MAGNETIC FIELD AND MAGNETIC FORCES

27.1.

27.2.

IDENTIFY and SET UP:  Apply Eq.(27.2) to calculate F. Use the cross products of unit vectors from Section 1.10.
EXECUTE: ¥ =(+4.19x10* m/s)i +(-3.85x10" m/s) j

(a) B=(1.40T)i

F =gix B =(-124x10" C)(1.40 T)[ (4.19x10* ms )i xi —(3.85x10* m/s) jxi |

ixi=0,jxi=—k

F =(-124x10" C)(1.40 T)(-3.85x10° m/s)(—lé):(—6.68x10*“ N)k

EVALUATE: The directions of ¥ and B are shown in Figure 27.1a.

The right-hand rule gives that ¥ x B is directed
B . . .
x out of the paper (+z-direction). The charge is
negative so F is opposite to ¥ x B;

Figure 27.1a

F is in the —z- direction. This agrees with the direction calculated with unit vectors.
(b) EXEcUTE: B =(1.40 T)k

F =gix B =(-124x10" C)(140 T)| (+4.19x10* m/s)i xk—(3.85x10* m/s) jxk |
Pxh=—j jxh=i
F =(-727x10% N)(~j)+(6.68x10™ N)i = (6.68x10™ N} +(7.27x10"* N) j ]

EVALUATE: The directions of # and B are shown in Figure 27.1b.

The direction of F is opposite to ¥ x B since

q is negative. The direction of F computed
from the right-hand rule agrees qualitatively
with the direction calculated with unit vectors.

VXB
(by right-hand rule)

Figure 27.1b
IDENTIFY: The net force must be zero, so the magnetic and gravity forces must be equal in magnitude and

opposite in direction.

SET Up: The gravity force is downward so the force from the magnetic field must be upward. The charge’s
velocity and the forces are shown in Figure 27.2. Since the charge is negative, the magnetic force is opposite to the
right-hand rule direction. The minimum magnetic field is when the field is perpendicular to v . The force is also

perpendicular to B , so B is either eastward or westward.
EXECUTE: If B is eastward, the right-hand rule direction is into the page and F, » 1s out of the page, as required.

mg _ (0.195x107° kg)(9.80 m/s®)
vg|  (4.00x10* m/s)(2.50x10™ C)

Therefore, B is eastward. mg =|g|vBsing. ¢=90°and B = 191T.
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27.3.

27.4.

27.5.

27.6.

EVALUATE: The magnetic field could also have a component along the north-south direction, that would not
contribute to the force, but then the field wouldn’t have minimum magnitude.
N

W—(—E V
S
w®
® Fy

Figure 27.2

IDENTIFY: The force F on the particle is in the direction of the deflection of the particle. Apply the right-hand
rule to the directions of ¥ and B . See if your thumb is in the direction of F , or opposite to that direction. Use
F =|g|vBsing with ¢=90° to calculate F.

SETUp: The directions of ¥, B and F are shown in Figure 27.3.

EXECUTE: (a) When you apply the right-hand rule to ¥ and B, your thumb points east. F is in this direction,
so the charge is positive.

(b) F =|q|vBsing=(8.50x10"° C)(4.75x10° m/s)(1.25 T)sin90°=0.0505 N

EVALUATE: If the particle had negative charge and ¥ and B are unchanged, the particle would be deflected

toward the west.
N

S
Figure 27.3
IDENTIFY: Apply Newton’s second law, with the force being the magnetic force.
SETUP: jxi=—k

qgvx B and

EXECUTE: F =mi = qv x B gives d =
m
_ (1.22x10™° ©)(3.0x10* m/s)(1.63 T)(jx i) _

— —(0.330 m/s?)k.
1.81x10°° kg

|

EVALUATE: The acceleration is in the —z-direction and is perpendicular to both ¥ and B .
IDENTIFY:  Apply F =|g|vBsing and solve for v.

SET UP: An electron has ¢ =-1.60x10"" C.

_F 4.60x10"° N
lg|Bsing  (1.6x107" C)(3.5x107 T)sin60°
EVALUATE: Only the component Bsing of the magnetic field perpendicular to the velocity contributes to the

EXECUTE: v =9.49x10°m/s

force.
IDENTIFY: Apply Newton’s second law and F = |q| vBsing .

SETUP: ¢ is the angle between the direction of ¥ and the direction of B .
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27.7.

27.8.

27.9.

EXECUTE: (a) The smallest possible acceleration is zero, when the motion is parallel to the magnetic field. The
greatest acceleration is when the velocity and magnetic field are at right angles:

LB _(1.6x10™° C)(2.50x10°m/s )(7.4x 10 T)

m (9.11x107" kg) =3.25x10%ms"

(b) If a=1(3.25x10"° m/s*) = M, then sing=0.25and ¢ =14.5°.

EVALUATE: The force and accele’fation decrease as the angle ¢ approaches zero.

IDENTIFY: Apply F=¢vxB.

SETUP:  ¥$=v j, with v, =—3.80x10'm/s. F,=+7.60x10° N, F,=0,and F,=—520x10" N .
EXECUTE: (a) F,=q(v,B.-v.B))=¢qv,B. .

B.=F,/qv, =(7.60x107 N)/([7.80 x107° C)(-3.80x10°m/s)]=—-0.256 T

F,=q(v.B, —v.B.)=0, which is consistent with F as given in the problem. There is no force component along

the direction of the velocity.
F.=q(v,B,-v,B)=—qv,B.. B.=—F,[qv,==0.175T .

(b) B, is not determined. No force due to this component of B along v ; measurement of the force tells us nothing
about B .

(¢c) B-F=BF, +BF,+BF,=(-0.175 T)(+7.60x10~ N)+(-0.256 T)(-5.20x10" N)

B-F=0. Band F are perpendicular (angle is 90°).

EVALUATE: The force is perpendicular to both ¥ and B , so ¥- F is also zero.

IDENTIFY and SETUP:  F =g x B =B [v (i xk) +v,(jx k) +v,(k xk)]= gB.[v,(-)) +v,(D)].

EXECUTE: (a) Set the expression for F equal to the given value of F to obtain:

b= Fo (7.40x107 N) 106 m/s
Y —gB. —(-5.60x10" C)(-125T)

_F —(3.40x107 N)

X

v, =—*= > =-48.6 m/s.
gB. (-5.60x107 C)(~125T)

(b) v, does not contribute to the force, so is not determined by a measurement of F.
. F, F

(© V-F=vF +vF +v.F=——F +—F =0; §=90°
’ ’ -gqB, - B

EVALUATE: The force is perpendicular to both ¥ and B, so B-F is also zero.

z

IDENTIFY: Apply F =g x B to the force on the proton and to the force on the electron. Solve for the
components of B .

SETUP:  F is perpendicular to both v and B . Since the force on the proton is in the +y-direction, B, =0 and
B= Bxf + 3212 . For the proton, v = (1.50 km/s)f .

EXECUTE: (a) For the proton, F = ¢(1.50x10* m/s)i x(B,i + B.k)=q(1.50x10° m/s)B.(-j). F =(2.25x107° N)},

2.25x10"° N .
so B, =— 5 S =-0.938 T . The force on the proton is independent of B, . For the
(1.60x107" C)(1.50x10° m/s)

electron, ¥ = (4.75 km/s)(—k) . F =qv x B = (-e)(4.75x10° m/s)(—k)x (B.i + B.k) =+e(4.75x10° m/s)B,j .

The magnitude of the force is F =e(4.75x10° m/s)|B,| . Since F =8.50x107° N,

_ 8.50x107"* N
(1.60x107" C)(4.75x10° m/s)

the magnitude of the force on the electron. B =+/B> + B> =\/(+1.12T) +(-0.938 T)’ =1.46 T.

B. -0.938T
B, +L12T

—z-direction or 40° from the —x-direction toward the —z-direction .

=1.12T. B, =%1.12 T. The sign of B_ is not determined by measuring

X

tand = . @=+40°. B is in the xz-plane and is either at 40° from the -+x-direction toward the
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27.10.

27.11.

27.12.

(b) B=Bi+Bk.v=(32km/s)(—)).

F = qv x B = (—e)(3.2 km/s)(—j) x (B.i + B.k) = e(3.2x10° m/s)(B, (k) + B.i) .

F =¢(3.2x10° m/s)(—-[£1.12 T]k —[0.938 T]i) = —(4.80x107"° N)i +(5.73x107"* N)k

F=\F’+F’=747x10" N. tanf = E_ w . 0=150.0°. The force is in the xz-plane and is
F. —480x10"° N

directed at 50.0° from the —x-axis toward either the +z or —z axis, depending on the sign of B, .

EVALUATE: If the direction of the force on the first electron were measured, then the sign of B_ would be

determined.

IDENTIFY: Magnetic field lines are closed loops, so the net flux through any closed surface is zero.

SET UP: Let magnetic field directed out of the enclosed volume correspond to positive flux and magnetic field
directed into the volume correspond to negative flux.

EXECUTE: (a) The total flux must be zero, so the flux through the remaining surfaces must be —0.120 Wb.

(b) The shape of the surface is unimportant, just that it is closed.

(¢) One possibility is sketched in Figure 27.10.

EVALUATE: In Figure 27.10 all the field lines that enter the cube also exit through the surface of the cube.

\
\
pa

%S N

Figure 27.10
IDENTIFY and SETUP: @, = IB -dA

Circular area in the xy-plane, so 4 =71 =(0.0650 m)’ =0.01327 m* and dA is in the z-direction. Use

Eq.(1.18) to calculate the scalar product.
EXECUTE: (a) B=(0.230 T)k; B and d4 are parallel (¢=0°) so B-dA = B dA.

B is constant over the circular area so @, = j B-dA= j BdA= deA =BA=(0.230 T)(0.01327 m*)=3.05x10"> Wb
(b) The directions of B and dA are shown in Figure 27.11a.

dA ;—F\ B l?-d;I:BcosqﬁdA
with ¢ =53.1°
Figure 27.11a

Band ¢ are constant over the circular area so @, = Ifi’ dA= IBcosgédA = Bcos ¢jdA = Bcos¢A
®, =(0.230 T)cos53.1°(0.01327 m*) =1.83x10~ Wb

(¢) The directions of B and dA are shown in F igure 27.11b.

dA \ B-dA =0 since d4 and B are perpendicular (¢ = 90°)
90° _ q)B:J'fg.dj:o_

Figure 27.11b

EVALUATE: Magnetic flux is a measure of how many magnetic field lines pass through the surface. It is
maximum when B is perpendicular to the plane of the loop (part a) and is zero when B is parallel to the plane of
the loop (part c).

IDENTIFY: When B is uniform across the surface, ®, = B - A=BAcosg.

SETUP: A isnormal to the surface and is directed outward from the enclosed volume. For surface abcd,
A=—Ai . For surface befc, A=—Ak . For surface aefd, cos¢ =3/5and the flux is positive.
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27.13.

27.14.

27.15.

27.16.

EXECUTE: (a) ®,(abcd)=B-A=0.
(b) ®,(befc) = B- A=—(0.128 T)(0.300 m)(0.300 m) =—-0.0115 Wb.
(¢) ®,(aefd) = B- A= BAcosp=2(0.128 T)(0.500 m)(0.300 m) = +0.0115 Wb

(d) The net flux through the rest of the surfaces is zero since they are parallel to the x-axis. The total flux is the
sum of all parts above, which is zero.

