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| NTRODUCTI ON

The direct current resistance of a conponent can be neasured by
many different nethods, depending on the accuracy desired. |If
accuracy is of extreme i nmportance, the circuit used to nmeasure this
resi stance should be in the formof a “bridge.” Two of the nore
common types of bridges are the Weatstone Bridge, which is used
to measure resistances of 1 ohmto 100,000 ohns, and the Kelvin
Doubl e-Bridge, which is used to neasure resistances in the range
of .0001 ohnms to 1 ohm

The accuracy of a bridge depends on the quality of the bridge
conponents and the sensitivity of the galvanoneter used.
Theoretically, the nost preci se neasurenent is found when the four
arns of the bridge have the sane resistance value. However, the
nost preci se neasurenent is actually achieved when the four arns
of the bridge have the sanme resistance value and the equival ent
resi stance of the bridge circuit appearing across t he gal vanonet er

term nal s equal s the gal vanoneter resistance.
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In Figure |, R3 is assuned to be the unknown resistor, and R4 is
assumed to be the standard that is variable in 1 ohm steps
t hroughout the range of 1 ohmto 111,110 ohns. In general, Rl and
R2 are chosen and R4 is varied until there is no deflection of the
gal vanoneter needle when the switches KL and K2 are closed
momentarily. Under this condition, the bridge is said to be
bal anced. Assuming that the bridge is adjusted to the bal anced
condition, that there is no current flowing in the gal vanoneter,
the Kirchhoff and Term nal Equations may be witten as foll ows:

vi(t) - v2(t)

I
o

KVE | sinceio(t) =ig(t) =0
v3(t) - v4(t) =0 |
i1(t) =1i3(t) |

KCE | since io(t) =ig(t) =0
i2(t) = i4(t) |

vi(t) = RL i1(t)

v2(t) = R2 i2(t)
TE
v3(t) = R3 i3(t)

VA(t) = R4 i4(t)

Usi ng the preceding equations, the followi ng relationship nmay be
f ound.

R3 = R4 (Rl/R2) (1)

In this experinment, the resistances Rl1 and R2 will be chosen such
that the following ratios nay be obtained:

1/ 1000, 1/ 100, 1/ 10, 1/ 1, 10/ 1, 100/ 1, 1000/ 1

The standard resistor R4 can then be adjusted to give a bal anced
condition for a wi de range of unknown resistors. Wth the rati o of
R1 and R2 set at the val ues rangi ng bet ween t he maxi mrum and m ni mum
val ues given above and with R4 variable in 1 ohm steps between 1
ohmand 111,110 ohns, R3 can be neasured anywhere in the range . 001



to 111,110,000 ohns, but with a definite | oss of accuracy if R3is
outside of the range 1 ohmto 111, 110 ohms.

In setting up a bridge circuit, R4 is first set to give the desired
nunber of significant figures in the nmeasured val ue of the unknown
resi stance R3. For exanple, if one significant figure is desired
for R3, R4 would be allowed to vary between 1 ohmto 9 ohns. The
range of R3 that coul d be neasured then for the above ranges of Rl
and R2 would be .001 ohns to 9000 ohns (the small zeros nean that
these figures are not significant). If the desired nunber of
significant figures for R3 is three, then R4 would be allowed to
vary between 100 ohns to 999 ohns. The range of R3 that could be
nmeasured in this case would be .100 ohns to 999000 ohns.

This experinment is designed to introduce the student to the bridge
nmet hod of neasurenent. In designing and operating a bridge for
specific applications, there are nmany other factors to be taken
into consideration. For nore information, the foll ow ng references
are given:

1. Electrical Measurenents by Dunn and Barker
2. Basic Electric Measurenents by Stout




PREL|I M NARY

P-1. Using the Kirchhoff and Term nal Equations given, derive
equation (1) above.

P-2. For the ranges of Rl, R2, and R4 given above, what is the
| ar gest nunber of significant figures that may be obtai ned for
t he unknown R3, and what is the range of R3 for which this
woul d be true?

Nunber of significant figures

The | owest val ue of R3

The | argest val ue of R3

P-3. Gven a standard resistor R4 which is variable in steps of 1
ohm from 1l ohmto 111,110, determ ne the value of the ratio
R1/R2 for obtaining R3 to three significant figures for:

a. R3 between 3 ohns and 9 ohns.

Rl/R2 = /

b. R3 between 400 ohns and 900 ohns.

Rl/R2 = /

C. R3 bet ween 300, 000 ohns and 700, 000 ohns.

Rl/R2 = /

(I NSTRUCTOR S SI GNATURE DATE )




PROCEDURE

L-1.

