27.12. E,=E,=E;=E,=E;. The electric field is constant everywhere between the plates. This is indicated by the
electric field vectors, which are all the same length and in the same direction.

27.5. Model: The distances to the observation points are large compared to the size of the dipole, so model
the field as that of a dipole moment.

Visualize:
y P
E
@ +q
SI / I \’, X X
©@-q E_ _ E,
E
(a) (b)

The dipole consists of charges +¢q along the y-axis. The electric field in (a) points down. The field in (b) points
up.
Solve: (a) The dipole moment is

P =(gs, from—to+)=(1.0x10"° C)(0.0020 m) j =2.0x10*?jCm

The electric field at (10 cm, 0 cm), which is at distance » = 0.10 m in the plane perpendicular to the electric
dipole, is

122
20x107°)JCm ~_180] NIC

E=—1 P (90x10° Nm?C?) .
drey r (0.10 m)

The field strength, which is all we’re asked for, is 18.0 N/C.
(b) The electric field at (0 cm, 10 cm), which is at » = 0.10 m along the axis of the dipole, is

1 2p_ 2(2.0x10™j Cm)

E=
8 (0.20 m)®

(9.0x10° N m?/C?) =36] N/C

dre, 1

The field strength at this point is 36 N/C.



27.9. Model: The rods are thin. Assume that the charge lies along a line.
Visualize:

Egene  Epen Eign Eiet

Erighl E.Icrx
P, P, P;

[(++++++++++++++]

[(Fr++++++++++++]

Because both the rods are positively charged, the electric field from each rod points away from the rod. Because
the electric fields from the two rods are in opposite directions at P, P,, and Ps, the net field strength at each point
is the difference of the field strengths from the two rods.

Solve: Example 27.3 gives the electric field strength in the plane that bisects a charged rod:

e _ 1l
° 4”gor\/r2+(L/2)2

The electric field from the rod on the right at a distance of 1 cm from the rod is
10x10° C

. _ ~1.765x10° NIC
(0.01 m)J(0.01 m)’ +(0.05 m)

E g =(9.0x10° N m?/C?)

The electric field from the rod on the right at distances 2 cm and 3 cm from the rod are 0.835x10° N/C and

0.514x10° N/C. The electric fields produced by the rod on the left at the same distances are the same. Point P, is
1.0 cm from the rod on the left and is 3.0 cm from the rod on the right. Because the electric fields at P, have
opposite directions, the net electric field strengths are

At1.0cm E=1765x10° N/C — 0.514x10° N/C=125x10° N/C
At2.0cm E=0.835x10° N/C — 0.835x10° N/C=0 N/C
At3.0cm E=1765x10° N/C — 0.514x10° N/C=125x10° N/C



27.14. Model: Model each disk as a uniformly charged disk. When the disk is positively charged, the on-
axis electric field of the disk points away from the disk.

Visualize:

20 cm :
E 1
= -
21 50cm E,
1 L
&

E\ /
Q,=+50nC s 0,=+50nC

Solve: (a) The surface charge density on the disk is

9
p=9-Q 5010 C _6a66.10° cim?

A 7R*  7(0.050 m)

From Equation 27.23, the electric field of the left disk at z=0.10 m is

-6 2
“2s) LR | 28855107 CINMY) T (0,050 m/0.10 )’

Hence, E,=(38,000 N/C, right) . Similarly, the electric field of the right disk at z=0.10m (to its left) is
E, =(38,000 N/C, left). The net field at the midpoint between the two disks is E =E, + E, =0 N/C.
(b) The electric field of the left disk at z = 0.050 m is
6.366x10° C/m? 1
(El)z = 12 2 2\~ 2
2(8.85x10™* C*/N-m?) (1 +(0.050 m/0.10 m)

}:1.05x105 N/C = E, =(1.05x10° N/C, right)

Similarly, the electric field of the right disk at z = 0.15 m (to its left) is E, = (1.85 x10* N/C, Ieft). The net field

is thus

E =E, +E, =(8.7x10* N/C, right)
The field strength is 8.7x10* N/C.

