Physics 2402 Test #3 (8:30 Class) Fall 2004

1 Inthefigure, the directions of the axes are shown. The“Z" axisisout of the page. Intheregion“FGHI” thereisa
uniform electric field having a magnitude of 0.160 (N/C) in the positive “X” direction and an unknown magnetic field
whichisparalle tothe“Z” axis. Intheregion*IHJIK” thereisno electric field but there is an unknown magnetic field
whichisparalel tothe“Z” axis. Thismagnetic field is not the same as the other magnetic field.

A negatively charged particle has a charge of -5.00x10°° (C) and amass of 6.00x10° (kg).

Initially the particleis at “a’ moving with aspeed of 2.00 (m/s) in the posititive“Y™ direction.

The particle continues moving with this constant speed in the “+Y” direction until it reaches“b”.

At “b” it enterstheregion “IHJK” and later it emerges from thisregion at “c” moving in the

negative “Y” direction with the same constant speed of 2.00 (m/s). The distance “d” between

“b” and “c” is 16.0 (m) and the gravitational force is neglected. Y
(@ Find the magnetic field (in unit vector form) in the region “FGHI”.

(b) Find the magnetic field (in unit vector form) in the region “1HJIK”.

(c) Provethat the time it takes for the particle to move from “b” to “c” is not dependent on the

radius of its path.

Solution:
1 Fig. ashowsthe particlewhen it isin the region “FGHI”. The electrical force acting on the N -
particleis: v E,

ﬁe = qé = qu(%) z ’ I':’m

Y
Since“q” isnegative, thisforceisin the negative “ X" direction as shown. Next we determine the «—

>
direction of the magnetic field. Since the particle moves with a constant velocity its acceleration 7 ~ UxB
is zero and therefore the net force must be zero. From the diagram it should be clear that the _
magnetic force must be in the positive “X” direction. The magnetic force on the particleis: Fig.a

F.=qv' B
Since the charge is negative the magnetic force isin the direction opposite to the vector cross product of the velocity and
magnetic field. Therefore, the vector cross product must be in the negative “ X direction as shown in thefigure. By

using the RHR the magnetic field must be in the negative “Z” direction to make the vector cross product be in the
negative “X” direction. For no acceleration we have:

&F=0 p F+F =0 b qE+qj Bl-k)=0
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Ei-vBi=0 b B=—=.0800(T)
v

B = - .0800k(T)
(b) Since the velocity in region “IHJIK” is perpendicular to the magnetic field, the particle must move along a semicircular
path from “b” to “c”. The diameter of the semicircular path is 16.0 (m) and the radiusis 8.00 (m). The direction of the
magnetic force must be radial as shown in thefigure. Since the charge is negative, the direction of the magnetic forceis
opposite to the direction of the vector cross product of the velocity and the magnetic field. By applying the RHR we find
that the magnetic field must be out of the page in the positive “Z” direction to give the correct direction for the cross

product. We apply Newton's second law to the circular motion of the charge:
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(c) From part (b) the speed of the particle which we can use to find the time to go from “b” to “c”:
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The time does not depend on the radius “R”.

2 Inthefigure, “AB” isalong straight wire carrying a current “1” in the direction shown by the

arrow. At “B” the current passes through a circular wire loop of radius “R” in the direction shown A

by the arrows. Theloop’'s center isat the origin. After leaving the loop at “C”, the current moves i =

along the long straight section of wire“CD” in the direction shown. c

(a) Derive, using the Biot-Savart Law, the magnetic field (in unit vector form) at the origin B X
produced by the current in the circular wire loop.

(b) The separate straight line sections “AB” and “AC” can be considered to be asingle, long, R

straight wire section “AD” carrying acurrent “1”. Derive, using Amperes's Law, the magnetic !

field (in unit vector form) at the origin produced by the current in the wire “AD”. A

Solution:

2 (a) Thedirections of the vectorsdsand r are shown in Fig. a. The direction of the cross product of these vectorsis
found using the RHR and is into the page in the negative Z direction. The magnitude
of dsis: ds= Rdg. The magnetic field at the origin produced by the current in “BC” is:

