The Scale of the Universe - Student Guide

Introduction – To Begin…

	Diameter (Tier)
	Object
	Size (m)

	Meter

100 m
	Matchstick
	5 x 10-2 m

	Millimeter

10-3 m
	White Blood Cell
	

	Micrometer

10-6 m
	Ultraviolet Wavelength
	

	Nanometer

10-9 m
	Hydrogen Atom
	

	Picometer

10-12 m
	Electron (Classical)
	

	Femtometer

10-15 m
	Lengths shorter than this not confirmed
	


Visit the URL http://htwins.net and open up the applet entitled “The Scale of the Universe 2”.  This applet shows the measured sizes (usually diameters) of many objects in the universe, and when clicking on an object you will be presented with exact or estimated measurements as well as numerous general facts about the object.  Before using this tool to better understand the size of the universe and the astronomical objects inside of it, it is important that you fill out the tables below to better familiarize yourself with the applet.  You will reference back to this page throughout the lab when making calculations using the sizes of these objects.  We will mostly deal with the relatively larger objects in our universe, however it should be noted that the smaller objects are no less important.  Use the slider underneath the applet’s viewing window to zoom the animation in and out.

	Diameter (Tier)
	Object
	Size (m)

	Meter

100 m
	Human
	1.7 x 100 m

	Kilometer

103 m
	Football Field
	

	Megameter

106 m
	Neutron Star
	

	Gigameter

109 m
	Earth
	

	Terameter

1012 m
	Total Human Height
	

	Petameter

1015 m
	Kuiper Belt
	

	Exameter

1018 m
	Light Year
	

	Zettameter

1021 m
	Large Magellenic Cloud
	

	Yottameter

1024 m
	Milky Way Galaxy
	

	Observable Universe
	

	Estimated Size of the Universe
	


Question 1:  What percentage of the universe (of the total estimated size of our universe) can we observe?

Answer: __________________________________

Question 2:  Could the universe be bigger than our estimated size of the universe?  Why or why not?

_________________________________________

_________________________________________

_________________________________________

_________________________________________

_________________________________________

Question 3: You might expect the observable universe to only have a radius of 13.7 billion light years away, because light has only had 13.7 billion years to travel.  However, why does our observable universe have an actual radius of about 46 billion light years?  (Hint: Click the Observable Universe to aid your reasoning)

______________________________________________________________________


______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Ratios, Distances, Age, Motion – Relative Comparisons

Given the infinitely large nature of the Universe in which we reside, it is often times difficult for the human mind to grasp just how large the universe is relative to the objects that reside within it. The next few problems deal with conversions of scale, and convert objects that already naturally occur in our universe into a unit of measurement (examples include the Earth and other galaxies).  These comparisons will help you to better grasp the scale of our universe.
Distance to Andromeda (Our Nearest Spiral Neighbor)

Earth is approximately ___________________ meters away from the Andromeda Galaxy, which happens to be the closest spiral galaxy to our own.  Complete the scale conversions below.

Question 4:  How many Earth’s would you have to line up side by side to reach Andromeda from the Earth?

Answer: _________________________________

How many Andromeda Galaxies?  

    Light Years?

Answer:  ________________ Andromedas           _________________ Light Years

Question 5:  Given Andromeda’s large distance from Earth, what we are observing here on Earth is actually what Andromeda looked like millions of years ago.  

Andromeda is thought to have been formed at about the same time as our Milky Way Galaxy (13.2 billion years ago).  Using Andromeda’s distance from Earth in light years (that you calculated above), how old does Andromeda appear to observers on Earth?

Answer: ___________________________ years old

Sizes of Stars

A neutron star is an extremely small, hot, and dense stellar object that usually results from a Type II supernova, and sometimes from Type Ib or Type Ic supernovae.  Neutron stars are known to pulse radio and x-ray emissions, which is largely the reason why we know so much about these stellar objects today.  They are about the size of a large city, and there is some irony in the fact that catastrophic explosions of such massive stars create such small stellar remnants (in fact, these are some of the smallest stellar objects in the universe).  Despite their small size, their densities are, on average, more than 1011 times than that of Earth.  But just how small are these stellar objects relative to the rest of the universe?  Let us compare them to something as large as the largest known star in the Universe, and to something as small as a marathon on Earth.

