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(1) A ball is floating in water. If the density of the ball is p=0.95x103
kg/m3, what percentage of the ball is above the water?

(2) An object with a density of poect=19.3x103 kg/m?and a mass m=50 kg is placed into a
cylinder which contains a fluid.

(a) If the fluid is water, how much does the object weigh when it is in the water?

(b) Suppose the fluid has a density of 13x103 kg/m3. What is the apparent weight in this
fluid?

(3) An object floats with 50% of its volume submerged in fluid 1 while it floats with 75% of
its volume submerged in fluid 2. If fluid 1 is water, what is the density of fluid 27

(4) The density of air is 1.29 kg/m?. Gold has a density of 13x10° kg/m?3. Suppose you
have a piece of gold which weighs 1 kg. What is the radius of a sphere which could be
made from gold which would float in air?

(5) Suppose helium has a density of 1.79x10! kg/m3. A balloon with a volume V=0.5m?3
has a mass m=50g. When the balloon is filled with helium, how much additional weight
will the balloon be capable of lifting?

(6) A cylindrical body of volume V=AL:L=(a+b+c) and density p=250
kg/m? is floating in an oil-water mixture as shown with a rod to stabilize
the cylinder. The oil layer has a thickness given by: b=nL:0<n<1l . If
the densities of the fluids are pwater=1000 kg/m? and p,i=800 kg/m?3, what
are the ratios
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(1) A ball is floating in water. If the density of the ball is p=0.95x103 kg/m3, what
percentage of the ball is above the water?

Solution: The principle involved here is Archimedes’ principle
which states that the buoyant force is equal to the weight
of the fluid displaced. The object will float if the buoyant
force is equal to the weight of the object.
Thus:

F,= wt. of fluid displaced =py,cer Vopject, o

The second part is this: the object floats if the buoyant
force is equal to the weight of the object.. Thus:
wt. of object =pgpect Vopject 9

And since it is floating, we must then have:
pwater Vobjectsubme,ged g = pobject Vobject g

We can thus find the fraction of the object submerged:
\Y;

Objed-submerged _ pobject

V "~ Puwater

object

We are, however, asked for the percentage of the object above the water. This is given
from:

\ \

. = . + . = . = . —_ .
ObJeCt ObJeCtsubmerged VObJeCtnot submerged VObJeCtnot submerged VObJECt VObJeCtsubmerged
Thus,

ObjeCtnot submerged ___ Vobject _ VObjeCtsubmerged _ 1 pobject

Vv Y \Y -

pwater

object object object

The density of water is pwater:]'XlOBk_g;; (you should remember this value). Thus we
m

find:

Vobjectnot submersed _ pobject -1 0.95x 103 ~0.05

Vobject N Pwater 1x 103

This is the fraction of the ball which is above the water. In order to determine the
percentage of the ball above the water, we multiply by 100 which gives 5% above the
water.
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(2) An object with a density of poject=19.3x103 kg/m?and a mass m=50 kg is placed into a
cylinder which contains a fluid.

(a) If the fluid is water, how much does the object weigh when it is in the water?

(b) Suppose the fluid has a density of 13x103 kg/m3. What is the apparent weight in this
fluid?

Solution:
(a) Since the object has a density higher than that of water, the object will not float in
water. Thus it sinks. When it sinks, it will still displace water and there will be a buoyant
force on the object which decreases its weight below the weight that the object has in air.
The change in weight is given by the buoyant force. Thus:

A(weight)=F,

We can find out the volume of the fluid displaced if we know the volume of the object.
This is given by:
m 50kg

m=pV=>V="r= =2.59x10°m?
b P 19.3x10%°kg/m?

The change in weight is given by:
Fo=pai9V=/1x10%x(9.8)x[2.59x10%/=25.4N

The weight of the object is given by mg. Thus:
weight=mg=(50)x(9.8)=490N

The apparent weight of the object in water is then 490N-25.4N=465N.
(b) This fluid is most likely something like mercury. We can repeat the calculation for this
new fluid. The object will still sink in this fluid since the density of the object is greater
than that of the fluid. The buoyant force is now given by:

Fo=paiq9V=13x10°/x(9.8)x(2.59x1073|]=330N

which is the change in apparent weight of the object. Thus the apparent weight of the
object in this new fluid will be 490N-330N=160N.

The object has the same density as gold.
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(3) An object floats with 50% of its volume submerged in fluid 1 while it floats with 75% of
its volume submerged in fluid 2. If fluid 1 is water, what is the density of fluid 27

Solution: As in previous problems, the principle involved here is Archimedes’ principle.
Thus:, for fluid 1:
Fb: Pwater VobjectSubmerged g

The object floats with

VObjeCtsubmerged _O 5

Vobject
Thus, we can find the buoyant force at this point as:
Fb: 05 pwater Vobjectg

Now since the object is floating, this is also equal to the weight of the object, which is
given by:
Weight:pobjectvobjectg

We then have:
O' 5 pwater Vobject g = pobject Vobjectg = pobject: 0 ' 5 pwater

Now that we know the density of the object, we’ll be able to find the density of fluid 2. We

have that in fluid 2:

VObjeCt-submerged — 0 75

Vobject
Thus, the buoyant force at this point is given by:
Fo=0.75pquia2 Vobject 9

And since the object is floating, this will be equal to the weight of the object. But the
weight of the object is given by
Welg ht: pobject Vobject g = 0 ' 5 pwater Vobjectg

Equating the two, we then find:

0.5 k
0.75 PAuid2 Vobject g= 0.5 Pwater Vobject 9= Pauig2= ﬁ Pwater = 667 Kg3
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(4) The density of air is 1.29 kg/m3. Gold has a density of 19x10° kg/m?3. Suppose you
have a piece of gold which weighs 1 kg. What is the radius of a sphere which could be
made from this gold which would float in air?

