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. 1 Definition of a capacitor.

. 2 Capacitance of a capacitor.

. 3 Energy stored Iin a capacitor.



Definition of capacitor
What Is capacitor?

&7 "o / |
M’? ~ see ~AF
Bo .N\maoHT

Distance

A capacitor iIs an electric device
formed of two conducting parallel
plates (armatures) separated by
an Insulator called dielectric
which can be vacuum, air, glass,

Conductive plate

I witharea=A
Ce ram I C . Dielectric with

permittivity
(3

+Q

Lead




Definition of capacitor Y >
Where Is the capacitor used?

Be Smart
ACADEMY

The capacitor is found and used P e =) I "ﬂ '
TR 7 g0 N _,'. =

INn many electric devices such as:
 Computers

« Camera flash

e Alarms...



Definition of capacitor L B

What iIs the main function of the capacitor? ﬁﬁgﬁ

/ /
/ /

The capacitor s manufactured
to store electric energy and to
return It to the circuit whenever
required.



Definition of capacitor
The representation of a capacitor?

The capacitor Is represented by the symbol

| |-

Symbol of Capacitor

ACADEMY

When the plates are not charged, we say that the capacitor Is
neutral.



Capacitance of a capacitor

What Is capacitance? e smat

Capacitance iIs the electrical property of a capacitor and is
the measure of a capacitor’s ability to store an electrical
charge onto its two plates. e oes  Electrical

Parallel Plates

The SI unit of capacitance being the < > & -

Farad (F) named relative to the British —: |
physicist Michael Faraday. LE ! 1 —
. Symbol

I

Voltage Ve



Capacitance of a capacitor
The other units of capacitance:

ACADEMY

-3
Mili-farad (MF): ——=—C . Farad (F)

—6
Micro-farad (UF): o > Farad (F)

-9
Nano-farad (nF): <=3 »  Farad (F)




Capacitance of a capacitor % »

The charge of a capacitor Is: q=0qsx = —qg 8o Smant
The voltage (U,g) across the capacitor is proportional to g
For plateA . gJa — CUAB da QP

For plate B : qg= CUg,

UAB — _UBA and daA— (B



Capacitance of a capacitor P »

In general, the capacitance of a capacitor is given by: ¥z
q-= C'uC da OB

* U: Voltage, expressed In volts “\V”

» C: Capacitance of a capacitor, expressed
In farads “F”

* q:. amount of charge, expressed In
coulombs «“C”



Energy stored In a capacitor = .

The energy stored In a capacitor, of capacitance C, and of Fa. s
. ] ACADEMY
charge g under a voltage u Is given by:

1C ;
= —0eu
W > C

C: The capacitance of the capacitor, in (F)

da 9B

u .. voltage across the capacitor, in (V)

W: energy stored in the capacitor, in (J)



Energy stored In a capacitor = »

e %C“CZ ------ (1) Cis
Sutq = cu > Uc = % Substitute in (1)
CI 1 qz ; qz
D w e - W

* g. amount of charge stored in the capacitor in (C)
» C: The capacitance of the capacitor, in (F)
* W: energy stored in the capacitor, in (J)



Energy stored in a capacitor = »

Application 1: ﬁ;)EMY
A capacitor with a capacity of 5000 pF Is charged under a
voltage of 12 V. T

1)Calculate the accumulated charge in the
capacitor.

2)Calculate the energy stored In this
capacitor.



Energy stored In a capacitor =
C =5000uF;,u=12V

1) Calculate the accumulated charge in the capacitor.
The accumulated charge stored in the capacitor Is:

g=Cxu =5000x10°x12 W) q= 6 x107%C

2)Calculate the energy stored in this capacitor.

. . ) 1
The energy stored in the capacitor is:  w = — Cu?

2
W =0.5x (5000 % 107°) x (12)*

R, Cou i
Be Smart

W =36 x 107?]
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. 1 Relation between g and i

. 2 Using the oscilloscope to visualize the voltage

. 3 The low frequency generator (LFG)



Relation between g and i =

The electric current is the flow of charges (electrons) in a ’ﬁ%ﬁ%
certain area per unit time.

