2.2 A closed, 5-m-tall tank is filled with water to a depth of 4 m. o)
The top portion of the tank is filled with air which, as indicated by
a pressure gage at the top of the tank, is at a pressure of 20 kPa. (1)

Determine the pressure that the water exerts on the bottom of the tank. AR

| N
zox,o’m,_ = ff

-
N

n

N N
pzz ﬂ + d"}y zax[ﬁj”’;i +?6’0x/037ﬂ§ (4m)

$9.2x/0° % = 592 kpa

n

2.3 A closed tank is partially filled with glycerin. If the air
pressure in the tank is 6 Ib/in.? and the depth of glycerin is 10
ft, what is the pressure in Ib/fi? at the bottom of the tank?

Povht = (rna Yo )+ (6 )02
/b
= fpE o

2.22 On the suction side of a pump a Bourdon

pressure gage reads 40-kPa vacuum. What is the
corresponding absolute pressure if the local at-
mospheric pressure is 100 kPa (abs)?

7!3(;&5) = 75(!&;3)1- f{abh}
= ~bodR * l0kPe = bo4dA




226 2.16 For an atmospheric pressure of 101 kPa

(abs) determine the heights of the fluid columns
in barometers containing one of the following lig-
uids: (a) mercury, (b) water. and (¢c) ethyl alco-
hol. Calculate the heights including the effect of
vapor pressure, and compare the results with
those obtained neglecting vapor pressure. Do
these results support the widespread use of mer-
cury for barometers? Why?

(Jnc/udm? vapor frrs;we.) (W:fhnué !M/oar Pressur‘e)
pltm) = ¥4 + B,  platn) - ¥h
where b~ vaper pressure

Platm)
771“} { . Pldm )= Py ‘g = ______a_a:m
¥
o) M -l N 3_-
(o) %107 2 = LbXIb —, 10] X110 o=
(4) For mercdry . -—£ = “m . (7 ,ﬁ. = —
/133 Xx10 ;"%- 133 1p° A
= 0,759 m = 8,759 m
BRI = il & s W
g PR N T
) For water! ,f = m* > _§ = o1 xidm
730 210° X 9. t0 > ¥
m3 P
= ol m = 10,3 m
3
alcohol : { = = —_—
77w x10° X T
= 3.3 m = 18,0 .m

Yes. For mercury barameters The effect of vapor pressype
/s neg//'qié/ye ) and The veguived height of The mercury

column [5 reasonable .



2.27 A mercury manometer is connected to a large reservoir of

water as shown in Fig. P2.27. Determine the ratio, h,/h,, of the
distances h,, and h,, indicated in the figure.

F = 8hy + by,
but f = ﬂ?*?f(?-/m) BFIGURE P227

Thys,
S hw +0whn =28 by

or

(‘rw)bw :(Zbﬂm‘b/w)hm

so that

b”m

bhw _ (2¥n-0) =2 56, -/ , where $6,, = =13.56
hm w

Ths,

bw

6.1

= e Closed valve

228 A U-tube manometer is connected to a closed tank
containing air and water as shown in Fig. P2.28. At the closed
end of the manometer the air pressure is 16 psia. Determine the
reading on the pressure gage for a differential reading of 4 ft () =
on the manometer. Express your answer in psi (gage). Assume
standard atmospheric pressure, and neglect the weight of the air
columns in the manometer.

Air pressure = 16 psia

Gage fluid
(y =90 Ib/ft3)

® FIGURE P2.28

P Gy (+R) 2 8, (242) < £

[ A

Tfms)

Pressure
gage

3“2‘3
g, "
o~
S =3
|
3
~J
E-T
BTX
L
.c

%15
r
\_/
’“\
é?
Q_/
S
>



2.30 Two pipes are connected b
_ ¥ a manometer as shown in Fi
P2.30. Determine the pressure difference, p, — pj, between the plpe%