Solution:

Although this problem may be technically impractical, let’'s see if it is. The type of sphere
which would need to be made from the gold is one which weighs 1 kg, but is hollow and
evacuated inside. Essentially, the average density of the sphere would have to be less
than that of air. (This is the same idea that allows aircraft carriers to float on water). The
density of the spherical object would thus need to be the same as that of air. The mass is
given then by:

rnobject:pairvobject
We can thus find:

V _ mobject_ 1kg =0 775m3
oblect™ Pair T 1.29kg/m*>

Now, the volume of a sphere is given by

V ﬂnR3:>R:31/3V—§/3(0'775):0.57m

sphere 3 An 4r

The interior of the sphere needs to be a vacuum.
The rest of this problem is for your interest only.

We can get an idea of how thin the gold shell would be for this sphere. The equation we
need involves subtracting the volume of two spheres and equating this difference to the
volume of gold involved. It's probably easier to see the math here than to interpret the
words.
The volume of our gold is given by:

m 1kg

V _ gold __

_ -5 3
9019™" Pgolq 13x103|<g;/m3_7'69x10 m

This volume of gold needs to be squished into a spherical shell of outer radius R; and
inner radius R, where R; we've already found to be 0.57m.

Thus:
2 (RI-RZJ=Vy,
We’'ll solve this for Ry:
Rzzf/Ri—%vgoldzf/o.sf—% 7.69x10°=0.56980m

A more precise value for R; is: 0.56982m The thickness of the gold film would be:
0.56982-0.56980=2x10"m. This film would need to hold back the enormous pressure of
the Earth’s atmosphere. Gold won’t stand up to this type of pressure at this thickness so
the sphere probably could not be made of gold. In fact, | am not aware of any material
which would work here.
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(5) Suppose helium has a density of pHE=1.79x10’1—g3 . A balloon with a volume

V=0.5m> has a mass m=50g. When the balloon is filled with helium, how much
additional weight will the balloon be capable of lifting?

Solution:
The buoyant force is given by the weight of the fluid displaced. In this problem, the
displaced fluid is air with a density of 1.29 kg/m?3. The balloon has a mass of 50g or

0.05 kg. 0.5 m? of helium has a mass of
Vosioon=|1.79x10 K9

m =
ball
alloon m

10.5m?/=0.0895kg

helium — Phelium

The buoyant force is given by:

1.20%9 |(0.5m*)| 9.8
m S

I:b:pairvballoong: =6.321N

The weight of the balloon and helium is then:
W,,,=(0.05+0.0895)9.98=1.367 N

The balloon can thus lift an additional weight of
lift=6.32N—-1.37N=4.59N

This is about Y2 kg. The value is probably larger than what will actually happen because
helium in the balloon may not be pure. You might, however, want to do the same problem
with hydrogen (p=8.99x102 kg/m?3) and think about the Hindenburg. In any event, this
does seem like quite a bit of lift.
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(6) A cylindrical body of volume V=AL:L=(a+b+c) and density p=250
kg/m? is floating in an oil-water mixture as shown with a rod to stabilize
the cylinder. The oil layer has a thickness given by: b=nL:0<n<1l . If
the densities of the fluids are pwater=1000 kg/m? and p,i=800 kg/m?3, what
are the ratios

C

a
= and = ?
L L

Solution: According to Archimedes’ principle the weight of the fluid displaced is equal to
the buoyant force. Let’s assume the cylinder has a constant cross sectional area A. Then

the buoyant force is given by:
Fb:aprater g+bApoiIg:A[apwater+bpoil}g

Since the object is floating, the buoyant force is equal to the weight of the object. Thus:
Fb:pobjectALg

The two forces are equal. Thus:
A [a pwater+b poil]g :pobjectALg :>[a pwater+ bpoil}:pobject L

Now we know how this is related to the thickness of the oil layer (look at the wording of
the problem to see this). Thus:

b
[a Pwatert b poil]: Pobject [ﬁ]

It is now easy to solve this for a/L:
pobject _ ] E _ pobject . Poil
n oil L Puwater Pwater

p .
O%ed_pon]: L

b
A Pwater = pobject [ﬁ}_ b Poil= b

It is also easy now to solve for ¢ by replacing a in this expressing by L-b-c:

L-b—-c _ _Q_E_ . Cc_ Pobject . Poil Cc_4 Pobject Ooil . }
L =1 L L =1 " L B pWater " pwaer - L =1 pwaer * pwater 1
It's reasonable to check these answers against: a+b+c:1 :

Poil

pwater

§+9+£_ Pobject . Poil Pobject

L L I_ B pwater pwaer

—1}:1

+n+1— +1M)

pwater
For the particular problem at hand, we then have:
8 _Pobject . _Poi :0.025—0.80n:%:0.75+0.20n

L Pwater Pwater

As a limiting cases: suppose
n=0=2=0.25:5£=0.75
L L
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Notice that there is a certain point at which this formulation of the problem will not work
because | have assumed that the object displaces an amount of oil equal in volume to:
NLA. The smallest value of a for which this problem will work is then given by:

Q_ _pobject_ poil pobject _ poil _pobject_250 _
L =0=0= Pwater M Pwater - Pwater —" Pwaer “n= Poil B 800 =0.3125

After this point, the object floats completely in the oil regardless of how much deeper the
oil layer goes. In fact, this is exactly the ratio b/L that would be obtained if the object
floated only in oil.



