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Figure 1

1) (20 pts.) In figure 1, charge “A” is -5.0 uC, charge “B” is +3.0 uC and charge “C” is +6.0
Find the force (magnitude and direction) on charge “C”. 5 2% £ 2 (9)22 pr
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2) (30 pts.) In figure 2, chaﬁe is -5.0 uC, charge “B” is +3.0 uC and charge “C” is +6.0 uC.
e

Find the electric field c potential (assume V isgero at infinity),at the test point.
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3) (20 pts.) Along wire (a .- s infinite) has a charge per unit length of A. Show how a Guassian
surface can be used to find the electric field a distance r from the wire. Show how you would
find the potential difference between points Pand Q. If A = +6.0 uC/m and Pisat 0.1 m and Q is

at 0.3 m then what is the potential difference between them? g@
b P DLfa )/ PIlegs——— S

w
aﬂa"
! D A |
(a) Shod How 4 ChSm Sukrrt G G SE 7D FAD
fgﬂmﬁf% A ﬂKWW/V) ﬁaz—\ THE. COIRE.

tw ; £= 5%%
U —H’IH"’ff‘Eﬂ A‘I{PCAA %)4’&
CO&M»\ A= W-}fio—%a T R

1" pme = d 746l

S—————— |




H#2 b Q%Z = Batib +Pc,where By o glochic Feld af~ ‘
P:be&o)\f ® 0‘3 Z/M #J«dﬁ'/’bfw_ﬁ W(‘?i 66.6:4»‘666’2;‘

#MVV‘”’J”G’ 40 £E{7 kg/ 7 »é A
A T ey

[(ﬁ Xt N p™ em 2.7

ﬂm’” +7
w7 = ﬂewﬁ»e, ' Wl(w/vmg;x
(C) l}ﬁﬁ ' V\e 2z = /é%'/ WC V W//:(D/;&’ec’{""’%\ a,h/zAj;é
Jffwﬂ“’/ cz..jc L= b ﬁg,érCoru’é»?‘; /‘r:,{a,;aﬂ
o) duetoen, & (ne Sy~ O, %Mc ard = ALY ¢oﬁzw¢

whigt Vi -0
" g & Jof kc«vﬁﬁéf[-é-f % Ved Lo oM
K- V= fZ B, dhe b nemged 655 g of B i o i berof et
= o Ghtueel) of P77 Adegels” 50 Yz Afg’? X L &

%( é);g‘ I i < N8I va, o L o< )
(o e N ey
ﬂ"? | Supppse. £ - .«E 7 éf-wcm ,e‘&:

ck
W#‘} Iw 7’7(4% ";‘:;DA:} 4‘2{4‘0«4‘:}&

MP’?&M DF THE SupFACE, CE £ fg€j o >/
e CTRE € Tl X d.# p@h‘wzﬁbﬁ, 74)4(1 -] A ere @,_

E "'ﬁzr;i Kd/}@ﬁ fai ,é-xf’ W’—AJ Z 27,_,_‘ r'e ¥a

& -
r(b) Sty Mo Loaly Yoiw £AUB W@MW DL TE Befaricm) Powars

> & Supyvse JU = AUy _ pwdas 74 ommmmapowﬂ £ i
A-‘a X f/#oki U TR ., é’ = F&:;?O: wM AV = C("J‘él Al v/ 'A’ v
'7‘ UDL—faé‘%’ Az = m"{ ’M’ ’M‘ P clee e FEAD ) D = U(,,‘Z,
LEr 4‘/‘ " A Se;—dr—w/-“fd‘x’d 0 s e S0, A
Fx f B0 g 2 meme, by gAY = TN TS L
P AuD R RRE AT YHE. P o s 'D' :&’ e ar 0. 3A #a, JStg
(&)z’fﬁ 4'60/4(’,//-4 P 4 /5/14/{/0/"« ad

v POTRATIAC DV/W /fawm i @ TRE Jor BN TIAL PrsracEn £ 1S .
A5 Gl \ 02\. 20 (4{/ ) (/) .
A(jé,;g/m/o‘ﬂi&f(/ﬁp g ( g "Ly T Ak

i I (747
- " 6?/(0 Yy — s Hk wl\m e (/‘OI{LZ e W
L(;r*évﬂd/u /Oﬂ—“ﬁ) //:‘G o/(’(ﬁ'/aixa(/




AZI: A, - ARE# OF A
- =
A4 Ay = Aken oF T SEPE $F seidy
A

.Z ,/f,:ic,fﬂ.ﬁc FEALD
GUECTRIC FEAL AAAS
Y
E ’/}zk CTRLe FI#ED

= £ X
Figure £2 a / E 566 ¢ ZM%

4) (10 pts.) A charge d'sits at the back corner of a block (as shown). What is the flux of E through

e blue region? PonE 5 /
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Figure 5