13 m
|

Gage fluid
(SG = 2.8) Water

|
|
o8

BFIGURE P2.30

+

2 T 3-#20 (a.fma +0.bm) — 337( (0—‘:/»-) o a;&a {Lam-afm): 455
Thus,

,P&*PB: 3}% /0 bom) — (O S5om +0.bm + [,3m ~0.5m )

= (2.6)(98 24 )/o.ém) (95022 ) 1.9.m)

= - 232 AR

2.3/ A U-tube manometer is connected to a
closed tank as shown in Fig. P2.3/. The air pres-
sure in the tank is 0.50 psi and the liquid in the
tank is oil (y = 54.01b/ft*). The pressure at point
A is 2.00 psi. Determine: (a) the depth of oil, z,
and (b) the differential reading, /., on the ma-
nometer.

FIGURE P2.3|

(a) -ﬁg 5 a;f'/ zZ+ fbﬂ-b}'
Thus ﬂ-“f’n:ﬁ (.,2 kb _ o5k )ﬁua&}m]
F o ) = bl TEE L s hood
o1 SH 0 #a

©Y by Yy (2h) - (56X, ) A =0

Thusj
By + Yoy [2£2)

(sa)(a{m)
,_) ttm-— ) (‘540— j(z*f"tj

(3.05) (624 4, )

A =

= 7 08 ft



2.36 Determine the elevation difference, Ak, between the
water levels in the two open tanks shown in Fig. P2.36. 4

W FIGURE FP2.38

Ah

F TR
¢ e Bjm,‘ﬁ + (56) 8, (0.4m) + BLM {4 0.%m) + b’ud
Since -R: ﬁ.zo

Akz O %y ~ (d@)(’ﬂ.lfm} = 0040 m

5 Carbon tetrachloride
2.%1  An inverted U-tube manometer con- 8 psi
taining oil (§G = 0.8) is located between two e
reservoirs as shown in Fig. P2,4). The reservoir il
on the left, which contains carbon tetrachloride,
is closed and pressurized to 8 psi. The reservoir 3n
on the right contains water and is open to the
atmosphere. With the given data. determine the 1ft
depth of water, , in the right reservoir. e o

N

FIGURE P2.4

Let & be The air pressure in Jett réservoir. Manometer e;unéw}
Can be written as
-%*. a;%(SH-::t-:&_m&%a;” (n.vr&)—);wfﬂ-:&-:&):a

Jo That
£+ 3&& (0.3 #t) + 8oz) [0742)

"‘PL = + 2
sza
= (32 )iv4 _’,%:.J +(96.5 £5:) (0.3 f2) +/5}:a£=)(a.?4t)
ozy Ik + 24L

=l

L/ 6+t




2.42 Determine the pressure of the water in pipe A shown in Fig. Alr ’ .-"/ R
P2.42 if the gage pressure of the air in the tank is 2 psi. i | :
h3 |
—| [
1ft 4t | |
8, =
2t
| B L et

\h\'“_"“n'.'a[er #_;)73_\_:/
ﬂ" -aqwhl "(0'95;;)}11 +<Ywh3 =ﬂlf'f' BFIGURE P2.42 W

or
f’ﬁ =ﬁqf.- +8y(h +0.9h,-h,)

2 i (m)+524ﬂ3( 1 +0.9 (4f)~ I#)
1b

=575
—

232 For the inclined-tube manometer of Fig, P2.32 the
pressure in pipe A is 0.6 psi. The fluid in both pipes A and B
is water, and the gage fluid in the manometer has a specific
gravity of 2.6. What is the pressure in pipe B corresponding to
the differential reading shown? 3 TN i -
n. - el

FIGURE P2.32

3
Ty ¥ O, k) ~ Y L a)sinit - &, (AF) < £,
(wf:ev'e 3},{ i5s  The :y:ec.-/}c u{:}'.&i of The Gage Fluid )
Thus,

i

5 - Yy (£ #) 5in 30°
(0.6 )[!% ) @.6)ez, +’C‘{;,)( #)(e.5) =323 4

= 323‘b/¥f‘/xw»,~/..cz = 0.224% Psc

[




2.43 In Fig. P2.43 pipe A contains gasoline
(§G = 0.7), pipe B contains oil (5G = 0.9), and
the manometer fluid is mercury. Determine the
new differential reading if the pressure in pipe 4
is decreased 25 kPa, and the pressure in pipe B
remains constant. The initial differential reading
is 0.30 m as shown.

