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Chapter 5: Scale-up Workbook 5.1) 

Consider the light wave above. [image: image1.png]



 a) Label the wave’s wavelength. Peak to peak.

 b) Draw another light wave with a higher frequency. 

Label its wavelength. Closer together peaks. 

c) Draw another light wave with a lower frequency. Label its wavelength. Further apart peaks.

 d) Which is more energetic light, the wave drawn in ‘a’, ‘b’ or ‘c’? B (higher frequency = higher energy)

b is more energetic than the other two since in it frequency is faster than and it take the shortest time possible.

5.2) How fast does light travel? Does blue light travel at the same speed as red light? Why or why not?
Light travel faster in a vacuum place and on the wave.  Blue light does not travel at the same speed as red light.  This is because red light travels faster while it has less energy than blue light, however the light interacts with the material, and those interactions are wavelength dependent.
5.3) A photon has 4 × 10-19 Joules of energy. What is the wavelength of this photon?

E = Energy of a photon
 h = Planck’s constant = 6.625×10-34 J s
c = speed of light 
λ = wavelength of light 
ν = frequency of light
E=hc/ λ
Λ=hc/E
6.625x10-34jsx (3.00×108m/s)/4x10-19
=4.96875x10-45

5.4) List 2 examples of objects or events that you associate with each region of the electromagnetic spectrum.

	Radio
	Cold gas, supernova remnants

	Infrared
	Cool clouds, moons

	Ultraviolet
	Very hot stars, supernova remnants

	
	

	Gamma rays 
	Nuclear reaction. High energy requirement

	Visible 
	Stars 

	X- rays
	Solar corona, gas in cluster of galaxies


5.5) the typical human being has a body temperature of 37° C. a) at what wavelength does a human emit the most thermal radiation? Use Wein’s Law to complete this calculation.
Using Wien's Law, one can calculate the peak in the emission spectra from an ideal blackbody.

#lambda_max = b/T#

Wien's displacement constant #b# is equal to: 
#b = 0.002897 m K#

Human body temperature is about #310.15º K#.

#lambda_max = 0.002897/310.15 = 0.000009341 m#
Therefore,
#lambda_max = 93,410 "nm
That puts the peak radiation in the infrared range. Human vision can see red light wavelengths as long as about 7,000 Angstroms. The infrared wavelengths are generally defined as being between 7,000 and 1,000,000 Angstroms.
b) Based on the wavelength you calculated above, in what region of the electromagnetic spectrum do human beings “glow”? 
Human vision can see red light when the wavelength is about 7000angstroms when it is at the infrared range. 
c) How much power does a typical human emit? Assume that the typical human has a surface area of 1.5 m2. Use the Stefan-Boltzmann Law to complete this calculation. Power per area = (sigma) T^4

Human temperature in K = 273+37 = 310K 

F = (sigma) T4 = (5.67×10-8 W m-2 K-4) (310 K) 4 = 524 W m-2

 Power = 524 W m-2 (1.5m2) = 786 W
5.6) Examine Figure 5.12 in your textbook (page 149)

. a) What does it mean to ionize an atom?
This is the process by which an atom or molecules acquired it negative or positive changes by gaining or losing electrons.

b) How much energy is required to ionize hydrogen from the ground state?

The amount of energy required to ionized atom is 2.18x 10 joules. This is the required electrons from the lowest energy level out of the atom.
c) What is the wavelength of the photon that is required to ionize hydrogen from the ground state? What type of light is this? 

Wavelength is approximately 1.2398 eV and the type of light which is required is infrared radiation.
d) How much energy does an atom emit if the electron drops from the 4th energy level to the 2nd energy level?
 The energy emission from 4th to 2nd 

N=4……………… E=-0.85 eV
N=2……………. E= -3.4 eV

-0.85+3.4=2.55eV

e) How much energy does an atom absorb if the electron jumps from the 1rd energy level to the 3rd energy level?

N=1…………..E= -13.6 eV
N=3…………..E=-1.51
-13.6+1.51= 15.11eV
f) Would it ever be possible for an electron in a hydrogen atom to emit exactly 2.5 eV of energy? Why or why not?
 There is a possibility if atoms from the 4th level to the lowest level there is high chances to get emission of 2.5eV
g) You are an astronomer who has discovered a new object in the galaxy. You are interested in determining the chemical composition of this object. What kind of data would you require, and how would you use this data to determine the object’s chemical composition?
The use of the spectroscope will give the determination of the temperatures and atoms in the atmosphere. The use of social bookmarking links other planets.

5.7) I measure an emission line in the lab at a wavelength of 500.7 nm. The same line in a star has wavelength of 502.8 nm.

a) How fast is this star moving?
502.8-500.7=2.1nm

From the star point of view the star is moving at a wavelength of 2.1nm from the emission.
b) Is the star moving toward Earth or away from Earth?

The star is moving away from the earth since the wavelength is increasing instead of decreasing downwards the earth.

5.8) the instructor will display a series of spectra. Order the objects by velocity from highest velocity toward Earth, to highest velocity away from Earth. Toward (1) ______ (2) ________ (3) ________ (4) ______ (5) ______ Away From

5.9) Examine Figure 5.21 in your textbook.
 a) Describe what we can learn about Mars just by examining a single spectrum of Mars

Mars can easily be seen from the earth with the naked eyes with its reddish color. Although, Mars have no structural of it global magnetic fields, it is seen to follow the edges of the boulders and other obstacles.

b) If you compared this spectrum of Mars to another spectrum of Mars taken at a different time, do you think the spectrum would look any different? List any changes that you might expect to see and describe why these changes might occur.

The spectrum of mars can differ from the time it was taken and the time it emission are perceived. Mars has it hot reddish color with it magnetic fields. Also planet mars differ in terms of the spectrum in which it surrounds with the circle on it which h is seen as a ring on it path.