Question 6: The average diameter of a neutron star is _______________ meters.  Given this figure, how many marathons would it take to make up the diameter of an average Neutron Star?  (Hint: Use the applet to find how long a marathon is in meters, rather than calculating its distance yourself)

Answer: __________________________________

Question 7:  Given that neutron stars are one of the smallest stellar-like objects in our night sky, it would be useful to compare its size with the largest known star in the universe to get a better idea of the range of star sizes in the cosmos.

a)  What is the largest known star in our universe?  ____________________________








   (Hint: Click on red stars in the Petameter Tier)

b)  What is its diameter?  __________________ 

c)  How many times larger is this star than an average neutron star?

Answer: _____________________________

d)  What does this tell you about the range of star sizes in our universe?  (Consider that the star we used above is only the largest known star in our universe.  Could larger stars exist?)

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Motion of Celestial Bodies (Motions of Earth)

Question 8:  The applet states that the Earth travels at an approximate rate of 110,000 km per hour in orbit (if you click on “The Total Distance Earth Has Traveled” - near the Milky Way Galaxy – it is given in the description).  How many meters does it travel in a second?

Answer: ______________________________

Question 9:  a) Moving at the velocity calculated above (let us assume that the Earth’s velocity remains constant), how long would it take the Earth to cover the distance of a marathon?

Answer: ________________________ seconds

b) How long would it take to cover the distance to Andromeda (assuming the distance between the Earth and Andromeda stays constant)?

Answer: _________________ seconds
    How many years? ____________________

Ratios of the Universe

The Earth resides in our Solar System, which resides in the Milky Way Galaxy, which resides in the Local Group, which resides in the Virgo Supercluster, which resides in our Universe.  Let’s calculate some size ratios to get a better idea of how much bigger each object is than the one preceding it, beginning with the Solar System.

Question 10:  a) How many times larger is our galaxy than our solar system, if the radius of the solar system is considered to be the distance from the Sun to Pluto at aphelion (7.33 x1012 meters)?

____________________ times as large

b) How many times larger is the Local Group than our Milky Way galaxy?

____________________ times as large

c) How many times larger is the Virgo Supercluster than the Local Group?

__________________ times as large

d) How many times larger is the estimated size of our universe (use the value given by the applet) than the Virgo Supercluster?

__________________ times as large

e) Is the ratio from part (d) getting bigger or smaller as time passes?  Why is this?

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Hubble’s Law

The rate at which our Universe is expanding is known as the Hubble Constant.  The value of this constant is debated between astronomers today, but we will use a value of Ho= 71.9 km/s/Mpc (this value was obtained by the Wilkinson Microwave Anisotrophy Probe in 2010).

This means that objects 1 Mpc away from the observer are expanding/moving away from us at a recessional velocity of 71.9 km/s, objects 2 Mpc have a recessional velocity of 143.8 km/s, and so on.

This is known as Hubble’s Law, and can be expressed by the general formula:

Vr = HoD

with Hubble Constant Ho (with units km/s/Mpc), distance D (Mpc), and recessional velocity Vr (km/s).

Question 11: a) Given that 1 Mpc = 3.086 x 1022 meters, how fast is Andromeda moving away from the Earth (in km/s)?***

Answer: ________________________

b) What about the Shapley Supercluster?  (Hint: Use the applet to find the distance in meters, and then convert to Mpc)

Answer: ________________________

c) What general conclusion can be made about Hubble’s Law regarding how fast an object is moving away from Earth, relative to its distance from Earth?

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Now that you have used Hubble’s constant on your own, describe the significance of Hubble’s constant in your own words.  Consider these questions in your explanation.  

1. Does the Universe have edges or a center?

2. What does this mean in terms of expansion?  

3. Is expansion technically relative to the position of the observer?

______________________________________________________________________

______________________________________________________________________
______________________________________________________________________
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Good work!  Hopefully now after comparing relative sizes, distances, and ages of objects throughout our Universe, you have become more familiar with the relative scales of the cosmos and our infinitesimally small existence within them.

***Andromeda, given it’s relatively small distance from us, is actually moving toward us, but for the sake of the activity let us assume it is receding from the Milky Way.
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