: ; ,—— Current is the Flow

The Instantaneous expression of the e et
current could be written: t




Relation between g and i
If the capacitor collects charges, the charge g increases:

dq dq Al da
- O  — I
dt = = L=t

But g = Cu, j> i = - dCuc




Relation between g and i =

If the capacitor loses charges, the charge q decreases: ﬁﬁ’?ﬁ’»’?

dq dq

—<0 » =

dt T
But g = Cu i = dCuc

dt
du
i=—C—




Flow of charges In the capacitor ®

' ACADEMY

© 2011 Yves Pelletier web.ncf.ca/ch86%



Using the oscilloscope to visualize the voltage P

The Oscilloscope is used to visualize and measure the voltage of
electric component connected in parallel.

Be Smart
ACADEMY

ON OFF
Sweep |1111"9

The displayed graph on the suwwn puuwan O @
screen of the oscilloscope Is
called oscillogram.

OSCILLOSCOFPE

DSC cHl cHi puaL NUT ——— - \ /X j
(D POWER I I [@J’ @ [@I | @ Time/div

<INV

* The horizontal axis represents the time.

* The vertical axis (y) represents the voltage in volts.



Using the oscilloscope to visualize the voltage P

The oscilloscope has two terminals: phase (channel) and
ground (mass).

Be Smart
ACADEMY

ON OFF
Sweep |11 -

Vertical sensitivity Sy (V/div ) g _ g m O C
which regulates the scale of
the voltage.

et L oaee P ) INPUT .
OSCILLOSCOPE CHI CHI DUAL INPUT (@h" @ {CH ” _‘| @
D FOWER I ] NV : '

- INV

Horizontal sensitivity (Sp,): expressed in (ms/div). it gives the number of
milliseconds represented by one division



Using the oscilloscope to visualize the voltage

207 %n
Phase ground v, ™

oaL  NPUT

Hsc INPUT ,_‘
@) o 0 ) @ e @

OSsCILLOSCOPE CHI CHI D
1

- INV

The oscilloscope reads from phase to ground.



Using the oscilloscope to visualize the voltage T«

The value of the voltage is given by: e smat

u=Sny

*y: number of divisions on the y
axis

* Sy: vertical sensitivity (V / div).

* u: voltage across the dipole (V).

- B




Using the oscilloscope to visualize the voltage T«
Application 2:

An oscilloscope allows us to display the voltage w4y = up across the
resistor and the voltage ugy = u, across the capacitor.

y2

Y1 Iy B

1) Show the connections of the
oscilloscope on the figure. A

usm On channel y4

ugy 0N channel y,



Using the oscilloscope to visualize the voltage ® »

2)Which button must be activated?

') C Iy
o N\NmaohHr
I OITUA L

y2

Y1 B

To measure uyg you should A
press the <invert> button on
channel vy, of the
oscilloscope.




The low frequency generator (LFG) ®
Law frequency generator (LFG): rc;smm

ACADEMY

LFG Is a signal generator device [ETSSSESSSss
that is used to produce signals of fC Radkad it
varying amplitude and frequency. (- ¢ C

Frequency Amplitude  Offset OUTPUT

The adjustable frequency range of the generated signal falls
between 100Hz to 1IMHZz

The amplitude can be adjusted from some millivolts to volts.



The low frequency generator (LFG) =

I’_c IS usually a source for generating sinusoidal ’ﬁ%%%
signals.