EVALUATE: The total flux through any closed surface, that encloses a volume, is zero.

IDENTIFY: The total flux through the bottle is zero because it is a closed surface.

SET Up: The total flux through the bottle is the flux through the plastic plus the flux through the open cap, so the
sum of these must be zero. @, ;. + @, =0.

plastic
shste = Py =B AcosD = —B(7r*)cos®
EXECUTE: Substituting the numbers gives ® . =—(1.75 T)n(0.0125 m)* cos 25° =-7.8 x 10* Wb

EVALUATE: It would be impossible to calculate the flux through the plastic directly because of the complicated
shape of the bottle, but with a little thought we can find this flux through a simple calculation.
IDENTIFY: p=mv and L= Rp, since the velocity and linear momentum are tangent to the circular path.

SET UP: |q|vB =mv’/R.

plastic

EXECUTE: (a) p=mv= m(@] =RgB =(4.68x107 m)(6.4x10™" C)(1.65 T) =4.94x10' kg mys.
m

(b) L=Rp=R*qB=(4.68x10" m)*(6.4x10" C)(1.65T)=2.31x10"> kg-m?/s.

EVALUATE: p is tangent to the orbit and L is perpendicular to the orbit plane.

(a) IDENTIFY:  Apply Eq.(27.2) to relate the magnetic force F to the directions of ¥ and B. The electron has
negative charge so F is opposite to the direction of v x B. For motion in an arc of a circle the acceleration is

toward the center of the arc so F must be in this direction. @ =v*/R.
SET UP:

Vo X B
Yo . ..
Yo As the electron moves in the semicircle,
its velocity is tangent to the circular path.
y v The direction of ¥, x B at a point along
A B B
-—

the path is shown in Figure 27.15.

0.100 m
Figure 27.15

EXECUTE: For circular motion the acceleration of the electron a,, is directed in toward the center of the circle.
Thus the force F, » exerted by the magnetic field, since it is the only force on the electron, must be radially inward.
Since g is negative, F, ;1 opposite to the direction given by the right-hand rule for v, x B. Thus B is directed
into the page. Apply Newton's 2nd law to calculate the magnitude of B : ZF =ma gives ZFmd =ma
F, =m(*/R)
Fy =|q|vBsing =|q|vB, so |q|vB=m(*/R)

my  (9.109x107" kg)(1.41x10° m/s)

=M =1.60x10* T
|a| R (1.602x107" C)(0.050 m)

(b) IDENTIFY and SET UP:  The speed of the electron as it moves along the path is constant. ( F, » changes the
direction of ¥ but not its magnitude.) The time is given by the distance divided by v,.

EXECUTE: The distance along the semicircular path is 7R, so ¢ = =R = MLSQHD =1.11x107" s
v, 1.41x10° m/s

EVALUATE: The magnetic field required increases when v increases or R decreases and also depends on the mass
to charge ratio of the particle.

IDENTIFY: Newton’s second law gives |q|vB =mv’/R . The speed v is constant and equals v, . The direction of
the magnetic force must be in the direction of the acceleration and is toward the center of the semicircular path.
SETUP: A protonhas ¢ =+1.60x10"" Cand m =1.67x10" kg . The direction of the magnetic force is given
by the right-hand rule.



27-6

Chapter 27

27.17.
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27.19.

27.20.

-27 6
EXECUTE: () B:ﬂ:(l.67x10 ljgg)(l.4l><l() m/s):
gR ~ (1.60x 10" C)(0.0500 m)
The direction of the magnetic field is out of the page (the charge is positive), in order for F to be directed to the
right at point 4.

(b) The time to complete half a circle is t=7R/v, =1.11x107 s.

0.294T

EVALUATE: The magnetic field required to produce this path for a proton has a different magnitude (because of
the different mass) and opposite direction (because of opposite sign of the charge) than the field required to
produce the path for an electron.

IDENTIFY and SET UP:  Use conservation of energy to find the speed of the ball when it reaches the bottom of the
shaft. The right-hand rule gives the direction of F and Eq.(27.1) gives its magnitude. The number of excess
electrons determines the charge of the ball.

EXECUTE: ¢ =(4.00x10%)(~1.602x10" C)=-6.408x10" C

speed at bottom of shaft: %mv2 =mgy; v=+/2gy =49.5 m/s
¥ is downward and B is west, so ¥x B is north. Since q<0, F is south.
F =|q|vBsin6 =(6.408x10™"" C)(49.5 m/s)(0.250 T)sin90°=7.93x10"" N

EVALUATE: Both the charge and speed of the ball are relatively small so the magnetic force is small, much less
than the gravity force of 1.5 N.
IDENTIFY: Since the particle moves perpendicular to the uniform magnetic field, the radius of its path is

R= % . The magnetic force is perpendicular to both ¥ and B .
q
SETUP: The alpha particle has charge ¢ =+2e=3.20x10" C.

(6.64x107 kg)(35.6x10° m/s)
(3.20x107" C)(1.10 T)

circular arc of diameter 2R =1.35 mm.

(b) For a very short time interval the displacement of the particle is in the direction of the velocity. The magnetic

force is always perpendicular to this direction so it does no work. The work-energy theorem therefore says that the

kinetic energy of the particle, and hence its speed, is constant.

F, |qlvBsing (3.20x10™"° C)(35.6x10° m/s)(1.10 T)sin90°

(c) The acceleration is a =—£ — =1.88x10" m/s’>. We can
m m 6.64x10" kg

2 3 2
also use @ = and the result of part (a) to calculate a = M
R 6.73x10™" m

acceleration is perpendicular to ¥ and B and so is horizontal, toward the center of curvature of the particle’s path.

EXECUTE: (a) R= =6.73x10™" m =0.673 mm . The alpha particle moves in a

=1.88x10" m/s*, the same result. The

EVALUATE: (d) The unbalanced force ( F, ", ) is perpendicular to v , so it changes the direction of ¥ but not its
magnitude, which is the speed.
IDENTIFY: In part (a), apply conservation of energy to the motion of the two nuclei. In part (b) apply |q|vB =mv*/R.

SET Up: In part (a), let point 1 be when the two nuclei are far apart and let point 2 be when they are at their
closest separation.

EXECUTE: (a) K, +U,=K,+U,. U, =K, =0, so K, =U, and mv’ =ke’/r.

v=e f%:(1.602><10’19 C) — 2k ——=1.2x10"m/s
mr (3.34x10" kg)(1.0x107" m)

my  (3.34x1077 kg)(1.2x10'm/s) _
gr (1.602x107° C)2.50m)
EVALUATE: The speed calculated in part (a) is large, 4% of the speed of light.
IDENTIFY: F = |q|vB sing . The direction of F is given by the right-hand rule.

0.10T.

(b) 2f=m:l gives gvB=mv*/r . B=

SETUP: An electron has g =—e.
F 0.00320x10° N
g|vsing  8(1.60x107" C)(500,000 m/s)sin90°

less than 90°, a larger field is needed to produce the same force. The direction of the field must be toward the south

EXECUTE: (a) F =|g|vBsing. B=

=5.00 T. If the angle ¢ is

so that ¥x B is downward.
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F 4.60x107"* N

— = — . =1.37x10"m/s. If ¢ is less than 90°, the
lg|Bsing  (1.60x107" C)(2.10 T) sin 90°

(b) F=|q|vBsin¢. V=

speed would have to be larger to have the same force. The force is upward, so ¥ x B must be downward since the
electron is negative, and the velocity must be toward the south.

EVALUATE: The component of B along the direction of ¥ produces no force and the component of ¥ along the
direction of B produces no force.
27.21. (a) IDENTIFY and SET UP:  Apply Newton's 2nd law, with @ =v*/R since the path of the particle is circular.

EXECUTE: Y F =ma says |q|vB:m(v2/R)

lq|BR  (1.602x10™ €)(2.50 T)(6.96x10" m)
V= =

m 3.34x107% kg
(b) IDENTIFY and SET UP: The speed is constant so ¢ = distance/v.
7R 7(6.96x10° m)

EXECUTE: (="—=———"——=262x10"s
v 8.35x10° m/s

(c) IDENTIFY and SET UP:  kinetic energy gained = electric potential energy lost
EXECUTE: imv’ =|q|V

=8.35x10° m/s

vt (3.34x107 kg)(8.35x10° mis)’
C2g| 2(1.602x10™° C)

EVALUATE: The deutron has a much larger mass to charge ratio than an electron so a much larger B is required
for the same v and R. The deutron has positive charge so gains kinetic energy when it goes from high potential to
low potential.

=7.27x10° V=727 kV

27.22. IDENTIFY: For motion in an arc of a circle, a =V—R2 and the net force is radially inward, toward the center of the
circle.
SETUP: The direction of the force is shown in Figure 27.22. The mass of a proton is 1.67x107 kg .
EXECUTE: (a) F is opposite to the right-hand rule direction, so the charge is negative. F = ma gives
_|g|BR 3(1.60x107" €)(0.250 T)(0.475 m)
m 12(1.67x107 kg)
(b) F, =|q|vBsing =3(1.60x107"" C)(2.84x10° m/s)(0.250 T)sin90°=3.41x10"" N ..

w=mg =12(1.67x107 kg)(9.80 m/s*) =1.96x107> N . The magnetic force is much larger than the weight of the

particle, so it is a very good approximation to neglect gravity.
EVALUATE: (c) The magnetic force is always perpendicular to the path and does no work. The particles move
with constant speed.

=2.84x10° m/s .

2
|q|vBsing = m%. $=90°and v

. * i

L ] [ ]

L ] L ]

) . . .

Figure 27.22
m2x f . . .
27.23. IDENTIFY: Example 27.3 shows that B = T , where f'is the frequency, in Hz, of the electromagnetic waves
q

that are produced.
SETUP: An electron has charge ¢ =—e and mass m =9.11x107' kg. A proton has charge ¢ = +e and mass

m=1.67x10" kg.
m2af  (9.11x107" kg)2x(3.00x10'* Hz)
|| (1.60x107" C)

magnitude of magnetic field yet obtained on earth.
(b) Protons have a greater mass than the electrons, so a greater magnetic field would be required to accelerate them
with the same frequency and there would be no advantage in using them.

