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1. DC Current Supply 

2. Current-carrying Wire 

3. Magnet 

4. Connection Cables  

5. Angle Finder 
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The purpose of this experiment is to; 

1. Demonstrate the magnetic force on a current 

carrying wire positioned horizontally in the magnetic 

field,  

2. Investigate the magnetic force on a current carrying 

wire according to intensity of the electrical current in 

the wire,  

3. Analyze the deflection angle of the horizontal wire 

with respect to the vertical plane due to the 

magnetic force on the wire. 

 

 

A straight segment of a conductor wire carrying an 

electrical current in a uniform magnetic field 

experiences a force that is called magnetic force. The 

direction of the force is always perpendicular to the 

direction of the current and also perpendicular to the 

direction of the magnetic field. The relation between the 

magnetic force on the wire carrying current and the 

magnetic field that causes the force can be written as a 

vector equation: 

 
 

 

where, 

F : Magnetic force on the current-carrying wire,  

I : Intensity of the electrical current in the straight wire, 

 : Length of the straight segment of the conducting wire in 

a given uniform magnetic field, 

B : The strength of the uniform magnetic field. 

 
The force can be expressed as a vector product since 

the magnetic force is always perpendicular to both the 

conductor and the magnetic field.  

 

 

Figure-(1) shows a straight wire segment of length   

carrying current I . If the magnetic field is not 

perpendicular to the wire but makes an angle with   it, 

only the component of the magnetic field perpendicular 

to the wire )( B  exerts a force.  

The magnitude of the magnetic force on the wire 

segment is then given by: 

 

where,   is the angle between magnetic field and the 

straight wire segment (current direction). 

 

 

1.  Purpose 

2.  Magnetic Force 



 BIF   (1) 

 

 

Figure-1: The magnetic force on a current carrying straight 

wire in a uniform magnetic field. The field is not 

perpendicular to the current direction but makes an angle 

with it. The straight wire in the uniform magnetic field 

experiences the magnetic force perpendicular to both the 

current and magnetic field direction.   

sinBIBIF     (2) 
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It is found experimentally that the magnitude of the 

force is directly proportional to the current I  in the 

wire, and to the length   of the wire exposed to the 

uniform magnetic field.  The magnetic force also 

depends on the angle between the current direction 

and the magnetic field being proportional to sin . 

1. When the current is perpendicular to the field lines 

)90( 0 , the force is strongest. 

2. When the current carrying wire is parallel to the 

magnetic field lines )0( 0 , there is no force on the 

wire.   

 

If the magnetic field B  is assumed to be perpendicular 

to the direction of current flow I  throughout a given 

experiment )90( 0 , Equation-(2) then simplifies to: 

 

 

 

Therefore, in a given experiment, the magnitude 

and direction of the force F  depend on four 

variables: 

1. The magnitude of the current )(I  in the straight wire, 

2. The length )(  of the straight wire exposed to the 

uniform magnetic field, 

3. Magnitude of the uniform magnetic field )(B  and, 

4. The angle )(  between the current direction and 

magnetic field.  

 

The unit of magnetic field  B  is the tesla )(T  and 

AmNT ./11  . Another unit sometimes used to 

specify magnetic field is the )(Ggauss and 

TG 4101  .  

Similarly, the unit of force is called the )(Nnewton

such that  
2/.11 smkgN  . Therefore, if the magnetic 

field is given in the gauss , it should always be 

changed to tesla for the calculations.  

 

Consider a straight wire carrying a current of 

AI 20  has a length cm12  between the 

poles of a given magnet at an angle 
060 (see 

Figure-2). The magnetic field is uniform at

TB 9.0 . When a current flows in the wire, a 

force is exerted on the wire. We can find 

magnitude of the magnetic force F  on the wire 

by using the given numerical values:  

 

  

By the data values, the magnitude of the force F  

on the cm12  length of wire within the uniform 

field B  can be calculated as: 

sinBIF   

)866.0)(9.0)(12.0)(20( TmAF   

NF 87.1  

The direction of the magnetic force on the wire is 

directed into the page.  

 

BIF   (3) 

 

Figure-2: A current carrying wire segment in a magnetic 

field. The magnetic force on the wire is directed into the 

page and perpendicular to both the direction of the 

current and magnetic field. 

