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ABSTRACT

The work started with an extensive literary research in an attempt to find out facts about the instrument.  This led to probing the history of Wheatstone bridge, hour it was developed up till the point Wheatstone Bridges of different designs were made.  

This work deals with metre Bridge which is one of the fundamental instrument in most physics laboratories.  Metre Bridge is a topic under electricity, is an instrument made up of wooden board metre rule, wire, usually constantan, and metal strips (standard resistor, unknown resistor, galvanometer, battery, sliding contact, and keys are included when the metre bridge is in use.
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CHAPTER   ONE

INTRODUCTION

1.1
BACKGROUND HISTORY OF WHEATSTONE BRIDGE
The study of electricity is an important aspect of physics because electricity plays a key role in the modern world.  The working of most modern appliances such as radio, television, computers and calculators, refrigerator, air conditioners, sound systems and electric fan is possible as a result of electricity.

There are three basic quantities, which must be clearly understood before we can proceed with the subject of electricity.  There are electric current, potential difference and electric resistance.  One needs to have the knowledge of circuit board and work with a variety of circuit including voltage dividers, the wheatstone bridge.

Sir Charles Wheatstone (1802 – 1873) was a British Scientist and inventor of telegraph systems.  He began as a musical instrument maker in London, but his scientific was to select the best result, which resulted in an outstanding paper on acoustic he presented to the Royal Society in (1833 – 1834) he became a professor of Physics at Kings College London, and distinguished himself in research in electrical science.

With William Forhergill cook, he invented major component of England’s first telegraph system.  He also intended scientific instrument and a self-excited electrical generator (the dynamic) about the same time as Werner Von siemens.  His keen intellect was demonstrated by his ability to deciphjer hieroglyphies.  In 1868, he was knighted.

Wheatstone bridge, as it is common known was first described by Sott Chirstle in 1833 but came into use about 1843.  when wheatstone Charles called attention to Christle’s work, since then wheatstone bridge has been the name applied to this instrument.

1.2
DESCRIPTION

This is a device for measuring electrical resistance.  In fact, there are many methods for measuring resistance such as the use of potentiometer, ammeter, Voltmeter, ohm-meter and by substitution method, by these the most accurate and suitable method of measuring and comparing resistances is that due to wheatstone bridge.  This method makes use of division circuit, which in this case, is known as wheatstone bridge.  The wheatstone bridge circuit is shown in the figure I below:
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Fig. I:

WHEATSTONE BRIDGE CIRCUIT

The Wheatstone bridge requires no calibrated meter unlike the ammeter-voltmeter method, but instead requires one calibrated variable resistor e, and two resistors R2 and R3 whose ratio is accurately known together with a sensitive current detecting device.  One adjusts the value of the variable resistor R1 (the arrow shows that it is variable) until no current flows through the galvanometer.  The bridge is said to balance when the bridge is balanced the current 2x and I1 control the junction point as shown in the circuit.

1.3
THE THEORY OF THE BRIDGE
The problem of the wheatstone bridge is solved on the assumption that the current in galvanometer is zero at balance.  However, by kirochoff’s rules the bridge relationship may be found without this assumption.  

For us to obtain the working equation for the bridge we write the loop equations for loops abda bcab.  As we can see that voltage drop across current resistance of the galvanometer is zero, since current through it is zero, these equation are necessary.


-
IxR3+I1R1       =
0 ------------------------
(1)

and 
-
IxR3+I1R2
=
0 ------------------------
(2)

After eliminating I1 and Ix from the equation by transposition the negative terms and dividing one equation by the other, we find.

Rx
=
R1
----------------------------
(3)

R3

R2
i.e
Rx
=
R1




R2   -   R3   ---------------------  
(4)

The Rx will be known to the same accuracy as R3 and the ratio of R2/R2.  No calibrated meters are needed.  However, the accuracy of the device depends upon the sensitivity of the galvanometer  G.

1.4
TYPES OF WHEATSTONE BRIDGE

There are different practical forms of the wheatstone bridge.  There are:-

(i)
The metre bridge

(ii)
The post office box

(iii)
The calendar and Griffith’s bridge

(iv)
The Kelvin-double bridge etc.

However, for this research work we are concerned with the metre bridge.

1.5
DESCRIPTION OF THE METRE BRIDGE

For purposes of practical measurement of resistances, the wheatstone bridge is constructed in several convenient forms.  One of the convenienst forms is the metre bridge so called because a uniform resistance wire AB, one metre long, is stretched between two fixed brass or copper strips the wire presiding the two arms of wheatstone bridge.  The metre bridge which can be used to compare the wheatstone bridge.  It is sometimes called a slide wire bridge fro no better reason than a sliding contacts which can be used to explore the will position on the resistance wire.
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Fig. II:
SLIDE WIRE (METRE BRIDGE)

The wire AB in Fig. 2 above has a uniform cross sectional area and is made of some alloy such as constant copper which the wire stretched between a metre rule.  Other connections such as A, D, F, H and RB are achieved using other thick copper strips whose resistances are generally negligible.  There is also another sliding contact S, which is movable along the wire when the bridge is in use.  All the components of the metre bridge are fitted on a wooden board usually made of maliojany.