EXECUTE: (a) B= =107 T. This is about 2.4 times the greatest
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EVALUATE: Electromagnetic waves with frequency f =3.0 THz have a wavelength in air of
A= % =3.0x10™* m. The shorter the wavelength the greater the frequency and the greater the magnetic field that
is required. B depends only on f'and on the mass-to-charge ratio of the particle that moves in the circular path.
27.24. IDENTIFY: The magnetic force on the beam bends it through a quarter circle.
SET Up: The distance that particles in the beam travel is s = R#, and the radius of the quarter circle is R = mv/gB.
EXECUTE: Solving for R gives R =s/6 = s/(1/2) = 1.18 cm/(n/2) = 0.751 cm. Solving for the magnetic field:
B=mv/gR = (1.67 x 107 kg)(1200 m/s)/[(1.60 x 107 C)(0.00751 m)] =1.67 x 10° T
EVALUATE: This field is about 10 times stronger than the Earth’s magnetic field, but much weaker than many
laboratory fields.
27.25. IDENTIFY: When a particle of charge —e is accelerated through a potential difference of magnitude V, it gains
2
kinetic energy eV. When it moves in a circular path of radius R, its acceleration is % .
SETUP: An electron has charge ¢ =—e=-1.60x10" C and mass 9.11x107' kg.
-19 3
EXECUTE: 1imv’=el and v= /Ze_V _ |2(1.60x10 C)E?I'OOXIO Y _ 2.65x10" m/s. F =md gives
m 9.11x10™" kg
2 —31 7
lg[vBsing=m"-. $=90°and B =" - O1DA0_kQROIxI0 M) _g 36, 1o 1
R || R (1.60x107" C)(0.180 m)
EVALUATE: The smaller the radius of the circular path, the larger the magnitude of the magnetic field that is
required.
27.26. IDENTIFY: After being accelerated through a potential difference V the ion has kinetic energy ¢V. The
acceleration in the circular path is v*/R.
SET UP: The ion has charge g =+e.
-19
EXECUTE: K=gV =+eV. %mvZ =elV and v= }ﬂ = 2(1.60x10 7(2:6)(220 V) =7.79x10* m/s. F, :|q|vBsin¢.
m 1.16x10™ kg
2 26 4
$=90°. F =ma gives lg|vB = R (1.16x10 1ig9)(7.79><10 m/s) 7 81x10° m =781 mm.
R || B (1.60x10™" C)(0.723 T)
EVALUATE: The larger the accelerating voltage, the larger the speed of the particle and the larger the radius of its
path in the magnetic field.
27.27. (a) IDENTIFY and SET Up: Eq.(27.4) gives the total force on the proton. At =0,

F=qvxB= q(vj + vk) xBi=qv.Bj. F=(1.60x10" C)(2.00x10° m/s)(0.500 T)j=(1.60x10"* N};.
(b) Yes. The electric field exerts a force in the direction of the electric field, since the charge of the proton is
positive and there is a component of acceleration in this direction.

(c) EXECUTE: In the plane perpendicular to B (the yz-plane) the motion is circular. But there is a velocity
component in the direction of B, so the motion is a helix. The electric field in the +i direction exerts a force in

the +i direction. This force produces an acceleration in the +i direction and this causes the pitch of the helix to
vary. The force does not affect the circular motion in the yz-plane, so the electric field does not affect the radius of
the helix.
(d) IDENTIFY and SET UP:  Eq.(27.12) and T =27/® to calculate the period of the motion. Calculate a,
produced by the electric force and use a constant acceleration equation to calculate the displacement in the x-
direction in time 772.
EXECUTE: Calculate the period 7: o = |q|B/ m

o 2wm 27(1.67x10™ kg)

r=L2-0 — =1.312x107 5. Then 1 =7/2=6.56x10" 5. v,, =1.50x10° m/s
o |g|B  (1.60x10™° C)(0.500 T) '

1.60x107" C)(2.00x10* V/m
a. £ I — )1 916107 mis
m 1.67x107" kg

_ 1, 42
X=X, =V l+5at

x—x, =(1.50x10° m/s)(6.56 x10°* ) +£(1.916x 102 m/s*)(6.56x10° 5)* =1.40 cm

EVALUATE: The electric and magnetic fields are in the same direction but produce forces that are in
perpendicular directions to each other.
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27.28.

27.29.

27.30.

27.31.

IDENTIFY: For no deflection the magnetic and electric forces must be equal in magnitude and opposite in
direction.
SETUP: v=E/B for no deflection. With only the magnetic force, |g|vB =mv*/R
EXECUTE: (a) v=E/B=(1.56x10"V/m)/(4.62x107 T)=3.38x10°m/s.
(b) The directions of the three vectors v, E and B are sketched in F igure 27.28.
—31 6
© R= my _ (9.11x10 7]9kg)(3.38><1073m/s) —417x10° m.
lg|B (1.60x107" C)(4.62x107 T)
_2mm 2R 2x(4.17x107° m)
lg|B v (3.38x10°m/s)

EVALUATE: For the field directions shown in Figure 27.28, the electric force is toward the top of the page and
the magnetic force is toward the bottom of the page.

=7.74%107s.

o| o | o | @
v
B.,I, ol . l .
E
Figure 27.28

IDENTIFY: For the alpha particles to emerge from the plates undeflected, the magnetic force on them must
exactly cancel the electric force. The battery produces an electric field between the plates, which acts on the alpha
particles.

SET Up:  First use energy conservation to find the speed of the alpha particles as they enter the plates: g7 = 1/2 mv".
The electric field between the plates due to the battery is £ =V,d. For the alpha particles not to be deflected, the
magnetic force must cancel the electric force, so gvB = ¢E, giving B = E/v.

EXECUTE: Solve for the speed of the alpha particles just as they enter the region between the plates. Their charge

is 2e.
4(1.60x107° C)(1750V
y, = |22 ( _22( ) 411210° mis
m 6.64x10" kg

The electric field between the plates, produced by the battery, is
E=7V,/d= (150 V)/(0.00820 m) = 18,300 V

The magnetic force must cancel the electric force:

B=E/v, =(18,300 V)/(4.11 x 10° m/s) = 0.0445 T
The magnetic field is perpendicular to the electric field. If the charges are moving to the right and the electric field
points upward, the magnetic field is out of the page.
EVALUATE: The sign of the charge of the alpha particle does not enter the problem, so negative charges of the
same magnitude would also not be deflected.
IDENTIFY: For no deflection the magnetic and electric forces must be equal in magnitude and opposite in
direction.
SETUP: v=E/B for no deflection.
EXECUTE: To pass undeflected in both cases, £ =vB =(5.85x10°m/s)(1.35 T) = 7898 N/C.

(@) If ¢=0.640x107 C, the electric field direction is given by — (} X (—IE)) =i, since it must point in the opposite

direction to the magnetic force.

(b) If ¢ =—0.320x10"° C, the electric field direction is given by ((—}) X (—IE)) =i, since the electric force must
point in the opposite direction as the magnetic force. Since the particle has negative charge, the electric force is
opposite to the direction of the electric field and the magnetic force is opposite to the direction it has in part (a).
EVALUATE: The same configuration of electric and magnetic fields works as a velocity selector for both
positively and negatively charged particles.

IDENTIFY and SET UP:  Use the fields in the velocity selector to find the speed v of the particles that pass through.
Apply Newton's 2nd law with a =v*/R to the circular motion in the second region of the spectrometer. Solve for
the mass m of the ion.

EXECUTE: In the velocity selector |q|E = |q|vB.

E _1.12x10° V/m
B 0.540T

=2.074x10° m/s
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27.32.

27.33.

27.34.

27.35.

In the region of the circular path )" F =ma gives |q|vB =m(v’/R) so m=|q|RB/v
Singly charged ion, so |¢| = +e=1.602x10"" C

. (1.602x107" C)(0.310 m)(0.540 T)
2.074x10° m/s

=1.29x107 kg

1.29x10 kg
1.66x107 kg
Appendix D gives the average atomic mass of selenium to be 78.96. One of its isotopes has atomic

Mass number = mass in atomic mass units, so is

EVALUATE:
mass 78.
IDENTIFY and SET UP: For a velocity selector, E =vB. For parallel plates with opposite charge, V = Ed.
EXECUTE: (a) E =vB =(1.82x10°m/s)(0.650 T) =1.18 x10°V/m.

(b) V=Ed =(1.18x10°V/m)(5.20x107° m) = 6.14 kV.

EVALUATE: Any charged particle with v =1.82 x 10°m/s will pass through undeflected, regardless of the sign

and magnitude of its charge.
IDENTIFY: The magnetic force is F = J/Bsing. For the wire to be completely supported by the field requires that

F =mg and that F and w are in opposite directions.

The magnetic force is maximum when ¢ =90°. The gravity force is downward.
2

EXECUTE: (a) [IB=mg. I = mg _ (0150 ke)©-80 HKS )

/B (2.00 m)(0.55x10™ T)

heating due to the resistance of the wire would be severe; such a current isn’t feasible.
(b) The magnetic force must be upward. The directions of /, B and F are shown in Figure 27.33, where we have

SET UP:

=1.34x10* A. This is a very large current and ohmic

assumed that B is south to north. To produce an upward magnetic force, the current must be to the east. The wire
must be horizontal and perpendicular to the earth’s magnetic field.

EVALUATE: The magnetic force is perpendicular to both the direction of 7 and the direction of B.

N
JI.B
W F ® I > E
S
Figure 27.33

IDENTIFY: Apply F =IIBsing.
SETUP: [=0.0500 m is the length of wire in the magnetic field. Since the wire is perpendicular to B, ¢ =90°.
EXECUTE: F =1IB=(10.8 A)(0.0500 m)(0.550 T) =0.297 N.
EVALUATE: The force per unit length of wire is proportional to both B and /.
IDENTIFY: Apply F =IIBsing.

SET UP: Label the three segments in the field as a, b, and c. Let x be the length of segment a. Segment b has
length 0.300 m and segment ¢ has length 0.600 cm — x. Figure 27.35a shows the direction of the force on each

segment. For each segment, ¢ =90°. The total force on the wire is the vector sum of the forces on each segment.
EXECUTE: F, =IIB = (4.50 A)x(0.240 T). F. =(4.50 A)(0.600 m—x)(0.240 T). Since F, and F, are in the
same direction their vector sum has magnitude F,. = F, + F, =(4.50 A)(0.600 m)(0.240 T) =0.648 N and is
directed toward the bottom of the page in Figure 27.35a. F, =(4.50 A)(0.300 m)(0.240 T)=0.324 N and is
directed to the right. The vector addition diagram for Fac and F’b is given in Figure 27.35b.
F=\F?+F =\J(0.648 Ny’ +(0.324 N) =0.724 N. tan6 = £ 0648N

,  0324N
magnitude 0.724 N and its direction is specified by 8 =63.4° in Figure 27.35b.

and 0 =63.4°. The net force has
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27.36.

27.37.

27.38.

27.39.

EVALUATE: All three current segments are perpendicular to the magnetic field, so ¢ =90° for each in the force
equation. The direction of the force on a segment depends on the direction of the current for that segment.

B 1
® e
p
] l
F,
B (8 i ]
F b
I B
— ® b
a
l Fru
5
(@
Figure 27.35

IDENTIFY and SET UP:  F = [IBsin¢ . The direction of F is given by applying the right-hand rule to the
directions of /and B .

EXECUTE: (a) The current and field directions are shown in Figure 27.36a. The right-hand rule gives that F is
directed to the south, as shown. ¢=90°and F =(1.20A)(1.00x10~ m)(0.588 T) =7.06x10" N..

(b) The right-hand rule gives that F is directed to the west, as shown in Figure 27.36b. ¢ =90° and

F =7.06x10"° N, the same as in part (a).

(¢) The current and field directions are shown in Figure 27.36¢. The right-hand rule gives that F is 60.0° north of
west. $=90°s0 F =7.06x10" N, the same as in part (a).