“;r The 1nihal &nﬁfuﬂt'ﬁwﬂ N
Pyt $gas (0.3m) - Sy (0.3m) -

With a decrease n B to ;b Gage Fluid levels change 4s
Shown on ﬁfﬂ*"‘-’- Thus, :4-»— Final Coun frauratdn @

lﬁiﬂré;w{eﬂj-q)-a“?(dh}—*b;”(o-{r-fa) =@ €2)

Where all jfﬂjﬂu‘ are m m, Sué'ﬁmcf Ez_le ﬁ‘am Ef.(U +o
obtain,

)
7?4'& "’C}’ ) —3' (0.3 ~&h) + &;ta) =0 &)

Jince de +4h =83 (see ﬁf#re} Thenq

2

(0. 4au) = (1)

ﬂ:)

ana From £g.03)

Bty + s (230 ) - Gy [o3-2h) + diy (2220) =
Thus, :
dh = Bt Bgas (005) -0y, (03) + ;) f005)
_‘}1‘;"‘ Q};_s f i‘i‘;!
and wiTh -ﬁ,J_Z.F'é&
A = .,25 (gy;(fg,r ){oJEmJ (33 *”)(aam)+(af)(43r )9;5.
— /33 %‘-j + f%gjén 280 ¥ t’*"_-;”c’fnﬂ%",}

O,/e0 m



P e I

2.44  The inclined differential manometer of

Fig. P2.44 contains carbon tetrachloride. Initially

the pressure differential between plpes A and B,

which contain a brine (SG = 1.1), is zero as

illustrated in the figure. It is desired that the ma- a
nometer give a differential reading of 12 in. (mea-

sured along the inclined tube) for & pressure

differential of 0.1 psi. Determine the required

angle of inclination, 4.

Carbon
tetrachloride

FIGURE P2.44

lhen 7’;'.’4 Py /s Increased to ;f’ %J The left colymn +ulls a
d'f.sf'ﬂme a, and The ?‘ffmf L‘a/#mn VISES dfsr'-nrmcg b q!ﬂﬂf
7He !nc/fned +ube 45 Shoun i Houre . B This fipal tentiguration .

% (4;+a) - cdi; A (‘eﬁ “f”"”g): #
a*-@’ B £, Ta bl
The d.fferend sl reading Ah, along The tube s
3
dh= T +b
Thus, +rem k3.0
ﬁa + ((}1 f‘r)/dhsms]“a
b sing = —(A- %)
n T
it /2@"_32 5(‘”")
and wih P ~sh :o.quL '
A B J In.
3ind = @"t ?‘%1)(”‘* -P.t")

= [(1 1)(6z, 4&,)- f&‘.sfg(:—f‘z&)

C

= O Ybé

1@}. dﬂ}) s [2 Ipl‘l.

Th .
us, &g




2.45  Declermine the new differential reading
along the inclined leg of the mercury manometer
of Fig. P2.45, if the pressure in pipe A is de-
creased 10 kPa and the pressure in pipe B remains
unchanged. The fluid in A has a specific gravity
of 0.9 and the fluid in B is water.

™~ Mercury

FIGURE P2.45

Fer The tnitig/ C@n[fj:umétérf :
'a-fa;f'o.f)f- dj&g fo.assmsa') - b:faa (aag):ﬁb (/)

where all lengThs ave in . lhen +  decreases left column

Moves wup o r:f’.r.sr’:n.p-w:gcl'.J anre right Eolumn moves down

a drstance JA, aS Showh In ;f{'jwr.:* For The fihal cadﬁjgmﬂvéu,'