. ml ®-kRdg _ mylk®
B_ 0 RZ - R qu
4 4R

B= 4pR[q]o 7R

The unit vector “k” and the radius “R” are constants and can be removed from the

integral. Thelimits for the integration are zero to 2p we assume that the wire loop BC _

forms a complete circle. Fig-a

(b) The magnetic field forms circles about the long wire which is shown in aside

view in Fig. bl and looking into the wire from end “A” in Fig. b2. In Fig. b2 the DY

convenient right hand rule is used to find the direction of thefield. We curl our . pathC

fingers around the wire with our thumb extended in the direction of the current. 4 ]

The field direction is shown in the figure and at the origin its direction is seen to be

the negative “Z” direction. The direction of thefield at the origin isalso shownin P

Fig. bl and isinto the page (the negative Z direction.) RN

We apply Ampere’s Law using the circular path “C” of radius“R”. Along this A z:

path the vectors ds and B are parallel. The current inside this path is“I”. Fig. bl Fig. b2
Ampere'sLaw gives:
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In the above equations, B is a constant aong the path and has been removed from the integral. The integral of “ds’ over
the circle isthe circumference (2pR) of thecircle.

3 The figure shows along straight wire that is perpendicular to the page and passes through the
origin. It hasacurrent “1” directed out of the page in the positive “Z” direction. The magnitude Y
of the magnetic field caused by this current a perpendicular distance “r” from the wireis: I
B = myl/(2pr). Thewireloop “abcd” hasacurrent “lio0," in the direction shown by the arrows.

The curved portions of the loop are quarter circles of radii “R,” and “R,". d:
(a) A small length “dL” islocated on the curved segment “bc”. Find the magnitude of the X
magnetic force “dF’ exerted on the length “dL” by the current in the long straight wire. What is ZT """" a4 b

the total magnetic force on “bc” ? long wire

(b) Find (in unit vector form) the force “dF” exerted, by the current in the long straight wire, on

the small length “dL” which ison “ab” adistance “x” from the origin. The length of “dL" can also be expressed as “dx”.
(c) Find the total magnetic force (in unit vector form) exerted on “ab”.

Solution:
3 (a) The magnetic fields of along straight wire form circles around the wire. By using the convenient RHR —
the direction of the field isfound and is shown in Fig. a. The direction of the vector length“dL” is N

determined by the direction of the current. The direction is shown in the figure. Since the angle between the
vectors“B” and “dL” is zero the magnitude of “dF” is: dF = 1(dL)Bsin0 = 0. Since“dF” is zero the tota
force on the segments “bc” and “da’ are zero.

(b) The direction of the differential length vector “dL” on the wire“ab” isthe positive “X” direction and is shown in Fig.
b. Thedirection of the magnetic field of the long wire at the location of “dF’ isfound using the convenient RHR. The
magnetic field isin the positive “Y” direction. The direction of the cross product “dL x B” isin the positive “Z”
direction. The magnitude of the differential magnetic force on “dL” which isadistance“x” from the long wireis:

. _ aml 6_ Mol ,,dx
dL)Bsin90=1,,(d +=
( ) sin Ioop( X)gZng 2pX YE

Fig.a

dF =1

loop

In unit vector form:
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Alternate solution:
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loop

(c) Thetotal magnetic field on “ab” is
obtained by integrating the result found in
part (b) fromx =R;tox = R,.
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(d) The forces on the curved sides are zero. For the wire “cd” the direction of “dL” isin the negative “Y” direction and
the vector cross product of “dL” and “B” isin the negative “Z” direction. By symmetry the magnitudes of the forces on
“ab” and “cd” are the same but the directions are opposite and therefore cancel. The total magnetic force on “abed” is
zero.



Physics 2402 Test #3 (11:30 Class) Fall 2004
1 (a) Uncharged gas molecules and charged carbon particles enter the exhaust pipe of a diesel
engineat “A”. The carbon particles have amass of 3.00x10™ (kg) and a positive charge of 4
2.50x10™ (C). The gas moleculestravel directly to “B” where they are discharged into the
atmosphere. At “D” the carbon particles enter aregion where thereis a uniform magnetic field
which is perpendicular to the page. The particles move in a quarter circle of radius 0.600 (m)

gas

(with center at “P”) from “D” to “E” in the uniform magnetic field with a constant speed of :

0.200 (m/s). Find the magnetic field in unit vector form assuming gravitational forces are X
negligible. Al z

(b) Between “E” and “C” thereis auniform magnetic field having a magnitude of 0.200 (T) fgas and
directed into the page. Thereisalso auniform electric field acting parallel to the Y axis. If the carbon

carbon particles move with the same speed of 0.200 (m/s) in astraight line from “E” to “C”, find the electric field in unit
vector form.
Solution:

1 (@) For the positively charged carbon particle to move from “D” to “E” along a path which is a quarter of acirclethe
magnetic force must act directly towards the center of the circle as shown in Fig. a. The magnetic forceis:

F.=qi' B
Thefield B is perpendicular to the page. By applying the RHR for the vector cross product we see that the correct

direction for B is out of the page to give the required direction for the magnetic force.