27.19. Model: The electric field in a region of space between the plates of a parallel-plate capacitor is
uniform.
Solve: The electric field inside a capacitor is E =Q/¢&,A. Thus, the charge needed to produce a field of strength E is

Q=,AE =(8.85x10™ C?/N m")[ 7(0.020 m)’ |(3.0x10° NIC) = 334 nC

The number of electrons transferred from one plate to the other is

33.4x10° C

S~ = 2.1x10M
1.60x10"° C



27.24. Model: The infinite negatively charged plane produces a uniform electric field that is directed toward
the plane.
Visualize:

Known
n=-2.0 X 107 C/m?
vo=2.0 X 105 m/s

Vo
(BD—>-- - == vi=0m/s
) vy =0m/s mp=1.67 X 107 kg
- = - ——- 1
1
. Find
1 Ax
1
fe Ax A

Solve: From the kinematic equation of motion v/ =0 =V +2aAx and F = ¢E = ma,

_GE_ v o Ax -mv?

m  2Ax :2qE

Furthermore, the electric field of a plane of charge with surface charge density 77is E =7/2¢,. Thus,
_mig, —(L67x107 kg)(2.0x10° mis)’(8.85x10% CN m?)

an (1.6O><10‘19 C)(—2.O><10‘6 C/mz) = 0.185m

AX

27.27. Model: The size of a molecule is ~ 0.1 nm. The proton is 2.0 nm away, so » >> s and we can use
Equation 27.12 for the electric field in the plane that bisects the dipole.

Visualize:
i

e
T +
(_g Edipolc Fon proton

Solve: You can see from the diagram that Ifdipole onproton 18 Opposite to the direction of p. The magnitude of the

dipole field at the position of the proton is

—30
L P (90x10° Nmcr) 2210 Cm

Eoipote =7 S~ =5.624x10° NIC
e, ¥ (2.0x107° m)

The magnitude of F, is

ipole on proton

=

sipole on proton = EEipore = (1.60x107"° C)(5.624x10° N/C) =9.0x107* N

dipole

Including the direction, the force is Fupoeonproon = (9:0 x 107 N, direction opposite p).



27.32. Model: The electric field is that of two charges —q and +2q located at x = +a.
Visualize:

a

2 EZ net ;z .;42-\(] 3 ES net
—2a —-a 0 a 2a

—a

—2a_44
54 net
Solve: (a) At point 1, the electric field from —q is

B S o I S
1 4ns, (a)’ +(2a)°  4ns, 5@°

Eq points toward —g and makes an angle ¢ = tan’l(Za/ a) =63.43° below the —x-axis, hence

= 1 q ) A_.Q_li_ip_ie_ii_ﬁ_e
Eq_4;zgo(5a2j( cosgl S'nm)_mgo(sazj( J§' Jgjj_4;zgo(5£a2j( ! 21)

The electric field from the +2¢ is

1 2q 1 2_q
1 Ang, a2 +(2a)  Ane, 5a°

E+2q points away from +2¢ and makes an angle ¢ = tan’1(2a/ a)=63.43° above the —x-axis. So,

= 1 (2 a s 1 A
E.o [5—;j(—cos¢2| +Sln¢2j)=%(%j<—2l +4j)
0

4re,

Adding these two vectors,

— B — _ 1 q ~ o
Elnet - E—q + E+2q - 472'80 (Wj(_& + 2])

At point 2, the electric field from —q points toward —q, so

g -t (%jf
¢ dzg\a

The electric field from +2¢ points away from +2¢, so

S [ﬂ].
2 4\ 922

Adding these two vectors,



27.43. Model: The electric field is that of a line charge of length L.

Visualize: Please refer to Figure P27.43. Let the bottom end of the rod be the origin of the coordinate system.
Divide the rod into many small segments of charge Ag and length Ay'. Segment i creates a small electric field at
the point P that makes an angle @ with the horizontal. The field has both x and y components, but £, = 0 N/C.