EVALUATE: In each case the current direction is perpendicular to the magnetic field. The magnitude of the
magnetic force is the same in each case but its direction depends on the direction of the magnetic field.

N
W _[_ E
5 F
B F
I 1
60°
- 1
30°
F B B
@ (b) ©
Figure 27.36

IDENTIFY: F =IIBsing .
SET UP:  Since the field is perpendicular to the rod it is perpendicular to the current and ¢ =90°.
_F_ 0.13N _97 A

/B (0.200 m)(0.067 T)

EVALUATE: The force and current are proportional. We have assumed that the entire 0.200 m length of the rod is
in the magnetic field.

EXECUTE: [

IDENTIFY: Apply F =1 xB .

SET UP: The magnetic field of a bar magnet points away from the north pole and toward the south pole.
EXECUTE: Between the poles of the magnet, the magnetic field points to the right. Using the fingertips of your
right hand, rotate the current vector by 90° into the direction of the magnetic field vector. Your thumb points
downward—which is the direction of the magnetic force.

EVALUATE If the two magnets had their poles interchanged, then the force would be upward.

IDENTIFY and SET Up:  The magnetic force is given by Eq.(27.19). F, = mg when the bar is just ready to levitate.

When 7 becomes larger, F, >mg and F, —mg 1is the net force that accelerates the bar upward. Use Newton's 2nd
law to find the acceleration.
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27.40.

27.41.

27.42.

27.43.

(a) EXECUTE: [IB=mg, [ =25 = (0.750 kg)(9.8() m/sz)
IB (0.500 m)(0.450 T)

E=IR=(32.67 A)(25.0Q)=817V

(b) R=2.0Q, I=E/R=(816.7 V)/(2.0 Q) =408 A

F,=1IB=92N

a=(F,-mg)/m=113 m/s>

EVALUATE: [ increases by over an order of magnitude when R changes to F, >>mg and a is an order of

=32.67 A

magnitude larger than g.
IDENTIFY: The magnetic force F, must be upward and equal to mg. The direction of F, is determined by the
direction of / in the circuit.

SETUp: F, =IIBsing, with $=90°. [ = % , where V' is the battery voltage.

EXECUTE: (a) The forces are shown in Figure 27.40. The current / in the bar must be to the right to produce
F, »» upward. To produce current in this direction, point @ must be the positive terminal of the battery.
_IIB_VIB (175 V)(0.600 m)(1.50 T)
T ¢ Rg  (5.00 Q)9.80 m/s?)

EVALUATE: If the battery had opposite polarity, with point a as the negative terminal, then the current would be
clockwise and the magnetic force would be downward.

() F,=mg . lIB=mg . m

=321kg.

Fp
B® T)

mg
Figure 27.40

IDENTIFY: Apply F = II x B to each segment of the conductor: the straight section parallel to the x axis, the
semicircular section and the straight section that is perpendicular to the plane of the figure in Example 27.8.
SETUp: B= th: . The force is zero when the current is along the direction of B .

EXECUTE: (a) The force on the straight section along the —x-axis is zero. For the half of the semicircle at
negative x the force is out of the page. For the half of the semicircle at positive x the force is into the page. The net
force on the semicircular section is zero. The force on the straight section that is perpendicular to the plane of the
figure is in the —y-direction and has magnitude F = ILB. The total magnetic force on the conductor is /LB, in the
—y-direction.

EVALUATE: (b) If the semicircular section is replaced by a straight section along the x -axis, then the magnetic
force on that straight section would be zero, the same as it is for the semicircle.

IDENTIFY: 7 =IABsin¢g. The magnetic moment of the loop is u=14.

SET Up: Since the plane of the loop is parallel to the field, the field is perpendicular to the normal to the loop and
$=90°.

EXECUTE: (a) 7 =148 =(6.2 A)(0.050 m)(0.080 m)(0.19 T)=4.7x10" N-m

(b) 1 =14=(6.2 A)(0.050 m)(0.080 m)=0.025 A -m’

EVALUATE: The torque is a maximum when the field is in the plane of the loop and ¢ =90°.

IDENTIFY: The periodis T =27zr/v, the current is Q/¢ and the magnetic moment is x = I4

SETUP: The electron has charge —e . The area enclosed by the orbit is 77>

EXECUTE: (a) T =2m/v=1.5x10"s

(b) Charge —e passes a point on the orbit once during each period, so I =Q/f=ef/t=1.1mA .

(© u=IA=Im"=93x10" A-m’

EVALUATE: Since the electron has negative charge, the direction of the current is opposite to the direction of
motion of the electron.
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27.44.

27.45.

27.46.

27.47.

IDENTIFY: 7 =IABsing, where ¢ is the angle between B and the normal to the loop.

SET UpP: The coil as viewed along the axis of rotation is shown in Figure 27.44a for its original position and in
Figure 27.44b after it has rotated 30.0°.

EXECUTE: (a) The forces on each side of the coil are shown in Figure 27.44a. F,+ F,=0and F,+ F,=0. The
net force on the coil is zero. ¢ =0° and sing=0, so 7 =0. The forces on the coil produce no torque.

(b) The net force is still zero. ¢ =230.0°and the net torque is

7 =(1)(1.40 A)(0.220 m)(0.350 m)(1.50 T)sin30.0° =0.0808 N -m . The net torque is clockwise in Figure 27.44b
and is directed so as to increase the angle ¢ .

EVALUATE: For any current loop in a uniform magnetic field the net force on the loop is zero. The torque on the
loop depends on the orientation of the plane of the loop relative to the magnetic field direction.

F;
F, axis F, 1)
O|@F, \
! B
| I
I B F
normal normal !
(a) (b)

Figure 27.44

IDENTIFY: The magnetic field exerts a torque on the current-carrying coil, which causes it to turn. We can use
the rotational form of Newton’s second law to find the angular acceleration of the coil.
SET UP: The magnetic torque is given by 7 = zx B , and the rotational form of Newton’s second law is

Zr = I . The magnetic field is parallel to the plane of the loop.

EXECUTE: (a) The coil rotates about axis 4, because the only torque is along top and bottom sides of the coil.
(b) To find the moment of inertia of the coil, treat the two 1.00-m segments as point-masses (since all the points in
them are 0.250 m from the rotation axis) and the two 0.500-m segments as thin uniform bars rotated about their
centers. Since the coil is uniform, the mass of each segment is proportional to its fraction of the total perimeter of
the coil. Each 1.00-m segment is 1/3 of the total perimeter, so its mass is (1/3)(210 g) = 70 g = 0.070 kg. The mass
of each 0.500-m segment is half this amount, or 0.035 kg. The result is

1=2(0.070 kg)(0.250 m)* +25(0.035 kg)(0.500 m)* =0.0102 kg - m’
The torque is
7| = | Jix B| = JABsin90° = (2.00 A)(0.500 m)(1.00 m)(3.00 T) =3.00 N-m

Using the above values, the rotational form of Newton’s second law gives

a :§ =290 rad/s’

EVALUATE:  This angular acceleration will not continue because the torque changes as the coil turns.
IDENTIFY: 7 =gxB and U=-uBcos¢,where p=NIB. 7= uBsing .

SETUP: ¢ is the angle between B and the normal to the plane of the loop.

EXECUTE: (a) ¢=90°. 7= NIABsin(90°) = NIAB, direction k x j=—i. U =— uBcosg =0.

(b) ¢=0. 7= NIABsin(0) =0, no direction. U =— uBcos¢ =— NIAB.

(¢) $=90°. 7= NIAB sin(90°) = NIAB, direction — k x } =i U=- UBcosg=0.

(d) ¢=180°:7 = NIAB sin(180°) =0, no direction, U = — uB cos(180°) = NIAB.

EVALUATE: When 7is maximum, U =0. When |U | is maximum, 7=0.

IDENTIFY and SET UP:  The potential energy is given by Eq.(27.27): U = - B. The scalar product depends on
the angle between i and B.

EXECUTE: For g and B parallel, ¢ =0° and ﬁfi = uBcos¢=uB. For g and B antiparallel,

$=180° and fi- B = B cos¢ = —uB.

U =+uB, U,=—uB

AU =U,-U, =-2uB=-2(145A-m*)(0.835 T)=-2.42]

EVALUATE: U is maximum when £ and B are antiparallel and minimum when they are parallel. When the coil
is rotated as specified its magnetic potential energy decreases.
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27.48.

27.49.

27.50.

IDENTIFY: Apply Eq.(27.29) in order to calculate /. The power drawn from the line is P, =1V, . The

upplied
mechanical power is the power supplied minus the 7°r electrical power loss in the internal resistance of the motor.
SErUp: V, =120V, £=105V ,and r=32Q.

EXECUTE: (a) V,=E+Ir=1 _Jp=€ 120V-105V
r 32Q
(b) Psuppued =1V, =(4.7A)(120 V) =564 W.
(©) P, =1V, —I'r=564 W —(4.7 A’ (3.2Q) =493 W.
EVALUATE: If the rotor isn’t turning, when the motor is first turned on or if the rotor bearings fail, then £=0

120V . . . N
and /= 120 =37.5 A . This large current causes large I°r heating and can trip the circuit breaker.

=4.7A.

IDENTIFY: The circuit consists of two parallel branches with the potential difference of 120 V applied across
each. One branch is the rotor, represented by a resistance R, and an induced emf that opposes the applied

potential. Apply the loop rule to each parallel branch and use the junction rule to relate the currents through the
field coil and through the rotor to the 4.82 A supplied to the motor.
SET UP: The circuit is sketched in Figure 27.49.

I=482A I
_— a _—
I s
R =590 & is the induced emf developed by
V=120V R ' the motor. It is directed so as to
£ 23 I oppose the current through the rotor.
Figure 27.49

EXECUTE: (a) The field coils and the rotor are in parallel with the applied potential difference V', so V' =I,R;.
Vo120V
R 106Q
(b) Applying the junction rule to point a in the circuit diagram gives 7 -1, — I =0.
I=1-1,=482A-1.13A=3.69 A.

(c) The potential drop across the rotor, I R +&, must equal the applied potential difference V' : ¥V =1 R +&
E=V-IR =120 V—(3.69 A)(5.9Q)=982V

(d) The mechanical power output is the electrical power input minus the rate of dissipation of electrical energy in
the resistance of the motor:

electrical power input to the motor

P, =1V =(482A)(120 V) =578 W

electrical power loss in the two resistances

P =I!R +I!R=(1.13 A)’ (106 Q) +(3.69 A)' (5.9 Q) =216 W

mechanical power output

P.=P —-F =58W-216 W=362 W

The mechanical power output is the power associated with the induced emf £

P, =P. =&l =(982V)(3.69 A)=362 W, which agrees with the above calculation.

out

=1.13 A.

P =

EVALUATE: The induced emf reduces the amount of current that flows through the rotor. This motor differs from
the one described in Example 27.12. In that example the rotor and field coils are connected in series and in this
problem they are in parallel.

IDENTIFY: The field and rotor coils are in parallel, so V,, =[.R, =E+1 R and [ =1 + 1, where / is the current

drawn from the line. The power input to the motor is P =V,

"»1. The power output of the motor is the power input
minus the electrical power losses in the resistances and friction losses.

