ENGR12

Chapter 2.4 — 2.7
Equivalent Resitance and
Wye-Delta Circuits



Basic Laws of Circuits

Equivalent Resistance:

We know the following for series resistors:

R, R,
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Figure 5.1: Resistors in series.
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Basic Laws of Circuits

Equivalent Resistance:

We know the following for parallel resistors:
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Figure 5.2: Resistors in parallel.
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Basic Laws of Circuits

Equivalent Resistance:

For the special case of two resistors in parallel:

Req —> § Ry § R>

Figure 5.3: Two resistors in parallel.
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Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.

By combination we mean we have a mix of series and
Parallel. This is illustrated below. o,
/ Rx = '—I//llf

Figure 5.4: Resistors In Series — Parallel Combination

To find the equivalent resistance we usually start at
the output of the circuit and work back to the input.



Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.
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Figure 5.5: Resistance reduction.



Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.
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Figure 5.6: Resistance reduction, final steps.



Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.

It Is easier to work the previous problem using numbers than to
work out a general expression. This is illustrated below.

Example 5.1: Given the circuit below. Find R,,.
1.

10 Q 8 0
Req — 210 23Q 260

Figure 5.7: Circuit for Example 5.



Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.
Example 5.1: Continued We start at the right hand side

of the circuit and work to the left. [ oA




Cleo: Problem 1 Find the equivalent

resistance atterminalsaandb.
1 ki 1 k) 1 k£
a oA\ // A // ’W‘*’_\

R@} — 2 kO 2 kO 1 kQ
b o J
LS = 1—/
— \f——\'\\(— = o ~ ¥/
R“f’} \ T zfa = e
a1

(2k-ohm)


http://www.rose-hulman.edu/CLEO/browse/?path=1/2/79/91/92/70

Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.
Example 5.2:  Given the circuit shown below. Find R,
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Figure 5.9: Diagram for Example 5.2.



Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.
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Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.

Example 5.2; Continued. A hokler way = reowvrange
120 (4515 bovs

NN 10 Q resistor
I\ N shorted out
4Q 6 Q %ﬂ ¢ (can Ruot)
Req ™ § Y

‘ 5(/““’“ ok
\ d, a ‘o Saws
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Fig 5.11: Reduction
steps.
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Basic Laws of Circuits

Equivalent Resistance: Resistors in combination.
Example 5.2: Continued. Slw\{,\@eg

| | |
Req . §4Q §6Q §12gz
| | |

Fig 5.12: Reduction
steps.
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Cleo: Problem 2 Reduce the circuit to a
single resistor at terminals a and b.

i
Rl: 9\(/6//3 = :( —7 1 kQ /
Lilrl a oA
= | k2 < %
_ o 1kQ 6 kQ
.= Cfelle = %€ e
?%: |\t R rBo tlo ’ ¢
= Rl 6kQ  =6kQ
10 kQ

(14 k-ohm)


http://www.rose-hulman.edu/CLEO/browse/?path=1/2/79/91/92/71

Find the equivalent resistance seen by the 50V source

= | — = (L N
szz \’9’/30)/10 - W_/;L/_Ld = %o_ iﬂ[kﬂ Q)(;\S,”';OI}"’ L

10k-ohm



Cleo: Problem 3 Find the current 1 Iin the
circuit. (First find equivalent R seen by 10V,

by carefully rearranging the circuit elements)
Ngde &

3 kQ
2kQ 6 k2

1 kQ
2kQ S 2K

Pole

4.38 mA


http://www.rose-hulman.edu/CLEO/browse/?path=1/2/79/91/92/72

Basic Electric Circuits

Wye to Delta Transformation:

You are given the following circuit. Determine R, P !
| 90 o WE
T TN
A S LN
\V} @ Ri» 1’

(0N ,
L(%y‘ Delis

Figure 5.1: Diagram to start wye to delta.
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Basic Electric Circuits
Wve to Delta Transformation:

vO .

We cannot use resistors in parallel. We cannot use
resistors in series. If we knew V and | we could solve

V

Req = |

There is another way to solve the problem without solving
for I (given, assume, V) and calculating R, for V/I.



Basic Electric Circuits
Wve to Delta Transformation:

Consider the following:

a

éRa R /\R
Rcﬁ/K%R,D s N
2 LA

(a) wye configuration (b) delta configuration

Figure 5.14: Wye to delta circuits.