However, It can also produce a  [EEEEEEE

POWER

signal in three different forms: @ N B W o e oo o e
» Sinusoidal wave (- € C

Frequency Amplitude Offset OUTPUT

* Triangular wave

* Rectangular wave



The low frequency generator (LFG) =

Types of generated signals ’l%%
Square wave Sinusoidal wave Triangular wave
A A\
T INCE LN
AR\ / /[ NI A N
/ TN / TN
N
/




The low frequency generator (LFG) =
In this lesson we will focus on square signals of LFG. ﬁfsmu

ACADEMY
The value of the square
alternating  voltage  varies
periodically over time. T 1T T 1 T T
The expression of this voltage Is
of the form: I N N

r_

<t

IA

T
2
T

I/\
I/\

N | ™~ O
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.1 Study the charging of a capacitor experimentally

. 2 Study the differential equation in u¢ (theoretically)



Study of charging of a capacitor experimentally
* Channel y, displays the voltage u 4y = up.

» Channel y, displays the voltage ugy = uc. IY1
A

* The “Iinv” button should be actived on
channel 2 to display uyg.

©

ACADEMY

M

y2



Study of charging of a capacitor experimentally

The positive pole of the generator attracts the free
electrons of the armature A.

Armature A loses these electrons and becomes
positively charged; g, > 0.

Electrons move from the negative pole of the
generator to the armature B.

Armature B gains these electrons and becomes negatively charged
whose quantity of charge qg < 0 such that: g4 = —q5.






Charging a capacitor: Experimental study = »

For the switchatpoint (A):ug=E 0<t< g:

The following curves are observed on the screen of the oscilloscope.

ACADEMY

E Horizontal ]0
i asymptote

b steady state
........ E E Y PR

_ t ! Horizontal
Y > (@) asymptote




Study of charging of a capacitor theoretically =
The electric circuit consists of:

ACADEMY

* An ideal generator of voltage u; = E . @ @
» A resistor of resistance R. A g—

* A neutral capacitor of capacitance C i f\+ —
* Aswitch K + -
At an Instant ¢ = 0, the switch K turns to

position (1): R

The charging process of the capacitor starts



Study of charging of a capacitor theoretically =

Determine the first order differential equation that governs
the variation of u,.

According to the law of addition of voltages:

P 73 e / |
R, Crani
De omarl

ACADEMY

Ug — Uc T Up ._d(CuC) _:Cduc
NPT » l dt
where: u, = E and up = Ri
G 4 E=uC+R1
but i—+ﬂ And = Cu E=u +RC%



Study of charging of a capacitor theoretically
The solution of the differential equation is:

U = E(l — e_%)

At t=0
0
U = E(l — e 7

uC:O



Study of charging of a capacitor theoretically ®

ACADEMY

U = E(l — e_%)

Att=r1t
u. = E(1-e7)

uc=E(1-e™) j> uc=E(1-0.37)
uc = 0.63E Uc = 63%E

t = t: IS the time needed to charge the capacitor 63% of Its
maximum value (E)



Study of charging of a capacitor theoretically = «

ACADEMY

U = E(l — e_%)

Att =51
51

U = E[l —e T
uc=E(1-e5) B uc = E(1—0.0067)

At t = 51, the capacitor iIs practically completely charged



Study of charging of a capacitor theoretically

Summary

t =51

63%E

0 T=RC

') C Iy
43€ YINGRI

Horizontal
; asymptote

Trdnsient phase éSteady state

5T



Study of charging of a capacitor theoretically = «
Application 3:

Consider the electric circuit that consists of an Ideal generator

delivering, between its terminals, a constant voltage of value E, a
capacitor of capacitance C, a resistor of resistance R and of a switch K.

The capacitor is initially neutral.

At time t, = 0, we place K at position (1); the +
capacitor charging phenomenon begins. T



Study of charging of a capacitor theoretically = »

1)Represent the direction of the current on the circuit. ¥ 2qsma

2)Determine the relationship between i, C and u,.

3)Establish the differential equation that describes the
variation of the voltage u., with respect to time.

t
4)Show that u, = E(1 — e ~+)Is a solution of the differential
equation in u,.

5)The solution of the above differential equation Is of the
t

form:u, = A+ Be <. Determine A and B as a function of
E, and 1 as a function of RC.