2
The distance to segment i from point P is (X2 + y’z)l/ :

Solve: The electric field created by segment i at point P is

= Aq S e 2 _ Aq X T y’ i
E, _—4”80(X2+y’2)(cost9l sm6’1) 47[50(X2+y’2)[\/X2+Y'2I \/x2+y’2 JJ

The net field is the sum of all the Ei, which gives E = ZE. Agq is not a coordinate, so before converting the

sum to an integral we must relate charge Ag to length Ay’ This is done through the linear charge density A =
Q/L, from which we have the relationship

O

Ag =AY ==AY'

L
With this charge, the sum becomes

E—Q/L [ XAy 4 y'AYy' }
)3/2

_4”50 - (X2+yyz)3/2| _(X2+y!2

Now we let Ay’— dy’and replace the sum by an integral from y'=0m to y'=L. Thus,

E:(QIL) j’ Xdy’ f_j yrdyl j‘ :(Q/L) . yy Lf_ 1 Lj
4;1-50 o(X2+y'2)3/2 O(Xz+y,2)3/2 4”80 XZ\/X2+y’2 , W i

~Q 1 . 1 [gj X )
_472'80 X\/X2+L2 472'80 Lx \f)(2+|_2 J




27.47. Model: Assume that the quarter-circle plastic rod is thin and that the charge lies along the quarter-
circle of radius R.
Visualize:

The origin of the coordinate system is at the center of the circle. Divide the rod into many small segments of
charge Ag and arc length As.

Solve: (a) Segment i creates a small electric field Ei at the origin with two components:
(E)), =E;cosé, (E;), =Esing,

Note that the angle 6; depends on the location of the segment i. Now all segments are at distance 7, = R from the
origin, so

1 Aq_ 1 Aq

E = =
' dng, 7 4mg, R°

The linear charge density of the rod is A = Q/L, where L is the rod’s length (L = quarter-circumference = 7R/2).
This allows us to relate charge Ag to the arc length As through

AQ=AAS= (%JAS = (EJ As

T

Using As = RA 6, the components of the electric field at the origin are

(E), = 1 Moo —LL(QJRAHCOS@ - ( 2Q jA@cosHi

4rg, R? "4z, R\« e, \ 7R?
(B), = 1 A—?simﬁ'i _ 1 %(QJRAHSMQ = [ZszAesinﬁi
Y 4mg, R 4re, R°\ 7R EG\ 7T

(b) The x- and y-components of the electric field for the entire rod are the integrals of the expressions in part (a)
from
6=0radto 8= /2. We have

E .= 1 [ zszjﬂlzcosﬁdH E, = 1 [ zszjﬂlzsianH
4me,\ 7R” )70 4me,\ 7R” )70
(¢) The integrals are
_[”lzsiné?de = [—cosé’]’”2 = —(cosz—cosoj =+1 j”’zcoseda =[sin 0]”'2 =sinZ —sin0=+1
0 0 2 0 0 2

The electric field is

E-1 2 (i+j)

4rg, nR?



27.53. Model: Assume that the electric field inside the capacitor is constant, so constant-acceleration
kinematic equations apply.

Visualize: Please refer to Figure P27.53.

Solve: (a) The force on the electron inside the capacitor is

F=md=qE=4d=

3R

Because E is directed upward (from the positive plate to the negative plate) and q=-1.60x107° C, the

acceleration of the electron is downward. We can therefore write the above equation as simply a, = gE/m. To
determine £, we must first find a,. From kinematics,

X =X, +v0x(t1—t0)+%ax(t1—t0)2 =>0.040 m =0 m+V,c0s45°(t, —t;)+0m

(0.040 m)