SETUP: ¥, =120V. I=4.82 A.

EXECUTE: (a) Field current /; = 120V =0.550 A.
218Q

(b) Rotor current [, =1, — 1, =4.82 A-0.550 A =4.27 A.

total
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27.51.

27.52.

(€©) V=E+IR and E=V -IR =120 V—(4.27 A)(5.9Q)=94.8 V.
(d) P =1IR =(0.550 A)’(218 Q) =659 W.

(€) P=I'R =(427A)’(5.9Q)=108 W.

(f) Power input = (120 V) (4.82 A) =578 W.

Pupu  (578W—659W 108 W -45W) 359 W
B 578 W 578 W

EVALUATE: IR losses in the resistance of the rotor and field coils are larger than the friction losses for this
motor.

IDENTIFY: The drift velocity is related to the current density by Eq.(25.4). The electric field is determined by the
requirement that the electric and magnetic forces on the current-carrying charges are equal in magnitude and
opposite in direction.

(a) SET UpP: The section of the silver ribbon is sketched in Figure 27.51a.

(g) Efficiency = =0.621.

input

y
@ * J. = n|q|vcl
00118m| O 17 J

' SO v, =—*=
gl

Figure 27.51a

EXECUTE: J, = L1 . izo A =4.42x10" A/m*
T4 yz  (023x10° m)(0.0118 m)

J 4.42x10" A/m?

ol =4.7x10" m/s = 4.7 mm/
Tl (5.85x10%/m*)(1.602x10™" C) 8 s s

(b) magnitude of E
|q Ez = |q|vdBy
E.=v,B, =(4.7x10" m/s)(0.95 T) =4.5x10" V/m

y

direction of E
The drift velocity of the electrons is in the opposite direction to the current, as shown in Figure 27.51b.
B® Y qixﬁz—eixéi«

=T

X

L

Figure 27.51b

The directions of the electric and magnetic forces on an electron in the ribbon are shown in Figure 27.51c.

o FE must oppose FB SO FE
is in the —z-direction
1o
Figure 27.51c¢

F, = qE =—eE so0 E is opposite to the direction of F, " and thus E is in the +z-direction.
(c) The Hall emf is the potential difference between the two edges of the strip (at z =0 and z = z, ) that results from

the electric field calculated in part (b). &, = Ez, =(4.5x107 V/m)(0.0118 m) =53 uV

EVALUATE: Even though the current is quite large the Hall emf is very small. Our calculated Hall emf is more
than an order of magnitude larger than in Example 27.13. In this problem the magnetic field and current density are
larger than in the example, and this leads to a larger Hall emf.

IDENTIFY: Apply Eq.(27.30).

SETUP: A=yz. E =&z, |q| =e.

JB, IB, IBpz IB,

EXECUTE: n = = =
E. AlglE.  Algl€  »lqlE

. (78.0 A)(2.29T)
(2.3x107* m)(1.6 x107™ C)(1.31x107* V)
EVALUATE: The value of n for this metal is about one-third the value of » calculated in Example 27.12 for copper.

=3.7 x10* electrons/m’
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27.53.

27.54.

27.55.

27.56.

(a) IDENTIFY: Use Eq.(27.2) to relate ¥, B, and F.
SETUp:  The directions of # and F, are shown in Figure 27.53a.

y - - ~
Y1 F =qv x B says that F is perpendicular
e to ¥ and B. The information given here
0 . -
F| means that B can have no z-component.
Figure 27.53a

The directions of ¥, and F, are shown in Figure 27.53b.

F is perpendicular to ¥ and B, so B can
X have no x-component.

Figure 27.53b

Both pieces of information taken together say that B is in the y-direction; B = B‘,]A'.

EXECUTE: Use the information given about F, to calculate F,: F,=Fi,v,=v,k, B= Byj'.
F, = qv,x B says Fyi = quB},lg xj= quBy(—f) and F, = —qv,B,
B, =-F,/(qv,)=-F/(g). B has the maginitude F,/(gv,) and is in the — y-direction.
(b) F,=qvBsing =qv, |By|/\/§ =F, N2
EVALUATE: v, =v,. ¥, is perpendicular to B whereas only the component of ¥ perpendicular to B contributes
to the force, so it is expected that F, > F;, as we found.
IDENTIFY: Apply F = gv x B.
SETUP: B, =0450T, B =0and B, =0.
EXECUTE: F, =q(v,B.—v.B,)=0.
F,=q(v,B,—v,B,)=(9.45x10" C)(5.85x10" m/s)(0.450 T) =2.49x10~ N.
F.=q(v,B,—v,B)=—(9.45x10" C)(-3.11x10* m/s)(0.450 T) =1.32x10"* N.
EVALUATE: F is perpendicular to both ¥ and B. We can verify that F -¥ =0. Since B is along the x-axis,
v, does not affect the force components.
IDENTIFY: The sum of the magnetic, electrical, and gravitational forces must be zero to aim at and hit the target.
SETUP: The magnetic field must point to the left when viewed in the direction of the target for no net force. The
net force is zero, so ZF =F,—-F,—mg=0 and gvB —gE —mg=0.
EXECUTE: Solving for B gives
B qE+mg  (2500x107°C)(27.5N/C) + (0.0050 kg)(9.80 m/s*)
qv (2500x107° C)(12.8 m/s)
The direction should be perpendicular to the initial velocity of the coin.
EVALUATE: This is a very strong magnetic field, but achievable in some labs.
IDENTIFY: Apply R=mv/|q|B. @=v/R
SETUP: 1eV=1.60x10"]
EXECUTE: (a) K =2.7MeV =(2.7x10%V) (1.6 x 107" J/eV)=4.32x107" I.

-13
y= KZ 2(432X—127J) =227x10" m/s .
\' m 1.67x107" kg

27 7 7
g (T X10 k) Q2T ) g g (= ¥ 2273100 s
4B (1.6x10° C)(3.5T) R 0.068m

(b) If the energy reaches the final value of 5.4 MeV, the velocity increases by 2 , as does the radius, to 0.096 m.
The angular frequency is unchanged from part (a) so is 3.34 x10° rad/s.

=37T

=3.34%10° rad/s.

EVALUATE: ®= |q|B/ m , so o is independent of the energy of the protons. The orbit radius increases when the

energy of the proton increases.
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27.57.

27.58.

27.59.

27.60.

(a) IDENTIFY and SET Up: The maximum radius of the orbit determines the maximum speed v of the protons.
Use Newton's 2nd law and a, =v*/R for circular motion to relate the variables. The energy of the particle is the

kinetic energy K =1my’.

EXECUTE: ZF =md gives |q|vB=m(v2/R)

e || BR _ (1.60x 107" €)(0.85 T)(0.40 m)
m 1.67x107 kg

speed is K =1mv’ =1(1.67x10™ kg)(3.257x10" m/s)* =8.9x10™" J=5.6 MeV

2zR  27(0.40 m)
v 3.257x10" m/s

IqIBRT _laf BR J2Km
m

.Or, B=
’ la| R

factor of 2 then B must be increased by a factor of V2. B= \/5(0.85 T)=12T.

d) ve lg/BR  (3.20x10" C)(0.85 T)(0.40 m)
m 6.65x107 kg

=3.257x10" m/s. The kinetic energy of a proton moving with this

L
2

=77%x10"% s

(b) The time for one revolution is the period T =

. B is proportional to JK, soif K is increased by a

(¢) K =1m’ :%m[
m

( =1.636x10" m/s

K =1mv*=1(6.65x10" kg)(1.636x10" m/s)’ =8.9x10™" J =5.5 MeV, the same as the maximum energy for

protons.
EVALUATE: We can see that the maximum energy must be approximately the same as follows: From part (c),

2

BR

K= %m(mJ . For alpha particles |q| is larger by a factor of 2 and m is larger by a factor of 4 (approximately).
m

Thus |q|2 /m is unchanged and KX is the same.

IDENTIFY: Apply F = gv x B.

SETUP: v =—vf

EXECUTE: (a) F = —qVv[B, (} X f) +B, (} X ]) +B, (j' X I:t)] = quxle - quj
(b) B, >0, B.<0,sign of B‘ doesn't matter.

(¢) F=|g|vB.i —|q|vBk and |IE'| =+/2|q|vB,.

EVALUATE: F is perpendicular to ¥ ,so F has no y-component.

IDENTIFY: The contact at a will break if the bar rotates about . The magnetic field is directed out of the page, so
the magnetic torque is counterclockwise, whereas the gravity torque is clockwise in the figure in the problem. The

maximum current corresponds to zero net torque, in which case the torque due to gravity is just equal to the torque
due to the magnetic field.

SET Up: The magnetic force is perpendicular to the bar and has moment arm //2 , where / =0.750 m is the

length of the bar. The gravity torque is mg (é cos 60.0°j

EXECUTE: 7

gravity

=7, and mgécoséO.OO = 1[Bsin90°é. This gives

mgcos60.0°  (0.458kg)(9.80 m/s” )(cos 60.0°)
~ IBsin90° (0.750 m)(1.55 T)(1)

EVALUATE: Once contact is broken, the magnetic torque ceases. The 90.0° angle in the expression for 7, is the

=193 A

angle between the direction of 7 and the direction of B.
IDENTIFY: Apply R= m
||

SET UP: Assume D << R
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27.61.

EXECUTE: (a) The path is sketched in Figure 27.60.
(b) Motion is circular: x* + )y’ =R> = x=D=y, =R’ =D’ (path of deflected particle)
¥, =R (equation for tangent to the circle, path of undeflected particle).

2 2 2 2
d=y,-y»=R-JR*-D’ =R—R,/1—D—2=R{l—,/1—D—2]IfR>>D, d~R|1- 1—1D—2 -2 Fora
R R 2R 2R

particle moving in a magnetic field, R = ™ But Im? =gV, soR= L M Thus, the deflection

9B B\ ¢
DB [¢ DB [
2 \Nomv 2 Nomy'

2 -5 -19
(¢ ¢=00M C0x10° 1) A6X107C) 4 067m=6.7cm. d~13%of D, which is fairly
2 2(9.11x 107" kg)(750 V)
significant.
2 2
EVALUATE: Inpart(c), R= 1 /Zm_V = b = b D=3.7D and R =14, so the approximation made in
BY e 2d \2d D
part (b) is valid.

<«—n—>

Figure 27.60
IDENTIFY and SET UP:  Use Eq.(27.2) to relate ¢,¥,B and F. The force F and @ are related by Newton's 2nd law.
B =—(0.120 T)k,v = (1.05x10° m/s)(=3i +4j+12k), F=125N
(a) EXECUTE: F =gvxB
F =q(—0.120 T)(1.05x10° mV/s)(—3i xk +4jx k +12k x k)
ixk =—]A',]A'><12 :i,/@xlézo
F =—q(1.26x10° N/C)(+3 ] +4i) = —q(1.26 x10° N/C)(+4i +3)
The magnitude of the vector +4i + 3} is /3’ + 4> =5. Thus F =—¢(1.26x10° N/C)(5).