5) (20 pts.) Two parallel plates at 100 volts have a hollow metal box (as shown) in between the
plates set at 0 volts. Describe using words or equations the electric field and the electric
potential in regions A, B, C and D which are along the x-axis the assumed far from the edges of
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Physlcs 236 Test Two
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Figure 1

1) (20 pts.) Two plates 1 m? each have a 1 mm gap between them. What is the capacitance?
The capacitor is fully charge to 50 V then remove from the power supply, a dielectric with k =
2.5 is placed between the plates. What is the new voltage across the capacitor with the
dielectric, remember charge q is still the same, but electric field will change?
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Figure 2
2) (20 pts.) An RC circuit has a 5.5 kQ resistor and a 8.0 F capacitor in series, how long will it

take for the fully discharged capacitor to be charged to 95% once the switch is closed?
How long would it if a second 8.0 pF capacitor is added in series?

(6) 21068 LONG woie TT IRKE FOLTHE QU ¥ PIECHpRLLD PTo<epiR
16 BE CApLEd T VSTC ONAETHE SUTTTH £5 Closn?
Siopsse 7 KC, wew 7wy K= 55 bn pid C =Kot Fzy
A (EeLES. LETIRE =%, “H&h 2= Za«’ffm C = Crriczmr.,
AD F = %%QW caﬂ(%/f’&ﬁ?’“%——,cc, (e %ﬁ}
( foo Xo f) 0. 0‘/‘_/}" éi df//{ % :_)—'LC’E

r-r
4l 7=o0. 2
Sa / f:ﬁ&) e ER R SR i
4 = RC o " T Omtraarn (66 4 OF 8
3) (10 pts) A particle with a charge of +9.0 uC is going from left to right at 5. 5x10° m/s.
_T-here is a 2 Tﬁgd going into the paper. Usmg F = quBsin@ find the magnitude and
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4) (10 pts.) If the charge in problem 3 has a mass of 3.0x107 kg, what is the radius of curvature
he particle’s motion?
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5) (10 pts.) Magnetic torque is:

T = BIAsinf

A loop of wire has a radius of 3cm and is §0 degrees to a 2 T field with 1.5 A current. What is the
torque (state units)? g, W J(ta
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6) (20 pts.) Find the current through each of the thfee resistors.
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7) (10 pts.) Aluminum has a resistivity of 2.8 x 10°¢ ohm-meter. How would you shape 0.001 m?

of Aluminum so it would have 1 ohm of resistance? (more than one correct answer)
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1) (30 pts.) A 3.00 T magnetic field is going into the page while a metal bar of mass 0.03 kg is
being pulled at 9.00 m/s in the direction shown. Resistor R1 is 10 ochms, what direction and
miagnitude of the current flowing through the resistor?

At time = 0 s, the bar is no longing being pulled and is sliding without friction at 9 m/s. Find 2n

equation for velocity versus time then find the velocity after 1 second of sliding.
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3) {30 pis.) Magnetic tape is running at 2 m/s past closed loops of total area 0.001 m2
The magnetic field on the tape changes:
8§ = 003Tx* , where X is distance in meters

Find the EMF in the lcop as 8@ function of time.
Assume the loops are thin, so flux is uniform for the whole area and B = O att=0, what

is the voltage after 0.5 s?

@) Frap THEe EMF FV THE toop NS A Fud/Crzply OF TFnE
£en i

A
StppIE £ =~ {—é{—( A Cos a)/ wHERE (BA (156 L
e EQurisEd OF THE TUACYETTe Ty THepnbr ' phFe=l=s 4
£ [20P E/CLoSznNe Aw AREA-(A) AND SPECaFain/lec FN ! R 1 %
£ JNTFIRm pItbnErte FLieen (B) LITH Mubie (O) Berzzedf £
mpENETEE oD THE WA (oor, LETE = ~dB
ol o 2= 6{6@45&:9)
& WHere B 4, #uoLk & BEEEy 4c - AE "
B pad rme pokmpe L0OF Lt e D Eto DEL,

i FARAOLY ¢ (A OF TwDULCTZDN. = S =L

s THe WASVETIC ThP & RicotoTne. LET B= 0.037x* wiexy |
 xHrcranze 2t merrS. (L XX

A : (jx =RX =2U. LET p—

7—(2"’2 ’f’ %357"-7-'—7?47'%05 42: o A s

= — = m— . O P— —— 4
= W




I SEConp. LET 7= o 55/ ASSranIn/6 THE LOOPS HTRE A
Op THR I LS nEmepe FOR THE WL e A Awp B =0 A7

