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0 g1 =¢q»=+4+3.20x 10-19C
° g3 = +640 X 10_19C
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° q1=q=+3.20x 1071°C
° g3 = +640 X 10_19C
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0 g1 =q=+320x10"1C
0 g3 =+6.40 x 1071°C
o d=17.0cm

o x goes from 0 — 5.0m
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° g1 =¢q»=+3.20 x 10~19¢
0 g3 = +6.40 x 1079¢C
o d=17.0cm

o x goes from 0 — 5.0m

We want to know:
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° g1 =¢q»=+3.20 x 10~19¢
0 g3 = +6.40 x 1079¢C
o d=17.0cm

o x goes from 0 — 5.0m
We want to know:

(a) xo, where ‘I_-:

is @ minimum
3,net
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° g1 =qy=+3.20x 1071°C
0 g3 = +6.40 x 1071°C
o d=17.0cm
o x goes from 0 — 5.0m
We want to know:
(a) xo, where ‘I_-:

is @ minimum
3,net

(b) x1, where ‘I?

is @ maximum
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° g1 =¢q»=+3.20 x 10~19¢
0 g3 = +6.40 x 1079¢C
o d=17.0cm

o x goes from 0 — 5.0m
We want to know:

(a) xo, where ‘I_-:

is @ minimum
3,net

(b) x1, where ‘I?

is @ maximum
3,net

(c) What is |F|  (x0) 7
t
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0 g1 =q = +3.20 x 1071°C
0 g3 = +6.40 x 1071°C
o d=17.0cm

o x goes from 0 — 5.0m

We want to know:

(a) xo, where ‘F‘ is a minimum
3,net

(b) x1, where ‘F‘ is a maximum
3,net

(c) What is ‘I:"

,(x0) ?

?
3,net (Xl) '

3,ne

(d) What is ‘ﬁ
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By symmetry, ‘F‘ ‘ (0) =0
3:net
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By symmetry, ‘F‘ ‘ (0) =0
3:net

This answers (a) and (c).
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anywhere along the x axis;

By symmetry we also know that the vertical forces cancel
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anywhere along the x axis; i.e.

By symmetry we also know that the vertical forces cancel

’ F

= |F.
3,net | X|3,net
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By symmetry we also know that the vertical forces cancel
anywhere along the x axis; i.e.

= |F.
3,net | X|3,net

Also, the contributions from g1 and g» are equal so that
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By symmetry we also know that the vertical forces cancel
anywhere along the x axis; i.e.

’ F

= |F.
3,net l X|3,net

Also, the contributions from g; and g» are equal so that

|Fxl3,ner = |Fx31 + Fxa2| = 2 |Fyai]

=l = =
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Fo31 = Fa1 cosf
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Fos1 = F3; cosf

F. X
Fx31 =

31m
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Fy31 = Fa1cosf

F. X
S
E_ 1 a
31— 4reg (d2+x2)
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Fy31 = F31cosf

- X
o= ETa
B _ 1 9143
3= 4reg (d? + x?)
o1 s X _ Q4 x
Sl e (d2 +x2)\/d2 1 x2  4meg (d2+x2)3/2
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Force will be a maximum when

dFa1

dx
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Force will be a maximum when

dF.31
st _ g
dx

d (g3 X _0
dx \ 4meo (42 + X2)3/2 -
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Force will be a maximum when

dF.31
st _ g
dx

d (g3 X _0
dx \ 4meg (d? + X2)3/2 -
which reduces to
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Force will be a maximum when

dF.31
st _ g
dx

d (g3 X _0
dx \ 4meg (d? + X2)3/2 -
which reduces to

A x Y\,
dx (d2+x2)3/2 -
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Force will be a maximum when

dF.31
st _ g
dx

d (g3 X _0
dx \ 4meg (d? + X2)3/2 -
which reduces to

dx (d? +x2)3/2 -

since none of the other terms are zero.
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By the quotient rule

d x (1) (2 4 x2) 72 = (x) L (o2 + x2) ¥
dx (d2 +x2)3/2 -

(e + 22’

=0
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By the quotient rule

T

d2 + X2)3/2

@) (@24 () L (04 2)
(e + 22’

=0
S (D) (d?+ x2)3/2 _

(x) d_X(d2 + X2)3/2 —0



By the quotient rule

T

d2 + X2)3/2

@) (@24 () L (04 2)
(e + 22’

