Capacitance



Worked Solutions

1.

Consider the circuit shown below:
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Suppose that the voltage v(t) is:
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Find i(t), we(t), pg(t), vg(t) and v (t), and sketch these functions.



Consider the circuit shown below:

Suppose that the voltage v(t) is:

>
10 1 2 3 t(s)
Find (), w, (), py (¢), v, (¢) and v(¢), and sketch these functions.

Solution

The function v(t) can be separated into three parts: the constant voltage from
t = —1 to t =0, the linear function from ¢ = 0 to t = 1, and the constant voltage
from ¢t = 1 to t = 3. For the linear function, it is increasing at a rate of 1Vs™1,
which is equivalent to v(t) = 1t. Re-writing this information into a function:

oV for —1<t<O
v(t)=4q tV for 0<t<1
1V for 1<t<3



(a) i(t)
The formula for current through a capacitor is:

, dv

for —1 <t <0,
v(t) is constant at 0 V, there is no rate of change therefore ¢ = 0.

dt

dv
(-1 <t<0)=C—
i(—1<t<0) o

i(—1<t<0)=2x0
i(—l<t<0)=0A4

for 0 <t <1,
v(t) is linearly increasing at a rate of 1 Vs™', or 9(1¢) = 1.
dv

0<t<l)=C—
i )=C—
i0<t<l)=2x1
i0<t<1l)=2A

for 1 <t <3,

v(t) is constant at 1 V, there is no rate of change therefore % = 0.

d
i(1<t<3):cd—:

i(l<t<3)=2x0
ill<t<3)=0A4

0A for —1<t<O
ilt)y=< 2A  for 0<t<1
0A for 1<t<3

Therefore, graphing the function i(t),
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(b) we(t)

The formula for energy stored in a capacitor, w, is:

1
W, = §C’v2

for —1 <t <0,

we(—1 <t < 0) = %(2)(0?)
w(-1<t<0)=0.J

for 0 <t <1,

1 2
wc(0<t<1):§(2)(t)
w,(0<t<1)=1xt
w,(0<t<1)=1t*J

for 1 <t <3,

w1 <t<3)= %(2)(12)
w(l<t<3)=1J

0J for —1<t<0
we(t)y=< t*J for 0<t<l1
1J for 1<t<3

Therefore, graphing the function w,(t),
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(c) pr(t)

To find the power emitted from the resistor, we can use the formula:

p = Ri®

as the capacitor and resistor are in series, therefore i.(t) = ig(t).
for -1 <t <0,
pr(—1 <t <0)=Rxi(—-1<t<0)?

pr(—=1<t<0)=05x0
pr(—=1<t<0)=0W

for 0 <t <1,
pr(O<t<1)=Rxi(0<t<1)
pr(0 <t <1)=0.5x 2
pr(O<t<1l)=2W

for 1 <t < 3,

pr(l <t <3)=Rxi(l<t<3)?
pr(l <t<3)=0.5x0
prl<t<3)=0W

ow for —1<t<O
pr(t)=< 2W  for 0<t<l1
ow for 1<t<3

Therefore, graphing the function pg(t)
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(d) vr(t)
To find the voltage across the resistor, we can use Ohm’s Law to solve for v.

for —1 <t <0,

vp(—1<t<0)=05x%xi(—-1<t<0)
vp(—=1<t<0)=0.5x0
UR(—1<t<O):OV

for 0 <t <1,
vp(0<t<1)=05xi0<t<1)
vr(0 <t <1)=0.5x2
p(0<t<1)=1V

for 1 <t <3,

vr(l <t <3)=05xi(l<t<3)
vr(1 <t <3)=05x%0
’UR(1<t<3):OV

ov for —1<t<0
vr(t)=< 1V  for 0<t<1
oV for 1<t<3

Therefore, graphing the function vg(t)
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(e) vs(t)

To solve for the voltage source, we can use KVL because we now know wv.(t)
and vg(t). Therefore:

vs(t) = ve(t) + vg(t)

for —1 <t <0,

vs(—1 <t <0)=v.(-1<t<0)4+vr(—-1<t<0)
vs(—1<t<0)=04+0
vs(—1<t<0)=0V

for 0 <t <1,
v;(0<t<l)=0v(0<t<])+ovp(0<t<])
vs(0<t<l)=t+1
v,(0<t<1)=(@+1)V

for 1 <t <3,

vs(l1<t<3)=v(l <t<3)4wvr(l <t<3)
vs(l<t<3)=1+0
vs(1<t<3)=1V

oV for —1<t<0
vs(t) =< t+1V  for 0<t<1
1V for 1<t<3

Therefore, graphing the function v(t)
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The voltage v(t) across a 2-F capacitor at time t=1s is 1 V. If the current

through the capacitor is:

i(t)=

t forl<t<?2
0 for2<t<w

find v(t) for t >1s.



Capacitance

The voltage v(t) across a 2 F capacitor at time t = 1 s is % V. If the current through the capacitor is:

) t 1<t<2
i(t)=
0 2<t<o
Find v(t) fort>1s.
Solution
Q5 i(t) vs. t
2
<
g 1.5
S
S
§ 0.5
Time (s)
0
0 0.5 1 1.5 2 25 3

The equation we need for this is:

The first step is to find v(t) for 1 s t < 2:

The time origin for the equation is at t = 1 so v(t,) = v(1s) = %V, using equation 1

1<t<2 i(r)=t =1<1<2 i(7r)=7



’-1 1
v(t)= +—
(1)="7"%,
t2
v(r)=—
(="
Thus, for
t2
1<1<2 v(t)=—
and
v(2)=1V
122,i(t)=0 :
For , thus no charge enters - or leaves - the capacitor and hence the

voltage remains constantat 1 V.

— 1<t<2
v(r)=4 4
1 2<t<o0
Q5v(t)vs.t

0.75

0.5

Capacitor voltage, v(t) V

Time (s)

0 0.5 1 1.5 2 2.5 3



12.9

For each of the circuits shown below, what is the value of C?

|
(* ——1F T —2F (’

—1F —”— 2F

(@) (b)
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