/ g 5 . o
+ ¥ 1/0“}—‘45”139,)* }. (ﬁ- Srn30’+0.056m g0 &)=
A A ﬂj_

- £

-y '3;!‘;0 ﬁj&f&J B _’63 :
bohere a 1s The pew /JV!’SSHF! in JPJ;F-E ‘-4.
Subtract Eg. 2) from Eg.ll) 4o obtain

Bty + ¥ (a sin3o) - 3*;,; a(sindosi) + %, (2) =o

0
Th
us, 5 (&_Pﬁ,)

¥y S 30° - a’”} (sin 30°+1) +
For a'fh = 1o Af
-4 N

-G ==

a =

Xﬂw

n

a

(0.0)(931 2)(05) - (133 24 Yose) » 20022,

O, O5%0 am

1

New diftevential reading, &h, measured along 1nclined tule is
QE“! +to

Q.
= I + 0,058 + @&
4h Sin 3p°

= ©O.05% m

+ 0,05m+ O0.05%om = ©.2/2 m
8,5 —




246  Determine the change in the elevation
of the mercury in the left leg of the manometer
of Fig. P2.46 as a result of an increase in pressure

of 5 psi in pipe A while the pressure in pipe B A
. Temains constant.

FIGURE P2.4¢

For the inidial c‘anﬁjyméén .'

[4 & a [} o
% + G olX) - Iny (72 31 30°) - ¥ (ﬁ)ﬁﬁ ()

B
wWhere all fe.nj?hs gre in £t . When & tneveases o &’ 7he

left column +alls by, The distance , @, anu 7he right elumn

Mmoves wup The dikv‘ﬁnceJ bJ as Shown In The ﬁjme. Fr 7he
1Cfna/ Coﬁ#_é#ra'&zbd d

-ﬁ,'f' 3}';3_0 (g*“-)_ 3;4; /a' ¥ ?%5’:"30°1- b sin 30°) =

Yis (8- bang)e b (2
Subtract Eg‘_ (1) #rem Fg.:’l) fo obfaln

Al T (a) =8y (arbsinde’) + &) (bsin30) =0 ¢3)
Since The volume of f:z'u.r.a’ must be eonsjpnt Aa = A b,

or (o) e (i)
So  That b=4ta

T}WS', Ej,(.?) Can be toriffen a5
-ty v, (<) - g (a +#a sm3®) + &) (4as1h30°) =0
o : ___ﬁ 1 Yz )
S0~ a;? (3) +&;,(2) f;z,tfﬁa—(f?‘ﬂ ;—fg)(s)ffa%mgs)(z)

an#d

2
1

1

0.30% £+ (down)




2.52 A piston having a cross-sectional area of
0.07 m? is located in a cylinder containing water
as shown in Fig. P2.52. An open U-tube manom-
eter is connected to the cylinder as shown. For
hy = 60 mm and h = 100 mm, what is the value
of the applied force, P, acting on the piston? The
weight of the piston is negligible.

For eguilibram , P = é'AF
©on p.-‘s*fa.q Gnd AP 15 The

Piston

e,

wmr f;l

[ . o/ Mercury” s

FIGURE P2.52

Where 7?* /s The pressure actin
aqrea ok twe Pistor. Also,

Rt =g 4 =e

er

Thus)

B e (}2,7 X 103_,51 }(a.o? m‘) = Yy N




2.54 A circular 2-m-diameter gate is located on the sloping side
of a swimming pool. The side of the pool is oriented 60° relative
to the horizontal bottom, and the center of the gate is located
3 m below the water surface. Determine the magnitude of the
water force acting on the gate and the point through which it
acts,

Fo = pa Al =8he A, where b, =3m

Thys,
Fe z(?*é’%)fem)(—;fr:am)") = 942 kN
Also
YR~ Ve = x’-‘ wfaen? for a circle I, = 'za@f-'-' ﬂ{;’”}‘!:-ﬁ{zm"‘

and cos 30 = ,@)_,5 s et

= _,_h_._.- ._.c3m _ hc
% ca.r;a' — = 3. %m %

Hence c

Ix: /A
@+ M
}{Q yc 5 (3‘/537?)3(2;3’"

Thus, the resultant force acts normal to the gafe and
0.9723 py from the centroid , along the gate.

