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| NTRODUCTI ON

The networ ks bel ow are equivalent if V1, 11, V2, and |12 are rel ated
precisely the sane way as V1', 11, V2', and 12'. In particular,
if V1 and V2 are arbitrarily specified, then, whenever V1' = V1 and
V2' = V2, for equivalence, 11 =11" and 12 =12 for all val ues of
V1 and V2. Alternatively, if I1 and 12 are arbitrarily specified,
t hen, whenever 11" =11 and 12" =12, for equivalence, V1 =V1' and

V2 = V2' for all values of |11 and | 2.
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Fi gure 1.

Every three-term nal network containing only linear resistors can
be represented by a “we” or “delta” equivalent network. A “we”
network is also called a “tee” or *“Y' network and would be
represented by the network shown in Figure 2. A “delta” network
is also called a “pi” or “ii*“ network and woul d be represented by
t he network shown in Figure 3.
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Figure 2. “We” Network Figure 3. “Delta” Network




For the two passive three-terminal networks containing |inear
resistors in Figures 2 and 3 to be equivalent, it is necessary that
t he resi stance between each of the three pairs of term nals ab, ac,

and bc be identical for both networks, i.e.,
Rab = Ra + Rb = RI(R2 + R3)/ (Rl + R2 + R3) (1)
Roc = Rb + Rc = RR(R1L + R3)/(R1L + R + R3) (2)
Rca = Rc + Ra = R3(R1 + R2)/ (Rl + RR + R3) (3)

Three-term nal networks containing elenments in addition to |inear
resistors may be represented by a “we” or “delta” equivalent
net wor k. However, this equival ence exists only under very specific
term nal conditions, which nust be specified.

Two three-term nal networks, with only the term nals exposed, w |
be anal yzed in the |aboratory. The only access to the encl osed
circuitry will be through the voltage-current anal yses perforned
on the box via its three term nal connections.

A passive network of arbitrary conpl exity (EXCLUDI NG CAPACI TORS AND
| NDUCTORS) i s enclosed in one box and an ACTI VE network i s encl osed
in the other box. The task is to determine a “we” equivalent
network that would produce the sane voltage-current relationship
as the box anal yzed.

PRELI M NARY

P-1. Calculate the “we” equivalent for the network in Figure 4
bel ow usi ng the derived equations (1), (2), and (3) above.
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Fi gure 4.
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(Cont i nued)
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Derive the general equations for determi ning the el enents of
a “delta” network in ternms of the el enents of a “wye” network,
assumng all the elenments are resistors. (H NT: Apply two
voltage sources to the termnals ab and cb of the “we”
network and fornulate the mesh equations. Next apply two
current sources to the corresponding termnals of the “delta”
networ k and fornul ate the node equati ons. Sol ve for the nmesh
currents in the “we” network and equate themto the currents
in the “delta” network.)



P-3. Derive the general equations for determ ning the el enents of
a “we” network internms of the el enents of a “delta” network,
assumng all the elenments are resistors. (H NT: Using the
derivations fromP-2 above, solve for the node voltages in the
“delta” network and equate themto the voltages in the “we”
net wor k. )
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PROCEDURE

L-1. Apply a DC voltage source to the termnals ab, bc, and ca of
t he unknown “passive” network and make a current and voltage
nmeasur enent. STAY WTHI N THE FOLLON NG LI M TS FOR VOLTAGE AND
CURRENT.

V <= 20 volts.
0 <1l <=5m

L-2. Repeat Procedure L-1 above for the unknown “passive” network
EXCEPT STAY WTHIN THE FOLLONNG LIMTS FOR VOLTAGE AND
CURRENT.

V <= 20 volts
5M«< 1| <=10 mA

L-3. Before applying an external DC voltage to the “active” unknown
network, neasure for voltage across termnal ab, bc, and ca
wi th a high i npedance vol tneter and note which term nals have
positive voltage on them

L-4. Repeat Procedures L-1 and L-2 above for the unknown “active”
network nmaking sure that the externally applied DC voltage
source al ways opposes the internal voltage source.

REPORT

R-1. Based on neasured data, calculate a “we” equivalent for the
unknown “passive” network for each of the tw current
conditions. If the two equivalent circuits are different,
provi de an expl anation for difference.

R-2. Repeat R-1 above for the “active” network.