Current Wire Length Angle Magnetic Field 

I      B  

A20  cm12  060  T9.0  
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In this experiment, we will study the magnetic force 

exerted on a length of a current-carrying wire with 

varying current and then determine the deflection 

angle   due the force. The current-carrying straight 

wire is placed horizontally and suspended by two thin 

wires vertically between the poles of a magnet. Any 

magnet has two poles, north )(N  and south )(S . The 

vertical poles of the magnet provide the magnetic field. 

Magnetic Field lines come out of the north end of a 

magnet and enter the south end. 

Note that we can represent the electric current or 

magnetic field that is pointing out of the page or into the 

page. To represent any type of the current or field lines 

in or out of the plane of a page we use the following 

symbols: 

 Direction of the current or magnetic field out 

of the page. Here, the dot represents a vector 

that is coming out of the paper (arrow’s point). 

 Direction of the current or field into the page. 

 
Once the DC current is applied, the horizontal wire 

exposed to the magnetic field will project outwards 

away from the equilibrium position with a deflection 

angle due to the magnetic force (see Figure-3a).  

For the experimental analysis of the deflection angle

 , first of all we have to realize which forces are acting 

on the current-carrying horizontal wire in the magnetic 

field. As seen from Figure-(3b), there are two forces 

acting on the horizontal wire in the magnetic field 

between the poles of the magnet. They are magnetic 

force and the weight (gravitational force) acting on the 

horizontal wire downwards. The sum of these forces 

will give the final force acting on the wire.  

For these forces, first, the magnetic force F  on the 

horizontal wire can be determined by using the 

Equation-(3).   Second, we need to determine the 

gravitational force GF  on the wire by using the 

downward acceleration due to gravity g .  

  

 

 

(a) 

 

(b) 

Figure-3: A horizontal straight wire segment of length  carrying 

a current between the poles of a given magnet (a). The 

deflection angle   of the horizontal wire due to the magnetic 

force with respect to the vertical plane (b). Current flow in the 

magnetic field is in the direction of pointing into the page. 
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The gravitational force, that makes the horizontal wire 

accelerate downward, is its weight. The magnitude of 

the force of gravity GF  on an object is called the 

object’s weight and it is given by:  

 

 

The value of the acceleration due to gravity is given by 

2/8.9 smg  . The magnitude of the weight of the 

horizontal wire is directly proportional to its mass )(m .  

Now, by using the triangle with an angle   and the 

tangent function, we can derive the relation between 

the magnitudes of these forces GF  and F : 

 

 

If we use the relation of the weight mgFG   in the 

Equation-(5), we get:  

 

 

Finally, solving this expression for the deflection angle

)(  in terms of the measured quantities of the current

)(I , horizontal wire length )(  , magnetic field )(B  

and weight )( GF  will give: 

 

 

Equation-(7) gives the expected deflection angle in 

degrees. In the laboratory, experimental deflection 

angle will be determined by the angle finder of the 

magnetic force apparatus.    

 

 

 

   

 

The main part of the experimental apparatus is given in 

the Figure-(4). Students can easily demonstrate the 

magnetic force acting on a current-carrying wire by 

hanging the wire horizontally between the poles of a 

given magnet set. A variable current source is 

connected to the apparatus. If the current in the wire is 

zero, the wire remains vertical. However, when a 

current is passed through the horizontal wire, a 

magnetic force is created on the wire. The wire will 

deflect due to the magnetic force with a deflection 

angle depending on the intensity of the electrical 

current. 

The current carrying wire experiences an upward or 

downward magnetic force depending on the direction of 

the current and the direction of the magnetic field. In 

this product, the magnetic force on the current-carrying 

wire is perpendicular to both the wire (current direction) 

and the magnetic field direction between the poles of 

the magnet. 

 

 

 

 

mgWFG   (4) 

GF

F
Tan   (5) 

mg

F
Tan   (6) 

)(1

mg

BI
Tan

  (7) 

 

Figure-4: Magnetic force apparatus. 
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This laboratory manual supplies general operating instructions 

for the magnetic force equipment. The magnetic force 

equipment is simple to use. You will find step-by-step 

guidance on all procedures of the experiments carried out by 

magnetic force equipment.   