= 0,0723 m



2.59 A long, vertical wall separates seawater
from freshwater. If the seawater stands at a depth
of 7 m, what depth of freshwater s required to
give a zero resultant force on the wall? When the
resultant force is zero will the moment due to the
fluid forces be zero? Explain.

F:;.- ta ‘7}8?: Ff}u]'}lu{ rﬂr‘:e

[35] e
Frs = Fef =1 o
E SPS'MM 0 "}'a, ;
& : (%) v F
ARER TN " e
Thus, for & uait leagte of wal) L
SF Ferfrarerer it
(o]
(0.1 28 ) (T2 (1 c1m) = (2802 ) (R ) (k1)
o That
: J = Tan o
Ln ovder for momenl Fo be o Es and ﬁa_; must be Collinear,
For Fes ! Lse =+ ( im}f?m)
b ‘EIR‘-‘ ﬂ*ﬁc‘" 2 gm T Y b Tm
> {Inu)[’l'uxl-u)
Similaply Ly Fry !
—{ (IM}(T.HMjJ T 5
%R;— 5 -+ -—1: M = (tjlf'm

%m)(?ﬂmﬂnﬁ

Thus, The distunce & Fpg From The bottom (pani 0) s
Tmr—= 4.L7am = 2.33m ., For Fé; s dis bpuce s
Tllom = 3, 7¢me = 2,.37Tm . The forces are net Collinear. No .,




2.6l [

2.6l A homogeneous, 4-ft-wide, 8-ft-long rectangular gate
weighing 800 1b is held in place by a horizontal flexible cable |
as shown in Fig. P2.6] Water acts against the gate which is = 7 fFersiaemmeianns
hinged at point A. Friction in the hinge is negligible. Determine :

the tension in the cable.

Water

]‘-'-E = b’;‘c A wﬂh;’!‘f Ac: {;‘_;f_}) sin b0°

Jhus,
5, = (6242, )(&f’){s.«m')ﬁ&x 444)
= 7890 /b
7; /Ofﬁréf Ffe )
S(R = ?z_’;—‘ + 7 w here yczg,[,g

Jeo ﬂd’-é‘ r—i (5‘#&){5’#)5

2 + 3FL = 46 £t
Jr (3 £ ) (LR <)

Fer eguilibrium,
Z-MH =0

T (3£ )5mds?) = 9 (4£L)(tosko?) + K (1)

e (300 Ib) (442 )(os b6°) + Gsdo lb) (2 £)
- (f 'ff)tfnl-r &0°)

and

= /350 /b



2-63

The

/s

2.63  An area in the form of an isosceles tri-
angle with a base width of 6 ft and an altitude of
8 ft lies in the plane forming one wall of a tank
which contains a liquid having a specific weight
of 79.8 Ib/ft". The side slopes upward making an
angle of 60° with the horizontal. The base of the
triangle is horizontal and the vertex is above the
base. Determine the resultant force the fluid ex-
erts on the area when the fluid depth is 20 ft above
the base of the triangular area. Show, with the
aid of a sketch. where the center of pressure is
located.

Pe+ 51k bo* )& /?)

= d0.43 ft
_’?c = Y, Sin bo®

Ix e
Y A
5 (ehe)(p 2’
(20.43F£)(4 (6 Ftxdft)

ra 5": ' Where

Pressure

a’ﬂ‘? A = (7‘? 8 X-(‘éo 3 #t)s:néo](;_ b-chSH)

= 33} o0 Ho

o ok
I.:'-::.-jt;

( 4&)(&&)3

+ do,w3 £+ = Jdo.t £i

14-*1'6/ /L',-EJ acts mmuf}) The center sk Pressure Which

located a  distance of A2 £ - 20,¢ £

Sinbo®
above The base of The %”}'Wf&

@S Showhn in

= Aug f4

sketeh,




2.6% Solve Problem 2.63if the isosccles triangle is replaced
with a right triangle having the same base width and altitude as

the isosceles triangle.