- =1.1314x10° s
5.0x10 m/s)cos45°

:(ti_to):(

Using the kinematic equations for the motion in the y-direction,

vy, =V, +ay[t1 ;tO j =0 m/s=y,sin 45°+(%J(_t1 ;toj

ias0 2(9.1x10 kg)(5.0x10° m/s)sin45°
Eo_2MYsinds®_ (9.2 0)(5.0x10° mis)sin 3550 N/C =3.6x10° N/C
q(t,—t,) (-1.60x10™° C)(1.1314x10" s)

(b) To determine the separation between the two plates, we note that y, = 0 m and v, =(5.0 x10° m/s)sin45°, but at

y =y, the electron’s highest point, v, = 0 m/s. From kinematics,

2

Vly :ng +2ay(y1 - yO):O mZ/SZ :ngin2450+2ay(yl_ yo)
visin?45°  ?
=(Y,— Y, )= =
(%1=Yo) 2a, 4a,
From part (a),
-1.60x10™" C)(3550 N/C
a =9 ( 73)1( ) _ 624210 s’
m 9.1x10™ kg

5.0x10° m/s)’
( )

“624zx10" i) oo Hoem

:>y1_y0:_4(

This is the height of the electron’s trajectory, so the minimum spacing is 1.0 cm.



27.58. Model: The electron orbiting the proton experiences a force given by Coulomb’s law.
Visualize:
7

Solve: The force that causes the circular motion is

1 gal_me_m(arrr)
Cdms, v 1 r

where we used v =2zr/T =2zrf. The frequency is

1) Golao _ I(9.0><109 N m?/C?)(1.60x10* c)2 ) .
ns, o | 422(9.11x10°* kg)(5.3x10 * m) ~0.96xA07 e

27.3. E; = E, > E, > E,. The electric field strength is larger in the region where the field lines are closer
together (E; and E,) and smaller where the field lines are farther apart.

N /A
27.8. (a) Af:Lz,so —f=(Q *):ﬁ=3.1632=10
3.163 N, (QA) A
N, N. F. N,
(b) F, =eE; =e—and F, =eE,=e—, so —=—=10.
2E, 26, " F N,

27.12. E\=E,=E;=E,=E;. The electric field is constant everywhere between the plates. This is indicated by the
electric field vectors, which are all the same length and in the same direction.



27.5. Model: The distances to the observation points are large compared to the size of the dipole, so model
the field as that of a dipole moment.

Visualize:
y P
E
@ +q
.SI — I — X X
©-¢ E ; E,
E
(a) (b)

The dipole consists of charges +¢q along the y-axis. The electric field in (a) points down. The field in (b) points
up.
Solve: (a) The dipole moment is

P =(gs, from—to+)=(1.0x10"° C)(0.0020 m) j =2.0x107?j Cm

The electric field at (10 cm, 0 cm), which is at distance » = 0.10 m in the plane perpendicular to the electric
dipole, is

= -12 2

E=—1 P 90x10° Nmyc?) 2220 1CM_ 1807 NiC
drey 1 (0.10 m)
The field strength, which is all we’re asked for, is 18.0 N/C.
(b) The electric field at (0 cm, 10 cm), which is at » = 0.10 m along the axis of the dipole, is
= -12 2
1 2_5 _ (9.0x10° N m?/C?) 2(2.0x10 jSC m)
Are, ¥ (0.10 m)

The field strength at this point is 36 N/C.

E= =36] N/C




27.9. Model: The rods are thin. Assume that the charge lies along a line.
Visualize:

Egene  Epen Eign Eiet

Erighl E.Icrx
P, P, P;

[(++++++++++++++]

[(Fr++++++++++++]

Because both the rods are positively charged, the electric field from each rod points away from the rod. Because
the electric fields from the two rods are in opposite directions at P, P,, and Ps, the net field strength at each point
is the difference of the field strengths from the two rods.

Solve: Example 27.3 gives the electric field strength in the plane that bisects a charged rod:

e _ 1l
° 4”gor\/r2+(L/2)2

The electric field from the rod on the right at a distance of 1 cm from the rod is
10x10° C

. _ ~1.765x10° NIC
(0.01 m)J(0.01 m)’ +(0.05 m)

E g =(9.0x10° N m?/C?)

