ)
2 (H10kQ)(1kQ2) + (10k2)100k2) + (100kQ )(1k2))

: 10 V(1000Q2) ~10V(100002)
10'0?)+(1x10°0?)+ (1x10°Q?)) (1110000000027 )
o
% 1, =9.009x10° A=9.009 /A|

| 10 V (100kQ2)
* ((10KQ)1k€2) + (10kQ{100KE2) + (100K Y1KC2))

10 V(100000Q2) _10V(10000002)
(x10" Q%)+ [1x10°Q? )+ ([1x10°Q?)) (111000000007

Il




I, =9.009x10"* A=0.9009 mA

. 10 V (100kQ +1kQ2)
* 7 ((10kQ)1kQ2) + (10KQ2Y100K2) + (1002 )1k2))

10 V(10100092) ~10V(1010000)
(1x10"Q?)+ (1x10°Q% )+ (1x10°Q?))  (11100000000?)

I,

|1, =9.0991x10 A=0.90991 mA) g s)
Cahs¥

Finally, we can determine the potentials (voltages) across each of the£omp

Ohm’s Law. U
AV, =-1|R, O\J

AV, = —(0.90991 MAY10kQ) = —(0.909@A)(1x10“g)
Y

AV, =-BR

- 2
AV, =—(9.009 %@ = —(9.009x10°° Af1x10°Q)

b
O AV, =-0.9009 V|

\Q) AV, = —1,R,
‘&'Q— —~(0.9009 MAY1kQ) = —(0.9009x10°* Af1x10°Q)
O

AV, =-0.9009 V|

AV, =£=10V

<NOTE: If you are familiar with Linear Algebra and Matrix Notation, you can
enter all four equations (eq. 1, eq. 2, eq. 3, and eg. 5) into an augmented matrix.>




-R, 0 -R, 01 [-¢
-R, =R, 0 0fl,| |-¢
0 R, R, Ofl,| [0
0o -1 -1 11, 0
-R, 0 -R, 0]-¢
-R, -R, 0 O0]-¢
0 R, R, 0
0 -1 -1 1

Using Gauss-Jordan Elimination technigues to get the augmented m*rix info reduced

row echelon form, you get the following:

lOOOg(R+R
0100
0010
0001gR+R

RR +R,
RR+
RR +RR,

RR, +RR

Which means (note that this is the same result

obtained from back-substitution and

algebra above):

2 =

S(Rs)
(R1R3 +RR, +R, Rs)

2=

g(Rz + Ra)
(R1R3 + RlRZ + R2 R3)

- [ Formatted: Justified




