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Chapter 6 
CURRENT	  and	  RESISTANCE	  
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The	   current	   is	   the	   rate	   at	   which	   charge	   flows	  
through	   this	   surface.	   If	   Δq	   is	   the	   amount	   of	  
charge	   that	   passes	   through	   this	   area	   in	   a	   7me	  
interval	  Δt,	  the	  average	  current	  Iav	  is	  equal	  to	  the	  
charge	  that	  passes	  through	  A	  per	  unit	  7me:	  

If	  the	  rate	  at	  which	  charge	  flows	  varies	  in	  7me,	  
then	  the	  current	  varies	  in	  7me;	  we	  define	  the	  
instantaneous	  current	  i	  as	  the	  differen7al	  limit	  of	  
average	  current:	  

6.1 Electric Current 

iav =
Δq
Δt

i = dq
dt



The	  SI	  unit	  of	  current	  is	  the	  ampere	  (A):	  

6.1 Electric Current 

i = dq
dt

1A =1C /1s

iav =
Δq
Δt

1	  A	  of	  current	  is	  equivalent	  to	  1	  C	  of	  charge	  passing	  through	  the	  surface	  area	  in	  1	  s.	  



6.1 Electric Current 

io = i1 + i2

i = dq
dt

Current	  is	  not	  a	  Vector	  !	  



The	  Direc8on	  of	  Current	  Flow	  

6.1 Electric Current 



Example:	  The	  Direc8on	  of	  Current	  Flow	  

Solu8on:	   a>b=c>d	  

6.1 Electric Current 

Rank	  the	  current	  in	  these	  four	  regions,	  from	  lowest	  to	  highest.	  



6.2 Current Density 

	  The	  SI	  unit	  for	  current	  density	  is	  the	  ampere	  per	  square	  meter	  :	  A/m2’	  

J = i
A

	  The	  current	  per	  unit	  cross-‐sec7onal	  area	  	  is	  called	  the	  current	  density	  



•  Suppose	  there	  are	  n	  moving	  charged	  par7cles	  per	  unit	  
volume.	  

n:	  concentra7on	  of	  charge	  carriers,	  its	  SI	  unit	  is	  m-‐3	  

•  Assume	  that	  all	  the	  par7cles	  move	  with	  the	  same	  
velocity	  with	  magnitude:	  Vd.	  	  

•  In	  a	  7me	  interval	  Δt,	  each	  par7cle	  moves	  a	  distance	  	  
L=	  Vd.	  Δt	  
•  The	  volume	  of	  the	  cylinder	  is	  AVdΔt	  

6.2 Current Density 

Microscopic	  Model	  of	  Current:	  DriT	  Speed	  

Δq = nALe = (nAvdΔt)e

i = Δq
Δt

= nAvde

	  By	  using	  the	  defini7on	  of	  n:	  
	  
	  
	  
From	  that,	  the	  current	  is:	  



DriT	  speed:	  
	  
	  
	  
	  
	  
	  
In	  vectoral	  form:	  

6.2 Current Density 

Microscopic	  Model	  of	  Current:	  DriT	  Speed	  

vd =
i

nAe
=
J
ne

!
J = (ne)!vd



6.2 Current Density 



6.2 Current Density 

DriT	  Speed:	   !
J = (ne)!vd

The	  current	  density	  is	  in	  the	  direc7on	  of	  charge	  mo7on	  for	  posi7ve	  charge	  carriers	  and	  
opposite	  the	  direc7on	  of	  mo7on	  for	  nega7ve	  charge	  carriers.	  



Example:	  DriT	  Speed	  in	  a	  Copper	  Wire	  

A	  copper	  wire	  in	  a	  typical	  residen7al	  building	  has	  a	  cross-‐sec7onal	  area	  of	  3.31x10-‐6	  m2	  .	  If	  it	  
carries	  a	  current	  of	  10.0	  A,	  what	  is	  the	  driT	  speed	  of	  the	  electrons?	  Assume	  that	  each	  copper	  
atom	  contributes	  one	  free	  electron	  to	  the	  current.	  The	  density	  of	  copper	  is	  8.95	  g/cm3	  and	  
molar	  mass	  of	  it	  is	  63.5	  g/mol	  

6.2 Current Density 



Solu8on:	  DriT	  Speed	  in	  a	  Copper	  Wire	  

Because	  each	  copper	  atom	  contributes	  one	  free	  electron	  to	  the	  current,	  we	  have	  
	  
	  
	  
	  
	  
From	  that	  	  

V =
M
ρ

n = NA

V
=
NAρ
M

6.2 Current Density 

Knowing	  the	  density	  of	  copper,	  we	  can	  calculate	  the	  volume	  occupied	  by	  63.5	  g	  (1	  mol)	  
of	  copper:	  

vd =
i

nAe
=

iM
qANAρ

vd = 2.2x10
−4m / s



6.3 Resistance and Resistivity 

The	  current	  density	  in	  a	  conductor	  depends	  on	  the	  electric	  field	  and	  on	  the	  proper7es	  of	  the	  
material.	  In	  general,	  this	  dependence	  can	  be	  quite	  complex.	  However	  	  In	  some	  materials,	  
the	  current	  density	  is	  propor7onal	  to	  the	  electric	  field:	  
	  
	  
	  
Where	  σ	  is	  the	  conduc7vity	  	  of	  a	  material.	  	  
	  
We	  oTen	  speak	  of	  the	  resis7vity	  	  of	  a	  material.	  This	  is	  simply	  the	  reciprocal	  of	  its	  
conduc7vity	  ,	  so	  
	  
	  
	  
	  
	  
	  
The	  SI	  unit	  of	  resis7vity	  is	  the	  Ω.m’dir.	  

