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Class 18. Capacitors in series and parallel
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(a) What is the charge stored in C;? What is the charge stored in C,?

Solution
The first instinct is:

C:%:Q:CV:leclvl ~(*)

While there is nothing wrong with this equation, but we cannot use this here because

we do not know what is V1 yet! So we need some other way to figure out Qi or Vi:

Since these two capacitors are in series, so Q1=Q;=Qest and Qefr can be figured out from

Qu =CoVwith— -+ 1 2 1 1 e o
Ch C, C, 3 6 2
" Qus =(2uF)(12)=244C

~Q,=Q, =244C and Q, =Q,, =24,C

(b) What is the voltage V1 across C1? What is the voltage V, across C;?

Solution

Now we can use (*) to calculate V1 because we now know Q.
ng :>V=g:>Vl=&=ﬁ=8V

\V C c, 3 —

Similarly, V, ===
Y, Vo c, 6

Note that 8V + 4V =12V, voltage of the battery.
(c) Whatis the energy stored in C1? What is the energy stored in C;?

Solution
1 2 1 2
U; =5 GV, =2 (3u)(®)° = 9644

1 1
U, =EC2V22 25(6,“)(4)2 =484
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(d) If the two capacitors are replaced with one, what should be the effective capacitance
CesrOf the replacement?

Solution
1 1 1

—_— =t — =

1
Cq C. C, 3

(e) Whatis the charge stored in Ce? How is this answer compared with that of part (a)?

Solution
Qeff =Ceffv with Ceff :2/JF
5 Qe =(2uF)(12)=24,C

Qeff is the same as Q1 and Q.

(f) What s the voltage across Cef? How is this answer compared with that of part (b)?

Solution

24
Quy =CoV = V= 2at _ 2415y,
Cu 21 —
This equals to the sum of Viand V,.  This is reasonable as C1 and C; are connected in series

to form Cef.

(g) Whatis the energy stored in Cef?  How is this answer compared with that of part (c)?
Solution
1 2 l 2
U eff — E Ceff Veff = E (2/'1)(12) = 144,”‘]

This equals to U1+U,.
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(a) What is the charge stored in C1? What is the charge stored in C,?

Solution

Note that V1=V,=12V (we are already answering part (b)!)

C=g = Q=CV=0Q, =C,V, =Q, = (2u)(12) = 244C

Similarly,Q, =C,V, = Q, =(4ux)(12) =%

(b) What is the voltage V1 across C1? What is the voltage V, across C,?
Solution

V=V, =12v

(c) Whatis the energy stored in C1? What is the energy stored in C;?

U, =5V =2 (212)" =144z

U, =2C.V," =2 (4)a2)” = 28840
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(d) If the two capacitors are replaced with one, what should be the effective capacitance

CesrOf the replacement?

Solution

Cux =C, +C,=2u+4u=06uF

(e) Whatis the charge stored in Ce? How is this answer compared with that of part (a)?

Solution

Q.s =C.V With C,, =6.4F
©.Qup =(64F)(12)=T24C

This is the sum of Q1 and Q2 (24uC + 48uC =72 uC)

(f) What is the voltage across Cef? How is this answer compared with that of part (b)?
Solution

This should be the same as Vi1 and V,, 12V.

(g) Whatis the energy stored in Cef? How is this answer compared with that of part (c)?

Solution
1 2 1 2
U eff = E Cef‘f Veff = E (6#)(12) = 432/“]

This equals to U1+U,, 144pJ+288u) =432p.
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(a) What is the charge stored in C1? What is the charge stored in C;? What is the charge

stored in C3?

Partial Solution

We first simplify the circuit to:

Cs=1pF
||C12 3| K
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Ci12is the effective capacitance of C1 and C; in parallel.
C,=C,+C,=4u+12u=164F
Since C12 and Cz are now in series, so Q12=Q3=Qer and Qefr can be figured out from the

effective capacitance of Ci2 and Cs:

Q, =C,Vwith——-1 1 1.1
Ceff Clz C3 16 1
- Qu =(0.94124F)(12) =11.294.C

- Q,=Q,, =11.294,C

:% = C =0.94124F

It is easier to figure out V1 and V; first before Qi and Qa, so we proceed to part (b) first then

come back for Q; and Q.



(b) What s the voltage V1 across C1? What is the voltage V2 across C;?

voltage V; across Cs3?
Solution

Note that we now know Qs.

c=Q ov-Qoy, =R 1129450y
Y c c, 1

Since Cy2 is connected to Cs in series,

"V, +V, =V =V, +11.294 =12 = V,, =0.706V
.V, =V, =0.706V
V, =V,, =0.706V

Now we come back to complete the solution of part (a):

Completing Solution

C =% = Q=CV=0Q,=CV,=0Q, =(4u)(0.706) = 2.824,C
Similarly,Q, =C,V, = Q, =(4)(0.706) =8.471.C

Note that Q1+Q,=2.824uC+8.4711C=11.295uC=Q1,=Q3.

(c) Whatis the energy stored in C1? What is the energy stored in C;?

energy stored in C3?

Solution
1 2 1 2
U, = §C1V1 = 5(4;1)(0.706) =0.9965.4

U, = %czvz2 = %(12/1)0.706)2 =2.9896 14

Uy =2 CV5" = (Lu)(L1.294)° = 6377740

What is the

What is the