The electric field from the rod on the right at distances 2 cm and 3 cm from the rod are 0.835x10° N/C and

0.514x10° N/C. The electric fields produced by the rod on the left at the same distances are the same. Point P, is
1.0 cm from the rod on the left and is 3.0 cm from the rod on the right. Because the electric fields at P, have
opposite directions, the net electric field strengths are

At1.0cm E=1765x10° N/C — 0.514x10° N/C=125x10° N/C
At2.0cm E=0.835x10° N/C — 0.835x10° N/C=0 N/C
At3.0cm E=1765x10° N/C — 0.514x10° N/C=125x10° N/C



27.14. Model: Model each disk as a uniformly charged disk. When the disk is positively charged, the on-
axis electric field of the disk points away from the disk.

Visualize:

20 cm :
E 1
= -
21 50cm E,
1 L
&

E\ /
Q,=+50nC s 0,=+50nC

Solve: (a) The surface charge density on the disk is

9
p=9-Q 5010 C _6a66.10° cim?

A 7R*  7(0.050 m)

From Equation 27.23, the electric field of the left disk at z=0.10 m is

-6 2
“2s) LR | 28855107 CINMY) T (0,050 m/0.10 )’

Hence, E,=(38,000 N/C, right) . Similarly, the electric field of the right disk at z=0.10m (to its left) is
E, =(38,000 N/C, left). The net field at the midpoint between the two disks is E =E, + E, =0 N/C.
(b) The electric field of the left disk at z = 0.050 m is
6.366x10° C/m? 1
(El)z = 12 2 2\~ 2
2(8.85x10™* C*/N-m?) (1 +(0.050 m/0.10 m)

}:1.05x105 N/C = E, =(1.05x10° N/C, right)

Similarly, the electric field of the right disk at z = 0.15 m (to its left) is E, = (1.85 x10* N/C, Ieft). The net field

is thus

E =E, +E, =(8.7x10* N/C, right)
The field strength is 8.7x10* N/C.

27.19. Model: The electric field in a region of space between the plates of a parallel-plate capacitor is
uniform.
Solve: The electric field inside a capacitor is E =Q/¢&,A. Thus, the charge needed to produce a field of strength E is

Q=,AE =(8.85x10™ C?/N m")[ 7(0.020 m)’ |(3.0x10° NIC) = 334 nC

The number of electrons transferred from one plate to the other is

33.4x10° C

S~ = 2.1x10M
1.60x10"° C



27.24. Model: The infinite negatively charged plane produces a uniform electric field that is directed toward
the plane.
Visualize:

Known
n=-2.0 X 107 C/m?
vo=2.0 X 105 m/s

Vo
(BD—>-- - == vi=0m/s
) vy =0m/s mp=1.67 X 107 kg
- = - ——- 1
1
. Find
1 Ax
1
fe Ax A

Solve: From the kinematic equation of motion v/ =0 =V +2aAx and F = ¢E = ma,

_GE_ v o Ax -mv?

m  2Ax :2qE

Furthermore, the electric field of a plane of charge with surface charge density 77is E =7/2¢,. Thus,
_mig, —(L67x107 kg)(2.0x10° mis)’(8.85x10% CN m?)

an (1.6O><10‘19 C)(—2.O><10‘6 C/mz) = 0.185m

AX

27.27. Model: The size of a molecule is ~ 0.1 nm. The proton is 2.0 nm away, so » >> s and we can use
Equation 27.12 for the electric field in the plane that bisects the dipole.

Visualize:
i

e
T +
(_g Edipolc Fon proton

Solve: You can see from the diagram that Ifdipole onproton 18 Opposite to the direction of p. The magnitude of the

dipole field at the position of the proton is

—30
L P (90x10° Nmcr) 2210 Cm

Eoipote =7 S~ =5.624x10° NIC
e, ¥ (2.0x107° m)

The magnitude of F, is

ipole on proton

=

sipole on proton = EEipore = (1.60x107"° C)(5.624x10° N/C) =9.0x107* N

dipole

Including the direction, the force is Fupoeonproon = (9:0 x 107 N, direction opposite p).



