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Unsolved Mysteries: Include

• Dark Matter                        earlier lecture

• Dark Energy                       earlier lecture

• Domination of Matter         earlier lecture

• Why the strength of the forces and the masses of 

particles seem to be “just right” → multiple universes -

Multiverse??

• Weakness of Gravity → Extra Dimensions??   

• What :”caused” the Universe to “begin”?

• Look at Multiverse/Universe origin and Extra 

Dimensions though won’t be on exams and is somewhat 

speculative. 
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Multiverse and Extra Dimensions

• Currently there is no evidence of either the Multiverse or 

Extra Dimensions. They are independent in that there 

could be Extra Dimensions and no Multiverse OR there 

could be a Multiverse but no Extra dimensions OR both 

of them could exist

• In the future, if our understanding of physics improves, 

there could be a connection between these two
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Forces and Particles → Multiverse?

▪ the 4 forces and the particles (electrons, protons, etc) 

are “just right” for the formation of intelligent life

EXAMPLES

▪ if gravity were stronger then stars’ lifetimes would be 

shorter

▪ if the neutron mass were lighter than the proton mass 

then normal Hydrogen would be unstable and rare →

let’s look at this in greater detail

▪ If there is more than a single Universe, this leads to the 

Multiverse (many universes). Serious physics and the 

topic of Stephen Hawking’s final paper (see link on 

course web page)
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Hydrogen

▪ Simplest atom – just 

one electron and one 

proton

▪ “heavy” hydrogen or 

deuterium adds one 

neutron to the nucleus
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Hydrogen → Life

▪ Hydrogen bonding allows complicated molecules 

to form and readily change forms 

▪ amino acids, proteins, RNA, DNA etc

▪ “pure” Carbon is biologically inert; need 

hydrocarbons, water, ammonia for biology

▪ CH2 CH4 H2O      NH3



6

Neutrons and Protons

• Neutron’s mass is slightly more than proton’s mass

→ neutrons decay, lifetime of 15 minutes

• all the protons and neutron were formed in the first 

minute after the Big Bang.

• Neutrons decayed to protons or combined with protons 

to make Helium. 

• Our Universe is 90% H + 9% He+1% heavy 

• 7/1     p/n ratio    Hydrogen dominates
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Masses of Neutrons and Protons

• Why is the neutron heavier than the proton? We 

don’t know why. Could be due to a random 

condition at the very start of the Big Bang

• How would our universe look if these masses 

were different? For instance, if the proton were 

heavier then the neutron

• Can different Universes exist? Will they have the 

same physics? In this case the neutron and proton 

masses
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What if in different universe  
• proton is unstable and decays to neutrons

• still have stable heavy Hydrogen (Deuterium pn nucleus) but is 

very rare.  D/He~.0005 

• in this other early universe, He forms and then extra neutrons 

easily attach to He and then decays making Li, Be, B, C

• some free neutrons remain 

very small amount of Hydrogen (and all Deuterium) 

• different type of Stars and planets  but with little water and 

Hydrogen : needed for biochemistry (proton bonds, DNA, etc)  

→ no life 

Deuterium
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How Many Universes are There?

Answer: 1 or infinite

What if?? many different universes exist    

→ each forms its own space                                                                

→ each has own starting conditions and 

possibly different physics                                 

Our Universe: proton stable, Hydrogen → Life

Other Universe: proton decays, Hydrogen rare → No life

Multiverse often in movies/books: Spider Man: No Way 

Home, Golden Compass, Everything Everywhere All at Once
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Snowflakes (universe analogy)

• each snowflake is unique due to the slight 

variations in the conditions when they formed
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Anthropic Principle and Multiverse 

• intelligent life in our universe depends on 

having the physics “just right”. Why? 

→ anthropic principle holds that with an 

infinite number of universes, there is a non-

zero probability that one is “just right”

→ That’s ours where the masses of the 

neutron, proton and electron, and the 

strengths of the forces are “just right”   
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Goldilocks and the Three Bears 

This universe has the proton 

mass too large

This universe has the 

matter-antimatter 

variation too small

This 

universe has 

the electron 

mass too 

small

This universe 

has the weak 

nuclear force 

too weak

This universe has 

the strong 

nuclear force too 

strong

Our Universe is 

just right
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What if Multiverse 

• many (infinite??) universes in a multiverse

•not really “next” to each other. “nothingness” separates

•no communication between universes              

artist conceptions – mostly meaningless
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What formed the Multiverse? 
• some physicists have proposed that each universe can 

form new universes. Roger Penrose (Nobel prize 2020 for 

solving general relativity equations involving singularities 

and so demonstrating the feasibility of black holes) has 

proposed “conformal cyclic cosmology” where the “big 

bang was not actually the origin of our universe but the 

continuation of the remote future of a previous aeon” (New 

Scientist interview Spring 2023).

→ Perhaps a massive black hole can give rise to a “new” 

universe which then starts expanding like we observe in the 

Big Bang. And can make many such universes (or “aeons”) 

thus the multiverse…on and on and on……
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Gravity and Extra Dimensions

• first force to be understood was gravity

• much much weaker than other 3 forces. Do not 

know why

• no quantum mechanical description of gravity 

(Einstein, Hawking, others have tried)
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Gravity vs Electric Force 

• electric and gravitational forces →same form 

• compare strengths for electron and proton in 

Hydrogen
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Gravity + Electric Force:Geometry

• 1/R2
→ area of a surface of the sphere, easy to 

understand in formulas below 

• force carriers (photon or graviton) are spread 

out over this surface
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What if – Extra Dimensions
• assume force carrier for electric force (photon) 

confined to “normal” 3D space. All human senses 

are due to the electric force 

• if extra dimensions exists: force carrier for 

gravity (graviton) can exist in those dimensions

• gravity spreads itself out over more dimensions 

than electric force → appears weaker in  normal 

3D space 

• only gravity communicates with extra 

dimensions →we can’t “see” or “feel” them
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brane = 

“normal” 3D 

space 

bulk = extra 

dimensions 

What if – Extra Dimensions

electric force (our senses) is in 

“normal” 3D space (the brane)

gravity in 3D and extra 

dimensions (the bulk)

→ gravity weaker in normal 3D 

space            
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Extra Dimensions -- Geometry

• normal 3D space → 1/R2

• 2D space → 1/R

• 3 extra dimensions → 1/R5

2D space 

“area”=2R

3D space 

area=R2



21

How Many Dimensions are There?

Answer:

“Common Sense” =  3 Spatial dimensions   

(plus time)

Physics Theories = 9 or 10 spatial 

dimensions

Need to explain why gravity is so weak. Experiments I have been on at Fermilab 

have searched for extra dimensions but have yet to detect any. New astronomy 

observations where gravitational waves and normal telescopes observe the same 

event (see neutron star-neutron star collisions in lecture 16) also are being used to 

search for extra dimensions                                                                     



22

PHYS 162 Conclusions

• the Universe is an extraordinary place much of which 

(stars, supernovas, neutron stars) are understood by our 

knowledge of physics

• But many unanswered questions

• what is dark matter and dark energy

• what is the origin of the Universe 

•Are there Extra Dimensions or an infinite number of 

Universes

•How probable is the development of intelligent life 
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Lecture Feedback
E-mail me a few sentences describing one topic you learned from 

this set of presentations. Please also include the phrase “The 

Universe somehow has just the right physics such that life like 

ours can exist” after your mini-report but do not use that as your 

“one topic”.