1.6

THEORY OF THE METRE BRIDGE

When the slider is at a point c in the wire and a balance is obtained then c divides the wire into two parts, of resistance RAC and RCB, these with x and R, are equivalent to a wheatstone bridge.  The connections are usually checked by making contact with one slider on a, then on B.  Opposite deflections of G implies that a balance can be obtained between A and B that of the circuit is correctly connected.  If the resistances Rx, R1, R2 and R3 of the wheatstone bridge in Fig. I is related to the metre bridge set up in Fig. II then at balance we have 


X
=

RAC


R


RCB

-------------------------
(5)

Since the wire is of uniform cross-section, the resistances RAC and RCB are proportional to the lengths of wire L1 and L2 respectively.

Thus

x
=
L1



R

L2

--------------------------
(6)

and 

x 
=
R
=
L1






L2  ---------------------
(7)

When L1 and L2 are corresponding distances of C from A and B.  L1 and L2 are measured by means of a scale fixed alongside of the wire, and hence the ratio R to x becomes unknown.  If R is a standard coil, the resistance of x in ohms can be calculated as given above.

It is usual to choose the resistance r so that the balance point c lies fairly near the mid point of the wire within say its middle third.  It is advisable so that the current only flows while the test is being made.  The contact at C is usually a tapping contact and the practice should always be followed for making the battery circuit before the galvanometer circuit, some idea of the accuracy of a particular measurement again.  If by inter changing R and x and balancing again.  If the new ratio agrees with the old within about 1% then, their average may be taken as the value of x.

1.7
FACTORS THAT AFFECT METRE BRIDGE

There are numerous errors that associated with metre bridge which may be caused by:

(i)
The degree of sensitivity of the galvanometer used in the metre bridge, which affects the accuracy of balance point.

(ii)
Variation of the E.M.F. of the battery used in the measurement, which influence reading and therefore affects results badly.

(iii)
The inability to balance the bridge to the required precision.

(iv)
An accumulation of small errors resulting from practical circuit and construction problems for examples, non uniformity of the bridge wire and copper strips.

1.8
PRECAUTIONAL MEASURES

Certain precautions need to be taken in order to minimize errors for instance:

(a)
During preliminary adjustments as applied to fig. I, where the bridge may be far from balance point and VBD Large the galvanometer must be perfect from excessive current.  A shut resistor whose resistances in large compared with that of the galvanometer. 

(b)
Ensure that the current is steadly throughout the experiment and is not to high otherwise the wire vol sag.

(c)
Ensure that x and r are reasonably comparable.

1.9
AIM OF THE STUDY

The aim of the study is to produce a metre bridge.

1.10
OBJECTIVE OF THE STUDY

This is to help, to increase the apparatus (metre bridge) in physics laboratory in Institute of Management and Technology (IMT), Enugu.

1.11
STATEMENT OF PROBLEM
Presently, in Institute of Management and Technology (IMT), physics laboratory, there are insufficient metre bridges in the Laboratoery.  This is why it has been chosen to construct a new one to increase the numbers of the metre bridge in the Laboratory.

1.12
SIGNIFICANT OF THE STUDY
In the area of this study, the construction of the metre bridge will be highly appreciated in the physics laboratory in Institute of Management and Technology (IMT), Enugu.

1.13
LIMITATION OF STUDY

This research work is limited in Enugu Urban Area.

CHAPTER   TWO

LITERATURE   REVIEW

2.1
      CONSTRUCTION OF THE METRE BRIDGE

Construction was carried out in accordance with the design and constructions.  Some basic tools were used in the construction of the component of the instrument.

2.2
OPERATION FOR CONSTRUCTION OF BASE BOARD

A plywood board of mahogany was used.  This plywood was saved by means of the handsaw and the two faces edges plained to with using the jack plane.  It was cut to the required length by the panel saw.  The two faces sides were glass-papered by hand.

The growth in the board for the metre rule was made by hand using the plough plane and the two ends dispelled to form the correct rectangular shape.

The leveling stand was built through the same processes applied for the bare board.  Holes for the screws were drilled on a doting machine before they were finally screwed to the baseboard with the aid of a screwdriver.  Scotto D. W. 1977.

2.3
COPPER STRIPS

Flat bars of brass were used and this was cut to dimension shown in the design.  They were also dotted at the appropriate positions.  Copper strips were constructed to bridge the gaps considering the thermocouple effect due to two different metals heated at different temperature and connected to conduct electricity.  Their faces were brushed by Sam-papering.  Besancon M. R. 1974.


2.4
BRASS TERMINALS

The terminals used for electrical connections and also for holding the brass strips on the wooden board (flame) are made of brass metals.  These terminals have its own dimensions (diameters) measured by the use of outside calipers.

2.5
MOUNTING OF COMPONENT ON THE BOARD
The brass terminals and strips were mounted on the board by drilling at the appropriate places and screwing them well using screw nails.

A metre rule was fixed on the board at the groove made for it and reinforced by screw nails.  Over the metre rule, the constantan wire in held tightly at both ends by the use of screws and brass strips of small pieces acting as nuts for the wire.