We apply Newton’s |1 Law to the circular motion of the carbon particle:
2 2

A F, :mVE b quBsngo="

4 -10
g="TV_ L(Z) =0.400(T)

The magnetic fieldis: B =.400k(T)

(b) Fig. b showsthe carbon particle asit moves along astraight linefrom“E” to“C”. The

magnetic field is into the page and using the RHR we can determine that the magnetic force XX

actsin the positive Y direction. The magnetic forceis: E .B.d * Vo, C
F.=oqv” B=qvBsin90j R

The electric force acting on the carbon particleis: F = qE. For the particleto movein a Fig.b

straight line with a constant vel ocity the net force acting on it must be zero:

F.+F.=0 b owBj+gE=0 b E=-vBj=-.040j(%)

2 Inthefigure, “ABCD” isawire carrying a current “1” in the direction shown by the arrows.

The sections“AB” and “CD” are very long straight wires. The section “BC” is part of acircle
of radius“R” with its center at the origin. The angle between thewire“CD” and the“ X" axis
is45.0°. Thedirection of the positive“Z” axisis out of the page.

(a) Derive, using the Biot-Savart Law, the magnetic field (in unit vector form) at the origin
produced by the current in the section “AB” of the wire.

(b) Derive, using the Biot-Savart Law, the magnetic field (in unit vector form) at the origin
produced by the current in the wire “BC”.

(c) Findthetotal magnetic field at the origin (in unit vector form) produced by the complete wire “ABCD”.
Solution:

2 The magnetic field is obtained from the Biot-Savart Law:




=7 2 —-»>
an'ol Jas’r A ds B X

4p r2 _%_. ....... , ..........

The directions of the vectorsdsand r are shown in Fig. a Since these vectors are parallel their
vector cross product is zero and the magnetic field produced by thiswire is zero.

(b) The directions of the vectorsdsand r are shownin Fig. b. The direction of the cross product
of these vectorsisfound using the RHR and isinto the page in the negative Z
direction. The magnitude of dsis: ds = Rdq. The magnetic field at the origin produced
by the current in “BC” is:

Fig.a

5 = my! i kRdq _ m)n?%

» O R aRd °.
B, IKp 1, BmMyIK
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The unit vector “k” and the radius “R” are constants and can be removed from the integral. The limits for the integration
arezero to (p + p/4).

(c) Thefield produced by the wire “CD” is zero since the angle between “ds” and the unit vector “r” is 180° and therefore
in the Biot-Savart Law the vector cross product “dsx r” iszero. Thetotal field at the originis:

5m, K
16R

B=-

3 (a) A long straight cylindrical wire of radius“a’ hasacurrent “1” distributed uniformly over its cross section. Derive,
using Amper€'s L aw, the magnitude of the magnetic field at a point inside the wire at a perpendicular distance “b” from
the axis of the wire but not too close to either end.
(b) Threelong straight wires“C”, “D” and “E” areshown in Fig. b. Thewiresare
E perpendicular to the plane of the page and have currents directed out of the pagein the “+Z”
@ direction. Wires“C” and “D” both have currents of 300 (A) whilewire“D” has a current of 100
% 0am (A). Thewiresarelocated at the corners of an equilateral triangle of side 0.400 (m).
Yi o4ms (i) Find the total magnetic field (in unit vector form) created by the currentsin wires*C” and
@.69? ....... 699"  “D” at the location of wire“E”.
"""" >'<'° Am (i) Find the magnetic force (in unit vector form) exerted on an 8.00 (m) length of wire “E” by
Fig- b the other wires.
Solution:

3 (a) We know from the symmetry that the magnetic field forms circles both inside and outside the wire. For the current

direction shown, the direction of the magnetic field is shown. For Ampere’ s Law we choose the circular path “ C” of

radius “b” which isinside the wire. Along this path both “ds’ and “B” are parallel. Since the current is distributed
uniformly across the cylinder the current density is:

L
A pa

The current “I;,” that passesinside the path “C” is: B
2 ds
o J(pbz) Ib

We apply Ampere sLaw over the path“C”: Fig.a

2
Pds=ml, b (‘chos(O)ds:m’lzb
a
C
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Bes="2" b B(opp)=" p g MID
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(b) The magnetic field of long straight wire forms circles about the wire. The convenient RHR gives the direction. The
directions of the fields caused by the wires“C” and “D” at the location of “E” are shown. The magnitudes of these fields
are the same:

s an-7
B, =B, =m! -4 10 (300) _, 5 10°4(T)
2pr 2p(4)

The angle CEF is 60° and the angle between B¢ and CE is 90°. Also the angle between By and DE is 90°. It follows that
the angle between each magnetic field and the negative X axisis 30° as shown.

The“X” and “Y” components of the total field are:

B, =- B, c0s30- B, cos30=-2.60" 10*(T)

B, =0

B, =-2.60 10°%(T)

Thewire“E” isshown in Fig. b2. The vector “L” has a magnitude of 8.00 (m) and

isdirected out of the page. The direction of the forceisfound using the RHR. The @60 _______________________ @
forceisin the negative “Y” direction. PocC Fig. bl D
The force on this length of wire has a magnitude: 2 G X
F = ILBsin90=100(8)(2.6” 10*)=0.208(N)
F =-.208j(N) ..
-B:ntal ;



Physics 2402 Test #3 (12:30Class) Fall 2004

1 A right angled triangular loop of wire“CDE” hasacurrent “1” (3.00 A) in the clockwise direction as shown. A
uniform magnetic field “B” exists only in the shaded region. The magnitude of the
field is0.200 (T) and it isin the negative “Y” direction. The figure gives the
lengths of wire that are inside and outside the magnetic field. The positive“Z” axis
isout of the page.

(a) Find the magnetic force (in unit vector form) on the side“CD” of the loop.

(b) Find the magnetic force (in unit vector form) on the side “DE” of the loop.

(c) Find the magnetic force (in unit vector form) on the side“EC” of the loop.
Solution:

find the forces on the lengths of wire that are inside the field region.

1 Theangle“q” isfound from the dimensions of the triangle: q = sin(.4/.5) = 53.1°. We only need to
3m
(a) The vector cross product required to find the direction of the force on “CD” isshownin Fig. a ; >

Applying the RHR the direction of the force isinto the page in the negative “Z” direction. The e
magnetic forceis: - X
Len X B
Fp =10y B=1ILg,Bsin90|- K)=-3(4)(2)(0Kk =- .24K(N) ‘ >
_[x—lg Fig.a

e The vector cross product is shown in Fig. b and isin the positive “Z” direction, out of the page. The
magnetic forceis:

Foe = IL° B=1LBsin53.1k = 3(.25)(.2)(.8)k = 0.120k(N)

(c) On the side EC the angle between the length and the field vectorsis 180°. The sine of thisangleis zero so the
magnetic force on thissideis zero:

"[/10 (b) Theforceon“DE” isjust the force on the length of .25 m which isin the field.
q

Fig.b

2 Inthefigure “ABCD” isawire carrying acurrent “1” in the direction shown by the arrows.
The sections“AB and CD” are very long and straight. The section “BC” isaquarter circle of
radius “R” with its center at the origin. The direction of the positive “Z” axisis out of the page.
(a) Derive, using the Biot-Savart Law, the magnetic field (in unit vector form) at the origin
produced by the current in the section “AB” of the wire.

(b) Derive, using the Biot-Savart Law, the magnetic field (in unit vector form) at the origin
produced by the current in the quarter circle.

(c) Find the field at the origin (in unit vector form) produced by the current in the wire “CD”. Y ou can use any formula
on the equation sheet (you do not have to derive your result from the Biot Savart or Ampere Laws.)

Solution:

2 (a) The magnetic field is obtained from the Biot-Savart Law: Y,

— IT I ‘dg, F a; B S

B=—C-0—— Ay S fueeenennd X
4p ~ r? %

The directions of the vectorsdsand r are shown in Fig. a. Since these vectors are parallel their
vector cross product is zero and the magnetic field produced by thiswire is zero.

