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Please read the following directions carefully.

e This document is provided to you both as a docx and a pdf file through UBYS and
Canvas LMS systems.

e This document must be returned with solutions pasted under every question. You
can solve the question on a paper, take a picture of it and paste that picture under
the relevant question on the docx file. Then submit your document to UBYS and
Canvas LMS systems as a single docx or a pdf document.

e The other alternative way is to print out the entire document, write out your solutions
under every question. Scan or take a picture of every page with solutions, make a
single word file out of it and submit the entire document to both UBYS and Canvas
LMS systems.

e Submissions through email will not be accepted.

e Submissions containing many different picture files or zipped files will not be
accepted.

e You must show all your work to get credit; you will not be given any points unless
you show the details of your work (this applies even if your final answer is correct).

e Write neatly and clearly; unreadable answers will not be given any credit.

Make sure that you include units in your results. Incomplete calculations will not be
graded.

e There are 20 questions. Every question is worth 5 points.

Do not forget to put your name, instructor's name, id number and your signature. 1

Constants

e=1.602 x 10" C (charge one orp")
1leV=1.602 x 10 7]

m.=9.11 x 1 kg

m, = 1.67 x 107" kg

k = 1/(4ne,) = 8.99 x 10° N m*/C?
€, =8.85 x1072 F/m (or C*/N m?)
o =4m x107 T m/A

1T=10"G

g=938 m/s”
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QUESTIONS

1. A non-uniform positive line charge of length 2 m is put along the x-axis as shown in
the figure, where x,=1.5 m. The linear charge density is given by A(x)=4x? C/m?. Find
the magnitude of the total electric field, E, created by the line charge at the origin
using integration.

(Take k=9x10°N m? /C?)

¥
A=4x"
——
';Y_A v 5 x
Xo L

E = Lk L = L/(‘S)(H)g)(‘l,) = ?Lx}OS %

N
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2. ldentical 45 pC charges are fixed on an x-axis at x = ¥4 m. A particle of charge

g =-16 pC is then released from rest at a point on the positive part of the y-axis. Due
to the symmetry of the situation, the particle moves along the y-axis and has kinetic
energy 2 J as it passes through the point x =0, y=3 m. What is the kinetic energy of
the particle as it passes through the origin?

(Take k=9x10°N m? /C?)

Q = 45 pie
ﬂ 2 C]::-IGHC
r*:q ~ ™ KA:LJ
e am > _ KBT7

——Lv = \‘ " 7} X ) ¢

Energy is conserved > Ea = Ep
Ka +Ua = Kg-+Ug

M=qV, \/.‘:Sk%

uA:q(kQ+ KQ_>'

= (—=16x (0" L(ﬁXlOS ‘/5X'0 -4 Ox10 )M‘)]
-] -

~nJ

=~2592.T = —2603J

-t e -6 . -
Upg = (=1ex10 (’) [(3((03) ‘beleO + (3,((93)__33_XLJ
4 -

I

= -324J

2 = 2.60 = Kg — 3,24 > Kg=264T

N
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3. In figure, all four particles are fixed in the
Xy-plane, and q; = -q , 4, =q; =+4q, q, =+5q, ¥

version 2 published on 7th April 2020

where q is 1.6x10" C, 6, = 40°, d, =5 cm .
and d2 =d3 = 3 cm. What is the magnitude of !
the net electrostatic force on particle 4 due to "
the other three particles. (Take T2
k=9x10° Nm?/C?) 4
8- X
Hli\yﬂf d‘ﬂ L}
£ /'l"ji
4
1
24 Q=9 1 q=tbxi0 e
92=93 =49
Ad]— A -
G Ty Qa=>9
34 Lj
> )9’ & = q"
el ol (e
> @ Iy = B0
, og ™ P e 55
N aly = g =4cm
.. hes -, =t
A -~
Fip = k 301 5
g
% M. sy ; AL A
Fy = k LNE) (o T+sin0])
&l 2,
1
9
= _ (§.99x10°) 5 (1ext6")"
& 99 = ) 0051 (cosl-[o 'S +Sm%0\_] )
= — (3537 -2965)x19° N
Y o ) ,
Fay = K(49)(59) (cost-30)T + sm(-39)7)
ah” .
= —(5.99.10%) 20 LL6xt0®)" o _suxigig
0.02% J
‘A - L’A
qu = -k“"q“_”‘ﬁ, ( cosg0 T +s1n189) ) = ~Suxlo T A
cf_gL
f:: = -[(035+5 )T + (0.30 +5ut) I I x (o

= - (54eT+541F) x 19 N

ty = J—(_quva.aa"‘“')z‘ PR 2o R 15 P\ e

W
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4. Two parallel-plate capacitors (with air between
the plates) are connected to a battery as shown
in the Figure. Capacitor 1 has a plate area of
1.4 cm? and an electric field (between its _1__ i e
plates) of magnitude 2x10® V /m. Capacitor 2 Lo T
has a plate area of 0.5 cm? and an electric field
of magnitude 1.2x10° V /m. What is the total
charge on the two capacitors?

