
I-V relation in a capacitor
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If the voltage across the capacitor is time-varying, then the charge stored on 
the capacitor must also be time-varying:

Case study to consider:
Given that C = 1 nF
If V = 1V Æ Q = 1 nC
If we reverse V, such that now V = -1V Æ Q = _______
If the above change was made gradually over 1 ms, what would be 
the resulting current?

𝑄(𝑡) = 𝐶𝑉(𝑡)

𝑖(𝑡) = 𝐶
𝑑𝑉(𝑡)
𝑑𝑡

Differentiating with respect to time (t):

Current depends on the 
rate of change of voltaged-dtd-d-cd-Y-a-cn.meEr É¥¥¥,
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Capacitors in parallel
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Cୣ୯ = Cଵ + Cଶ + Cଷ + ⋯+C୒ What is the value of Qeq?

① Ceq :C ,
+ C

,
T C , -

- -

Vceq =
Vc

,

+V4 + - -
.

Hey =Q ,
+Qr - -

-
-

Hora
,
-
-



Example on Capacitor in parallel and series
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What is the equivalent of the following capacitance circuit?

ii. series

niporallel ←
miseries of

Coq =@µF¥2-5µF 11/0.3%7 Ceq=(0.3µF// loaf ?
+ 2- 5mF

= [2.5 11 0.30
= 0.293mF

= 2.791µF 4

nip
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Examples

𝑖 𝑡 = 𝐶
𝑑𝑣(𝑡)
𝑑𝑡

Case 1: If v(t) = 10 sin (2t) V, C = 10 uF, what is i(t)?

Case 2: If v(t) is shown in the figure below, what is i(t)?
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yphasor
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Example
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If the plots shown in Figure P4.18 are the voltage across and the current 
through an ideal capacitor, determine the capacitance.

5 ms

ia→-cd¥¥

considerOt5h
-45ms Ict =l④
0 dr¥+="jm=¥

its

12=6 Koro
C- ¥wo=3mF*



Summary: Capacitor response to DC
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If the applied voltage is DC
• Insulating dielectric blocks the current from flowing 

through
• Plates will charge up
• At DC, capacitor blocks current from flowing through

diff → 0
>
ia→→o

i. ¥ .

- it "m→+
1 Pac

.



Simple first-order RC circuit

� At t = 0, 𝑣௖(0) = 0
� After t = 0, the circuit is closed:
› 𝑖 𝑡 = ௩ೃ

ோ
= 𝐶 ௗ௩೎

ௗ௧
, and

› 𝑣ோ 𝑡 = 𝑉଴ − 𝑣௖(𝑡)
� Hence, ௏బି௩೎ ௧

஼ோ
= ௗ௩೎

ௗ௧
⇒ ௗ௩೎

ௗ௧
+ ௩೎

஼ோ
= ௏బ

஼ோ

� The general solution is 𝑣௖ 𝑡 = 𝐴𝑒ି
೟
಴ೃ + 𝑉଴ for 𝑡 ≥ 0 (A is a constant)

� As the initial condition is 𝒗𝒄 𝟎ା = 𝟎,  𝐴 + 𝑉଴ = 0 ⇒ 𝐴 = −𝑉଴
� Hence,

𝑣௖ 𝑡 = 𝑉଴ 1 − 𝑒ି
௧
஼ோ
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Section 4.4, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998
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Transient response of a simple RC circuit
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CR

𝑣௖ 𝑡 = 𝑉଴ 1 − 𝑒ି
௧
஼ோ 𝑖 𝑡 = 𝐶

𝑑𝑣௖
𝑑𝑡

=
𝑉଴
𝑅
𝑒ି

௧
஼ோ

When t = CR,
𝑣௖ 𝐶𝑅 = 𝑉଴ 1 − 𝑒ିଵ = 0.63𝑉଴ and  𝑖 𝐶𝑅 = ௏బ

ோ
𝑒ିଵ = 0.37𝑉଴

Section 4.4.1, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998
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Simple first-order RL circuit
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If Io is a constant current, how the current iL(t) and the voltage across the inductor 
C, vL(t) will change when the switch is opened at t = 0
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Simple first-order RL circuit