Study of charging of a capacitor theoretically = «

1) Represent the direction of the current on the circuit.
ACADEMY

The direction of the current leaves the positive pole and enters the
negative pole of the generator.

2) Determine the relationship between i, C
and Uc.

[ = — and q = C.uc,
i:d(cuc) = .=Cd(uc)

dt dt



Study of charging of a capacitor theoretically =

3) Determine the first order differential equation that
governs the variation of u.

R

C, Y
‘81 ii% ;ﬁﬁf{’f’;}x{/

According to the law of addition of voltages:

. d(Cuc) . duc
u(;—uc+uR . C - C ——
1 dt » y dt
where: ug = E and up = Ri E = u; + Ri
but i =+ And q=C E = e 2
i=+—" And q=Cuc = Uc + dt



Study of charging of a capacitor theoretically

4)Show
differential equation in u.

t
uC=E—Ee RC

du(; E _t

7t e RC

dt RC
Substitute ue and % in

differential equation

that uo.=E(1 —e =) Is a solution of the

') C Iy
43€ YINGRI
I OITUA L

duc
E=uc+RC—
d
t . E t
E=E—Ee RC+RC.—.e RC
E=E— E¢ RC+E:¢ RC
E=E

uc =E(1—e <) Is a solution of the
| differential equation




Study of charging of a capacitor theoretically ™«

5)The solution of the above differential equation is of the
t

form:us = A + Be =. Determine Aand B intermsof E, and t
as a function of RC.

ACADEMY

_t duc

ur=A+Be 7 E=uC+RCd—

L
duc B _t t B _t
dr . 7€ ° E=A4+ Be_r—RC.;e_r
Substitute uc and € in _t RCB _t
. . . at O=—E+A+Be-r et

differential equation T



Study of charging of a capacitor theoretically =

0 = —E+A+Be_% RCS e_% ﬁﬁ%ﬁf
2 L
t[  RC uc=E + B.e RC
O=(—E+A)+Be 7|1
1 Att=0;uC:O
~E+A=08) A-F .

O=F+B.e RC

RC RC
. .1=0» 1=T 0:E+B» B = —F

t
T =RC uC=E—E.e_R_C
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. 1 Study the differential equation in q in charging phase.

. 2 Study the solution of the differential equation in q.



Study of charging of a capacitor theoretically =

Derive the differential equation that governs the variation
of charge q.

Ro S

ACADEMY

— _ 4
Using law of addition of Andq = Cuc B  uc = %
voltages In series:
q _dq
E=—+R—
U — UC + UR C dt
E = Uc + Ri dq
HiCl= q + RCE

4 dd
butl—+dt



Study of charging of a capacitor theoretically
The solution of the differential equation in terms of q Is:

Be Smart
ACADEMY

q = CE(l - e_%)

Att =0
_9
q=CE.[1—e T

g =CE(1-1)

q=20



Study of charging of a capacitor theoretically T«

ACADEMY

g=CE(1—et)

Att=r1
q = CE. [1—e r]
q=CE[1-e!]
qg =CE(1—-0.37)
q=0.63 XC.E

t = 7: IS the time needed to charge the capacitor 63% of its
maximum charge (q.,).



Study of charging of a capacitor theoretically = «

ACADEMY

q = CE(l — e_%)

Att = 5T
5T
q = CE. [1—6 T
q=CE.[1—e5 B) q=CE.[1-0.0067]

qg = 0.99CE
q~ CE

At t = 57, the capacitor Is practically completely charged.




'*

t=1 t =51 sl
q = 0.63qmax qd = Amax

Where
Qmax = C. E

vQ
1
(—




Study of charging of a capacitor theoretically = «
Application 4:
ACADEMY

Consider the electric circuit that consists of an ideal generator

delivering, a constant voltage E, a capacitor of capacitance C, a
resistor of resistance R and of a switch K.

The capacitor is initially neutral.
At time t, = 0, we place K at position

(1); the capacitor charging phenomenon
begins.




Study of charging of a capacitor theoretically = »

1.Establish the differential equation that describes the
variation of q.

