
 Question 1 
 
Two balloons filled with air are tied to very light 0.5-m-long string. The loose ends of the strings 
are taped to the same position on a horizontal bar. When both are equally rubbed with the same 
material they both develop a static charge and repel each other making an angle of 30º with respect 
to the vertical. If you need a quantity that is not provided, please find a source and cite it. 
 

(a) With this experiment alone can you tell what type of charge 
is on the balloon? Explain.  

(b) Is this a stable or unstable equilibrium?  
(c) Estimate the number of excess elementary charges (likely ei-

ther an excess or deficit of electrons!) on each balloon. 
Clearly state any assumptions made in your estimation. 

(d) Use special case sensemaking to estimate the number of 
charges needed for the ballons to each make an angle of 90º 
with the vertical. Explain using the relationships (equations) 
between angle and charge you found in part (c). A useful tactic is to show what happens to 
the charge as the angle approaches 90º. Make sure to include a prediction and qualitative 
explanation, then compare that with the result of the mathematical relationship. 

Note: this might also be considered covariational sensemaking, or both methods in conjunction, since we are reasoning using an equation/
relationship between quantities. 

(e) If a small charged sphere is placed in the middle of the two balloons and the angle between 
them doubles, estimate the number of excess elementary charges on the sphere, again being 
sure to state any assumptions used in your calculation. 

 
 
 
 
 
 

 

a Wecan'ttellBecausetheywererubbedequallywiththesamematerial
andtheyaremadeofthesamematerial theywillhavethesamecharge
so theyareeitherbothpositivelyorbothnegativelychargedwhichleadsto
theballoonsrepellingoneanother

b stableequilibrium If wepushedoneoftheballoonsitwouldreturnbackto
thesameposition foundonlineanswers
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there are about 7.83 1012
excess electrons on
each balloon

d it won'tbepossibleforbothballoonstomakea90anglewiththe
vertical F9willalwaysstaythesame FEwouldbeat amaximumatthis
point FTwillbeincreasing tocounteractFE However ifbothballoons
aretotallyflatalongthecieling FtandFEwould becompletely inthe x
directionWithnothingtocounteractF9 theywouldnolongerbe in
equilibriumso it isnotpossible

Try the math therewillmostlikelybe adomainerror asyouapproach90
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F inxions

There are about 1.57 1013 excess
charges on the sphere answersmayvaryagain

basedonballoonmassused


