LAST NAME: STUDENT NR:
PHYS 1010 6.0: CLASS TEST 6

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

1) [5] You have a laser which produces linearly polarized light of intensity I, in the vertical
direction. It is physically tied down, you cannot rotate it. You have three ideal polarizers,
meaning polarized light aligned with the polarizer axis goes through without attenuation. You
know the law of Malus I(¢) = Iycos?¢. What is your best option to produce horizontally
polarized light, and how much intensity will you get? Assume that you will use your polarizers
with equal relative orientation of adjacent polarizers. Which relative orientation will you use
for the polarizers?
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2) [5] A piano tuner adjusts the tension force on the A440 Hz string from 2080 N to 2100 N
in order to tune it properly. He measures the vibrating portion of the string to be 64 cm long.
What is the mass of this section of the string? What fundamental frequency was the string

playing before it was tuned right?
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3) [5] A sodium lamp emits light of wavelength 589 nm. Two glass plates of thickness 0.5 cm
each are placed on top of each other over the lamp, and a gap forms which is typically in the

‘um range. Explain using two sentences why interference fringes appear, and support them
by a drawing explaining a dark fringe. Provide a calculation, i.e., make an estimate of what the
local gap could be at the dark spot and state the order m for the interference. Assume normal

incidence for the light. Do not forget about the phase jump under reflection when reflecting
from an interface connecting lower—n to higher—n medium.
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4) [5] An ambulance siren is blasting a sound with a fundamental of f = 1.2 kHz while parked
at the front of your apartment building. You hear it from far away while driving on a straight
road towards the house. You get nervous and step on the gas. What pitch (frequency) are
your ears perceiving as the speedometer needle reaches 80 km/h? When you get out of the
(stopped) car, what frequency do your ears record?
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FORMULA SHEET
o(ts) = v(t) + [{Talt) dt  s(ty) = s(t;) + [T o(t) dt
vp =1+ aAt  sp = s+ v AL+ 2aAt? vf =0l + 2aAs g=9.8m/s?
fy=t =1 F@t)= [ft)dt=C +C
ft)=a L =0 F(t)= [f(t)dt=at+C F(t) = anti-derivative = indefinite integral
area under the curve f(t) between limits t; and to: F(t2) — F(t;)



22 + pz + q = 0 factored by: T1g = _Bj: \/E

uniform circular m. 7(t) = R(coswt i+ sinwt j); o(t) = & at)=%= .

exp’ = exp; sin’ = cos; cos' = —sin.  L[f(g(x))] = L% (f9) = fg+ fg
mi = Fooy; Fg=8mme. g — GMe. po— 6370 km; G = 6.67 x 1071122 A7 = 6.0 x 10%kg

r2 RZ kg2
s <psny o fo=mn; fr=wns o e << e < s Fy = —kAr = —k(z — x0).
Fy ~ —; linear: Fy = dv; quadratic: Fy = 0.5pAv?; A = cross sectional area
W = FAxz = F(Ar)cosf. W = area under F,(z). PEy=%(Axz)?; PE, = mgAy.
Ap=J = [F(t)dt; Ap, = J, = area under F,(t) = F*8At; p=mi; K="2
APy + Apy = 0 ; Ki* + Ki* = K" - K for elastic collisions.  dgyy = mditmad

m1+m2

F=FxF: 71,=rFsin(a)for 7, F in zy plane. [ =, ma?; Ia, =1, (k = rot. axis)

=

rot:éu}Q; LZ:[LUZ; %LZZTZ; E:’FX@
x(t) = Acos (wt + ¢); w= 2% =2nf; v(t)=..; Umax =

me=9.11x1073kg  m, = 1.67 x 107kg e =1.60 x 1071°C K = ;1 =9.0 x 10°%°
ﬁC = %f‘ ﬁE = qE Eline = %D\‘ = 2K]Q)| Eplane = Inl = ] Ecap = (Q pos — neg)

Lr 2€0 2Aeq €A’
10 4 Ua(s) = a(s0), (U=PEy) Ug=qExfor E=—-Ei Vy=Uy/q E,=-%
Q=CAVy farad=F=< CO=91 =88 x1012C

dz
d Nz
parallel Cy,Co: Coq = C1 4+ Cy  series Cp, Cy: Ot = C11 4+ Gy
AViop = S5 AV, =0 YLy = Ly
P=AVI watt=W=VA Pp=AVyl =I’R
T=RC Q)= Qe " I(t)= -9 = Albct/r

R
B= o q%T = Zﬁ% Byire = 521 (use RH rule) £ =102 tesla=T = -
short coil, R >> L (N turns): Beoil centre = “0211\%” solenoid, L >> R: Bl inside = OTNI
mag dipole: fi = (AI, from south to north) Bdlp = “—gz— on axis, far away

F’;nq = qU X B force on current | to B: Fyiwe = ILB

force betw. parallel wires: Foyires = % torque on mag dipole: /i in B: 7= T B

bar (length L) moves w. 7 L B gen. EMF: ¢ = vLB ;
m=A-B ®,=ABcost &=|%u|=|F 24 1. 4

L:% hemry:H:T/r;1 ECOHZL’a AVL:—L% PELzélz

series L and R: 7= £ I(t) = Iy(1 — e ¥/7); parallel L and C: w = /7% [(t) = wQsinwt

R ’ LC
Af =vy sinusoid +ve z—dir'n: D(z,t) = Asin (2n(§ — %) + ¢o) = Asin (kz — wt + ¢y)

transverse wave on a string: vy, = ,/% where T is tension, p = M/L

w = vy k Usound = 343m/s in air at T = 20°C  in water: vsouna = 1480m/s

light in vac.: vy, = ¢ =3.00 x 10®m/s  visible: A = 400nm (blue/UV); A = 700nm (red/IR)
medium: Nglass = 1.5; Nyater = 1.333; speed: ¢/n; wavelength: Ay,./n; acc. phase: ¢ = %
sre speed vge: fy = kvfﬁ; f-= H%fﬁ obs speed vVops: fy = f0(1+vojg) f-=fo(l %bq)
sin (o & ) = sinacos 3 £ cosasin S sina +sin f = 2cos 5= B s1nM

transverse standing wave, string length L: \, = % n =1, 2, vo fnfrom A\, f, = ¢y