WED So, c (£) =2 ¢xw ! S (a00t) Volis Dat 1=,
(o) = 2 yx’éaqufm (z-o®) = D UoLT = O, Ad=b= SO,
akt t=0.55 £(05)= 2 ¢x(o #QS;N(;'L(JQ (,5—)) Volts a

o = ’
5O Fos)= 2.9 xi L/STA/ (ztw(o.r)),/g___’_”fo?‘ Y it
olts
sw(’)'f{';<;2; WX&D_O(Z?‘{X/OEZ)‘@I:‘S 47 x10 --éy




4) (20 pts.) Find the current as a function of time for an RL circuit starting with, £ =
—L %, ¢ = IR and Kirchhoff's rules. Assume that | = 0 at t = 0 and explain each step.
Find the power dissipated by the resistor then find total energy dissipated after time t.
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Name: Jerico Matias Cruz September 29, 2021
PHY S 236 —Fall 2021 Prof. Schmitz

The purpose of this exerciseisto review the rules of vector addition and explore the force between point
charges.

1) Download this Word Document to your computer. Rename thisfileto
Y ou will edit this document. Feel free to add lines and adjust the spacing as needed. Add your name to the top
of this page. (DONE)

2) Consider asystem of three, point charges as follows
q, = +1.5 uC located at [U cm, 0 (‘1]])

g, = +0.2 uC located at (3 cm. 1 cm)

g, = —0.2 pC located at (—1 cm, 3 cm)

Y ~ % ,

On a separate sheet of paper, find the x and y components of the net force on charge ;. Y ou should sketch the
system and indicate the direction of the force from g. on g, and the force from g; on g.. (DONE)

M athematical Proofing of Newton's Second Law & Newton's Third Law: Net Force & Electrostatic Force

(1)Newton's Second L aw

Suppose Newton's Second Law = Force = mass X acceleration = m x a= m x (dv/dt), given v = velocity, t =
time. If (dv/dt) = 0, then F = m x 0 = 0, when derivative of velocity is zero. Let F, = m; x & = my X (dv4/dty); F.=
My X &= M, X (dv2/dty).

SO, > Fnet: F1 + F2: [m1 X (dVlldtl)] + [mzx (dV2 /dtZ)]

Therefore, £ Fiu=F. + F»

(2) Finding Net Force Using Newton's Second L aw

Suppose £ Fren = F2 + F3. Given ¢, = +1.5 micro C located at (O cm, 0 cm); g.= +0.2 micro C located at (3cm, 1
cm); and gz =-0.2 micro C located at (4 cm, 3cm). Let £ Frer = (Qz— 1) + (02— Qu).

So, F2= (0= 1) ; Fs= (02— q1).
Therefore, X Frer = F2 + Fa.
(3) Finding Net For ce/Electrostatic Force Using Newton's Third Law

(a) Suppose F1=- F,.Let Fi=Fx=Fa =KX [(qu X 02) / 7], where F is electrostatic force, k = Coulomb's
constant or electrostatic constant, g, g.= charges, and r distance of separation between charges 1 and 2. Given

1



0= +1.5micro C located at (O cm, 0 cm); g.= +0.2 micro C located at (3 cm, 1 cm); and gz=-0.2 micro C
located at (4 cm, 3 cm).

LetFi= Fa=Fa==kx[(02x gs) / 19, given F is electrostatic force, k = Coulomb's constant or electrostatic
constant, whichiisto 9 x 109 N.m2.C-2, g, gs = charges, and r = distance of separation between charges 2 and 3.

So, Fi=k x [(g2 X 03) / r?], given risthe slope of (0z, Gs) = [(Cazy — Cy) / (Csx — C1x )], OF tan ¢, or tan 6.
Therefore, Fi=k x [(02 X gs) / 1], as slope of r = [(3cm — 1cm) / (4cm —3cm)] = 2; ¢ = 45°; 6 = 45°.
For 13::

Let tand = o / a, using trigonometric equation. Given that ¢ = 45°; q,=+1.5 micro C located at (0 cm, 0 cm); q,=
+0.2 micro C located at (3 cm, 1 cm); and q;=-0.2 micro C located at (4 cm, 3 cm); and o = opposite of a
triangle and a = is adjacent of a triangle.

In this case, q;isaright triangle or Pythagorean triangle in which it has the properties of the following: ¢ = 45°,
o=4cm,and a=3 cm.

Let a=gsx = a, b =qix =0, and ¢ =rz =h, where h is the hypothenuse of atriangle, gsx = distance of the adjacent
of the Pythagorean triangle, g:x = distance of the opposite of the Pythagorean triangle, and rz = the distance of
the hypothenuse of the Pythagorean triangle.

SO, &+ b2=c2==>c2 =&+ b
Therefore, I31= Q3X2+ OuX 2= \/32 +42=5¢cm
For r2::

Let tan 6 = 0 / a, using trigonometric equation. Given that 6 =45°; q;=+1.5 micro C located at (0 cm, 0 cm); q»
=+0.2 micro C located at (3 cm, 1 cm); and g, = +0.2 micro C located at (3 cm, 1 cm) ; and o = opposite of a
triangle and a = is adjacent of a triangle.