F 125N

- 5(1.26x10° N/C) - 5(1.26x10° N/C)
(b) ZF=mFl sod=F/m

=-1.98x10° C

q:

F =—g(1.26x10° N/C)(+4i +3) =—(~1.98x10° C)(1.26x10° N/C)(+4i +3) =+0.250 N(+4i +3)
0.250 N

Then [i=F/m= P T a—
2.58x10" kg

J(+4i +3/)=(9.69x10" m/s>)(+4i +3)

(¢) IDENTIFY and SETUP:  F is in the xy-plane, so in the z-direction the particle moves with constant speed

12.6x10° m/s. In the xy-plane the force F causes the particle to move in a circle, with Fdirected in towards the
center of the circle.

EXECUTE: ) F =mi gives F =m(v’/R) and R=mv’/ F
vi=v] 4] =(=3.15x10° m/s)* + (+4.20x10° m/s)* =2.756x 10" m?/s*
F=F? +F; =(0.250 N)v4*+3* =1.25N

mv’ _ (2.58x107" kg)(2.756x10" m*/s*)
F 125N

R= =0.0569 m=5.69 cm
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27.62.

27.63.

27.64.

27.65.

(d) IDENTIFY and SET UP: By Eq.(27.12) the cyclotron frequency is f = /27 =v/27R.
EXECUTE: The circular motion is in the xy-plane, so v=/v; +v] =5.25x10° m/s.

eV 5.25x10° m/s
27R  27(0.0569 m)

(e) IDENTIFY and SET UP  Compare ¢ to the period 7 of the circular motion in the xy-plane to find the x and y
coordinates at this 7. In the z-direction the particle moves with constant speed, so z =z, + v t.

EXECUTE: The period of the motion in the xy-plane is given by 7 = l = ;7
f 1.47x10" Hz

In ¢ = 27T the particle has returned to the same x and y coordinates. The z-component of the motion is motion with a

constant velocity of v, =+12.6x10° m/s. Thus z =z, +v,t =0+ (12.6x10° m/s)(2)(6.80x10™* s) = +1.71 m.

The coordinates at t =27 arex=R,y=0,z=+1.71 m.

=1.47x10" Hz, and @ =27 f =9.23x107 rad/s

=6.80x10" s

EVALUATE: The circular motion is in the plane perpendicular to B. The radius of this motion gets smaller when
B increases and it gets larger when v increases. There is no magnetic force in the direction of B so the particle
moves with constant velocity in that direction. The superposition of circular motion in the xy-plane and constant
speed motion in the z-direction is a helical path.

IDENTIFY: The net magnetic force on the wire is the vector sum of the force on the straight segment plus the
force on the curved section. We must integrate to get the force on the curved section.

= j iRBsin 0d0 = 2iRB

0

and F,

straight, top

=F

straight, bottom

SET UP: ZF = F;traight, top + F‘curved + F;lrﬂighl, bottom = lLstraight

B.F,

curved, x

(the same as if it were a straight segment 2R long) and Fy = 0 due to symmetry. Therefore, F' = 2iLignB + 2iRB
EXECUTE: Using Lyign = 0.55m, R=0.95m,i=3.40 A, and B=2.20 T gives F'=22 N, to right.
EVALUATE: Notice that the curve has no effect on the force. In other words, the force is the same as if the wire
were simply a straight wire 3.00 m long.

IDENTIFY: 7= NIABsing.

SET Up: The area 4 is related to the diameter D by 4= %ﬁD2 .

EXECUTE: 7 =NI($7zD*)Bsing. ris proportional to D’ Increasing D by a factor of 3 increases 7 by a factor of
3" =9.

EVALUATE: The larger diameter means larger length of wire in the loop and also larger moment arms because
parts of the loop are farther from the axis.

IDENTIFY: Apply F=qvxB

SETUP: v =vk

EXECUTE: (a) F = —qu}f +qvB, j.But F= 3Fof + 4170}', so 3F, =—qvB, and 4F, =qvB,

Therefore, B, = —3&, B = ﬂand B_is undetermined.
Ty qv
2 2
(b) B:%:JBf +B’+B’ B o i64[2Y B’ B s[4y B’,s0 B. _+ 1A
qv ' qv Fy qv Fy qv

EVALUATE: The force doesn’t depend on B_, since v is along the z-direction.

IDENTIFY: For the velocity selector, E =vB . For the circular motion in the field B', R= %

q

SETUp: B=B'=0.701T.

4
Execute:  yol o L88IO NC e 10* mis. R = so
B 0701T 95’
27 4
|, 820.66x10 kg)2.68x10° mls) ) 15,
(1.60x107" C)(0.701 T)
27 4
R, - SALCOx 10T k)R G8x10" W) _ o 33
(1.60x10° C)(0.701 T)
27 4
_86(1.66x10™ kg)(2.68x10° m/s) _ o0

¢ (1.60x107" C€)(0.701 T)
The distance between two adjacent lines is AR =1.6 mm.
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27.66.

27.67.

27.68.

EVALUATE: The distance between the *Krline and the *Krline is 1.6 mm and the distance between the
¥Krline and the ¥Krline is 1.6 mm. Adjacent lines are equally spaced since the ¥ Kr versus **Krand * Krversus
% Krmass differences are the same.

IDENTIFY: Apply conservation of energy to the acceleration of the ions and Newton’s second law to their motion
in the magnetic field.

SETUp: The singly ionized ions have ¢ =+e. A "C ion has mass 12 u and a '*C ion has mass 14 u, where
1u=1.66x10"7 kg

EXECUTE: (a) During acceleration of the ions, gV = %mv2 and v= ,}M In the magnetic field,
m

2p2
pomv _my2qVim . _4BR

qB qB 2V
2p2 —19 2 2
) V = gB"R” _ (1.60x10"" C)(0.150 1)7 (0.500 m)” _ 226x10° V
2m 2(12)(1.66 x 107" kg)
(¢) The ions are separated by the differences in the diameters of their paths. D=2R=2 2% , SO
q

5 \/2Vm
2
14 qB
AD=2 2(2.26x10* V)(1.66x107 kg)
(1.6x107" ©€)(0.150 T)*

2Vm
B’

AD:D14—D12:2\/

:2\/21/(1211) (\/ﬁ_\/ﬁ).

qB

(\/ﬁ -J12 ) =8.01x107> m. This is about 8 cm and is easily distinguishable.

2(1.60x107" C)(2.26x10*V)
12(1.66x1077 kg)

well below the speed of light, so relativistic mechanics is not needed.

IDENTIFY: The force exerted by the magnetic field is given by Eq.(27.19). The net force on the wire must be zero.
SET UP: For the wire to remain at rest the force exerted on it by the magnetic field must have a component directed
up the incline. To produce a force in this direction, the current in the wire must be directed from right to left in
Figure 27.61 in the textbook. Or, viewing the wire from its left-hand end the directions are shown in Figure 27.67a.

EVALUATE: The speed of the *Cion is v :\/ =6.0x10° m/s. This is very fast, but

B
I
F,
I )
Figure 27.67a

The free-body diagram for the wire is given in Figure 27.67b.
Y

EXECUTE: Y F, =0
F,cos0—-Mgsind =0
F, =ILBsing

$=90° since B is perpendicular
to the current direction.

Figure 27.67b

Mg tan @
LB

EVALUATE: The magnetic and gravitational forces are in perpendicular directions so their components parallel to
the incline involve different trig functions. As the tilt angle @ increases there is a larger component of Mg down

the incline and the component of F, up the incline is smaller; / must increase with € to compensate. As
0—>0,] —>0andas 8 > 90°7 — .

IDENTIFY: The current in the bar is downward, so the magnetic force on it is vertically upwards. The net force on
the bar is equal to the magnetic force minus the gravitational force, so Newton’s second law gives the acceleration.
The bar is in parallel with the 10.0-Q resistor, so we must use circuit analysis to find the initial current through it.

Thus (/LB) cos@ — Mgsind =0 and [ =
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27.69.

27.70.

27.71.

27.72.

27.73.

SET Up: First find the current. The equivalent resistance across the battery is 30.0 Q, so the total current is 4.00 A,
half of which goes through the bar. Applying Newton’s second law to the bar gives ZF =ma=F,—mg=iLB-mg.
EXECUTE: Solving for the acceleration gives

ue iLB-mg (2.0A)(1.50m)(1.60 T) — 3.00 N

5 =5.88 m/s”.
m (3.00 N/9.80 my/s”)

The direction is upward.

EVALUATE: Once the bar is free of the conducting wires, its acceleration will become 9.8 m/s* downward since
only gravity will be acting on it.

IDENTIFY: Calculate the acceleration of the ions when they first enter the field and assume this acceleration is
constant. Apply conservation of energy to the acceleration of the ions by the potential difference.

SET UP: Assume v = vxf and neglect the y-component of v that is produced by the magnetic force.

2qV B
EXECUTE: (a) 1mv’ =gV, so v, = 297 Also, a,= T2 and 1=
\ )

m %

X

2 1 B 2 1 B 2 1/2 1/2
o= :_(&j x| _1fgB ) m :sz(i) _
v, 20 m N\, 2 m )\ 2qV 8mV
(b) This can be used for isotope separation since the mass in the denominator leads to different locations for
different isotopes.
EVALUATE: For B=0.1T, v=1x10*"m/s, g=+eand m=12u=2.0x10"" kg, y=(1.0 m?)x*. The
approximation y << x is valid as long as x is on the order of 10 cm or less.

1, 2
y=zal =

o=

IDENTIFY: Turning the charged loop creates a current, and the external magnetic field exerts a torque on that
current.

SETUp: The current is [ = ¢/T = q/(1/f) = qf = q(@/27) = qaw/2x. The torque is 7 = pBsing.
EXECUTE: In this case, ¢ =90°and p = 4B, giving 7 = [AB. Combining the results for the torque and current
and using 4 = - gives 7 = [g—w)ﬂrzB =1lqwr’B

vid

EVALUATE: Any moving charge is a current, so turning the loop creates a current causing a magnetic force.

my
IDENTIFY: R=——

7
SET Up: After completing one semicircle the separation between the ions is the difference in the diameters of
their paths, or 2(R;; — R,,) . A singly ionized ion has charge +e .
my  (1.99x107 kg)(8.50x10° m/s)
|a| R (1.60x107" C)(0.125 m)

EXECUTE: (a) B= =8.46x107 T.

. . . . R R R
(b) The only difference between the two isotopes is their masses. — = = constantand —% =—1,

m W my, g

—26
R,=R, {EJ =(125 cm)(%o%kgj =13.6 cm. The diameter is 27.2 cm.
N 1.99x107 kg

(c) The separation is 2(R; — R,) =2(13.6 cm —12.5 cm) = 2.2 cm. This distance can be easily observed.
EVALUATE: Decreasing the magnetic field increases the separation between the two isotopes at the detector.
IDENTIFY: The force exerted by the magnetic field is 7 = ILBsing. a = F/m and is constant. Apply a constant
acceleration equation to relate v and d.

SETUP: ¢ =90°. The direction of F is given by the right-hand rule.

EXECUTE: (a) F' = ILB, to the right.

2 2
b) v} =2 +2a (x—x )gives v} =2adand d =~ ="
() x Ox x( O)g 2[1 2ILB

=3.14x10° m=3140 km

© d= (1.12x10* m/s)* (25 kg)
2(2000 A)(0.50 m)(0.50 T)
y ILB _ (20 10° A)(0.50 m)(0.50 T)
m 25 kg
IDENTIFY: Apply F' =1IBsin¢g to calculate the force on each segment of the wire that is in the magnetic field.
The net force is the vector sum of the forces on each segment.