We equate the resistance of R, R,. and R, of (a)
to R, , R,. and R_, of (b) respectively.
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Basic Electric Circuits
Wve to Delta Transformation:

Consider the following:

a a

I
3Ry

Re

R1§ %Rz
N L\
C/ \-b C ¢ «I/?\/\/ * Db

W (@) wye configuration (b) delta configuration
% Dzﬂ‘&»
A /F\_)—z—(de + Rj)
R, =R, +R,= Eq 5.1
R,+R,+R,

R, + Pet+s

Rp, = Rirhe= Ra(R+%)
17 R, TR, + K3

Eq 5.3
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Basic Electric Circuits
Wve to Delta Transformation:

Previous Equations reduce to:

a a
3R,
A s gk
R %Rb / \
c / \ b c ¢ M * b
Rs
(@) wye configuration (b) delta configuration
R,R R.R,+R R.+R.R
R = 12 R —_—a® b'c c'ta
° R+R,+R, ! R, Eq o4
__ RR R,R, +R,R,+R.R,
""R+R,+R, o= R Eq55
RiR; R,R, +R,R, +R.R
= _ "ta''b b"‘c c ‘a
C Rl + R2 + R3 R3 = R Eq 5.6




Basic Electric Circuits

Wye to Delta Transformation:

Summary:

Go to wye

R =

a

b:

R =

(&

RR,

Go to delta

R +R,+R,

R,R;

R +R,+R,

RiR,

R +R,+R;

We note that the denominator for R, R,, R, is the same.
We note that the numerator for R, R,, R; is the same.

_R,R, +RyR. +R.R,

R
1 R,

_RR+R R, +R.R

a

R, =

c

_R,R, +RR. +R.R,

R
> R

a

We could say “Y” below: “D”
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Eq 5.4

Eg 5.5

Eq 5.6



Basic Electric Circuits
Wve to Delta Transformation:

Example 5.3: Return to the circuit of Figure 5.13 and find R,

v S e LD Ny

Convert the delta around a — b — c to a wye.
N —=> X

Ra= Ry R :@)(;) = 2 S-
(1\4'()-7,4'(2‘5 i
25 =7
— 0o = 4&-—
Re = &_Vi = %

S

20



Basic Electric Circuits
Wve to Delta Transformation:

Example 5.3: continued

9Q
A"

S 20

40 ﬁ/\% 2Q

<

80 1 a0
N

Figure 5.15: Example 5.3 diagram.

' _ Y1)
It IS easy to see that Req =150 = 7+* 7 (ﬂf)”[

6 — \SJ
’1 — GLa #(l%—-
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Basic Electric Circuits
Wve to Delta Transformation:

Example 5.4: Using wye to delta. The circuit of 5.13

may be redrawn as shown in 5.16.
9Q

Figure 5.16: “Stretching” (rearranging) the circuit.

Convert the wye of a— b — ¢ to a delta.



Basic Electric Circuits
Wve to Delta Transformation:

Example 5.4: continued

90 90
NN d YV
10Q
. S g;m - i 73303
- C < ;119 €q c 1195
8¢ § 0 5.87Q§
b |

() (b)
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Basic Electric Circuits
Wve to Delta Transformation:

Example 5.4: continued

9Q
— W\

Req

—_—

132Q § 119§

Figure 5.18: Reduction of Figure 5.17.
Reg =15 Q
This answer checks with the delta to wye solution earlier.
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Cleo: Problem 3 Find the current i in the
circuit. (First find equivalent R seen by 10V)
by converting the Delta to a Wye

gSTIk
ka Q\Ql ‘7'3(77 ~ ‘A A

2+, P(L’, T’_
2\;—' C”)CB) = ggﬂk

0. ,03(7,)_ ST4 10V C_f)

= RQN—-ZSH

2= 10 =43\ wmA

4.38 mA N —



http://www.rose-hulman.edu/CLEO/browse/?path=1/2/79/91/92/72

Basic Laws of Circuits

s
15

End of Lesson 5

Equivalent Resistance



Cleo: Problem 1 Find the equivalent
resistance at terminals a and b.

1 kL2 1 k€2 1 k€2
2 AN, AV
2 k) 2 k2 1 kQ2

h o

(2k-ohm)


http://www.rose-hulman.edu/CLEO/browse/?path=1/2/79/91/92/70

Cleo: Problem 2 Reduce the circuit to a
single resistor at terminals a and b.

I k€2

s AN
él k2 %ﬁkﬂ %3 k2

6 kL 6 ke O kL
10 k€
b o—AAA,

(14 k-ohm)



http://www.rose-hulman.edu/CLEO/browse/?path=1/2/79/91/92/71

Find the equivalent resistance seen by the 50V source

20 kQ
—AMA—
| k€2 5kQ 4 k€
—AN
15 kQ

50V




Cleo: Problem 3 Find the current 1 in the
circuit. (First find equivalent R seen by 10V)

4.38 mA
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