(b) The directions of the vectorsdsand r are shownin Fig. b. The direction of the cross product
of these vectorsisfound using the RHR and is out of the page in the positive Z direction. The magnitude of dsis: ds=
Rdg. The magnetic field at the origin produced by the current in “BC” is:

Fig.a

= myl p/ilszq _ m)an/z
B=—-0pz - 40O
P 7R 4pR
a_n],IA b _m,llz
B=—""—-—|q(? =——
4pR[q]0 8R

Fia.b



The unit vector “k” and the radius “R” are constants and can be removed from the integral. The
limits for the integration are zero to p/2 since the wireisa quarter of acircle. o

(c) Fig. c shows avery long wire whose midpointisat “C”. Thefield of thiswire can be found most R
easily from Ampere’s Law. The magnetic field is circular about the wire. Our convenient RHR is —
used to find the direction of the field by wrapping our right hand around the wire with the thumb |
extended in the current direction. At the origin, thefield is out of the page in the positive “Z”

direction. Thefield at the origin due to the section “CD” (which is one half the length of the wire shown in the diagram)
must be half aslarge asthe field of the wire shown. Thefield of thewire“CD at the originis:

3_13%”29_ my 1k
2§2pR5  4pR

Fig.c

3 (a) A long, straight conducting cylinder of radius“a’ hasauniform current density “J’. Use Ampere' s Law to derive
the magnetic field at a point outside the cylinder a perpendicular distance “d” from its axis but not too close to either end.
(b) In the diagram the “+Z” direction is out of the page. A very long straight wireis

located along the Z axis (from minusto plusinfinity) and is carrying acurrent “1” (200 A) Y

in the positive “Z” direction. A positive charge“q” (6.00x10* C) ison the“X” axisa

distance “d” (0.050 m) from the origin moving at that instant in the “XY” plane with a : wire

velocity “v” having a magnitude “v” (30.0 m/s). Thisvelocity vector isin the XY plane. 200 A - d

The angle between the velocity vector and the negative “X” direction is 60.0°. Find, at this Qe
instant, the magnetic force (in unit vector form) exerted on the charge by the current in the 2 ok

wire. A numerical value for the magnitude of the forceisrequired in this part of the

problem.

Solution:

3 (a) The magnetic field forms circles about the long wire which is shown looking into the wire from one end in the figure
Part a. The convenient right hand rule is used to find the direction of the field. We curl our fingers around the wire with
our thumb extended in the direction of the current. The field direction is shown in the figure.

We apply Ampere’s Law using the circular path “C” of radius “d”. Along this path the Y -
vectorsds and B are parallel. The current inside this pathis“li,”. The current inside thispath  ,p Q B
isthe current in the cylinder which is found using the uniform current density: I;, = Jp&’. R R

Ampere’sLaw gives: d ‘ﬁ ..... X
Pds=ml, P (Pcos0ds=my,,
C C

2
Bils=ml, P B(2pd)=mdpa® b B=m’2‘:ja
C

In the above equations, B is a constant along the path and has been removed from the integral. The integral of “ds’ over
the circle isthe circumference (2pd) of the circle.

(b) The figure shows an end view of the wire with the Z axis coming out of the page. By applying the convenient RHR by
extending our thumb in the direction of the current and wrapping our fingers around the wire we see that the magnetic
field at the location of the chargeisin the positive“Y” direction.

From Ampere’ s Law the magnitude of this magnetic field is: Y,
_ i
T wire @
2nd R SO
The magnitude of the force acting on the charge caused by thisfield is: z q
. m,lqvsin(q + Parth "V
F = quBsin(q +90)= 1o 3 (a+90)

2pR
F =7.20"10"°(N)



The direction of thisforceis obtained by determining the direction of the vector cross product of the velocity and the
magnetic field. The RHR is used to find the direction of the vector cross product. Applying thisrule we see that the
direction isinto the page in the negative “ Z” direction.

F =-7.20" 10°k(N)

Thisforce can aso be obtained by writing the velocity and magnetic field vectors using unit vectors.
B=Bj
v =-vcos(q +90)i - vsin(g +90)j

F=qu' B= qu(— cos(g +90)i - sin(g +90)j)’ Bj = qvBsin(g +90)(— 12)
F =-7.20" 10 °k(N)