LJ &,tc. | “
F}E = 33} ?00/4: /

/ :

j;: E—ﬁi—-ﬁ b0’ Xt el ik
[5“ Sl 2 C/_,' >\‘ Pressure
Problerns 2.63 ) jk\}/ ¢
Koy 3 % + X, (Fg, 2.20)
arq Y2 Q048 Fb [ ire sebilics i Problas 2.49)

77'”"’5) 22 ‘F't#

5 b
Moy T = e =
R (0.4 FE )4 FEfft ) 3 7 E;Dq—ii_

-f;n:‘e , Fo  acts Through The center of Pressurve Loy Tie

/

Coordinates = 2,07 FT and 4’z D4g f1  lsee sheteh)



2.97 A freshly cut log floats with one fourth of its volume pro-
truding above the water surface, Determine the specific weight of o
the log. Im ‘1/

V = log valume "
FB =W or

3
a:ﬁ{? M’zv g 'Xr'vg V %3-0= ?V

h
i Ml Ly &Y
g ~ “Ha Yy AT
. 3 1 Ib
- 3 = 7 —_— = e
Sog = F Gpo =7 (62.44) = 44,8 43 3

2.98 A river barge. whose cross section is ap-
proximately rectangular. carries a load of grain.
The barge is 28 ft wide and 90 ft long. When
unloaded its draft (depth of submergence) is 3 fi,
and with the load of grain the draft is 7 ft. De-
termine: (a) the unloaded weight of the barge,
and (b) the weight of the grain.

(a) J:;r E%u;!;bﬂﬂ-m) ——-’ e l— = ‘
ZF\'/er{‘ G
ical
Se That TFB

i e ™
3 > hao Submerged voly E) . (unloaded)

(6’2'4!;’23)(5& <28 £t x 9o ft)

= 786,000 [b
—_—

o B ol ) =0

vertica| W, rWg

Wb*rwa = F:B < h’“z(; (Submergw ualu,m)_-'_ L i hl_ i J_;._jﬂ

_ I
iy (‘-?-5‘-*’3)(7&& €20t Goft) ~ Tal oo s
\Wa.\. wg[ﬂht of grain

= 3!5; ooo b




2.99 A tank of cross-sectional area A is filled with a liquid of
specific weight y, as shown in Fig. P2.99a. Show that when a
cylinder of specific weight v, and volume ¥ is floated in the lig-

uid (see Fig. P2.995), the liquid level rises by an amount
8h = (vo/ y)) ¥/A.

W = weight of cylinder = % =mricune pases
For equilibrivm,

W =weight of liguid displaced =8 h, A, = &Y where ¥ =h, As
Thl)-i;

3:90"=3:%J or
A

However, the final volume within $he tank /s e val fo the imitial
volume plus the volume %j., of 1he cylinder that issvbmerged.

T}im[fsj
(H+ahA = HA+¥
or

% i
ahe 2 <5 %

2.103 An irregularly shaped piece of a salid
material weighs 8.05 Ib in air and 5.26 ll_:l when
completely submerged in water. Determine the
density of the material.

W(n} arni] = (03 % [velume) where @ ~ density of B
W(fi! Wa'l[ch = /"? X (W}#ml) - b«oyanz‘ foree

i /5"7 % (volume) ~ /?’zaﬁx {Vm’umz)
Thus,

W O asv) / g !
5 _ P
W(IH !#nkr] fp— /‘3"’10 ! ——::l?
i /o - LI ij%’; _ g yp Slas
o a DAF FEE . . F -
/0-- l W(H:I M?‘PI"} r 5:1‘,,{5 'H
W lin air)




2.118 An ice berg (specific gravity 0.917) floats in the ocean (spe-

cific gravity 1.025). What percent of the volume of the iceberg is
under water?

