LAST NAME: STUDENT NR:
PHYS 1010 6.0: CLASS TEST 4

Time: 50 minutes; Calculators & formulae provided at the end = only aid; Total = 20 points.

1) [5] A charge @ is placed at (—L,0) and a second charge 5Q is placed at (aL,0), where « is
unknown. Determine a such that when a third charge is placed at (0, 0) the force on it is zero.
Start with a figure depicting the situation and indicate the forces acting on the third charge.
Explain whether it matters whether the third charge is positive or negative.
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2) [5] A classical model for the hydrogen atom can be imagined as the (heavy) proton
being at rest, while the electron executes a circular orbit of radius R = 0.53 x 1071 m.

Find the speed of the electron from the assumption that the static Coulomb force provides

the centripetal acceleration for the electron. Compare the electron’s kinetic energy to the

electric potential energy (calculate both, and ignore gravity; the electrostatic potential energy
is Ua(r)) = Kq1q2/7).
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3) [5] Consider two parallel (infinitely) large plates separated by distance d, both charged
to the same surface density of +1 nC/mm?. The plates are oriented vertically, one is placed
at * = —d/2, the other at © = +d/2. Start with a figure and indicate the direction of the
electric field vector at the two locations: © = —d and = d. Calculate the field strength at
these locations, and also at x = 0, and x = 2d.
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4) [5] You are given three capacitors. C; = Cy = 5.0uF, and C3 = 10uF. You are connecting
C1 and Cj in series. What is the equivalent capacitance? Now you are adding to this circuit Cs
in parallel. Draw the circuit diagram and calculate the equivalent capacitance of the circuit.

Now you apply a battery voltage AV = 1.5 V. How much charge will be displaced in C5? How
much in C1? How much in C5?
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FORMULA SHEET
o(ts) = v(ty) + [iTalt) dt  s(ty) = s(t;) + [ o(t) dt
vp =0+ alt  sp =5+ uAt+ 2aAt? vf = vl + 2aAs g=9.8 m/s?
fy=t =1 Fit)y= [ft)ydt=5 +C
ft)=a f% =0 F(t)= [f(t)dt=at+C F(t) = anti-derivative = indefinite integral
area under the curve f(t) between limits t; and ty: F(ts) — F(t;)
22 + px + ¢ = 0 factored by: x5 = -5+ % —q
uniform circular m. 7(t) = R(coswt i+ sinwt j); o(t) = o s al)=%=_.
exp’ = exp; sinf = cos; cos' = —sin.  &[f(g(a))] = L (fg) = f'g+ g
mi = Fo;  Fo = 9mme; g = G]%E; Rp = 6370 km; G = 6.67 x 1071 N2 A7 — 6.0 x 10%kg

keZ )
Jfs Susny o fu=pn; o fo= ey g << e <l Fyg = —kAx = —k(z — x).
Fy~ —; linear: Fy = dv; quadratic: Fy = 0.5pAv?; A = cross sectional area
W = FAz = F(Ar)cosf. W = area under F,(z). PEy=%(Axz)?; PE, =mgAy.
Ap=J = [F{t)dt; Ap, = J, = area under F,(t) = F™At: p=mv, K = oy
APy + Apy =0 ; Ki* + Kir = Kfin - K for elastic collisions.  dgyp = mditmada

m1+m2
F=FxF; 71,=rF sin(«) for 7, Finzy plane. [=7Y, mgr?; T, = 1.; (k = rot. axis)
Krot:écﬂ; L, =lw,; %LZZTZ; E:Fxﬁ; %[j:f'
x(t) = Acos (wt + ¢); w= 2% =21f; ve(t) = ..;  Upax =
me =911 x 107'kg  m, =1.67x 107*kg e =1.60x 1077C K = ;- =9.0 x 109ch22
ﬁC = %f' FE = qE FEline = % = 212‘,,9' Eplane = % = 2‘1‘?!0 Ecap - (Eo%apos - neg)

mE 4 Ug(s) = m2v§—|-Ue1(30), (U=PEq) Us=qExforE=~-Ei Va=Us/q E,=-%
Q = CAVC farad =F = % C = % € = 8 85 x 10—12 N(]sz

parallel C,Cy: Ceq = C1 + Oy series Cf, Cs: C’;ll = C’fl + 02_1




