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A spaceship moves at a speed of 0.8c. Ifits length is L as measured by an observer
on the spacecraft, what is the length measured by a ground observer? (15 points)

James Webb Space Telescope (JWST) is a space telescope recently launched to
succeed the Hubble Space Telescope. Unlike Hubble, which mainly observes
visible light, JWST targets a lower frequency range, or infrared, in order to observe
high-redshift objects. Please explain (A) what a redshift is and its causes (10
points), and (B) why observing infrared signals allows JWST to see much older
and farther objects than Hubble (10 points)?

Schrddinger’s equation can be considered as the modern representation of energy

2
conservation in classical physics, which states E = f—m + V(x). The difference is

that in Schrdédinger’s equation the observables E, p and V(x) are replaced by
operators which act on the wavefunction ¥ (x, t). Please write down the operators
corresponding to E, p and V(x). (20 points)

Given the time independent Schrodinger’s equation in a one-dimensional infinite

potential well, —-zf%f;—zlp(x) = EyY(x), (A) By assuming ¥(x) = Asinkx +

21,2
Bcoskx, please show that the energy of a particle in the well is givenby E = hZ::l

(10 points) (B) Next, by assuming the width of the well is L and applying proper
boundary conditions, show that the solution of the wavefunction is P(x) =

Asm( - ) and k =— (10 points) (C) Finally, by using the normalization

condition, show that the constant A is \/; (10 points)

Quantum mechanics has a wide application in biology. Specifically, quantum
mechanics is useful in the making of different types of high-resolution microscopy
or observation tools, and in explaining various biophysics or biochemistry
phenomena. Please name at least one such application and explain how it works?
(15 points)