So,tan® =o/a==>a=o0/tan 0, where 0o =3 cm and 6 = 45°.

Therefore, a=3/tan (45)=3 cm.

q3
(b) Suppose Vi— Vg =- [ E x ds= E x ds = - k (¢/r?) dr, where V,, is the voltage or charge of point g, Vs is
the voltage or charge of point gz, E isthe electric field, k Coulomb's constant or electrostatic constant, which is
to 9 x 109 N.m2.C-2, ds = derivative of a sphere, r = distance of separation between charges 2 and 3. Given g, =
+1.5 micro C located at (0 cm, 0 cm); g.= +0.2 micro C located at (3 cm, 1 cm); and gz = -0.2 micro C located at
(4 cm, 3cm).

Another way to calculate r;and 13 if and only if voltages for g.and gs are present.

q3r31 q3r31
Let Vgini— Ve =-kx Q- qum (dr/r2) =K g/r s =k X g [ (Ugsra) — (1/Qar21)]. Giventhan Vg =0 at Qprar =

0.
S0, Va1 = K X (Qz /ra)) ==>r1 = (k X Q3)/ Vi,

Therefore, r3; = (K X gs)/ Vi1,



S0, Vo1 =K X (G /1) ==> 1 = (K X 02)/ Va1, Where Vi = 0 @ gl = -0.

Therefore, r= (k X @)/ Vi,

(c) Suppose Fi=-F; Let Fi=Fx=Fx =k x [(q: X 2) / r¥], where F is electrostatic force, k = Coulomb's
constant or electrostatic constant, g:, g.= charges, and r distance of separation between charges 1 and 2. Given
0= +1.5 micro C located at (O cm, 0 cm); .= +0.2 micro C located at (3 cm, 1 cm); and gs=-0.2 micro C
located at (4 cm, 3 cm).

For F,..

LetFi= Fa=Fa=kx[(02X gs) / 19, given F is electrostatic force, k = Coulomb's constant or electrostatic
constant, which isto 9 x 109 N.m2.C-2, .. ¢, = charges, and r = distance of separation between charges 2 and 1.

S0, Frez = F21= K X [(02 X Q1) / r%1], wherek = 9 x 109 N.m2.C2; g.=+0.2 micro C; g; =+1.5microC;r,; =3
cm.

Therefore, Fau= (9 x 109 N.m2.C2) x [((+0.2 X 10%) X (+1.5x 10%)) / 3] = 0.0003 N
For Fs..

LetFi=Fa=Fa=kx[(gzs X qu) / 4, given F is electrostatic force, k = Coulomb's constant or electrostatic
constant, which isto 9 x 109 N.m2.C-2, g;. ¢ = charges, and r = distance of separation between charges 3 and 1.

So, Fi=Fai=k X [(0z X qu) / %3], wherek = 9x 109 N.m2.C2; ¢z=-0.2microC; ¢y =+1.5microC;r; =5
cm.

Therefore, Fz=(9x 109 N.m2.C-2) x [((-0.2 x 10%) x (+1.5x 10%)) / 32] =-0.000108 N
(d) Using Trigonometric Functions: Sin and Cos

For F21:

F21x=(0.0003 N)cos 45.0° = 0.000212 N
F21,=(0.0003 N)sin 45.0° = 0.000212 N

For Fs;:

Fan= (-0.000108 N)cos 45.0° = -0.000076368 N
Fay = (-0.000108 N)sin 45.0° = - 0.000076368 N

Therefore, Freux = Faix + Faix = 0.000212 N + (-0.000076368 N) = 0.000288368

Therefore, Freay = Fary + Fa1y=0.000212 N + (- 0.000076368 N) = 0.000288368



Thered lineis the direction of the force from g, on g, and the force from g; on Q.

As part of your solution, you should write equations with variables as well as numerical values for each of the
following quantities
'fl‘ == T ==

0 = @ = B

‘F'ZI T - FSI 2 - .

F)I ¥ - le y =

rn=3cm ra=5cm

0 =45° $ = 45° Freix = 0.000288368
Fo:1 = 0.0003 N Fa: =-0.000108 N Freay = 0.000288368
Fowe = 0.000212 N Fay = -0.000076368 N

Faiy = 0.000212 N Fay = -0.000076368 N

Scan or take a picture of your solution and paste it into this Word document here.