For equil ‘brivm,

W= W&f?}n’ of rcebery = Fp < ﬁwnyamf force

or

%e cfce = Btj’{yg a::cegﬂ ) where %{f‘,& < volume of ice Wﬁmﬂ’/‘yea’.
Thus,

i?[ﬁé = .fa;*"_" _ SGie _ 0917
%éae Uocean S6ocoan 10*5 0.895 '-58”?____,___\5“_’/"_,

1.95 Small droplets of carbon tetrachloride at
68 °F are formed with a spray nozzle. If the av-
erage diameter of the droplets is 200 um what is
the difference in pressure between the inside and
outside of the droplets?

_ 20 .
-f::_. = (E'g i

Sf};cg = 269 x}p";l-

N
-
-2

at ﬁ-?‘)"'(’:ﬂa“i‘))
- 2 (2.62x10 )

7—": . = 5382/
lee xlo  m R R




1.103 (See Fluids in the News article titled *"Walking on water,”
Section 1.9.) (a) The water strider bug shown in Fig. P1.103 is
supported on the surface of a pond by surface tension acting along
the interface between the water and the bug’s legs. Determine the
minimum length of this interface needed to suppart the bug. As-
sume the bug weighs 107" N and the surface tension force acts
vertically upwards. (b) Repeat part (a) if surface tension were to
support a person weighing 750 N.

BFIGURE P1103

A
For €1u|\ibnhm I
W = gL
- w
(@) ¢_ W _ 'N .
fﬂ" . ;f_m W~ weight
m 0=~ surface tension

]

Lalxis o { ~ length of interface

(1.3 %16 7m ) (10° 2220 = (3L e

I

)

1)_ ) 150N

= | b2 xw“m (L.B‘fmni- Il
734 x1p"* N -

3



Extra problems on buoyancy

Problem 1:

A cylindrical slab of ice (density 900kg/m3 ) of circular cross section (radius R=2.0m) and
height H=20cm floats in sea water (density 1030kg/m”).

(a) A group of N=50 penguins (mass m=5.0kg each) decides this is a good place to rest
and they hop onto the slab. Determine the height h by which the ice slab protrudes above
water (i) without the penguins; (ii) after the penguins have hopped on.

(A1) water level

(B)

ﬂp FB;(G'?EH-&JEE zlﬂ-f-ﬂlnlvki'z w:P'm‘jHﬂEL

/g#lnl = JﬂH:EH- N
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Problem 2: A hot-air balloon weighing 80 kg has a capacity of 1200 m’. If it is filled
with helium, how great a payload can it support? The density of helium is 0.18 kg/ m’
and the density of air is 1.30 kg/ m’. Express your answer in Newtons.

First, determine the total mass that can be lifted by the helium balloon.
Mass lifted = mass of the volume of fluid displaced
Mass of displaced air = (1200 m*)( 1.3 kg/m>) = 1560 kg
The total amount that can be lifted = 1560 kg (including balloon, helium and payload)

Now, the total amount that can be lifted must include the mass of the balloon and the
mass of the helium itself, so we need to subtract those:

1560 kg - 80 kg - (1200 m?)*(0.18 kg/m’) = 1264 kg
Converting to Newtons yields:

F = (1264 kg) * (9.8 m/s”) = 12,387 Newtons

Problem 3 Sea turtles use their lungs to control their buoyancy. Here are 2 facts about turtles:

FACT ONE:
Before a turtle dives underwater, it inhales some air into its lungs. During the turtle’s
dive, the air volume in the lungs changes with increasing water pressure according to the
ideal gas law:

P =pRT

This means that the total body density of the turtle changes with depth.

FACT TWO:
Turtles prefer to swim at the depth where they experience “neutral buoyancy,” that is,
where the vertical forces on the turtle are exactly zero.

Part A) Clearly identify each variable in the ideal gas law, including units
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Part B) Using Fact One and Fact Two, write an expression for the depth h at which a turtle will
prefer to swim. Your expression may involve some or all of the following variables:



Mt = Mass of the turtle without air

V1 = Volume of the turtle without air

M. = Mass of the air the turtle takes in before diving

V.ir = Volume of the air the turtle takes in before diving

pw = density of sea water

g = the acceleration due to gravity

The variables R and T in the ideal gas law. You can assume T is constant with depth.
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