PHYSICS 2C QUIZ 4 WINTER QUARTER 2018
PROF. HIRSCH

Formulas:

T,=273.16K =0.01°C ; water freezes/boils at T =0°C =32°F /T =100°C =212°F
lcal =4.1868J ; N,=602x10"

Thermal expansion: AL=LaAT ; AV =VPAT ; [=3a

Heat capacity and specific heat: Q = CAT ; Q=cmAT

Heat of vaporization, fusion: Q=L,m ; Q=L.m

v,
First law of thermodynamics: AE, =Q-W; dE, =dQ-dW ; W= f pdV work

V.

i

T, -T
Conduction: P, , = 2 =kA-2 L ; R=— kR=thermal conductivity, resistance

t L
Radiation: P, = 0eAT* ; 0=5.67x10"W /m’K* =1 for black body

Ideal gas: PV =nRT = NkT =nN kT ; R=8.31J/molK ; k=1.38x10"J/K

Nm 1 3

Pressure: P = —— (V* Kinetic enerey: K = —m(V* =—kT
3V ( )avg gy avg B ( )avg 9

3
Internal energy: E. = NK C, = =R for monoatomic gas; C, =C, + R
2

avg )
C,,C, = molar heat capacity at constant volume, pressure

C, = gR for polyatomic gases with f degrees of freedom per molecule

Adiabatic expansion of ideal gas: PV’ =const , TV'™ = const =C,/C
p g y=0CplLy
m —sz
Distribution of molecular speeds: P(v) = 4w(———)"?v?e™™ /)
2xkT

Velocity distribution: F(v,,v,,v.)=f(v.))f(v)f(v.), f(v.)= (%)”2 e/ CKT)
JU

Mean free path: A =1/(~/2d*N / V), d=diameter : v, = )ave

;
Entropy: dS =dQ /T in areversible process. S is a function of state. AS = f do|/T

AS =0 for a closed system. = if reversible process, > if irreversible process
Ideal gas: S(T,V)=nRInV +nC, InT + const

Wl 1Q, | T,
Heat engine: € = —— ; Carnot engine: € =1- 10,1 =1--£

0, | o T,
1O, | T,

; Carnot refrigerator K. =
TH - TL

Statistical view of entropy: S =kInW; W =N!/(n,! n,! ...); N!=N(InN)-N

Refrigerator coefficient of performance K =
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Fluids: p=m/V, p=F/A, latm=1.01x10’Pa = 760torr

Fh'ud at rest: p2 + pgy2 = pl + pgyl 5 gauge pressure:p_patmospheric
Pascal's principle: Ap=F /A =F, /A,
Archimedes principle: buoyant force F, =m Muid8

Continuity equation: volume flow rate = R, = Av = a constant
|
Bernoulli equation: p + 5 pv2 + 0gy = a constant
Oscillations: simple harmonic motion: x(¢) = x, cos(wt+@); w=2xf =2x/T

spring: F = —kx, w=vk/m ,energy: E=U +K =%kxi; U =%kx2, K =%mv2

torsion pendulum: T =-k6, w=~K /I ; simple pendulum: w=./g/ L

physical pendulum: w=y/mgh /I ; I =1, +mh* = fr2dm

Damped shm: F, =-bv, x(t) = xme_bmm cos(w't+¢), w'= \/a)2 —(b/2m)’
Forced oscillations: F, = fcos(w,f), x(f) = x,, cos(w,f + ¢) ; resonance: @, = @

x, = (fIm)/w? -0®)+ b0} Im* , tang = (b/ m)w, | (02 - )

Waves:
yix,t)=y, sintkx-—wt), o=2xf=2x/T; k=2m/A;, v=w/lk=Af=A/T

string: v=/7/u; power: P, = %uvwzyi

interference: y'(x,t)=[2y, cos%qﬁ] sin(kx — wt + %(p)

standing waves: y'(x,t)=[2y, sin(kx)]coswt; resonance: f = A nﬁ
speed of sound: v = E; B= —V%)S; ideal gas: B=yP
e

s=s, cos(kx —wt); Ap=Ap, sin(kx—wt), Ap, =vpws,

interference: ¢ = %2%; constructive ¢ = 2m, destructive ¢ = x(2m+1)

2 b

sound intensity = lpva)zsi - B decibels ﬁz(lOdB)logi, I,=10""W/m’
A 2 4rr 1,
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ny ny
ipes: f=—, n=1,2,3 orf=—, n=1,3,5; beats o =11 —
pipes: f 57 f 17 Joeaw = Fi = 1

Doppler: f'= f "2V . shock wave sin@=—

vy Vg

N

For problems 1, 2: A traveling sinusoidal wave propagates along a string of mass
density 0.5kg/m. The amplitude of the string oscillation is 1cm, the wavelength of the
wave is 10cm and the frequency of the wave is 100 Hz.

Problem 1: What is the tension on the string?
A: 30N; B: 10N; C: S0N; D: 70N; E: 90N

Problem 2: What is approximately the kinetic energy of the string in one wavelength?
A:1);B: 05]); C: 2J; D: 5); E: 10])

Problem 3
The power transmitted by a sinusoidal wave traveling along a string is 200W. Adding a
second wave of the same wavelength and amplitude traveling in the same direction, the

power transmitted is 600W. What is the phase difference between the two waves?
A: 15°; B: 30° C: 45° D: 60°; E: 90°

Problem 4
A spring that obeys Hooke’s law has length Scm with no tension. When it is stretched to
10cm length its second harmonic frequency is 100 Hz. If it is now stretched to 20cm

length, what will be its second harmonic frequency?
A: 48 Hz ; B: 244 Hz; C: 82 Hz; D: 168 Hz; E: 122 Hz

Problem 5

What is @e mplitude of the air oscillations for a sound wave of frequency 1000 Hz and
intensityzo dB?

Sound velocity=343m/s, air density 1.21 kg/m’

A: 100nm; B: 10nm; C: Inm; D: 0.5nm; E: 0.Inm

Problem 6
The speed of waves in a violin string is 170m/s, the length of the string is 12cm. What is
the third largest sound wavelength that will set up a standing wave in this string? Assume

sound velocity is 340m/s.
A: 6cm; B: 16cm; C: 12cm; D: 20cm; E: 24cm

Problem 7 (for extra credit)

There is a police chase going on, one police car races by you and another is approaching
you, they go at the same speed of 120km/h and their siren’s frequency is f. Assume
Veouma=330m/s. You hear beats of frequency

A: 0.05f; B: 0.1f; C: 0.15f; D: 0.2f; E: 0.25f
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