Week 1 Tutorial -Electric Forces - Demonstration Solution

A group of particles are arranged on a square of total side length 32 cm as illustrated
below. Particles A-E all carry a positive charge of 15 pC. Particle P at the center has
a charge of 75 uC. Find the force on particle P.

Side /engf/? L =32cm= 0-32 m A °
For 4—6‘f =15 uC = 1.5 x 107°C N
Forﬁ-’fp=:;5uc=5§7 £

P c
Si/‘dfegy-‘ Calcelate the individeea/ ?; ?,}
forces u«Using Coutlomdb's lac and add
them as veclors. Becawse B and & g ¢

exert e?aa/ and opposite forces on P,
2hey cancel & can be nej/ediec/ .

Consider A, C, D gualitatively #irst. Becawse C and D are
Aof/} closer o P than A is ) each of their forces will be
larger Zhan A's. The forces on P from C and D are egual and
perpendicilar, so they will sum o a vector Loward A. /40’0//173
Zhem as Che /335 of a r/:9/75 ir/ang/e eonl/ give an even /arger
Magn/‘fao/e, which rest exceed A ‘5 force, while 2he Force
from A Is acoay from it. The total Force will be wUp and Zo
Che left. Now For the Formal math:

Start with A. The distance rup is Aa/f the tota/ a’/djona/
which e?aa/s N2L. So ryp =N2l/2 = L/\2, and 2he force
From A has magmtide

Fa=fk 9 s9/(LND" = £ 55°/(L7/2°) = k. 109"/ L7
That's the magnitude. Note that I used o4 = sg.

Because Fgc =g and rep = L/,?, the force Fron C is Co Che left
and has magmtide

Fo = Kego/res = K59’ /(L) 2 = £,55° /(L)) = £,209°/ L
The Force From D has the same Mdgn/‘z‘é(a’e butd is pointed
Upeoard: F, = éezof’/ /?



We noew have all Zhe Majn/faa’es , So can Z e Just add Zhem

Up SinCe we knoeo the total points wp and Co Che [efZ? Noll
That oct/d gve a number, but a simple Swum doesn ¢ Zake into
account that some Forces are acii/ng oppoél‘z‘e Zo each other.

Must break wup F,y into components! ‘
Draco Fy aga/n of F 2o the side For clarty,
2hen drop perpendicular lines o Che %
axes Co #ind Lhe components. ILdenti Yy
the Sides of NB/?K ir/‘anj/eé and wse Z‘r{g-’
cos = acg’/'aCenZ‘/ Aypotentse = Fa./ Fu
S0 = opposite/ Aypotlenuse = F@/ Fu
In 2his case, O = 45° = 1/4, and cos® = sind= 1/N2 (but only
for ¢hs ang/e_ D), so the magmtides of’ Che components are’

IFal= Fieosd = £ 10?2/ L7 # /N2
IFal= Fasind = £ 10?2/1.2 * /2

%oa)e\/e/‘ ) Zh e 1(734{/‘& Shoes that f,@ > 0 and F,(;y < 0, So we ‘//
Ahave Co ac‘/jaéf Zheir 5/:9/75 éy Aand.

é\ “'U

The total fForce 1s Found A}/ ao/a’/‘ng Components. Note that
Fc"y = Fo. = 0 while Fo, KO and Fp, 20, a// Ay inspection.

F. = Fa + Fe.
=K 109° /LT N2 - 2097/ L7 = k. 5° /L7 * §20 - 10/V25
F, = Fa + Fo

= 4. 109"/ L7H N2 + K200/ L= k. §° /L7 * §20 — 10/V25
The components of the total force are of e_?aa/ Magn/‘iac/e s
and chec,é/‘ng Zherr 5{9/75 Shoews it points as we ﬂgarec/ out.

Neumerical value? Do Zhe /eaa’/‘ng coefficient £irst:
£ ?Q/LQ =09 x 10" Ns?/C? (1.5 x 1075CY/(0.32.m) =
~(9x2/0D x 107° N = 200 x 107 N = 20 N
Cale says 19.§ N. Multiple Ay £20 - 10/V28 ~ = 13 Zo 3ef Zhe
Magn/iao/eé of each componert. Calc sass 12.9, so
F,=12.9 (9.8 M) ~ 1 20N) = 260 N = F, Cale sass 256 N
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