 

 

 

 

 

 

1. Construct the magnetic force apparatus as 

shown in the Figure-(5). Do not switch the current 

supply on yet. 

2. Position the horizontal wire midway between the 

north )(N  and south )(S  poles of the magnet 

and then align it to its equilibrium position where

00 . 

3. Note that the horizontal straight wire must be 

properly inserted in the magnetic assembly and it 

should not touch the poles of the magnet at rest

)0( 0 .  

4. Now, turn on the current supply and slowly 

increase the current to AI 5.0 . 

5. Starting with a current of AI 5.0 , increase the 

current flowing through the horizontal wire by 

"5.0" A
 

increments, up to a maximum of the 

current "0.4" AI  .  

 

 

3.  Experimental Procedure 

 

 

Figure-5: Magnetic force apparatus used in this experiment. In the apparatus, a straight conducting wire of length  having 

the weight W  is suspended at rest in the middle horizontal position by two massless wires. 

CAUTION: 

 The current flowing through the current-carrying wire 

should never exceed AI 0.4 . 

 For the calculations, you should take only the horizontal 

length )(  of the straight wire which is exposed to the 

magnetic field between the pole surfaces of the magnet. 

Do not use the total length of horizontal straight wire. 

 You must use the mass )(m  of the all the horizontal 

wire length for the weight calculation due to gravity.  
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6. At each value of the current, measure the reading 

of the angle finder on the apparatus. The reading 

of the angle finder will give the experimental 

deflection angle   in degrees. 

7. Turn off the current supply. 

8. Fill the values of the applied current I  and the 

corresponding reading of the experimental 

deflection angle   in the data Table-(1). 

9. Determine the magnetic force F  on the 

horizontal wire for each applied current value by 

using Equation-(3). 

9.1. For the calculations, use the horizontal wire 

length  )5(05.0 cmm  which is exposed 

to the magnetic field between the pole 

surfaces of the magnet. 

9.2. Magnitude of the uniform magnetic field of the 

magnet used in this experiment is

)72(072.0 mTTB  . 

10. From the Equation-(4), find the gravitational force 

GF  acting on the horizontal straight wire having 

the mass, gm 6.5 . Note that the gravitational 

force acts on the horizontal wire in the vertically 

down direction. 

11. Now, buy using the geometry in the Figure-(3) 

and the expression of the Equation-(7), calculate 

the expected deflection angle in degrees. 

12. Report the values of the deflection angle in 

degrees for both measured (experimental) and 

calculated (expected). Show the details of your 

calculations.  

13. Compare the experimental and expected 

deflection angles and then determine percent 

error. The percent error can be calculated as: 

 

100
exp

expexp
% 




ected

erimentalected
Error  

100% 








Error  

 
Your data table should include percent error 

corresponding to each deflection angle reading. 

 

14. Derive the expression for the magnetic force on a 

current carrying wire as a function of magnetic 

field which is perpendicular to current direction. 

15. Describe briefly how the magnetic force changes 

as the electrical current in the wire changes. 
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In the data Table-(1): 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.  Laboratory Report 

Name  

Department  

Student No  

Date  

Table-1: Experimental data values for the magnetic force experiment. 

)(TB  )(m  )(kgm  )(NFG
 )(AI  )(NF  

Measured Expected 

(deg)  %)(
 

(deg)
 (deg)

 

0.072 0.05 0.0056 0,055 

0.5      

1.0      

1.5      

2.0      

2.5      

3.0      

3,5      

4.0      

)(TB : Magnitude of the magnetic field between the poles of the magnet, 

)(m : The horizontal bottom length of the straight wire between only the pole surfaces of the magnet, 

)(kgm : The total mass of the horizontal straight wire,  

)(NFG : The gravitational force on the horizontal straight wire, 

)(AI : Applied electrical current in the horizontal straight wire,  

)(NF : The magnetic force on the horizontal straight wire exposed  only to magnetic field, 

(deg) : The deflection angle in degrees measured experimentally,  

(deg) : The deflection angle in degrees calculated (expected), 

(deg) : Difference between the experimental and expected deflection angle, 

%)(
 

The percent error between the measured and expected deflection angle. 