(Take g, =8.85x10" F.m™)

+ Q2=
) 2 vL i C,;\ Q) 2= |
et Ji Ry )
Y ‘ O\I? ) o
A1 = 1Y le Aq = D5 cmL
Eq = 2xI10° Y/m By = 1,2 x10° Ym
'Ql = \/’(
= Ba B ) VY
Q ( 2 2 ) \L
B4
&:(Eo—’ﬂ—/ )(E1?/1)
)
Q= oAt Qo= £ AL B

QU+® = €o (A{E{+A2E)
N , oy 3,
= (8.85x10%) ( (4.4 x10 1) (2x10%)+ (o5x19 ") (1.2x0°))

]

3,01x10 "¢ Z 3.0 pe

N
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5. Three equal charges Q, , Q,, and Q, are placed along a straight line as shown in
figure below. L=2.8 m, Q, = Q, = Q; and the net force acting on charge Q; is 1.55 N .

What is the magnitude of the electric field at point P?
(Take k=9x10° Nm?/C? )

L/2
e
Q W | ™
. . ——e >
5 | P
I L ! L
Lfy L =2.8m , F3=155N
— 2 3
Q QL' £ ‘_EL Wy T3
9 tes e q N P & 9 23
S .
= L
=y PR
Fi = k& U
J rl J
i
- -
Ay = k3L 4 ek L
(ll)z— 4 L‘L
A
L

qL
£ —y 155 = (9xI0) = | )

<

q=329 xI1G° C

n._) A
Bl = & _i“_ i
“~2.
- .
Ey=k 9 /l\:, E_]‘_:kq . :;g,:-- k_(j_?-f
‘*BL/i)L () ()
= - : -3
SLh]
E = (9x0) (32.8x157) y = 16.8x19° N/n
3 Q.8

iZMIR
KATIP CELEBI
UNIVERSITESI

6



izmin
KATIP CELEBI
UNIVERSITES]

version 2 published on 7th April 2020

6. Positive charge Q=5 nC is placed on a conducting spherical shell with inner radius
R,=20 cm and outer radius R,=30 cm . A particle with charge q=4 nC is placed at the

center of the cavity. What is the magnitude of the electric field at a point in the cavity,
a distance r=12 cm from the center?

(Take Coulomb's constant k=9x10° N m? /C?)

Q =5 nC
Ry =20cm, Rz=30cm
CI = Lf ne

E(r=i2em)="

§€<~f/—\ — SYenc

Sgt?,(i; = j E oA cos) = EJCJA =& qmr®

-3
o E4ynr=-1- 5 =k = € 8.99x10°) M
i"* (0, 12)%

|
E:.Z.JXIO %

N
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7. The figure shows three concentric spherical

conducting shells of radii a, 3a and 4a
respectively. The shells are very thin. r shows the
radial distance from the common center. The
shell 1, 2 and 3 are initially charged as 3q, — q
and - 2q respectively. What is the electric
potential difference between any two points on
the surfaces of the shell 2 and 3, that is
AV =V, -V, ? Your answer should be in units
of kg/a .

E ~~
Girdny =5 Erl=k Lh+9) 7

re
= -3
A\/:——fEdé
R A 7 A ¢ =dr
V’L—'\/j :-kor’.de : r.di =
- Fe
: §
- aAr
= -—-k(q’]'ﬁ'ql\)} rl
3
k_‘_\/\rz/
.__L/
=
3

= k(91+9,) ]’.r"i_ - -%

| k9
e T e el | et BT
K (39+(9)) Ia AIQ] 6 o

N

= 0.4% T
o

N
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8. A capacitor with capacitance C, is
connected to a battery of voltage
V, and charged. Then it is
disconnected from the battery and
a dielectric is inserted filling the
half of the space as shown in the
figure. If the dielectric has k =2.5
what would be the potential
difference between the plates in
units of V, ?

version 2 published on 7th April 2020

o —L 2 Ve @ Al a
7| s 7
. //
l K=2.5 l )
o 2A ) S e,
Co= —"7""_
7
Qo = CoVo // vV
=
Ci=KEA _ Kb , CrL=A-0C
ol 2 d >
= y = Lo (K+1)
C(‘cl~ Cy+Ca ;3
\/ ;_ . Q‘ - C{O Y—D - 2_\/0 — L \/‘:
T c \Cok 1) KA+ 2.5k |
2
V - OS#' \/c