=0
S (D) (d?+ x2)3/2 _
since

(x) d_X(d2 + X2)3/2 —0



By the quotient rule

T

d2 + X2)3/2

@) (@24 () L (04 2)

(a2 +X2)3/2)2 =0
- (1) (dz +x2)3/2 ~ (%) d_X(d2 +X2)3/2 _ 0
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(1) (d2 +X2)3/2 )
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() (e +)* = ()

d

3/2
&(dz + X2)
= (1) (?+x*)** = (») §(d2 Y
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() (e +)* = ()

d

3/2
dx (d2 —+ X2)
= (1) (d®+ x2)3/2 — (%) é(d2 )

1/2

(2x)

— (> +2)*2 = (2 (¢ + 2



(1) (d? +X2)3/2 . .

&(dz + X2)3/2
= ()¢ +)" ~ () %(d2 )2 (2x)
= (d2 + X2)3/2 — (2X2) §(d2 + Xz) 1/2

:(d2+X2)_3X2=0



(1) (> + <)% = ()

d

3/2
dx (d2 + X2)
— (1) (@ +2)* = (%) §(dz +x%)

1/2

(2x)

= (2 +x2)"? = (22) S (& +x)"

=(d*+x*) -3 =0
after factoring out (d? + x?)

1/2
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From the definition, we're only interested in the solution when x
goes from 0 — 5.0m, so reject
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From the definition, we're only interested in the solution when x
goes from 0 — 5.0m, so reject
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From the definition, we're only interested in the solution when x
goes from 0 — 5.0m, so reject

Thus
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From the definition, we're only interested in the solution when x
goes from 0 — 5.0m, so reject

Thus

is the valid solution if x < 5.0m
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From the definition, we're only interested in the solution when x
goes from 0 — 5.0m, so reject

N
V2
Thus
S
V2
is the valid solution if x < 5.0m
d =17.0cm
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From the definition, we're only interested in the solution when x
goes from 0 — 5.0m, so reject

A
V2
Thus
S
V2
is the valid solution if x < 5.0m
d =17.0cm
o)

X = @ ~ 12.0cm
V2
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From the definition, we're only interested in the solution when x
goes from 0 — 5.0m, so reject

Thus

is the valid solution if x < 5.0m

d =17.0cm
% 17.0
x=""212.0cm
V2
is valid.
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x ~ 12.0cm
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x =~ 12.0cm
SO

|FX|3,net = 2 |FX31|
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x =~ 12.0cm
SO

|FX|3,net = 2 |FX31|

= 2‘-71q3

X
4meg (dz + x2)3/2
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x ~ 12.0cm
so

|FX|3,net =2 |FX31|

PN TE

X

4meo (d2 + X2)3/2
(You can do the calculations.)
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x ~ 12.0cm
so

|FX|3,net =2 |FX31|

PN TE

X

4meo (d2 + X2)3/2
(You can do the calculations.)

This answers (b) and (d).
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We should verify that the force is indeed a maximum,
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We should verify that the force is indeed a maximum,
(rather than a minimum),
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We should verify that the force is indeed a maximum,
(rather than a minimum),
at x = 12.0cm.
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Since
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We should verify that the force is indeed a maximum,
(rather than a minimum),
at x = 12.0cm.
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We should verify that the force is indeed a maximum,
(rather than a minimum),
at x = 12.0cm.

Since

we've shown that F =0 at x = 0,
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We should verify that the force is indeed a maximum,
(rather than a minimum),
at x = 12.0cm.

Since

we've shown that F =0 at x = 0,

we know that F — 0 as x — o0,
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We should verify that the force is indeed a maximum,
(rather than a minimum),
at x = 12.0cm.

Since

we've shown that F =0 at x = 0,

we know that F — 0 as x — o0,

and by the equation, in between F is always positive,
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at x = 12.0cm.

Since

We should verify that the force is indeed a maximum,
(rather than a minimum),

we've shown that F =0 at x = 0,

we know that F — 0 as x — o0,

and by the equation, in between F is always positive,
then F must be a maximum at that point.

«4O0)>» «Fr «E)r» « =) = Q>



	Chapter 21 - Problem 23, 9th edition
	Definition
	Before Math
	Calculations
	Check