� When t < 0, short-circuit at switch, 𝑖௅ = 0
� For 𝑡 ≥ 0, 
› 𝑣௅ 𝑡 = 𝐿 ௗ௜ಽ

ௗ௧
, and

› 𝑣ோ 𝑡 = 𝐼଴ − 𝑖௅ 𝑡 𝑅

� Hence, 𝐼଴ − 𝑖௅ 𝑡 𝑅 = 𝐿 ௗ௜ಽ
ௗ௧

⇒ ௗ௜ಽ
ௗ௧

+ ோ
௅
𝑖௅ 𝑡 = ோூబ

௅

� The general solution is 𝑖௅ 𝑡 = 𝐴𝑒ି
ೃ೟
ಽ + 𝐼଴ where A is a constant

� 𝑖௅ 0ା = 0 = 𝐴 + 𝐼଴ ⇒ 𝐴 = −𝐼଴
� Hence, for 𝑡 ≥ 0, we obtain

𝑖௅ 𝑡 = 𝐼଴ 1 − 𝑒ି
ோ௧
௅

EE2005 27

Section 4.5, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998

Io= Ipitiict ) → KCL

←
inductor formula

+
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Example 1: Initial and final values given

� At t = 0, the switch is thrown to the right
� Initial and final values of capacitor voltage are:

𝑣௖ 0ା = 50𝑉 and 𝑣௖ ∞ = −20𝑉
� Decrease in 𝑣௖ Î Case B (𝜏 = 𝐶𝑅)

𝑣௖ 𝑡 = −20 + 70𝑒ି
೟
಴ೃ

� 𝑣ோ 𝑡 = −20 − 𝑣௖ 𝑡 = −70𝑒ି
೟
಴ೃ

� 𝑖 𝑡 = ௩ೃ ௧
ோ

= − ଻଴
ோ
𝑒ି

೟
಴ೃ
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Example 4.4, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998
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Example 2 (non-trivial boundary conditions)
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25V

Example 4.5, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998

� At t = 0, the switch is thrown to the right 

ÎFind equivalent resistance:
𝑅௘௤ = 𝑅ଵ + 𝑅ଶ

ÎFind equivalent capacitance
ଵ
஼೐೜

= ଵ
஼భା஼మ

+ ଵ
஼య
Î

𝐶௘௤ =
𝐶ଷ 𝐶ଵ + 𝐶ଶ

(𝐶ଵ + 𝐶ଶ + 𝐶ଷ)

☐o
itzv Vesco

✓

is

Vc ,CO ) = Vasco
- 1=250

I = Reqceq



� Time constant 𝜏 = ஼య ஼భା஼మ ோభାோమ
஼భା஼మା஼య

� Initial values are
𝑣௖భ 0ା = 25,    𝑣௖మ 0ା = 25, 𝑣௖య 0ା = 0

� To find the final values after the switch throw to right

𝐶ଵ + 𝐶ଶ
𝑑𝑣஼భ
𝑑𝑡

+ 𝐶ଶ
𝑑𝑣௖య
𝑑𝑡

= 0

Î 𝐶ଵ + 𝐶ଶ 𝑣௖భ(𝑡) + 𝐶ଷ𝑣஼య(𝑡) = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 for all 𝑡 ≥ 0
� 𝑣௖భ 0ା = 25 and 𝑣௖య 0ା = 0 ⇒ 25 𝐶ଵ + 𝐶ଶ = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
Î 𝐶ଵ + 𝐶ଶ 𝑣௖భ(𝑡) + 𝐶ଷ𝑣஼య(𝑡) = 25 𝐶ଵ + 𝐶ଶ
� The final values must satisfy 𝑣௖భ ∞ = 𝑣௖య ∞ Î

𝑣௖భ ∞ = 𝑣௖మ ∞ = 𝑣௖య ∞ =
25 𝐶ଵ + 𝐶ଶ
𝐶ଵ + 𝐶ଶ + 𝐶ଷ
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Example 2 (non-trivial boundary conditions)

Example 4.5, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998
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