ACADEMY

t
2.Show that q = CE(1 —e rc) Is a solution of the differential
equation.
3.The solution of the equation differential in q iIs of the form q = A +
t

Be . Determine A and B In terms of E and C, and t as a function
of RC



Study of charging of a capacitor theoretically

1.Establish the differential equation that describes the
variation of the charge g, with respect to time.

Using law of addition of Andq=Cuc B uc="12

- ~
€z)
“:? 73

"o . f
<o A\ymacHhr

voltages In series: C
q _dq
G C R - Ty
E.C=q+ RC dq
— 1 " dt

. _ ., dq
butl—+dt



Study of charging of a capacitor theoretically =

2.Show that q = CE(1—e ’c) is a solution of the [Vacaemy

differential equation in q.

d CE t t
o _ | e RC W) 4q :E.e_R_C

dt RC' dt R
Substltute — and g in differential equation (C.E =gq + RC—

dq
dt

t

c.E=CE(1 = e_R_C)+\R\C.£. o he

t t
C.E=CE—-CE.e RC+ CE.e RC



Study of charging of a capacitor theoretically T«
C.E =CE — ;E./é/RLC/ t@gﬁ%

C.E=CE

ACADEMY

t
Then g = CE(1 —e Rrc) IS the solution of the differential
equation



Study of charging of a capacitor theoretically
3.The solution of the equation differential is of the form g

ACADEMY

= A + Be®! . Determine A, B and a in terms of E, R and C.

q = A + Be*!

dq
dt

Substitute % and

differential equation

— a. B. e®t

g In

dq
C.E=q+ RC—/—

dt

t

C.E=A+Be T+ RC.a.B.e*t

t

0=A—-C.E+Be T+ RC.a.B.e%*t

t
0 = (A — CE) + Be 7[1 + RC. d]
0=A-CE

A

= CE



Study of charging of a capacitor theoretically

t
0=(A—-CE)+Be t|1+RC.c

Be Smart
ACADEMY

1+ RC.a=0 Att=0;q = 0;
t
1=—-RC. « qg = C.E + Be &
1 0
a=—p- 0 = CE + Be RC
0=CE+Be’® 0=CE+B
—_ a.t
q=A+ Be B — _CE
t
— ~or t
q=C.E+ Be rc q = CE — CEe RC
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OBJECTIVES [

1 'Study the differential equation in i in charging phase.

2 Study the solution of the differential equation in i.

3 Calculate the time constant T in different methods

4 Determine the expression of i and up



Study of charging of a capacitor theoretically ®

Determine the differential equation that governs the

variation of i.

Using law of addition of
VOItageSZ Uz = Uc T UR

Derive w.r.t time:

duc | Rdi
dt = dt

ACADEMY

And q = Cuc




Study of charging of a capacitor theoretically
The solution of the differential equation in terms of i Is:

L

i=1,er

' ACADEMY



Study of charging of a capacitor theoretically

L
I=1,e

ACADEMY

Att = T:

T
i=1,eT j> i=1,e !
i =0.37I,

t = t: IS the time needed for the current in the capacitor loses
63% of its maximum value (1,,,)



Study of charging of a capacitor theoretically W

t=20 t=1 t =51
i =1,,, i =0.371,,, =0

(
steady state

» Where I,,,, =

0.371,

Horizontal {
O t=RC 5r asymptote



Summary of charging process

t=0 t=17=RC t =571 ACADEMY

0 0.63E 0.99E ~ E

0 0.639,,,4+ ~ G

E 0.37E 0

0.371 0 0

Imax

= |



Study the time constant T«
Application 5:

Consider a circuit consists of a resistor of resistance R=100€) and a

capacitor of capacitance C=200uF connected In series with a
generator of voltage u, = E.

Using the equation of time constant: T=RC

T =100 X% (200 x 107%)

T=0.02s



Study the time constant = T«
Application 6:

Given: resistor of resistance R=5() and a capacitor of capacitance

C connected In series with generator of voltage E = 12V.