4) Open the website: https://www.geogebra.org/m/eFE9ngHV. This app lets you adjust the charges and
positions of three point charges and automatically generates the forces on each of the three charges. Make the
charges and positions match those above and compare the answer given by the app to your answer above. Take
a screen shot of your GeoGebra app and paste it into this document here.5) Consider a system of three charges
on the x axis as follows

q, = +0.2 pC located at (0 cm, 0 cm)
q, = +0.8 puC located at (6 cm, 0 c:m)

q, = +0.1 uC at an unknown location
Y our job isto find the location or locations on the x axis for charge gs such that the total force on gs is zero.
Answer parts a, b, and ¢ qualitatively before employing GeoGebra. (DONE)
a. Do you expect to find alocation to the left of both charges (x < 0 cm), where thetotal forceon gz is
zero? Why or why not?
Yes, | expect to find alocation to the left of both charges (x < 0 cm) where the total force on gsis zero
because at +0.1 micro C, the total force of gzis going to Southwest or toward the third Cartesian plane.


https://www.geogebra.org/m/eFE9ngHV

b. Do you expect to find alocation in between the two charges (0 cm < x < 6 cm), where the total force on
Os iszero? If so, should it be closer to g, or closer to @.? Why?
Yes, | expect to find alocation in between the two charges (0 cm < x < 6 cm) where the total forceon s
is zero because at +0.1 micro C, thetotal force of gsis either closer to g, or g, or much closer to g, than
1 asthe total force of s gets closer to zero.

c. Do you expect to find alocation to the right of both charges (x > 6 cm), where the total forceon g is
zero? Why or why not?
No, | do not expect to find alocation to the right of both charges (x > 6 cm) where the total force on gzis
zero because at +0.1 micro C, the total force of gs is going to Northwest or toward the second Cartesian
plane.

d. Adjust the charges on the GeoGebra website app to match this configuration. Move charge g around to

look for positions where the net force on it is zero. Take a screen shot of al such locations and paste
them in here. Do they match your expectations above?

I. Qgsisequal to+0.1 microC

y [om]
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i Fy=(-0.04i4001j) N+ (-0.14i-0117}) N=(-017i-017) N
q3=0.14C

X [em]
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li. gsisequal to0.0 microC

¥ [em]

5 —
q,=02uC . » . L i . =/
@ Ii| = {U.]tir'.—lmﬁ_jj_.‘l +(0i —.{I_;'}.l\ = (018 —{AHiij} N

9, =080C Fo=(—-018740467) N+ (0i—07) N=(—018i+046j) N
B Fo=(0i—-0))N+{0i—0j)N=(0i—0j) N
ql=0uC

&= %

X [cm]

=4 =3 =2 =1 a 1 2 3 4 3 ] T L]

Fs. -1

i K

=3

Yes, both graphs match my expectationson partsa, b and c.

6) Repeat step 5 (all of parts a-d) with this new configuration of charges
q, = +0.2 pC located at (O cm, 0 c:m)

q, = — 1.8 pC located at (6 cm, 0 (:m)

g, = +0.1 pC at an unknown location

Your job isto find the location or locations on the x axis for charge gs such that the total force on gz is zero.

Answer parts a, b, and c qualitatively before employing GeoGebra. (DONE)

a. Do you expect to find alocation to the left of both charges (x < 0 cm), where the total force on gs is

zero? Why or why not?
Yes, | do not expect to find alocation to the left of both charges (x < 0 cm) where the total force on gsis
zero because at +0.1 micro C, the total force of gsis going to Northwest or toward the first and second
Cartesian plane.

b. Do you expect to find alocation in between the two charges (0 cm < x < 6 cm), where the total force on
Os is zero? If so, should it be closer to g, or closer to ,? Why?
Yes, | expect to find alocation in between the two charges (0 cm < x < 6 cm) where the total forceon g
Is zero because at +0.1 micro C, the total force of gsis closer to g, than g, as the total force of gsgets
closer to zero.

c. Do you expect to find alocation to the right of both charges (x > 6 cm), where the total force on gz is
zero? Why or why not?
Yes, | do expect to find alocation to the right of both charges (x > 6 cm) where the total force on gsis
zero because at +0.1 micro C, the total force of gs is going to Northwest or toward the first and/or second
Cartesian plane.



d. Adjust the charges on the GeoGebra website app to match this configuration. Move charge gs around to
look for positions where the net force on it is zero. Take a screen shot of al such locations and paste
them in here. Do they match your expectations above?

I. Qgsisequal to+0.1 microC

y fem] P
q,=024C 5 . ) X h X N N =/
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gy = 0.1 uC
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|
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Y es, both graphs match my expectation on partsa, b and c.

7) Save this document as a PDF file and post it. (DONE)
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Series and Parallel Circuits Lab

Part 1. Series Circuit with One-1.5 Volt AA Battery




Part II. Series Circuit with Two-1.5 Volt AA Batteries

Part II1. Parallel Circuit with One-1.5 Volt AA Battery

2






Part IV. Parallel Circuit with Two-1.5 Volt AA Batteries




Part V. Instructions & Questions

1.

Home:

Arrange bulbs in Series and Parallel Circuits, including pictures of each set-up.

