
                        Chapter 29 

  

  

 

Magnetic Fields due to 

Currents 

Observation:  
a current of  

moving charged particles  
produces a magnetic field 

around the current. 

Magnetic field due to  

• a current in a long straight wire 

• a current in a circular arc of wire 

• Brain activity... 
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29-2 Calculating the Magnetic Field Due to a Current 
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http://www.phys.lsu.edu/~jdowling/PHYS21132-SP15/lectures/index.html 

i 

Biot-Savart Law  

for B-Fields 

Coulomb Law  

for E-Fields 

Biot-Savart Requires A 

Right-Hand Rule 

Both Are 1/r2 Laws! 

The  has no units. r̂

Ä

29-2 Calculating the Magnetic Field Due to a Current 
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Magnetic field due to  a current in a long straight wire 

1. The field magnitude B: 

R: perpendicular distance 

of the point from the wire 

μo: permeability constant 

2.The direction of the magnetic field – Right Hand Rule 

Grasp the element in your right hand with your 

extended thumb pointing in the direction of the 

current. Your fingers will then naturally curl 

around in the direction of the magnetic field lines 

due to that element. 

29-2 Calculating the Magnetic Field Due to a Current 
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http://www.phys.lsu.edu/~jdowling/PHYS21132-SP15/lectures/index.html 

Is the B-Field From a Power Line Dangerous? 

A power line 
carries a current of 
500 A.  

 

What is the 
magnetic field in a 
house located 
100 m away from 
the power line? 

R

i
B

p

m

2

0=

  

=
(4p ´10-7T ×m /A)(500A)

2p(100m)

= 1 mT 

Recall that the earth’s magnetic 

field is ~10–4T = 100 mT 

Probably not dangerous! 

29-2 Calculating the Magnetic Field Due to a Current 
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Magnetic field due to  a current in a long straight wire 

29-2 Calculating the Magnetic Field Due to a Current 
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Magnetic field due to  a current in circular arc of wire 

• Apply right-hand rule anywhere along the wire  all the 

differential fields have the same direction at C (out of the page). 

• Total field at C is simply the sum (via integration) of all the differential fields: 

• When you insert data into the equation, be careful to express  in radians! 

Ex: at the center of a full circle of current 

29-2 Calculating the Magnetic Field Due to a Current 
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Example, Magnetic field at the center of a circular arc of a circle 

29-2 Calculating the Magnetic Field Due to a Current 
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Example, Magnetic field off to the side of two long straight currents 

29-2 Calculating the Magnetic Field Due to a Current 
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29-3 Force Between Two Parallel Currents 

length vector of 

the wire 

Magnitude:  

 
Direction: from curled–straight 

right-hand rule it is down 

Mag.: 

Direction: Apply right-hand rule for cross 

products  toward wire a 

To find the force on a current-carrying wire (b) due to another current-carrying 

wire (a): 

1. find the field due to «wire a» at the site of «wire b». 

2. find the force on «wire b» due to magnetic field produced by «wire a» 

Parallel currents attract each other, and antiparallel 

currents repel each other 

http://www.phys.lsu.edu/~jdowling/PHYS21132-SP15/lectures/index.html 
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29-4 Ampere’s Law 

• The line integral in this equation is 

evaluated around a closed loop called 

an Amperian loop. 

• The current i on the right side is the 

net current encircled by the loop. 

• We can find the net magnetic field due to any distribution of currents by first 

write the differential magnetic field due to a current-length: 

 

 

 

     

then sum the contributions from all the 

elements. Another approach; 

Ex: An arbitrary Amperian loop lying 

in the plane of  the page encircles two 

of the currents but not the third. 
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1. Arbitrarily choose the direction of integration: CCW 

2. Divide the loop into differential vector elements (ds) 

4. Write the Ampere’s Law:  

29-4 Ampere’s Law 
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• The contributions of current i3 to the magnetic field cancel out because the 

integration in eqn is made around the full loop. 

• In contrast, the contributions of an encircled current to the magnetic field do 

not cancel out. 

6. Finally, solve the eqn. for the magnitude.  

• If B turns out positive, then the direction we  assumed for is correct.  

• If it turns out negative, we neglect the minus sign and redraw in the opposite 

direction. 