N
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9. In the Figure, three thin plastic rods form

quarter-circles with a common center of y (cm)
curvature at the origin. The uniform charges 4.0
ontherodsare Q, = +28nC, Q,=+4.00,, N
and Q,=- 6.00Q,.What is the net electric 05
potential at the origin due to the rods? Qo 2.0
(Take k=9x10°N m? /C?). : 1.0
0 x (cm)
1
y (cm)
qboq\ Q3
- Ad
dq =4 f V(r=o0)=7
2.0
@l 1.0 AY
/ o |
b4 (Cm]
dV3=k 99 - K _ARdE
2 ;
T/7. % a.
iV = K)«J‘df:} = kAl , A=-22
' M Rz
E . 2
o VL
o |

R3
= VY3 = k(3 Qe Ry
"4 Vi 2 V2 ( Rs , 3

V = (8.93)“09)(____6»_ +. 4 _i__j_')_(zs;(m*s)

o.04 o.0L ©.9]

V = 33§x 101V

W
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10. A point charge of +5.0 uC is located at x = -3.0 cm, and a second point charge of
-8.0 uC is located at x = +4.0 cm. Where should a third charge of +6.0 uC be placed

so that the electric field at x = 0 is zero?

Qo = —< MC
<k
A B "D B 5 Q= t+oMC
< = I S—
— :,Fg;'fzx
23am X (,((fﬂ.
oL =y '—s — o
E(p) = 5+t Tk b
A i -~
A m+ kdem 4 B Bp o
i iz (1"
- 8 ioﬁ’( SMO:,{_ gxg - exi0 "\ ¢ -
0.03 Q.O\_]')‘ ,(7-

X =0,0238m = 2.38 M

W
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11. An electron has an initial velocity of 2x10° m/s in the +x direction. It enters a uniform
electric field E = 410 N/C which is in the +y direction. By how much, and in what
direction, is the electron deflected after traveling 9 cm in the +x direction in the field?
(Take elementary charge 1.6x10"° C and take mass of electron 9.1x1073' kg)

(s =g 5
.) , " q = —€ y iz 1.6Xi0 ¢
= o

— 2x10°T m/s

CO
.%
E =407 N
X

r—‘}Eo\ - = 9am
- e Iﬂ‘g ="7
N

s S g Y

X
X = ch(~ t— Aﬁ = 'Lq(zj '[T s _L@;’t z
il : i
.09 :(l)&lo )'t_ /
t=45x10°s
e = ma
(-] E = ma - = 15

Ay =0 — L ({ 9E \¢*
J 2 )

m

| _ 512
2y = — L (Loxi59) ) ) (45x10°)
2 Iixig3

Aj == 00730m = - %30¢m

N
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12. Three identical capacitors are connected so that their maximum equivalent
capacitance is 15 pF. There are three other ways to combine all three capacitors in a
circuit. What is the total of the equivalent capacitances for each arrangement?

I{i thef  capacifance is fo be

moximum,
Connected TN Porquz.(,

1 Mﬂ must be

CG(I = 3(1——'- 4‘3

4 _ Connected -the -three capacitors in  series !
b @ edl. <5 Cey 211,6"7- tLF,
qu 5

2 - Connecied 4wo in paralle]

, with the fhird in series with
+hat combmation !

OEc])-huomparollel =2 ( El= iOHF
Qﬂd

;g oA : ,
'Vch“'lo +—$i_ = Gy =BT

3_ Conneet -wo m Series , usith the third in paralel et
“that combimation

1 2

= C(—‘q,f._u_-,m sones = 2.5 /"LF

C(i:i,lru:oir\Serlﬂ

ond

Ceq=25+5 :1;:L~5_HF |

Answer

fl

1.6+ +333+9.50 = 425 p.r_-

W
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13. An electron has an initial velocity of 2x10° m/s in the +x direction. It enters a uniform
electric field E = 425 N/C which is in the +y direction. What is the ratio of the
y-component of the velocity of the electron to the x-component of the velocity after
traveling 7 cm in the +x direction in the field?

(Take elementary charge 1.6x10° C, take mass of electron 9.1x10%" kg).

9
T—g. 9
B q= "¢ , e =1-bxlO
SR - b R
Qo = 2% 0°7 m/s.
) P = o AN N
-2 e E = 4257 /0.
> 4 R =Fem 5 2 7
¥e o S \Iﬁk% X9
e T S R TS
X
_ &
= .t Yy = Voy—at o= —
0.0F = (2xio°).t ~
i vy =0~ (AE)¢
£ = 35xI10° S m ‘
Wy = - Uxi9) 425 (359"
\9«1Xl0“5‘
Q = -2eixio®mik
U\Lj 3 ——Lbl)&/jﬂb B 134
Ux 2 x 0

N
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14. A non-uniform positive line charge of length L=2 m is put along the x-axis as shown
in the figure, where x,=0.5 m. The linear charge density is given by A(x)=3x® C/m*.
Find the magnitude of the total electric potential, V, created by the line charge at the
origin by solving the relevant integral.