The constantan wire used is of the 24 S.W.G.  The diameter of the wire was measured by the wire is uniform, tightly and tensionally fixed end of terminals over the board.                   

CHAPTER   THREE

MATERIALS AND METHODOLOGY

3.1
DESIGN OF THE METRE BRIDGE
Figure III below describes the design of the metre bridge.   This is the isometric view of the instrument that is the first elevation side view.  The dimensions are all in centimeters.

3.2
SPECIFICATIONS

i)
The materials used are as follows:


a)
Wooden board


b)
Leveling stand


c)
Long and short metal strips


d)
Copper terminals


e)
Screws


f)
Close up strips


g)
Holder for the wire


h)
Metre rule


i)
Copper wire

The designed work is specially called metre bridge (slide wire).  The dimensions of all the component parts are listed above.  Though the design is not drawn to scale, but it is still to dimension.  If this is draw to scale it would pose a problem of not identifying some of the component clearly.

3.3
WOODEN BOARD

Length

=
120cm

Width


=
18cm

Thickness

=
2cm

MATERIAL

Mahogany wood.

Two wooden base of 17.0cm by 4.5cm by 2.5cm.

This is located on the both ends of the board metal strips.

3.4
METAL STRIPS
The three metals strips of
 
-
31.5cm by 2.5cm by 0.2cm mounted on the wooden board at a distance of 7.5cm each from the end of the board this is grooved at one end.

MATERIAL

Copper wire of length 102cm, The number of the screws – 13 for attaching the metal strips to the board.

3.5
SCREW FOR THE WIRE
Eight (8) screw nails of length 2cm, eight (8) screws for attaching the metre rule and the wire to the wood and two metal strips at the ends.  Calibrated metre rule of 100cm by 2.6cm by 0.6cm.

3.6
HOLDER FOR THE WIRE

This is used to clamp the bridge wire at the ends of the metre rule.

Length

=
2.5cm

Width


=
1.14cm

Thickness

=
0.11cm.

3.7
CLOSE UP STRIPE

Shaped to fit in the gaps:

Length
=
6.4cm

Width

=
2.1cm

Thickness
=
0.11cm

3.8
TERMINALS

(i)
Used for circuit connection.  The nulled end has a diameter of 1.6cm; the part in contact with the bridge for closing the gaps has a diameter of 0.61cm.

(ii)
TERMINAL SPACINGS

For two adjacent strips 4.3cm apart.  Distance between two terminals on each of the three equals strips is 28.6cm, for galvanometer terminals at the middle of the center strip, 14.3cm from both ends.

DESIGN OF THE METRE BRIDGE
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FIG. III

CHAPTER   FOUR

CALIBRATION OF CONSTRUCTED BRIDGE

4.1
DISCUSSION OF ACCURATE CONSTRUCTED METRE BRIDGE

The constructed metre bridge was discussed first of all by connecting the circuit as it shown below and touching the jockey (galvonometer key) on both end terminals, a and b.

There was deflection on both sides of the galvanometer and the circuit connections were then considered to be all right.  Then two resistors of equal resistance (20hms) were connected across the grips on both arms of the bridge.  The balance point (when the galvanometer pointer should no deflectional was soon the metre rule showing that the instrument measured accurately.
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4.2
COMPARISON WITH STANDARD METRE BRIDGE


The constructed bridge and a standard bridge were used to measure various resistances of different length of material.  The material was constantan wire of a 26 S.W.G. gauge.  The length ranged from 20cm to 120cm with each length differing from the proceeding one by 20cm.

CHAPTER   FIVE

FINDINGS, RECOMMENDATIONS AND CONCLUSION

5.1
FINDING


Base on the research, it was discovered that a metre bridge is associated with electricity and the study of electricity is an important aspect of physics because it plays a key role in the modern world.  The working of most modern appliances such as radio, television, computers and calculators, refrigerators, air conditions, sound systems and electric fans is possible as a result of electricity.

5.2
RECOMMENDATION


Since the metre bridge is an instrument used to determine the value of an unknown resistance.  One needs to have the knowledge of circuit board and work with a variety of circuits, which include voltage, dividers and the wheatstone bridge.  There are three basic quantities, which must be clearly understood before one can proceed with the subject of electricity.  These are electric current, potential differences and electric resistances.

5.3
CONCLUSION


In the course of the construction of the bridge some difficulties were encountered in the collection of materials because most of the recommended materials were nowhere to be seen in the local markets and scientific shops.  Financial constraints posed on serious handicap too.


Different materials were used in the construction of both the standard and the constructed metre bridge.  Where as copper metal strips were used in the constructed bridge.  A 24 S.W.G. gauge by constantan wire with a diameter of 0.056cm was used as the bridge wire for the constructed bridge.  The use of different materials of constantan wires with different thickness in the construction of the bridge does not affect the quality or performance of the constructed bridge is buttressed by the fact that there is a direct correlation between the values obtained from the constructed bridge and those from the standard bridge.  In the light of the above argument it follows that copper can be used interchangeable with copper as metal strips in the construction of metre bridge.
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