27.32. Model: The electric field is that of two charges —q and +2q located at x = +a.
Visualize:

a

2 EZ net ;z .;42-\(] 3 ES net
—2a —-a 0 a 2a

—a

—2a_44
54 net
Solve: (a) At point 1, the electric field from —q is

B S o I S
1 4ns, (a)’ +(2a)°  4ns, 5@°

Eq points toward —g and makes an angle ¢ = tan’l(Za/ a) =63.43° below the —x-axis, hence

= 1 q ) A_.Q_li_ip_ie_ii_ﬁ_e
Eq_4;zgo(5a2j( cosgl S'nm)_mgo(sazj( J§' Jgjj_4;zgo(5£a2j( ! 21)

The electric field from the +2¢ is

1 2q 1 2_q
1 Ang, a2 +(2a)  Ane, 5a°

E+2q points away from +2¢ and makes an angle ¢ = tan’1(2a/ a)=63.43° above the —x-axis. So,

= 1 (2 a s 1 A
E.o [5—;j(—cos¢2| +Sln¢2j)=%(%j<—2l +4j)
0

4re,

Adding these two vectors,

— B — _ 1 q ~ o
Elnet - E—q + E+2q - 472'80 (Wj(_& + 2])

At point 2, the electric field from —q points toward —q, so

g -t (%jf
¢ dzg\a

The electric field from +2¢ points away from +2¢, so

S [ﬂ].
2 4\ 922

Adding these two vectors,



27.43. Model: The electric field is that of a line charge of length L.

Visualize: Please refer to Figure P27.43. Let the bottom end of the rod be the origin of the coordinate system.
Divide the rod into many small segments of charge Ag and length Ay'. Segment i creates a small electric field at
the point P that makes an angle @ with the horizontal. The field has both x and y components, but £, = 0 N/C.

2
The distance to segment i from point P is (X2 + y’z)l/ :

Solve: The electric field created by segment i at point P is

= Aq S e 2 _ Aq X T y’ i
E, _—4”80(X2+y’2)(cost9l sm6’1) 47[50(X2+y’2)[\/X2+Y'2I \/x2+y’2 JJ

The net field is the sum of all the Ei, which gives E = ZE. Agq is not a coordinate, so before converting the

sum to an integral we must relate charge Ag to length Ay’ This is done through the linear charge density A =
Q/L, from which we have the relationship

O

Ag =AY ==AY'

L
With this charge, the sum becomes

E—Q/L [ XAy 4 y'AYy' }
)3/2

_4”50 - (X2+yyz)3/2| _(X2+y!2

Now we let Ay’— dy’and replace the sum by an integral from y'=0m to y'=L. Thus,

E:(QIL) j’ Xdy’ f_j yrdyl j‘ :(Q/L) . yy Lf_ 1 Lj
4;1-50 o(X2+y'2)3/2 O(Xz+y,2)3/2 4”80 XZ\/X2+y’2 , W i

~Q 1 . 1 [gj X )
_472'80 X\/X2+L2 472'80 Lx \f)(2+|_2 J




27.47. Model: Assume that the quarter-circle plastic rod is thin and that the charge lies along the quarter-
circle of radius R.
Visualize:

The origin of the coordinate system is at the center of the circle. Divide the rod into many small segments of
charge Ag and arc length As.