Please review Parts I, II, III, and IV about the arrangement of bulbs in Series and Parallel
Circuits, including pictures of each set up.

In which set-up are the bulbs brighter?

Parallel circuit's bulbs are brighter than Series circuit's bulbs.

Try for both Series and Parallel, if one bulb is removed will the other go out?

For both Series and Parallel circuits, if one bulb is removed, the other bulb will never go out.
Extra Credit: If you have two batteries, can the batteries be arranged in Series and Parallel.
Batteries can be arranged in Series and Parallel circuits.

Which is brighter? Explain why this is.

Parallel circuit's batteries are brighter for both one and two bulbs, while Series circuit's batteries

for both one and two bulbs are not brighter as Parallel circuit's batteries. Therefore, Parallel
circuit batteries are considered isolated systems with their own charges.

Reference

electronicals. c2016-2021. Skokie (IL): American Science & Surplus; [accessed 2021 Oct 25].
https://www.sciplus.com/Communications-Electronics-h



Name: Jerico Matias Cruz October 30, 2021
PHYS 236 — Fall 2021 Prof. Schmitz

Charges and Fields

I. Electric Field due to a Point Charge

Concept: the electric field due to a point charge is given by

- K =
E==1
T

An electric field can be visualized on paper by drawing lines of force, which give an
indication of both the size and the strength of the field. Lines of force are also called
field lines. Field lines start on positive charges and end on negative charges

‘ 22

i))

|

(@) (b)

field lines

/%

The eleclric field rom an The eleclric field from an
isolated positive charge isolated negative charge



Procedure
Go to the web site

https://phet.colorado.edu/en/simulation/charges-and-fields

Once you are at the site “charges and fields” Click “play”.

The simulation contain the following items

A positive charge particle of 1 nC = 10° C

A negative charge particle of 1 nC = 10° C

A sensor that shows the value of the Electric Field at any point in space in V/m
A distance measuring tape in cm.

A grid that shows the direction of the electric field.

oI T B

I. Measurement of magnitude and direction of the Electric field due to
a point charge

The electric field for a point charge is given by

— Kqg
E=— il s (P

Where the constant k is given by K = 8.99 x 10° Nm*/C?

For the simulation q = 10” C. The magnitude of the electric field is going to be measured at
different directions and different distance r from the point charge. Note that the sensor in the
simulation gives the value of E in Volt/meter (V/m). It can be shown that 1 V/m=1 N/C.

Notice the scale of 1 m in the grid in the lower left corner.
Let's denote the value for E obtained by the equation E = Kq/r? u, as E; actually is an

experimental value because you need to measure r. Denote the value obtained by the
sensor as E2. Then calculate the % difference using the formula below

Note:

Percent difference is practically the same as percent error, only instead of one
“true” value and one “experimental” value, you compare two experimental
values. The formula is:

% Difference = M 100 ________ (*%)
—(E, + E,)
5 2



Procedure
1. Measure the Electric Field of the point charge in a direction of 0°

Move the positive point charge to the center of the plane. Assume this position as
the origin.

Click in the boxes in the upper right side to activate the electric field direction,
voltage, values, grid.

Use the sensor (yellow circle) to measure the Electric field at different points along
the x axis. The sensor gives the value of the electric filed in V/m

Complete the table below

Table 1: Electric Field of the Point Charge in a Direction of 0°.

X (m) E2 using the |E4| % error from
Distance from sensor V/m from equation (*) | equation (**)
the positive test in N/m

charge

0.5 34.2 35.96 5.01

1 0.31 8.99 -3.49

1.5 4.35 3.99 -8.63

2.0 2.60 2.247 -4.72

2.5 1.92 1.438 -28.5

3.0 1.55 0.998 +43.3

3.5 1.34 0.734 -58.4

4.0 1.77 0.562 103

2. Measure the Electric Field of the point charge in a direction of 90° with respect
to +x direction

Table 2: Electric Field of the Point Charge in a Direction of 90°.

Y (m) E2 using the |Eq] % error from
Measured sensor (V/m) from equation (*) | equation (**)
vertically from in N/m

the positive

charge

0.5 33.6 35.96 +6.78

1 8.82 8.99 +1.9




1.5 3.95 3.99 +1.00
2.0 2.19 2.247 +12.4

3. Measure the Electric Field of the point charge in a direction of 45° with respect to +

x direction.
Use the measuring tape to verify the value of r. At 45°, follow the diagonal of

the square grid

Table 3: Electric Field of the Point Charge in a Direction of 45° with Respect to + X

Direction.

r (m) E2 using the |E] % error from
sensor V/m from equation |equation (**)

(*) in N/m

0.705 17.9 18.08 +1.00

1.41 4.39 4.58 +4.23

2.12 .11 .00 -5.35

2.82 1.48 1.13 -26.8

4. Measure the Electric Field of the point charge in a direction of 45° with the
negative x direction.
Use the measuring tape to verify the value of r. At 45°, follow the diagonal of

the square grid.