Auc

Determine the value of time 4,y ; :ngf;
constant . Deduce C. |

7.56V |-dd




Study the time constant T T«

R=5Q; u, = 12V &fsmu
ACADEMY
7. 1S the time needed for the capacitor to reach 63% of the maximum
voltage: s
Ue |
uc=0.63E W uc=0.63 x12 12v —
Uc = 7.56V » T=0.2s 7.56V N
T
=R CACLC
T C » B
0.2 0

C=— B C=0.04F



Study the time constant ¢
Appllcatlon /: | | ACADEMY
Given: R=5Q); capacitance C; E = 12V. Determine the value of time

constant . Deduce C. fu. /'
We draw the tangent to the curve of at . B
The abscissa of the point of intersection
between tangentand E'isz. 7 = 0.2s B

1 >

0.2

T




Expression of i and up

t
Given the expression of uy, = E(1 — e 1)

Be Smart
ACADEMY

4 t
u, = E(1—e™7) ) w, —E—E.e
Clll(j EFE t
—— =—.e T
dt T
E t . E t
[ = i=C.—.e T = (. e T
Al CRIS,: ’




Expression of i and ug T«
E _£ Be Smart
i=— e 1 ‘ACADEMY
R

uR=RXi
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OBJECTIVE

Q
.

1 IStudy the discharging of a capacitor experimentally

. 2 Study the discharging of a capacitor theoretically



Study the discharging of a capacitor experimentally  »
The switch Is turned to position (2), then:

@ @i (2)_ i

ACADEMY

The current leaves the capacitor from the positive plate (B).
The discharging prosses starts.



Study the discharging of a capacitor experimentally

For the switch at point (2): ug =0 ; <t<T:

The generator turns off and the following curves are
observed on the screen of the oscilloscope.

steady state

37% E b 37% Iy [ :

t

Horizontal
asymptote

: Horizontal T 0 :
(0 7 5T asymptote T 5T




Study the discharging process of a capacitor theoretically ® »
The first order differential equation of discharging in u..

D Coosond
Be Smart

ACADEMY
— (2) i
Uc = UR ) —_—
U = Ri R
Buti=—% and q = Cug - )
i CduC D
i = —C——
dt
du
du C _




Study the discharging process of a capacitor theoretically
The solution of the differential equation in terms of u, Is:

Att=0:

0
Ur =FEe

L

uC:Ee RC

Be Smart
ACADEMY



Study the discharging process of a capacitor theoretically

t
uC:Ee RC

Be Smart
ACADEMY

Att =T
T
U = Ee t » U — Ee~ 1

t = t: 1S the time needed to discharge the capacitor 63% out
of the maximum voltage (E).



Study the discharging process of a capacitor theoretically

t
uC:Ee RC

Be Smart
ACADEMY

Att = 5t
51 _
uc=Ee 7 » uc = Ee™
Uc = 0

At t = 57 the capacitor Is practically completely discharged



Study the discharging process of a capacitor theoretically ® «

Summary
t=0 t=1 t =57
uC=E uC=O37E uC=O
Uc
E
steady state
37% E
Horizontal
0 T 5T asymptote

Be Smart
ACADEMY



Study the discharging process of a capacitor theoretically  *
! - 7 ACADEMY
Consider a capacitor initially charged. At a date chosen as a new

origin of time (t = 0), we place K at position (2); the capacitor
discharge phenomenon begins. Att = 0, uc = E.

1) )

1.Represent the direction of the current on the
circuit.

2.Determine the relationship between i, C
anduc.




Study the discharging process of a capacitor theoretically  »

3.Show that the differential equation in terms of u,,

IS written in the form:u, + RC% = 0.

ACADEMY

4. The solution of the above differential equation In u, Is of
t

the form: u, = Ae = Determine A as a function of E, and
as a function of R and C.



Study the discharging process of a capacitor theoretically
1.Represent the direction of the current on the circuit.