• Curl your right hand around the Amperian loop, with 

the fingers pointing in the direction of integration.  

• A current through the loop in the general direction of 

your outstretched thumb is assigned a plus sign, and a 

current generally in the opposite direction is assigned a 

minus sign. 

29-4 Ampere’s Law 
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Magnetic Field Outside a Long Straight Wire with Current 

1. Look for the symmetry to simplify the integral:  

B has cylindrical symmetry about the wire. 

2. Encircle the wire with a concentric circular 

Amperian loop of radius r  magnetic field has the 

same magnitude B at every point on the loop. 

3. Integrate CCW 

right-hand rule gives us a 

plus sign for the current 

29-4 Ampere’s Law 



17 December 2018 16 PHY102 Physics II © Dr.Cem Özdoğan 

Magnetic Field Inside a Long Straight Wire with Current 

1. current is uniformly distributed over a cross 

section of the wire  the magnetic field produced 

by the current must be cylindrically symmetrical. 

2. use an Amperian loop of radius r < R 

3. Symmetry again suggests that B vector is 

tangent to the loop 

4. current is uniformly distributed, the current ienc encircled by 

the loop is proportional to the area encircled by the loop 

5. right-hand rule tells ienc gets a plus sign. Then Ampere’s law gives: 

29-4 Ampere’s Law 
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Example, Ampere’s Law to find the magnetic field inside a long cylinder of current 
29-4 Ampere’s Law 
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29-5 Solenoids and Toroids 

• A vertical cross section through 

the central axis of a “stretched-

out” solenoid.  

• The back portions of five turns 

are shown, as are the magnetic 

field lines due to a current 

through the solenoid.  

• Magnetic field lines for a real solenoid of finite length: The field is strong and uniform 

at interior points such as P1 but relatively weak at external points such as P2. 

Solenoid: tightly 

wound helical 

coil of wire 

• The solenoid’s magnetic field is the vector sum of the fields 

produced by the individual turns (windings) that make up the 

solenoid. 

• Each turn produces circular magnetic field lines near itself and the 

lines of B there are almost concentric circles. 

• Near the solenoid’s axis (reasonably far from the wire), the field 

lines combine into a net magnetic field that is directed along the 

axis. B is approximately parallel to the (central) solenoid axis.  

• The closely spaced field lines there indicate a strong magnetic field. 

• Outside the solenoid the field lines are widely spaced; the field there 

is very weak. 
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The Amperian 

loop is the 

rectangle abcda 

Application of Ampere’s law to a section of a long ideal 

solenoid carrying a current i 

Here n be the number of turns 

per unit length of the solenoid 

• We write             as the sum of four integrals, one for each loop  

1. The first integral on the right of equation is Bh, where B is the magnitude of the uniform field 

B inside the solenoid and h is the (arbitrary) length of the segment from a to b.  

2. The second and fourth integrals are zero because for every element ds of these segments, B 

either is perpendicular to ds or is zero, and thus the product Bds is zero.  

3. The third integral, which is taken along a segment that lies outside the solenoid, is zero 

because B=0 at all external points.  

Thus,             for the entire rectangular loop has the value Bh. 

• Inside a long solenoid carrying current i, at points not near its ends, the magnitude B of 

the magnetic field is 

29-5 Solenoids and Toroids 
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Horizontal cross section of the toroid.  

• What magnetic field is set up inside the toroid (inside the 

hollow of the bracelet)? 

• We can find out from Ampere’s law and the symmetry of 

the bracelet. 

• Let us choose a concentric circle of radius r as an 

Amperian loop and traverse it in the clockwise direction. 

Ampere’s law yields 

i: current in the toroid windings 

N: total number of turns 

• In contrast to the situation for a solenoid, 

B is not constant over the cross section of 

a toroid. 

Toroid: hollow solenoid curved 

until its two ends meet, forming 

a sort of hollow bracelet. 

29-5 Solenoids and Toroids 
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http://www.phys.lsu.edu/~jdowling/PHYS21132-SP15/lectures/index.html 
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29  Summary 

The Biot-Savart Law 
The magnetic field set up by a current- 

carrying conductor can be found from the 

Biot–Savart law. 