Table 4: Electric Field of the Point Charge in a Direction of 45° with the - X

Direction.

r (m) E: using the |E4 % error from
sensor V/m from equation |equation (*¥)

(*) in N/m

0.705 14.0 18.08 +25.4

1.41 4.77 .58 -4.06

2.12 .34 2.00 -15.7

2.82 1.48 1.13 -26.8




Analysis
Do Excel plots

Plot E:2 vs distance x. You have to make two plots, one for the results of part
1 and one for part 2. The plots must be a scatter plot. Do not joint the points
with a curve. Below is an example of the Excel plot

Figure 1. Part 1 Data: E, from the Sensor (N/m) vs. X (m).

Part 1 Data: E2 From The Sensor (N/m) vs. X (m).
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Figure 2. Part 2 Data: E, from the Sensor (N/m) vs. Y (m).
Part 2: E2 From the Sensor (N/m) vs. Y (m).
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Questions

1. Do you obtain the same values for the electric field at directions of 0° and 90°
for the same distance?

Yes, I obtained the same numerical values for Parts 1 and 2 E, data at directions of 0° and
90° for the same distance in this experimental condition or set-up because the calculation
indicated that I used the same numerical values for distance (r), Coulomb constant (k),
and charge of the point of origin, positively charge particle to calculate E; using the
formula above highlighted in yellow. On the other hand, for Parts 1 and 2 E, data in this
experimental condition or set-up, I used the Sensor on the website to identify or find the
numerical value of E, without performing calculation or utilizing the formula above
highlighted in yellow. I did not obtain the same numerical values for E,, but there is
a small variation with numerical values for Parts 1 and 2 E, data at directions of 0°
and 90° for the same distance. See Figure 1 and Figure 2 to visualize the numerical
values for Parts 1 and 2 E,; data at directions of 0° and 90° for the same distance.

2. Do you obtain the same value of the electric field for symmetric points at a
direction of 45° with positive x and at a direction of 45° with negative x?

Yes, I obtained the numerical values for E, for symmetric points at a direction of 45°
with positive x and at a direction of 45° with negative x using the formula highlighted in
yellow to calculate E;, including the same numerical values for distance (r), Coulomb
constant (k), and charge of the point of origin, positively charge particle. On the other
hand, for Parts 3 and 4 E, data in this experimental condition or set-up, I used the Sensor
on the website to identify or find the numerical value of E, without performing
calculation or utilizing the formula above highlighted in yellow. I did not obtain the same
numerical value for E,, but there is a small variation with numerical values for Parts 3
and 4 E, data or symmetric points at a direction of 45° with positive x and at a direction
of 45° with negative x.



3. Verify that the magnitude of the electric field must be the same at points at the
same distance from the charge. From your data from part 1 and 2 complete the
table below

Table 5. Data from Part 1 and Part 2 to Complete the Table

X (m) E2 using the Y (m) E2 using the % error
sensor (V/m) sensor (V/m) |difference
from part 1 From part 2 using E2 for

the X and E2
for the Y
direction
from equation
(%)

0.5 34.2 0.5 33.6 -1.76

1 0.31 1 8.82 -5.405

1.5 4.35 1.5 3.95 -9.397

2.0 .60 2.0 .19 -17.11

4. Write a conclusion.
E, -E;
9% Difference = u « 100
-{.E + E }
") &

i

To find the percent error difference between E, for X (m) and E, for Y(m), use the
formula above. As stated above from previous answer on Question No. 1, I did not obtain
the same numerical values for E, for X(m) and E, for Y(m), but there is a small variation
with numerical values for Parts 1 and 2 E, data at directions of 0° and 90° for the same
distance as stated on the result from the calculation of the percent error difference
between E, for X (m) and E, for Y(m). See Figure 1 and Figure 2 to visualize the
numerical values and percent error different between E, for X (m) and E, for Y(m) for
Parts 1 and 2 E, data at directions of 0° and 90° for the same distance. Therefore, the
percent error difference between E, for X (m) and E, for Y(m) might have occurred when
plotting the Sensor into the grid for a specific distance for E, for X (m) and E, for Y(m).



II.  Electric Field due to two point charges.
To find the electric filed of two point charges at a given point in space, apply the principle

of superposition.

