
1) Solve Problem 2.3 at a concentration Cu = O.2. The volumetric sediment concentration of
a sample is C, = 0.2. Determine the corresponding: a) porositypo; b) void tatio e; c)

specific weight y^; d) specific moss pmi e) dry specific weight Tmd; f) dry specific mass

Pmd.

a. Po=!-Cv- 1-(0.2)=0.8 ./
b. e__po__ (o,B) 

=4- (r-po) 1-(o.B) ' ,/
c. ym= y(t + (G - L)c)- (oaro#) (, + (2.6s- 1X0.2)) = 13. os#,/
d. Pm =': - "u;,.\fu# - lrlso$ '/s -V-
e. ymd = y,cu = (zssse .s#) Co.zl = s.zff I

i. r, = GY - (2.6s) (oero#) = 2sss6-s*

r. p*=ry=l## -$o# /
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3) Solve Problem 3.9.

Cmsifu a quffr&r-$phsru of ,rldius ft utda hy&ostatie prr,c*uro"'Detsmine lhe

pressrre disuibution around &e surface if tre prcssure on the flat basc fu pr.
Integrare the pessure distribution to determine the buoyancy force comlrcnents

in the; and s directions. :

figure P-3.9 Auarttr-sph€rt



Defining Variables:

Where R is the radius, r is some distance between the base of R and R. 0 and Y are defined

above.

Z Direction:

Surface of the quarter-sphere:

*,= cos@)

p = po - p^gRcos(0) - po - yRcos(O)

dA = (RdAXRs,n@)dY) = R2 sin(g) dvde

/\l*\
&r. ,t 8*,t..

s$rr
$;da o$ Au!.t'r(fl,e*

FB'= I -'(?^)*

FB" = I^ -ro" - yRcos(o))(cos(o))dA

,r" = [l -(po - yRcos(0))(cos(0))(R2 sin(0) dflde)

filt

FBz = -poRzlzsin(a) cos(a) o, 
Io" 

o* * yR3/zsin(a) cosz(a) o, 
Io" 

o*

7t 
' - prn'\FB, = TlrR' /. L



Base of the quafter_sphere:

0z

t = -L ' because the normal force is perpendicurar to the surface.

P=?o

dA = (rdv)(dr)

Fr,= [-,ffi*
A

Fr, = Io -@")(_L)dA

E -rr,r, = JJ -@,X-1) (rdw)(dr)

FB" = po 
[r-, o, 

t' o,
0

FB, = p"R'; /
Flat side of the quarter_sphere:

0z

t= 0, because the normar force parailer to the side.

Since the normal force is zero:

Fe"=o

fi
FB, = ir*, - poRz|* o"*ri* o

FB, = ?,*,
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X Direction:

*,.= ,rn(r) sin(Y)

p = po' p*gRco.s(g) = Po - YRcos(O)

d4 = (RdoXRs'n @)dw) = R2 sin(g) dv de

Base of the quarter-sphere:

91= 0. because the normal force is parallet to the base'
0n

Since the normal force is zero:

Frr=O ,/

FBx= I -r(#)oo
A

FB, = I^ -*"'vRcos(0))(sin(a) sin(v))dA

,r, -- II -(Po -vRcos(0))(sin(0) sin(w))(Rz sin(g) dvd?)

FB x = -poRzf 
? 

rin'(a)ae 
J"sin( 

v) dv + vR3 f """'cos(,) 
aa 

J"sin( 
v) dv

FB, ='rr# - prR';.



Eat side of the quarter-sphere:

*= -r, because the normal force is perpendicular to the surface.

p = po - pmgrcos(0) = po - yrcos(O)

d.A = @dfi(dr)

FB* =

Fr*=O

FB*= I-'(#)*
A

f
| -(p, - yrcos(0))(-L)dA
Ja

-(po - yrcos(O)(-L) (rde)@r)
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FBx = poR'Z-irr'

Summatioh of forces in the x-direction: 
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Question 4:

A spherical ball containing 0.1m3 of air at a density of 2 kg/m3 is held submerged at the bottom of a
pool, 5 m below the water surface. What is the force required to hold it in place? Also, determine its
acceleration when it is released from rest. (Hint: notice that without added mass, this ball would reach

an acceleration of about 5009!)

The first step for both parts is to visualize the forces acting on each ball with a free body diagram along

with the mass of each system and the direction of acceleration (Figures 5 and 6).

Part a:

EFr=Mar=g

Zrr=o=Fu-Mg*Fappried
-V(y)-ysphe V*Fappuea

Fapplied - V (Y) - Y sphereV

Fapptied = o.tms(rtro 4) - zffi s.at 4 o.t*'

Figure 5: Free body diagram for the non-accelerating ball

Part b:

Fapplied =f

\r, = uo,

o, =ZF, / M

M

a, = (V(y) -YspnereV)/'(Prpn* xV * p*o6"rV)

a, = (o.rm, (osro4) - r#* s.u+

* o.rm3)/(2#. o.rm3

+ Looo$o.Tm3)
1o'=J'ur/b/

Figure 5: Free body diagram for the accelerating ball