Be Smart

ACADEMY
Q) @) (2)
K
® A
c o RR]]
qth
—II—C
D




Study the discharging process of a capacitor theoretically & »

2. Determine the relationship between i, C and u.

The capacitor loses charges

(2)




Study the discharging process of a capacitor theoretically & #

3. Show that the differential equation in terms of u., Is
written in the form: u,. + RC

Uc = Upy T Up

Uc = R{i + Ryl

uc = (R{ + Ry)i
Where R = (R; + R>)

uC:Ri

duc .
dt

0

€7 O g
M’? e TAY YD Y
SO .\ DT,

dq

Buti = =

and q = Cuc




Study the discharging process of a capacitor theoretically ® »

4. The solution of the differential equation In ug Is u.
t

ACADEMY

= Ae . Determine A and t as a function of E, R and C.
t A t
L - duc _ 4 —~| AerT—RC—.e7T=0
uc =A4e di 2 T

du _t RC
Substitute uc and —: in Ae 1|1 - =0
differential equation

RC RC
T T
+RCEEC _ g
Uc dt T = RC



Study the discharging process of a capacitor theoretically

Be Smart

u- = Ae RC ACADEMY

Att=0,uC=E

0
E =A.e RC t

uc = E.e RC
E=A.¢e°

E=A
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OBJECTIVES

ACADEMY

9 Differential equation in terms of g and its solution, during
\ the discharging of a capacitor. \

\ Differential equation iIn terms of i and its solution,
\ during the discharging of a capacitor. \



Study the discharging process of a capacitor theoretically =

The first order differential equation in terms of g. ’&smu
ACADEMY
Uc = UpR
q  _dq
—+R—=20
q=Cuc = Uc = % C dt
dq
1 = d
dt q_
+ RC— =0
) T’
q q
— = —R
C dt




Study the discharging process of a capacitor theoretically & #
The solution of the differential equation in terms of g IS

€7 O g
M’? e TAY YD Y
SO .\ D1

t
q = CEe RC

At t=0:
_0
q=CEe 7
q = CEe"
q = CE(1)

Qmax = CE



Study the discharging process of a capacitor theoretically * »

ACADEMY

t
g = CEe RC

Att =t
T

q=CEe t
q = CEe™ !
q=0.37CE

t = t: IS the time needed to discharge the capacitor 63%o of Its
maximum value (g,,4» = CE)



Study the discharging process of a capacitor theoretically & *

w C « L
A0, SINGRT
AIC OITUA R

t
q = CEe RC

Att = 5t:
_oT
q=CEe =
q = CEe™>
q=0

At t = 51, the capacitor Is practically completely discharged



Study the discharging process of a capacitor theoretically ® «

Summary Be Smant

t=1 t =571
q=CE q=0.37.CE qg=0

asymptote

0 T 5T



Study the discharging process of a capacitor theoretically =

The differential equation of discharging in terms of i ﬁﬁ%
Uc=ugp Wy uc—ug=_0 i Rdi_O

uc—Ri=0 ¢ dt

Derive the equation w.r.t time: i di
R—=0 C dt
dt dt
di l

) du(; duC i — 4 — = 0
L =—C—— 1t - C dt RC

dt




Study the discharging process of a capacitor theoretically =

The solution of the differential equation in terms of i Is ﬁ‘i\‘ﬁ”ﬁﬁ‘\?
E t

U = —e_R_C
R

E
l:§=1max



Study the discharging process of a capacitor theoretically ®

(= eRe iy
R
Att=r1
. E 1 » L
l—E.er l—E.e
- E
1—031E

t = 1: 1S the time needed for the current loses 63% of Its
maximum value.