Eipta1= E1+ Eg; - (***)

At a given distance t; E total is given by

- _ Kq1 Kq2
Etota!‘ r2 ﬂ\r"' 2 ﬁ; —_'(***)

In the simulation the numerical values of qi equal q2 are equal, and keep in mind that q2
is negative

Procedure:

Locate both charges positive and negative separated a distance of 4 m. Assume the origin is

Calculate the coulomb force for a distance of 4 m

|Fcoulomb| = Kq:fz = N

| Fcoulomb | = (8.99 x 10° Nm¥/C?)(1.00 x 10° C)(1.00 x 10 C)/ 4*=0.562 N

Find the total electric field of the two point charges along the axis that connects the
charges. Remember the origin is located at the positive charge, and positive x is the
direction to the right of the positive charge. Denote q1, r1 for the positive charge and q2 and
r2 for the negative charge

Complete the table:



Table 6. Calculation of Total Electric Field of the Two Point Charges along the X-Axis

that Connects the Charges.

ri (m) E1 IN/C) Direction | .r2 (m) E2 (N/C) Direction | E total
From of E1 From of E2 from
equation +X or -X equation +X or -X | equation
(*) (*) %k
(N/C)
Direction
+X or -X
1 5.99 H+X 1 8.99 X 17.98
2 0.247 +X 2 2.247 X 4.49
3 0.998 +X 3 0.998 X 1.996
5 0.359 H+X 5 0.359 X 0.718
6 0.249 H+X 6 0.249 X 1498
7 0.183 H+X 7 0.183 X .366
-1 8.99 - X -1 8.99 H+X 17.98
2 0.247 - X -2 0.247 +X 4.94




Complete the table using the sensor

Table 7. Total Electric Field of the Two Point Charges along the Axis that Connects the
Charges Using the Sensor Empirical Data and Table 6 Calculated Data.

-r1 (m) Etotal using the Etotal from the % error
sensor in V/m previous table difference from
Direction +X or |[(N/C) equation (¥*)
-X

1 9.19 17.98 +64.7

2 .45 14.49 +58.8

3 1.31 1.996 +41.5

5 0.80 0.718 -10.8

6 1.02 1498 -68.8

7 0.76 .366 -69.9

-1 8.62 17.98 +70.4

=2 .50 4.94 +65.6

% Difference = 5|EL;E| <100 (%)

'Z'{El * E:]'

Questions:

1. The % error difference increase, decrease or is random as function
of distance r.

I calculated the percent difference using the E. from the previous table (N/C) and Etotal
using the Sensor in V/m, Direction +X or -X. The percent error difference decreases as
the distance, .r1 (m), of Sensor moves from positive quadrant (x-axis) of the Cartesian
plane, and then increases as distance, .r1 (m), of Sensor moves to negative quadrant (x-
axis) of the Cartesian plane.

2. Show that 1 V/m is equal to 1 N/C. Use the concept that 1 V =1 Joule/C

Suppose W =F x ds = qE x ds, where W = Work, F = Force, ds = infinitesimal
displacement vector, q = point of charge, and E = electric field.

10



Let W = - change in Ug, U = electric potential energy for the charge of the field system
and given that this is a closed and isolated system.

Z
Let change in Ug=-q | E x ds, where points A to Z change in electric potential energy of
A
the system.

However, neither force qE nor the line integral of the system does not depend on points A
to Z.

So, Ug = 0, given that the position of q in the field system is relative to the configuration
of the system, meaning the q can be positively or negatively charge, and not equal to
Zero.

Therefore, V = Ug/q, where V = electric potential of the field system.
Z
Therefore, potential difference or change in V = V,— V= change in Ug/q=- qJ E x ds,
A

where V,— Vz= potential difference from points A to Z in the electric field when the q
moves between the points of the field system.

Therefore, W = q x change in V, if and only if work is performed by external factor
without performing kinetic energy, but moves q through the electric field, while keeping
the velocity constant in the field system.

Therefore, electric potential is a measure of potential energy per unit charge; both electric
potential and potential difference's standard unitis 1 V=11J/C, where V = volt, and J/C
= Joules per Coulomb.

Therefore, potential difference also has units of electric field, which multiplies to
distance with standard unit of N/C, where N/C = Newton/Coulomb.

Therefore, by definition, electric field is a measure of the rate of change of the electric
potential with respect to position.

Therefore, electric field can be expressed to 1 N/C =1 V/m, where V/m = volts per
meter.

. Conclusions.

Using the concept of electric at a point charge, E = kq/r?, where E = electric field, k =
Coulomb's constant, q = point of charge, and r = a distance of a point charge or a
separation distance between two points of charges. In this experiment, the origin of the
point of charge was always the positive charge, whether the electric field's empirical data

11



or numerical values, were calculated, or collected using the Sensor, as stated from the
charges and fields' website: https://phet.colorado.edu/en/simulation/charges-and-fields.
Therefore, the electric field's standard unit from the calculation using the E = kq/r?, which
used N/C, was similar to the electric field from the Sensor, which used V/m.

Reference

Phet Interactive Simulations: charges and fields. c2021. Boulder (CO): University of Colorado
Boulder; [accessed 2021 Oct 30]. https://phet.colorado.edu/sims/html/charges-and-
fields/latest/charges-and-fields_en.html
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