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.. |Curving Space-Time ‘;.’
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One of the essentlal ideas hehmd modern alh'ophysms and cosmology is the
‘théory of general relativity. One of the aspects of this theory is that space and tirhe
are treated as equivalent dimiensions, so that a complete treatment of space and -
time inivolves a four-dimensjonal “space- ~time,” This can ‘be visualized more easrly
with a three-dlmennonal modél, in which- space is flat (two—dlmenszonal) and time.
is the third diriension. When you mode] the: expandmg universé with an inflated- -
balloon or ball, the surface of the balloon deplets space, and the chang'mg radius
-of the balloon represents time.
Another important aspect of general relatmty is that g;ravrty is no longer 1reated as
g force that acts on objectsat a dlstance ‘Rather, gtavity is treated as a force that
' deforms the space-tlme around a body. Because space-trme is bent, an object that
passes near the body is deflected by the curved space-time in thé same way- that it
would be deflected by gravity in a traditional three-dimensional model. An
important feature of the general relativity model is that anything thst-moves. .
through space-time, even light, is affected by gravity.. The classic model of gravity
did not predict such.a deflection, yet the deflection of hght passing near stars and
- galaxies has been observed, thus verifying the relativistic model. In this lab, you .
will mode] the space-time around a star and note how the path of a passing object
varies Wlth the mass of the stdr, and thus the- dlstortion of spaee-tlme '

. OBJECTIVES - = ' K

. Test how changes in mass affect the curvatu?re of space-ume
'-'Moﬂel how much the path of an ohject or llght is affected by 2 large | mass
‘Measure how much the path of matter or light is bent by mcreasmg mass..
Demonstrate the relativistic interpretation of gravity.. -

MATERIALS " | _.
. cardboard or wooden box, about » perinanent marker, black, non-toxic
300mx300mx300m - recommended '
e markers, non-toxic, 4 colors » protractor
o mass, 100 g L * stapler and staples, or thumbtacks
* mass, 260 g ' » tape, clear, 2 in. W1de (ophonal)
e mass, 500 g . ‘e white swimsuit fabric, about

« metérstick, flexible 31 ¢mx 31 cm
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| .Curving Sbéce—_'[ime 'coh;inuéq"

'ASK A'QUESTION -

1. How does mass affect the, curvature of spgzé—time,_ and how does that
" curvature affect the path of an object moving near the mass?

FORM A HYPOTHESIS | .
2. Form a hypothesis that answers your question. Explain your reasoning

TEST THE HYPOTHESIS, | -
3. Spread the swimsuit fabric on a desk, ?ablé, or some other smooth, flat surface.-
It may help to hold the fabric in placé'if you tape the edges down. Usea,

. permarient marker to mark a grid with vertical lities, that are 5 cm apart, and
hgﬂ;onml lines that are also 5 cm apart. o

" 4. Cover the open top of & box with the swimsuit fabric. Stretch the fabric across

the opening so that it is tight but could still stretch much féirther. Use .
thumbtacks or staples to secure the fabric around the rim of the box top. The
marked fabric is a two-dimensional model of space. CAUTION: Be careful niot -

to cut or punctire skin with tacks or staples. .

5: Use one of the colored markers and. the fulér to thark a straight path from the
‘middle of one side of the box to the middle of the opposite side. Draw the path
by making small, 1 cri-long marks end-to-end. Press the marker lightly, being
¢areful not to stretch the fabric while marking the path,

6. Place the 100 g mass in the cénter of the fabric. You may observe that the grid
" lines drawn on the fabric are slightly distorted and strétched by the mass.
'Repeat step 5 using one of the other'colored markers. This represents the path
of an object deflected by curving space-time. Place this line as near to the first

" ine as possible, making sure that the line is straight and initially. parallel to the
first line. Again, try not to stretch the fabric much while making the marks. .

Use the rules to be sure that the marks are made end-to-end, especially in the
‘ared of the dépression made by the mass. Does the second line eventually.cross
the first line? ’ ' B
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CUrvi'ng Spa'o'e-Time continued . ' ‘

7. Repeat step 6 using a 200 g mass and the third colored marker. Record your
observations about how the third line differs from the first two lines.

8. Repeat step 6 using a 500 g mass and the fourth colored tnarker. Record your
observatlons about how the fourth line drﬂ'ers from the other hnes o

9 Remove the mass and detach the fabnc from the box. Use the protractor to
- measure the amount each line is deﬂected from the initial straight path.

ANALYZE THE RESULTS _ C

1. Maklng Compirlsons Whrch mass eaused the greatest dutortron in the fabnc?'
Which mass produced the lme with the greatest deflection?

DRAW CONCLUSIONS
2. Evaluatlng Methods What are sqme of the sources of error and uneertamty in .
this experiment? Explam your answer,
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. - I Curving 'Space'-Time continued

. 3. Drawlng COncluslons From your observations what can you coticlude about ..
the effect mass has on space-time, and how this effect alters the path of matter
or hght? How is this similar to the efféct of gravity on objects passing more -

' masslve objects?

)
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EXTENSION. . o 3
1: Research and Communication Research the expenmental evidénce for the
. general relativity model of grav1ty, and summarize your findings below.
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