Study the discharging process of a capacitor theoretically =

’:3 Smait
E ’ ACADEMY

i: —e_R_C
R

Att = 5T1:

E 5T E
[ ] - » _5
il =—_.€ Il =—8¢€
R® " - R



Study the discharging process of a capacitor theoretically ® «

Summary Be Smant

t=1 t =571

L= Inax =

i=20

= |
|
=
w
~
|

37% 1y |- .

asymptote

O 1 57



Study the discharging process of a capacitor theoretically & »
Application 9:

Consider a capacitor initially charged. At a new origin of time (¢,

= 0), we place K at position (2), where u. = E.

1.Show the direction of current on the circuit.

2.Name the phenomenon takes place.

3.Establish the differential equation that
describes the variation of the charge g with
respect to at the time.




Study the discharging process of a capacitor theoretically  »

4. The solution of the differential equation in q iIs of
t

the form g = Ae . Determine A as a function of E
and C, and t as a function of RC.

5. Establish the differential equation which describes the
variation of the charge 1 with respect to at the time.

ACADEMY



Study the discharging process of a capacitor theoretically
1.Show the direction of the current on the circuit.

Be Smart
ACADEMY

(2)




Study the discharging process of a capacitor theoretically & »

2. Name the phenomenon takes place on the circuit.

ACADEMY

(2)

When the switch to position (2), the
generator Is disconnected from the circuit
then:

The discharging of capacitor takes place.



Study the discharging process of a capacitor theoretically

3. Establish the differential equation which describes the Be Sma
variation of the charge g with respect to at the time.

Ur = Up Uc—up =20 q P dq\
q C dt)
q=Cuc = uc=1 .
—+R—=0
q ri—l C dt
c T
dq
dq q+RC—=0
[ = dt
dt




Study the discharging process of a capacitor theoretically ™

t

4. The solution of the differential equation isq = Ae -.
Determine A and T in terms of E, R and C.

ACADEMY

-2 dg _ A t| sei_pelet=o0
q=A4e t j> E:—;.BT e 1 = T

d _t RC
Substitute q and d—‘t’ in Ae 1 =
differential equation

RC RC

1 =08 1=—

dq G T
q+RC—=20 T =RC

dt



Study the discharging process of a capacitor theoretically %
L

Be Smart

q = Ae RC ACADEMY
Att=0,q = CE
_0
CE =A.e RC

CE — 4 b q=CE.e RC
=A.e

A=CE
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' Be Smart
ACADEMY

1 ‘To calculate the time constant = during the discharging



Time constant T during the discharging T«
Application 10:

A circult consists of a resistor of resistance R = 10K, a capacitor

of capacitance C and a generator of voltage E = 10V.

1. Determine the value of time
constant t.

2. Deduce the value of C.

:  steady state
E ................................................ »

Horizontal t

0 3 1 5 asymptote




Calculate the time constant = during the discharging
R=10KQ; E =10V.
1. Determine the value of time constant t.

7. IS the time needed for the
capacitor to discharge 63% 10V
out of the maximum voltage:

u, = 0.37 x 10

Be Smart
ACADEMY

:  steady state

Horizontal t

uC — 3_ 7V » T — 33 0 3 15 asymptote



Calculate the time constant T during the discharging ®

R =10KQ: E = 10V. %%
2. Deduce the value of C. - —

T =RC LoV
c=" EIN
R
3 7V |
¢ 3
— : . Horizontal |t
10000 o 3 15 asymptote

C=3x10"%F



Calculate the time constant T during the discharging ®
Application 11: e S

A circuit consists of a resistor of resistance R = 10KQ, a
capacitor of capacitance C and a generator of voltage E.

1. Determine the value of time

constant T using tangent
method.

2. Deduce the value of C.

:  steady state
E ................................................ »

Horizontal t

0 3 1 5 asymptote



Calculate the time constant = during the discharging
1. Determine the value of time constant zusing tangent method.

Be Smart
ACADEMY

Draw a tangentto curveatt = 0

The Intersection between tangent
and time axis Is the time constant

:  steady state
E ................................................ »

T = 3S

2. Deduce the value of C.

T 3 0
T = RC — _ —
» ¢ R 10000

Horizontal t

1 5 asymptote

C=3x%x10"%F