EVALUATE: =20 m/s”. The acceleration due to gravity is not negligible.
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27.74.

27.75.

SET UP: The direction of the magnetic force on each current segment in the field is shown in Figure 27.73. By
symmetry, F, =F,. F, and F, are in opposite directions so their vector sum is zero. The net force equals F,. For

F., $=90°and /=0.450 m.
EXECUTE: F, =1IB=(6.00 A)(0.450 m)(0.666 T)=1.80 N . The net force is 1.80 N, directed to the left.

EVALUATE: The shape of the region of uniform field doesn’t matter, as long as all of segment c is in the field and
as long as the lengths of the portions of segments a and b that are in the field are the same.

Figure 27.73
IDENTIFY: Apply F = Il x B.
SETUP: [ =Ik
EXECUTE: (a) F =I(lk)xB = Il[(—By)f + (Bx)ﬂ. This gives
F,=—IIB, =—(9.00 A) (0.250 m)(—0.985 T) = 2.22 N and F, = IIB, = (9.00 A)(0.250 m)(—0.242 T) =0.545 N..

F_ =0, since the wire is in the z-direction.

(b) F=\[F}+F ={(222N) +(0.545N)’ =2.29N.

EVALUATE: F must be perpendicular to the current direction, so F has no z component.
IDENTIFY: For the loop to be in equilibrium the net torque on it must be zero. Use Eq.(27.26) to calculate the
torque due to the magnetic field and use Eq.(10.3) for the torque due to the gravity force.
SET UpP: See Figure 27.75a.
i

Use Zz’ =0, where

point 4 is at the origin.

Figure 27.75a

EXECUTE: See Figure 27.75b.

r

7,,, = mgrsing =mg(0.400 m)sin30.0°

N The torque is clockwise; 7, is

30 . .
mg directed into the paper.
Figure 27.75b

For the loop to be in equilibrium the torque due to B must be counterclockwise (opposite to z,.) and it must be
that 7, =7,,. See Figure 27.75c.
B
" Gyp. 7, =jixB. Fo.r this torque to be
counterclockwise (7, directed out of the
paper), B must be in the +y-direction.

Figure 27.75¢
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27.76.

27.717.

T, = uBsing = IABsin 60.0°

7y =1, gives [4Bsin60.0° = mg(0.0400 m)sin30.0°
m=(0.15 g/cm)2(8.00 cm+6.00 cm) =4.2 g=4.2x10" kg
A=(0.800 m)(0.0600 m) =4.80x10" m’

B mg(0.0400 m)(sin30.0°)
B IAsin 60.0°
42x107 kg)(9.80 m/s*)(0.0400 in30.0°
B= ( - g)( > )( m)sm =0.024T

(8.2 A)(4.80x107° m?)sin60.0°
EVALUATE: As the loop swings up the torque due to B decreases to zero and the torque due to mg increases
from zero, so there must be an orientation of the loop where the net torque is zero.
IDENTIFY: The torque exerted by the magnetic field is 7 = zzx B. The torque required to hold the loop in place is —7.
SETUP: u=1IA. g isnormal to the plane of the loop, with a direction given by the right-hand rule that is
illustrated in Figure 27.32 in the textbook. 7 =I4ABsing, where ¢ is the angle between the normal to the loop and
the direction of B.

EXECUTE: (a) 7 =IAB sin 60°=(15.0 A)(0.060 m)(0.080 m)(0.48 T)sin 60° =0.030 N - m , in the —j' direction.
To keep the loop in place, you must provide a torque in the +} direction.
(b) 7=1A4B sin 30°=(15.0 A)(0.60 m)(0.080 m)(0.48 T)sin30°=0.017 N - m, in the +.;' direction. You must

provide a torque in the —} direction to keep the loop in place.

EVALUATE: (c) If the loop was pivoted through its center, then there would be a torque on both sides of the loop
parallel to the rotation axis. However, the lever arm is only half as large, so the total torque in each case is identical
to the values found in parts (a) and (b).

IDENTIFY: Use Eq.(27.20) to calculate the force and then the torque on each small section of the rod and
integrate to find the total magnetic torque. At equilibrium the torques from the spring force and from the magnetic

force cancel. The spring force depends on the amount x the spring is stretched and then U = %kx2 gives the energy

stored in the spring.
(a) SET Up:

Divide the rod into infinitesimal sections of
length dr, as shown in Figure 27.77.

axis

Figure 27.77
EXECUTE: The magnetic force on this section is dF, = IBdr and is perpendicular to the rod. The torque dz due to
the force on this section is dz = rdF, = IBr dr. The total torque is Idr = IBJ.OIrdr =11 2B =0.0442 N -m, clockwise.

(b) SET UP:  F, produces a clockwise torque so the spring force must produce a counterclockwise torque. The

spring force must be to the left; the spring is stretched.
EXECUTE: Find x, the amount the spring is stretched:

Zr =0, axis at hinge, counterclockwise torques positive
(kx)Isin53°-11°B=0

e 'IIB _ (650 A)(0.200 @)(0.340 T) _ 0.05765 m
2ksin53.0° 2(4.80 N/m)sin53.0°

U=1k?=798x10"1]
EVALUATE: The magnetic torque calculated in part (a) is the same torque calculated from a force diagram in
which the total magnetic force F, =/IB acts at the center of the rod. We didn't include a gravity torque since the

problem said the rod had negligible mass.
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27.78.

27.79.

IDENTIFY: Apply F =1l x B to calculate the force on each side of the loop.

SET Up: The net force is the vector sum of the forces on each side of the loop.

EXECUTE: (a) £, =(5.00 A)(0.600 m)(3.00 T)sin(0°) =0 N .

F,, =(5.00 A) (0.800 m) (3.00 T) sin(90°) =12.0 N, into the page.

Fyr =(5.00 A)(1.00 m)(3.00 T)(0.800/1.00)=12.0 N , out of the page.

(b) The net force on the triangular loop of wire is zero.

(¢) For calculating torque on a straight wire we can assume that the force on a wire is applied at the wire’s center.

Also, note that we are finding the torque with respect to the PR-axis (not about a point), and consequently the lever
arm will be the distance from the wire’s center to the x-axis. 7 =rFsing gives 7,,=r(0N)=0,

T =(0m)Fsing=0 and z,, =(0.300 m)(12.0 N)sin(90°) =3.60 N-m . The net torque is 3.60 N-m .
)(0.600 m)(0.800 m)(3.00 T)sin(90°) =3.60 N-m ,

(d) According to Eq.(27.28), 7= NIAB sin¢ = (1)(5.00 A)(%
which agrees with part (c).

(e) Since Fy, is out of the page and since this is the force that produces the net torque, the point O will be rotated
out of the plane of the figure.

EVALUATE: In the expression 7 =NIABsing, ¢ is the angle between the plane of the loop and the direction of
B . In this problem, ¢=90°.

IDENTIFY: Use Eq.(27.20) to calculate the force on a short segment of the coil and integrate over the entire coil
to find the total force.

SET UpP: See Figure 27.79a.

Consider the force dF on a short segment d/ at
the left-hand side of the coil, as viewed in Figure
27.69 in the textbook. The current at this point is

directed out of the page. dF is perpendicular both
to B and to the direction of /.

Figure 27.79a
See Figure 27.79b.

Consider also the force dF’ on a short segment
on the opposite side of the coil, at the right-hand
side of the coil in Figure 27.69 in the textbook.
The current at this point is directed into the page.

Figure 27.79b

The two sketches show that the x-components cancel and that the y-components add. This is true for all pairs of
short segments on opposite sides of the coil. The net magnetic force on the coil is in the y-direction and its

magnitude is given by F = j dr,.

EXECUTE: dF =IdI Bsing. But B is perpendicular to the current direction so ¢ = 90°.

dFy =dF c0s30.0 = IBcos30.0°d!

F= dey = IBcos 30.0°de

But Idl =N(2zr), the total length of wire in the coil.

F =1Bc0s30.0°N (27r)=(0.950 A)(0.200 T)(c0s30.0°)(50)27(0.0078 m) =0.444 N and F = —(0.444 N)}

EVALUATE: The magnetic field makes a constant angle with the plane of the coil but has a different direction at
different points around the circumference of the coil so is not uniform. The net force is proportional to the
magnitude of the current and reverses direction when the current reverses direction.
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27.80.

27.81.

IDENTIFY: Conservation of energy relates the accelerating potential difference V to the final speed of the ions. In

the magnetic field region the ions travel in an arc of a circle that has radius R = % .

q
SET UpP: The quarter-circle paths of the two ions are shown in Figure 27.80. The separation at the detector is
Ar =R, — R . Each ion has charge ¢ =+e.

A2 V
EXECUTE: (a) Conservation of energy gives |g|V/ =3mv’and v= /M CR=" /M = ﬂ :
m |q|B m |q|B
|q| =eforeachion. Ar=R—R =%(11ml8 —Myg) .
e

(AreB?  e(Ar)B>  (1.60x10™ C)(4.00x107° m)*(0.050 T)*

2e(Jmys ~Jmg ) 2(fmg —fmye ) 2(/2.99x107 kg ~/2.66x107™ kg)2
V=332x10° V

EVALUATE: The speed of the '*O ion after it has been accelerated through a potential difference of

V' =3.32x10° Vis 2.00x10° m/s . Increasing the accelerating voltage increases the separation of the two isotopes

at the detector. But it does this by increasing the radius of the path for each ion, and this increases the required size
of the magnetic field region.
—
Rg E Ar

(b) V=

Ris

Figure 27.80

IDENTIFY: Apply dF = Idl x B to each side of the loop.

SETUP:  For each side of the loop, dl is parallel to that side of the loop and is in the direction of /. Since the loop
is in the xy-plane, z =0 at the loop and B, =0 at the loop.

EXECUTE: (a) The magnetic field lines in the yz-plane are sketched in Figure 27.81.

L L
(b) Side 1, that runs from (0,0) to (0,L): F = j IdixB=1 j Boy—dyf =1B LI

Side 2, that runs from (0,L) to (L,L): F = j ldl xB=1 j Oy dxs

OJL 0)L

=—IB,Lj.

Side 3, that runs from (L,L) to (L,0): F = I Idl xB=1 .[ %dy(_l:) =— %IBOLt: .
L,x=L

L,x=L
Side 4, that runs from (Z,0) to (0,0): F = .[ I xB=1 .[ Oy dx _o.
L,y=0 L,y=0
(¢) The sum of all forces is F,, = —IBOL].

EVALUATE: The net force on sides 1 and 3 is zero. The force on side 4 is zero, since y =0and z =0 at that side
and therefore B =0 there. The net force on the loop equals the force on side 2.

Z

—

B

Figure 27.81
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27.82.

27.83.

IDENTIFY: Apply dF = Idl x B to each side of the loop. 7 =F x F .

SETUP:  For each side of the loop, I is parallel to that side of the loop and is in the direction of /.
EXECUTE: (a) The magnetic field lines in the xy-plane are sketched in Figure 27.82.