 

 

The quantity μ0, called the permeability 

constant, has the value 

 

 

 

 

Eq. 29-3 

Magnetic Field of a Circular Arc 
The magnitude of the magnetic field at the 

center of a circular arc, 

 

 

 

Eq. 29-9 

Ampere’s Law 
Ampere’s law states that, 

Magnetic Field of a Long Straight 

Wire 
For a long straight wire carrying a current 

i, the Biot–Savart law gives, 

 

 
Eq. 29-4 

Force Between Parallel Currents  
The magnitude of the force on a length L of 

either wire is 

Field of a Magnetic Dipole 
The magnetic field produced by a current-

carrying coil, which is a magnetic dipole, at a 

point P located a distance z along the coil’s 

perpendicular central axis is parallel to the 

axis and is given by 

Fields of a Solenoid and a Toroid 
Inside a long solenoid carrying current i, at 

points not near its ends, the magnitude B of 

the magnetic field is 

 

At a point inside a toroid, the magnitude B 

of the magnetic field is 
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29 Solved Problems 

1. AK 
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29 Solved Problems 

2. In Figure, two semicircular arcs have radii R2=7.80 cm and 

R1=3.15 cm, carry current i=0.281 A, and share the same 

center of curvature C. What are the (a) magnitude and (b) 

direction (into or out of the page) of the net magnetic field 

at C?  
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29 Solved Problems 

3. AK 
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29 Solved Problems 

4. In Figure, two long straight wires are perpendicular to the 

page and separated by distance d1 = 0.75 cm.Wire 1 carries 

6.5 A into the page. What are the (a) magnitude and (b) 

direction (into or out of the page) of the current in wire 2 if 

the net magnetic field due to the two currents is zero at 

point P located at distance d2 = 1.50 cm from wire 2?  
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29 Solved Problems 

5. In Figure shows wire 1 in cross section; the wire is long 

and straight, carries a current of 4.00 mA out of the page, 

and is at distance d1 = 2.40 cm from a surface. Wire 2, 

which is parallel to wire 1 and also long, is at horizontal 

distance d2 =5.00 cm from wire 1 and carries a current of 

6.80 mA into the page. What is the x component of the 

magnetic force per unit length on wire 2 due to wire 1? 

analiz
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29 Solved Problems 

6. Figure shows a cross section across a diameter of a long 

cylindrical conductor of radius a=2.00 cm carrying 

uniform current 170 A. What is the magnitude of the 

current’s magnetic field at radial distance (a) 0, (b) 1.00 

cm, (c) 2.00 cm (wire’s surface), and (d) 4.00 cm?  
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29 Solved Problems 

7. The current density J inside a long, solid, cylindrical wire of radius a=3.1 

mm is in the direction of the central axis, and its magnitude varies linearly 

with radial distance r from the axis according to J = J0r/a, where J0 = 310 

A/m2. Find the magnitude of the magnetic field at (a) r = 0, (b) r = a/2, 

and (c) r = a.  
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Additional Materials 

29 Magnetic Fields due to Currents 
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29-3 Force Between Two Parallel Currents 
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29-5 Solenoids and Toroids 

The magnetic fields produced by current in a 

long straight wire 

solenoid 

toroid 

NEXT: the magnetic field produced by a coil carrying a current 
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29-6 A Current-Carrying Coil ad a Magnetic Dipole 

N:number of turns,  

i: current in each turn,   

A:area enclosed by each turn. 
magnetic dipole 

moment of the coil 

Magnitude: NiA 

 

Direction: by curled–straight right-hand rule: 

• Grasp the coil so that the fingers of your right hand 

curl around it in the direction of the current;  

• your extended thumb then points in the direction of 

the dipole moment  
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Magnetic Field of a Coil 

29-6 A Current-Carrying Coil ad a Magnetic Dipole 



18 December 2018 35 PHY102 Physics II © Dr.Cem Özdoğan 

• For simplicity, first consider only a coil with a single circular loop and only points on its 

perpendicular central axis, which is z axis.  

• Magnitude of the magnetic field at such points is: 

R: radius of the circular loop 

z: distance of the point in question from the center of the loop.  

• The direction of the magnetic field is the same as the direction of the magnetic dipole 

moment of the loop. 