Solve: (a) Segment i creates a small electric field Ei at the origin with two components:
(E)), =E;cosé, (E;), =Esing,

Note that the angle 6; depends on the location of the segment i. Now all segments are at distance 7, = R from the
origin, so

1 Aq_ 1 Aq

E = =
' dng, 7 4mg, R°

The linear charge density of the rod is A = Q/L, where L is the rod’s length (L = quarter-circumference = 7R/2).
This allows us to relate charge Ag to the arc length As through

AQ=AAS= (%JAS = (EJ As

T

Using As = RA 6, the components of the electric field at the origin are

(E), = 1 Moo —LL(QJRAHCOS@ - ( 2Q jA@cosHi

4rg, R? "4z, R\« e, \ 7R?
(B), = 1 A—?simﬁ'i _ 1 %(QJRAHSMQ = [ZszAesinﬁi
Y 4mg, R 4re, R°\ 7R EG\ 7T

(b) The x- and y-components of the electric field for the entire rod are the integrals of the expressions in part (a)
from
6=0radto 8= /2. We have

E .= 1 [ zszjﬂlzcosﬁdH E, = 1 [ zszjﬂlzsianH
4me,\ 7R” )70 4me,\ 7R” )70
(¢) The integrals are
_[”lzsiné?de = [—cosé’]’”2 = —(cosz—cosoj =+1 j”’zcoseda =[sin 0]”'2 =sinZ —sin0=+1
0 0 2 0 0 2

The electric field is

E-1 2 (i+j)

4rg, nR?



27.53. Model: Assume that the electric field inside the capacitor is constant, so constant-acceleration
kinematic equations apply.

Visualize: Please refer to Figure P27.53.

Solve: (a) The force on the electron inside the capacitor is

F=md=qE=4d=

3R

Because E is directed upward (from the positive plate to the negative plate) and q=-1.60x107° C, the

acceleration of the electron is downward. We can therefore write the above equation as simply a, = gE/m. To
determine £, we must first find a,. From kinematics,

X =X, +v0x(t1—t0)+%ax(t1—t0)2 =>0.040 m =0 m+V,c0s45°(t, —t;)+0m

(0.040 m)

- =1.1314x10° s
5.0x10 m/s)cos45°

:(ti_to):(

Using the kinematic equations for the motion in the y-direction,

vy, =V, +ay[t1 ;tO j =0 m/s=y,sin 45°+(%J(_t1 ;toj

ias0 2(9.1x10 kg)(5.0x10° m/s)sin45°
Eo_2MYsinds®_ (9.2 0)(5.0x10° mis)sin 3550 N/C =3.6x10° N/C
q(t,—t,) (-1.60x10™° C)(1.1314x10" s)

(b) To determine the separation between the two plates, we note that y, = 0 m and v, =(5.0 x10° m/s)sin45°, but at

y =y, the electron’s highest point, v, = 0 m/s. From kinematics,

2

Vly :ng +2ay(y1 - yO):O mZ/SZ :ngin2450+2ay(yl_ yo)
visin?45°  ?
=(Y,— Y, )= =
(%1=Yo) 2a, 4a,
From part (a),
-1.60x10™" C)(3550 N/C
a =9 ( 73)1( ) _ 624210 s’
m 9.1x10™ kg

5.0x10° m/s)’
( )

“624zx10" i) oo Hoem

:>y1_y0:_4(

This is the height of the electron’s trajectory, so the minimum spacing is 1.0 cm.



27.58. Model: The electron orbiting the proton experiences a force given by Coulomb’s law.
Visualize:
7

Solve: The force that causes the circular motion is

1 gal_me_m(arrr)
Cdms, v 1 r

where we used v =2zr/T =2zrf. The frequency is

1) Golao _ I(9.0><109 N m?/C?)(1.60x10* c)2 ) .
ns, o | 422(9.11x10°* kg)(5.3x10 * m) ~0.96xA07 e

27.3. E; = E, > E, > E,. The electric field strength is larger in the region where the field lines are closer
together (E; and E,) and smaller where the field lines are farther apart.

N /A
27.8. (a) Af:Lz,so —f=(Q *):ﬁ=3.1632=10
3.163 N, (QA) A
N, N Fo N,
(b) F, =eE; =e—and F, =eE,=e—, so —=—=10.
2E, 2E, F N

0 0 i i