L- 2.

Connect the bridge circuit as givenin Figure 1. The resistors
R1 and R2 have already been prepared for the experinent to
give the ratios of 1/1000, 1/100, 1/10, 1/1, 10/1, 100/1, and
1000/ 1.

Al so, the resistor R3 has been prepared for the experinent
wi th eight unknown resistors (R1-R8). The first two unknown
resistors (RL and R2) are |labeled as to their range in order
to give the student sone idea of what to expect.

The standard resi stor R4 shoul d be a General Radi o resi stance
decade box (or its equivalent) that varies in 1 ohmsteps from
1 ohmto 111,110 ohnms.

The resistor Rois used to protect the sensitive gal vanonet er
and should be a variable resistor with a maxi numval ue of at
| east 10, 000 ohns.

The switches K1 and K2 should be a nornmally open, DUEL-KEY
swi tch which should be closed only nmonmentarily to check for
bal anced conditions. This is to prevent resistor val ues from
changi ng due to heating. When the switches are closed, Kl
should close first. If K2 were closed first, then any

i nduct ance or capacitance in the circuit mght cause a
transient current to deflect the gal vanoneter when K1 is

cl osed even though a bal anced condition may exi st.

The power supply should be able to supply +50 VDC at 100 mA.

The unknown resistor between 1 ohmand 10 ohns (R3) is to be
determned to three significant figures. To do this, follow
t he procedures outlined bel ow.

a. CAUTI ON: Be sure that the resistor Ro is set at its
maxi mum val ue bef ore begi nni ng t he bal anci ng procedure.
As the bridge approaches a bal anced condi ti on, Ro should
be reduced gradually to zero.

b. Set R1L to 1000 ohns and R2 to 1, 000,000 ohns (1/1000).

C. Set R4 to 999 ohns.



L-3.

L-4.

L-5.

d. Check and note the DI RECTI ON of deflection of the
gal vanonet er needl e by nonentarily cl osing the sw tches
K1 and K2.

e. Decrease R2 to 100, 000 ohns and agai n check t he DI RECTI ON
of deflection of the gal vanoneter needle by closing the
swi tches K1 and K2. Continue increasing the ratio of Rl/
R2 until a CHANGE in the DI RECTI ON of deflection of the
gal vanonet er needl e i s not ed. When this occurs, |eave
RI/R2 at that ratio and start decreasing R4 until a
bal ance is obtained. The value of R3 can then be
determ ned from equation (1) above.

f. If a CHANGE in DIRECTION of the deflection of the
gal vanonet er needl e does not occur for the maximumratio
of RI/R2, then set RI/R2 at its maxinumratio and start
increasing R4 to see if a balance can be obtai ned (NOTE:
This will result in nore significant figures for R3).

g. If a CHANGE in DIRECTION of the deflection of the
gal vanonet er needl e does not occur for the maximumratio
of R1/R2 and the maxi num value of R4, then performthe
above procedures (a) through (c) again and try reducing
R4 to see if a balance can be obtained (NOTE: This may
result in less than three significant figures for R3).

h. If a balance cannot be obtained using procedures (a)
t hrough (g) above, and you know that your circuit is
functioning properly, then the unknown R3 i s out of range
of the capability of the bridge.

The unknown resi stor between 10, 000 ohnms and 20, 000 ohns (R2)
is to be determned to three significant figures. To do this,
repeat the procedures outlined in L-2 above.

The unknown resi stor between 10, 000 ohns and 20, 000 ohns (R2)
is to be determined to four significant figures. To do this,
repeat the procedures outline in L-2 above EXCEPT set R4 to
9999 ohns in procedure (c).

The remaining unknown resistors R3 through R8 are to be
determned to three significant figures. To do this, repeat
t he procedures outline in L-2 above.



L-6. Al of the unknown resistors (RL through R8) are to be
nmeasured using a precision inpedance bridge or an ohmeter
that will nmeasure resistance to four significant figures.

REPORT

R-1. Calcul ate the percentage error between the neasured val ues of
t he unknown resistors (RL through R8) using the Weatstone
Bri dge and the neasured val ues using the precision inpedance
bridge or ohmeter. Let the precision inpedance bridge or
ohnmmet er be the standard.

R-2. Include a discussion on how R4 could be changed to increase
the nunber of significant figures neasured for an unknown
resi stor.

R-3. Also discuss how the ratio of RL/R2 could be changed to
i ncrease the range of unknown resistors neasured.



