
Physi
s 123 se
tion 2 CIDHomework 16 S
ore / 301. (5 pts) Imagine that I have a 
opper wire with a round 
ross se
tion with diameter d = 0.411mm. I spli
e theend of that wire to another wire, also with diameter d = 0.411mm, but whi
h is made of iron. I then pull thejoined wires until they are under a tension T = 30 N. (a) What is the ratio of the wave velo
ity on the 
opperwire to the speed that waves travel on the iron wire (i.e., what is vcopper/viron)? (b) What is the ratio of thewave numbers for the two wires (kcopper/kiron) for a sine wave with an angular frequen
y ω? (
) If I send a sinewave down the 
opper wire, what fra
tion of the power in the in
ident sine wave is transmitted to the iron wire?Copper has a density of 8920 kg/m3, and iron has a density of 7860 kg/m3.2 (3 pts) If I spli
e a 
opper wire with a round 
ross se
tion with a diameter d = 0.411mm to an iron wire with adi�erent diameter, what should the diameter of the iron wire be if I don't want waves to re�e
t at the jun
tion?3. (5 pts) Imagine two di�erent strings joined together at x = 0 with an ideal massless knot. Under the following
onditions, state whether a wave traveling from one string to the other will transmit with no re�e
tion, transmitwith some re�e
tion, not transmit at all, or whether the 
ondition given is not su�
ient to determine whi
h willo

ur. (a) The two strings have the same linear mass density. (b) The two strings have the same diameter. (
)The two strings are made of the same material. (d) The wave velo
ity is the same on both strings. (e) For anysine wave of a given frequen
y, the wavenumber will be the same on both strings.4. (3 pts) A beam of light traveling through air enters a pie
e of glass at normal in
iden
e (i.e. it is travelingperpendi
ular to the fa
e of the glass). Light travels at 2.9979 × 108 m/s in air. It travels at 1.9594 × 108 m/sin the glass. What fra
tion of the in
ident light power is re�e
ted o� of the surfa
e of the glass?5. (4 pts) Use Euler's formula to prove that cos(a+b) = cos(a) cos(b)−sin(a) sin(b) and that sin(a+b) = sin(a) cos(b)+
cos(a) sin(b). Hint: �rst note that ei(a+b) = eiaeib. Then apply Euler's formula to ea
h of the exponentials.Finally, note that the real part of the stu� on the left side of the equals sign must be equal to the real stu� onthe right side, and that the imaginary stu� on the left must equal the imaginary stu� on the right. This lets youseparate your equation into two equations whi
h will lead to the two equations you are trying to prove.6. (4 pts) (a) If z̃ = a + ib, where a and b are real numbers, show that the real part of z̃ is equal to (z̃ + z̃∗)/2. (b)Find a similar equation whi
h will give you the imaginary part of z̃. (
) Use these equations, along with Euler'sformula, to show that cos(θ) =

(

eiθ + e−iθ
)

/2. (d) Find a similar relation for sin θ.7. (6 pts) (a) Write the 
omplex number z̃ = 5− 14i as a real number times the exponential of an imaginary number.In other words, if I write z̃ as Aeiφ, what are the real numbers A and φ? (b) If z̃ = 25ei(0.35), write z̃ as a realnumber plus an imaginary number. In other words, if I write z̃ as a + ib, what are the real numbers a and b?Extra problems I re
ommend you work (not to be turned in)- Show that in the limit as µ2 → 0 or µ2− → ∞, our equation for the transmitted and re�e
ted amplitudes and powersare 
onsistent with what we dedu
ed earlier for a string with a �xed or a free end.- Ele
troni
 transmission lines (like the 
ables that you use to 
onne
t your 
omputer to the Internet) have �nitebandwidth. In other words, they will allow sine waves to propagate through them only if the frequen
y of thesine wave is below some given frequen
y. Above this frequen
y, the sine waves will not propagate well. If a given
able 
an 
arry sine waves with frequen
ies from 0 Hz to 750 MHz, what is the shortest (in time) pulse that we
an send down the 
able?- If you are really ambitious, 
onsider what happens when I have a short pie
e of string of length L and linear massdensity µs 
onne
ted to two long ropes with mass density µr. I pull the system to a tension T , and then senda sine wave from one end with a frequen
y ω. How mu
h of the power is transmitted through the string to these
ond rope? This problem involves three regions with boundary 
onditions at two di�erent lo
ations.