• For axial points far from the loop, we have z>>R  

• pR2 is the area A of the loop and extending our result to include a coil of N turns, 

Magnetic Field of a Coil 

29-6 A Current-Carrying Coil ad a Magnetic Dipole 
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• We can regard a current-carrying coil as a 

magnetic dipole: 

(1) it experiences a torque when we place it in 

an external magnetic field;  

(2) it generates its own intrinsic magnetic field, 

given, for distant points along its axis 

• If we were to place a current- carrying 

coil in an external magnetic field, it 

would tend to rotate just like a bar 

magnet would. 

29-6 A Current-Carrying Coil ad a Magnetic Dipole 
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29-2  Magnetic Field due to a Current 

29.01 Sketch a current-length element in 

a wire and indicate the direction of the 

magnetic field that it sets up at a given 

point near the wire. 

29.02 For a given point near a wire and 

a given current-element in the wire, 

determine the magnitude and direction 

of the magnetic field due to that 

element. 

29.03 Identify the magnitude of the 

magnetic field set up by a current-

length element at a point in line with 

the direction of that element. 

29.04 For a point to one side of a long 

straight wire carrying current, apply 

the relationship between the magnetic 

field magnitude, the current, and the 

distance to the point. 

 

29.05 For a point to one side of a long straight 

wire carrying current, use a right-hand rule to 

determine the direction of the magnetic field 

vector. 

29.06 Identify that around a long straight wire 

carrying current, the magnetic field lines form 

circles. 

29.07 For a point to one side of the end of a 

semi-infinite wire carrying current, apply the 

relationship between the magnetic field 

magnitude, the current, and the distance to the 

point. 

29.08 For the center of curvature of a circular arc 

of wire carrying current, apply the relationship 

between the magnetic field magnitude, the 

current, the radius of curvature, and the angle 

subtended by the arc (in radians). 

29.09 For a point to one side of a short straight 

wire carrying current, integrate the Biot–Savart 

law to find the magnetic field set up at the point 

by the current. 

 

 

Learning Objectives 



17 December 2018 38 PHY102 Physics II © Dr.Cem Özdoğan 

29-3  Force Between Two Parallel Currents 

 

29.10 Given two parallel or anti-

parallel currents, find the 

magnetic field of the first 

current at the location of the 

second current and then find the 

resulting force acting on that 

second current. 

29.11 Identify that parallel 

currents attract each other, and 

anti-parallel currents repel each 

other. 

29.12 Describe how a rail gun 

works. 

Learning Objectives 
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29-4  Ampere’s Law 

 

29.13 Apply Ampere’s law to a loop 

that encircles current.  

29.14 With Ampere’s law, use a 

right-hand rule for determining 

the algebraic sign of an encircled 

current.  

29.15 For more than one current 

within an Amperian loop, 

determine the net current to be 

used in Ampere’s law. 

29.16 Apply Ampere’s law to a 

long straight wire with current, 

to find the magnetic field 

magnitude inside and outside the 

wire, identifying that only the 

current encircled by the 

Amperian loop matters. 

Learning Objectives 
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29-5  Solenoids and Toroids 

 

29.17 Describe a solenoid and a 

toroid and sketch their magnetic 

field lines. 

29.18 Explain how Ampere’s law is 

used to find the magnetic field 

inside a solenoid. 

29.19 Apply the relationship 

between a solenoid’s internal 

magnetic field B, the current i, 

and the number of turns per unit 

length n of the solenoid. 

29.20 Explain how Ampere’s law 

is used to find the magnetic field 

inside a toroid.  

29.21 Apply the relationship 

between a toroid’s internal 

magnetic field B, the current i, 

the radius r, and the total 

number of turns N. 

Learning Objectives 
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29-6  A Current-Carrying Coil as a Magnetic Dipole  

 

29.22 Sketch the magnetic field lines 

of a flat coil that is carrying 

current. 

29.23 For a current-carrying coil, 

apply the relationship between the 

dipole moment magnitude μ and 

the coil’s current i, number of 

turns N, and area per turn A. 

29.24 For a point along the 

central axis, apply the 

relationship between the 

magnetic field magnitude B, 

the magnetic moment μ, and 

the distance z from the center 

of the coil. 

Learning Objectives 