J =σE

ρ =
1
σ
=
E
J



	  Let	  A	  	  be	  the	  cross-‐sec7onal	  area	  of	  the	  wire,	  let	  L	  	  be	  its	  
length,	  and	  let	  a	  poten7al	  difference	  V=VB	  –	  VA	  exist	  
between	  its	  ends.	  
	  
	  
	  
	  
	  
	  
By	  using	  Ohm	  law:	  

6.3 Resistance and Resistivity 

L	  

E = V
L

J = i
A

ρ =
E
J
=
V / L
i / A

V =
ρL
A
i

Calculating Resistance from Resistivity	  



So	  we	  obtain	  th	  rela7onship	  between	  the	  poten7al	  differences	  and	  current:	  	  
	  
	  
	  
	  
	  
	  
The	  resistance	  of	  the	  conductor	  :	  
	  

6.3 Resistance and Resistivity 

V =
ρL
A
i

R = ρ L
A

Resistance	  has	  SI	  units	  of	  volts	  per	  ampere	  which	  is	  called	  as	  ohm	  (Ω).	  

Resistance	  is	  a	  property	  of	  an	  object.	  Resis8vity	  is	  a	  property	  of	  a	  material.	  



6.3 Resistance and Resistivity 



ρ = ρ0 1+ ρ0α(T −T0 )[ ]

6.3 Resistance and Resistivity 

ρ	  :is	  the	  resis7vity	  at	  some	  temperature	  T	  (in	  degrees	  Celsius),	  
ρ0:	  is	  the	  resis7vity	  at	  some	  reference	  temperature	  T0	  (usually	  taken	  to	  be	  20°C),	  
α:	  is	  the	  temperature	  coefficient	  of	  resis7vity.	  



6.3 Resistance and Resistivity 



6.4 Ohm Law 

V =
ρL
A
i⇒ R = ρ L

A
V = iR



6.5 Microscopic View of Ohm Law 



•  The	  mo7on	  of	  an	  electron	  aTer	  a	  collision	  
is	  independent	  of	  its	  mo7on	  before	  the	  
collision.	  

•  The	  excess	  energy	  acquired	  by	  the	  
electrons	  in	  the	  electric	  field	  is	  lost	  to	  the	  
atoms	  of	  the	  conductor	  when	  the	  
electrons	  and	  atoms	  collide..	  

6.5 Microscopic View of Ohm Law 



a = F
m
=
eE
m

6.5 Microscopic View of Ohm Law 

When	  a	  free	  electron	  of	  mass	  m,	  is	  subjected	  to	  an	  electric	  field	  E,	  the	  electron	  will	  
experience	  an	  accelera7on	  given	  by	  Newton’s	  second	  law:	  

vf = vi + at = vi +
eE
m
t

vd =
eE
m
τ

If	  vi	  is	  the	  electron’s	  ini7al	  velocity,	  the	  instant	  aTer	  a	  collision	  (which	  occurs	  at	  a	  7me	  that	  we	  
define	  as	  t	  =	  0),	  then	  the	  velocity	  of	  the	  electron	  at	  7me	  t	  (at	  which	  the	  next	  collision	  occurs)	  is	  



6.5 Microscopic View of Ohm Law 

vd =
eE
m
τ

where	  τ	  is	  the	  average	  7me	  interval	  between	  successive	  collisions.	  

Because	  the	  average	  value	  of	  vf	  is	  equal	  to	  the	  driT	  velocity,	  we	  have	  



The	  magnitude	  of	  the	  current	  density	  is	  

where	  n	  is	  the	  number	  of	  charge	  carriers	  per	  unit	  volume.	  Comparing	  this	  expression	  with	  
Ohm’s	  law,	  w	  obtain:	  

for	  conduc7vity	  and	  resis7vity	  of	  a	  conductor:	  

6.5 Microscopic View of Ohm Law 

J = nevd =
ne2E
m

τ

J =σE⇒ J = nevd =
ne2E
m

τ

σ =
ne2τ
m

ρ =
1
σ
=

m
ne2τ



6.6 Power in Electric Circuits 



When	  dq	  movs	  from	  a	  to	  b,	  thus	  its	  electric	  poten7al	  
energy	  decreases	  in	  magnitude	  by	  the	  amount	  
	  	  
	  
	  
	  
The	  power	  P	  	  associated	  with	  that	  transfer	  is	  the	  rate	  
of	  transfer	  dU	  /dt:	  
	  
	  
	  
	  
	  
	  
	  
SI	  birim	  sisteminde	  gücün	  birimi	  Waj’kr	  ve	  W	  ile	  
gösterilir.	  

6.6 Power in Electric Circuits 

dU = dqV = idtV

dU
dt

= P = iV



When	  dq	  movs	  from	  a	  to	  b,	  thus	  its	  electric	  poten7al	  
energy	  decreases	  in	  magnitude	  by	  the	  amount	  
	  	  
	  
	  
	  
	  The	  power	  P	  	  associated	  with	  that	  transfer	  is	  the	  rate	  
of	  transfer	  dU	  /dt:	  
	  
	  
	  
	  
	  
	  
	  The	  unit	  of	  power	  the	  volt-‐ampere	  (V.A)	  which	  is	  
equal	  to	  1	  Waj	  (W)	  

6.6 Power in Electric Circuits 

dU = qV = idtV

dU
dt

= P = iV



6.6 Power in Electric Circuits 

P = i2R = V
2

R

dU
dt

= P = iV

For	  a	  resistor	  or	  some	  other	  device	  with	  resistance	  R,	  
for	  the	  rate	  of	  electrical	  energy	  dissipa7on	  due	  to	  a	  
resistance	  