(Take Coulomb's constant k=9x10° Nm?/C?).

¥
A=3x>
——
%(—A v J x
}'Ca L

L.=2mm
Xo = O.5M

Alx) = 3x3 C
V="

V = 140x (0" V

N
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15. Consider a closed triangular box with height h=10 cm, width w=30 cm and angle
6=50° is rest within a horizontal electric field of magnitude E=7x10* N/C as shown in
figure. Calculate the electric flux through the inclined surface (A).

w "|
__-.__ S

— o
_?J-‘_._j-"‘ —_—— T+ E

3]

te4

e A

_J‘ EdA cost

= E A s A—W,l'\
CosT

= EWh AD

= (Fx101) 0.3 0.4 = 2100 Nmz
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16. Consider a solid nonconducting sphere with a uniform
charge density of p and a charge of -q, inside a

conducting spherical shell which has a charge of -q. “
See the figure below. Suppose that R,=5 cm,

R,=15 cm and R;=30 cm. Furthermore, suppose that 'A
g=3 nC. Find the charge density on the outer surface

of the shell. (Take Coulomb's constant k=8.99x10° N
m? /C? and 1 = 3.14). Your result must be in NnC/m2,
Include 1 digit after the decimal point and maximum
of 5% of error is accepted in your answer.

Touter surf. =

k = 8.99x10°7 le/cl y TMaE3ly
Ri=5em , Rz=iscm, Ry=30cm
o =3nC

RL<F<R5 - C]{'nc:@

=9 + Qinner =0

Surface
Rinner [= CI
surf,
Vrotal = Qmer ~+ Qouter
Surf. surf.

- = + ¢ e 3 -

r=8 = =29, . —2(3x07)
A 41 R3 4.(3.1¢ ) (0.3)*

= - 531 nC/mz

N
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17. Consider a solid nonconducting sphere with a
uniform charge density of p and a charge of -q,
inside a conducting spherical shell which has a
charge of -q. See the figure below. Suppose that
R,=10 cm, R,=15 cm and R;=25 cm. Furthermore,
suppose that q=3 nC. Using Gauss' Law find the
magnitude of the electric field in the region with
radius r=4 cm.

(Take Coulomb's constant k=9x10° N m? /C? )

-9 , 5 = 2nC

Qene = p(r) = p(Ri)

version 2 published on 7th April 2020

'vZ

. ﬂt’nc = . “
Zﬁl/fﬂ %Rﬁ
Yene = T
CI lg'.'%
EumpX=LqT?
B

E=kqr_(319°)3xi3°)e.0y)
R3 (0.4)3

— 4.08 xI0° N/,

N
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18. A 10.0 yF capacitor, a 40.0 uF capacitor, and a 100.0 yF capacitor are connected in
series. A 12 V battery is connected across this combination. What is the potential
difference across the 100.0 pyF capacitor?

version 2 published on 7th April 2020

.y
S| !
—_— 10 40 uF 100
-T
Q Q Q
1 1] 11
1
—1L  tomF yopF o0 MF
12N T
Q
11 4 -4 44+ L
I2v__1 Cfe? Ceq i 40 100
’ Qec]: F.41 }/LF

Q= Ve =(iz)#F41) =383 pMC

= Q - 889 HC _ pgg9 V
% 100 MF .

W
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19. The electric potential at points in an xy plane is given by V = 4x? - 2y®. What is the
magnitude of the electric field at point (1m, 2m)?

version 2 published on 7th April 2020

Ix o E=—8xT ooy f
By = - N = by 'E)(i,l) =-8 ‘f—)_LIJ\

E1,2) = Je8)* +zii1']

N
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20. Two tiny spheres of mass 5 mg carry charges of
equal magnitude, 70 nC, but opposite sign. They are
tied to the same ceiling hook by light strings of length
550 mm. When a horizontal uniform electric field E
that is directed to the left is turned on, the spheres
hang at rest with the angle 6 between the strings
equal to 30° as seen in the figure below. What is the
magnitude E of the field?

m =5 nyg
9 = 4onC
L = 550mm
O = 30
E=]
. 2.
fe = qt , Fe = k 1
(Lsin 45e)1
I@ =0 3__ Fx =0
7(05{S°:mg Fe = Tsinds® + T
T=_M3 CiE = m_hSé'n'l'So,-‘_ k qL g
Cos45° cosis” (2.Lsin45°)
2L sinN15°
(5xi3°)(3.31) o | g
E= 22X JER) 40,457 4 (9x10°) (Foxigd)
( Fox 1072 (2. 0.55 sni5?) "

C = -‘7.‘ , i O
E 96 xiQ N/C.

N
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