L L
(b) Side 1, that runs from (0,0) to (0.L): F = [1dl x B=1| BOdey(—lé) =_1B LIk .
0 0

Bx dx i

k= LIB,Lk.

L L

Side 2, that runs from (0,L) to (L,L): F = J.Idi xB= IJ.

0 0

_ Lo~ LB vdy- R

Side 3, that runs from (L.L) to (L.0): F = [ 1dl x B = Ijﬂk =+LIB Lk
0 0

B xdx

L L
Side 4, that runs from (Z,0) to (0,0): F = j Idi xB=1 j (—k)=—1IB,Lk.

0 0
(c) If free to rotate about the x-axis, the torques due to the forces on sides 1 and 3 cancel and the torque due to the

2
forces on side 4 is zero. For side 2, ¥ = Lj . Therefore, 7 =r x F = B,L i=1I4Bji .

(d) If free to rotate about the y-axis, the torques due to the forces on sides 2 and 4 cancel and the torque due to the

2
BL i 14B,j.

forces on side 1 is zero. For side 3, ¥ = Li. Therefore, 7 =F x F =
EVALUATE: (e) The equation for the torque 7 = fix B is not appropriate, since the magnetic field is not constant.
y

—

B

Figure 27.82

IDENTIFY: While the ends of the wire are in contact with the mercury and current flows in the wire, the magnetic
field exerts an upward force and the wire has an upward acceleration. After the ends leave the mercury the
electrical connection is broken and the wire is in free-fall.

(a) SET Up:  After the wire leaves the mercury its acceleration is g, downward. The wire travels upward a total
distance of 0.350 m from its initial position. Its ends lose contact with the mercury after the wire has traveled
0.025 m, so the wire travels upward 0.325 m after it leaves the mercury. Consider the motion of the wire after it
leaves the mercury. Take +y to be upward and take the origin at the position of the wire as it leaves the mercury.

a,=-9.80 m/s’, y -y, =+0.325 m, v, =0 (at maximum height), v, =?
vi=vy, +2a,(y-y,)
EXECUTE: v, =./-2a,(y-,) :\/—2(—9.80 m/s?)(0.325 m) =2.52 m/s

(b) SETUP: Now consider the motion of the wire while it is in contact with the mercury. Take +y to be upward
and the origin at the initial position of the wire. Calculate the acceleration: y — y, =+0.025 m, v,, =0 (starts from

rest), v, =+2.52 m/s (from part (a)), a, =?

v, =V, +2a,(y~ )
v, (2.52m/s)’

- = =127 m/s’
Y 2(y-y,)  2(0.025m)

EXECUTE: «a
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27.84.

27.85.

SET Up: The free-body diagram for the wire is given in Figure 27.83.

¥

EXECUTE: Y F,=ma,
Fy—mg=ma,

]ZB:m(g+ay)

m(g+a,)
mg - IB
Figure 27.83

/ is the length of the horizontal section of the wire; / = 0.150 m
I (5.40x107° kg)(9.80 m/s*> +127 m/s*)

(0.150 m)(0.00650 T)

(¢) IDENTIFY and SET UP: Use Ohm's law.

EXECUTE: V =IRsoR =K= 150V =0.198 Q
I 758A

EVALUATE: The current is large and the magnetic force provides a large upward acceleration. During this
upward acceleration the wire moves a much shorter distance as it gains speed than the distance is moves while in
free-fall with a much smaller acceleration, as it loses the speed it gained. The large current means the resistance of
the wire must be small.

IDENTIFY and SET UP:  Follow the procedures specified in the problem.

EXECUTE: (a) dl =dIf , where { is a unit vector in the tangential direction. dl = RdH[—sin 0i + cos (Jﬂ Note

=758 A

that this implies that when 6 =0, the line element points in the +y-direction, and when the angle is 90°, the line
element points in the —x-direction. This is in agreement with the diagram.
dF = IdI x B = IRA6| —sin6i +costf | x (B.i) = 1B, RdO[-cos k] .

27 27
(b) F = j —cosOIB_R dok =—IB R j cos0dok = 0.
0 0

(¢) d7 =FxdF = R(cos0i +sin6j)x (IB,R df[—cosOk])=—R*IB d6(sind cosbi —cos’ )
2z 2r . 2
d 7= Id‘? = —RZIBX[J. sinf cos0dbi — Icosz 9d9}j =IR’B, [g + sm42«9j } . T=IRBmj=InR’B, j=IAkx B

0 0 0

and 7 = JixB.
EVALUATE: Section 27.7 of the textbook derived 7 = fix B for the case of a rectangular coil. This problem

shows that the same result also applies to a circular coil.
(a) IDENTIFY: Use Eq.(27.27) to relate U,  and B and use Eq.(27.26) to relate 7, g and B. We also know that

By =B} + B} + BZ. This gives three equations for the three components of B.

SET Up: The loop and current are shown in Figure 27.85.
y

M is into the plane of the

x paper, in the —z-direction

Figure 27.85
i =—uk =—14k
(b) EXECUTE: 7 = D(+4i —3), where D> 0.
ji=-IAk, B=Bi+B j+Bk
7=[ixB=(-IA)Bkxi+Bkxj+Bkxk)y=I4Bi-IAB j
Compare this to the expression given for 7: /4B, =4D so B, =4D/I4 and —I4B, =-3D so B, =3D/IA4
B. doesn't contribute to the torque since i is along the z-direction. But B =B, and B} + Bj +B=B;; with
B,=13D/IA. Thus B, =+[B} B~ B> =+(D/I4)\169-9-16 =+12(D/ 14)
That U =—/- B is negative determines the sign of B : U= —Ji-B= —(—IAI€)~(Bxf + By.]'+ 3212) =+IAB,
So U negative says that B, is negative, and thus B, =—12D/IA.
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27.86.

27.87.

27.88.

27.89.

EVALUATE: 4 is along the z-axis so only B, and B, contribute to the torque. B, produces a y-component of 7

and B, produces an x-component of 7. Only B, affects U, and U is negative when z and l}: are parallel.

IDENTIFY: [= % and p=IA4.
t

SET UP: The direction of g is given by the right-hand rule that is illustrated in Figure 27.32 in the textbook. / is
in the direction of flow of positive charge and opposite to the direction of flow of negative charge.
dg _Aq gqyv ev

EXECUTE: (a) [,=—= Au? _ 7
dt At 2zr 3zr

) p =1 A4="2rr ="
3zr 3
(c) Since there are two down quarks, each of half the charge of the up quark, p, =y, :%. Therefore, =%

@ b K 3(9.66x10%" A-m?)

2er  2(1.60x107 C)(1.20x 10" m)
EVALUATE: The speed calculated in part (d) is 25% of the speed of light.
IDENTIFY: Eq.(27.8) says that the magnetic field through any closed surface is zero.
SET UP: The cylindrical Gaussian surface has its top at z =L and its bottom at z = 0. The rest of the surface is
the curved portion of the cylinder and has radius » and length L. B =0 at the bottom of the surface, since z=0
there.
EXECUTE: (a) $B-dAd=[B.dd+ [ Bdd=[(BL)dA+ [ Bda=0.Thisgives 0=pLzr>+B,27rL ,and

top curved top curved

=7.55x10" m/s.

B (r) =—ﬁ7.

(b) The two diagrams in Figure 27.87 show views of the field lines from the top and side of the Gaussian surface.
EVALUATE: Only a portion of each field line is shown; the field lines are closed loops.

=

A

Figure 27.87

IDENTIFY: U=-4 -B . In part (b) apply conservation of energy.

SETUP: The kinetic energy of the rotating ring is K =1/a’.

EXECUTE: (a) AU =—(fi,- B—ji.-B)=—(ji, — ji,)- B = [—u(—lé —(~0.87 + 0.6}'))] : [Bo(lzf +3] —412)} :
AU = IAB,[(—0.8)(+12) + (0.6)(+3) + (+1)(—4)] = (12.5 A)(4.45x 107 m*)(0.0115 T)(—11.8).

AU =-7.55x1077 .

—4
(b) AK =L1e” . = /ZAK _ | 27:35x10 DZ =42.1radss.
2 I 8.50x107 kg-m

EVALUATE: The potential energy of the ring decreases and its kinetic energy increases.

IDENTIFY and SET UP:  In the magnetic field, R = m_; . Once the particle exits the field it travels in a straight line.
q

Throughout the motion the speed of the particle is constant.

—~11 5
EXECUTE: (a) R _mv _ (3.20x10 kﬁ%)(1.45>< 10° m/s) _s
qB (2.15x107 C)(0.420 T)

.14 m.
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27.90.

27.91.

0.35m
514m’
d 0.25m

60=2.78°=0.0486 rad. d =RO=(5.14m)(0.0486 rad)=0.25m. And t=—= —_—
v  1.45x10° m/s

(b) See Figure 27.89. The distance along the curve, d,is given by d = RO . sinf =

SO

=1.72x10"%s.

(¢) Ax, =dtan(6/2)=(0.25 m)tan (2.79°/2) =6.08 x 10> m.
(d) Ax=Ax, + Ax, , where Ax, is the horizontal displacement of the particle from where it exits the field region to
where it hits the wall. Ax, =(0.50 m)tan2.79° = 0.0244 m. Therefore, Ax =6.08x10~° m +0.0244 m =0.0305 m.

EVALUATE: d is much less than R, so the horizontal deflection of the particle is much smaller than the distance it
travels in the y-direction.

5.14m d

0.25m

Figure 27.89

IDENTIFY: The current direction is perpendicular to B, so F = IIB . If the liquid doesn’t flow, a force
(Ap) A from the pressure difference must oppose F.

SETUp: J =1/A, where A= hw.

EXECUTE: (a) Ap=F/A=1IB/A=JIB.

Ap  (1.00 atm)(1.013x10° Pa/atm)
B (0.0350 m)(2.20 T)
EVALUATE: A current of 1 A in a wire with diameter 1 mm corresponds to a current density of
J =1.36x10° A/m’, so the current density calculated in part (c) is a typical value for circuits.

IDENTIFY: The electric and magnetic fields exert forces on the moving charge. The work done by the electric
2

s . v . .
field equals the change in kinetic energy. At the top point, a, = n and this acceleration must correspond to the net

(b) J = =1.32x10°A/m>

force.
SET UpP: The electric field is uniform so the work it does for a displacement y in the y-direction is W = Fy = gEy.

At the top point, F, »» 1s in the —y-direction and F . 1s in the +y-direction.

EXECUTE: (a) The maximum speed occurs at the top of the cycloidal path, and hence the radius of curvature is
greatest there. Once the motion is beyond the top, the particle is being slowed by the electric field. As it returns
to y =0, the speed decreases, leading to a smaller magnetic force, until the particle stops completely. Then the

electric field again provides the acceleration in the y-direction of the particle, leading to the repeated motion.

(b) W:qu:lmv2 and v= /Zqﬂ
2 m

: 2¢E
(©) At the top, F, =g —qvB=—"""—_ M 205 __ g 20E - quBand v=2L
! R 2y m B

EVALUATE: The speed at the top depends on B because B determines the y-displacement and the work done by
the electric force depends on the y-displacement.




