AP Physics Free Response Practice – Fluids – ANSWERS
2002B6.

a) Example 1: Measure the unstretched length of the spring. Hang it with the object at rest and measure the stretched length. Call the difference in these lengths ∆x. Equating the weight of the object and the force exerted by the extended spring gives mg = k∆x from which k can be determined. 
Example 2: Set the hanging mass into oscillation. Determine the period T by timing n oscillations and dividing that time by n. The equation T = 2π√ m / k can then be used to find k.

b) The spring is stretched less when the object is at rest in the fluid. The fluid exerts an upward buoyant force on the object. Since the net force on the object is still zero, the spring does not need to exert as much force as before and thus stretches less.

c&d) 
1) Measure the length of the spring when the object is immersed in the liquid, and subtract the unstretched length to determine the amount the spring is stretched. This will allow calculation of the force exerted by the spring on the object.

2) The volume of fluid displaced is equal to the volume of the object, which can be determined from the given mass and density of the object.

3) The buoyant force on the object is equal to the difference of the object’s weight and the force exerted by the spring.

4) The buoyant force also equals the weight of the displaced fluid, which equals the product of the fluid density, displaced volume, and g.
Symbol

Quantity
     ρ

fluid density

     V

object volume = displaced water volume

     g

acceleration of gravity

     m

mass of object

     x

spring stretch in air

     xw

spring stretch in water
First solving for k in air.  mg = kx
Then in the fluid.  Fsp = kxw


Fnet = 0

Fb = mg – Fsp 

ρVg = mg –kxw

ρVg = mg – (mg / x) xw  
solve for ρ

B2003B6.

a) 
i)  The total mass of water moved can be found with the density and volume m = ρV = (1000)(0.35) = 350 kg of water.  This water is moved a distance 85 m so the work done to move it is W=Fd = (350)(9.8)(85) = 291,500 J.


ii) The force needed to move the water = the weight of the water (mg).  
Using. P = Fd /t  = (350)(9.8)(85) / (2hrs *3600 s/hr) = 40.5 W

b)   i) Using fluid continuity.  A1v1 = A2v2   

π(.03/2)2(0.5) = π(0.0125/2)2v2
v2 = 2.88 m/s


ii) Apply Bernoulli’s equation.   P1 + ρgy1 + ½ ρv12 = P2 + ρgy2 + ½ ρv22





  y1 = 0                      P2 = atmospheric (open faucet)



P1 + 0 + ½ (1000) (0.5)2 = 1.01x105 + (1000)(9.8)(85) + ½ (1000)(2.88)2

P1 = 938000 Pa
2003B6.
a) P = ρgh = (1025)(9.8)(35) = 351,600 Pa

b) Pabs = Po + ρgh = 1.01x105 + 343,000 = 452,600 Pa
c) The FBD has three forces acting on it.  The upwards lifting force, the upwards buoyant force and the downwards weight, mg.  Constant velocity ( Fnet = 0



Ft + Fb – mg = 0
     Ft = mg – Fb      
Ft = (ρobjVobj)g – (ρh20Vdisp)g
Vdisp = Vobj   call it V

( Ft = Vg (ρal – ρh20) = (1x2x0.03)(9.8)(2700 – 1025) = 985 N
d) Ft + Fb – mg = ma
Ft = mg – Fb +ma.      Comparing this tension equation to the one in part c you see that the 




        tension will increase since the quantity “ma” is being added here
2004B2.
a) Pabs = Po + Pgauge
413 atm = 1 atm – Pgauge

Pgauge = 412 atm   
b) Pgauge = ρgh

412(1.01x105) = 1024 (9.8)(h)
h = 4140 m

c) The fluid pressures acting are the outside water pressure (which includes the atmosphere at the surface acting down on it) and, the inside air pressure which is atmospheric.  Since the atmospheric pressure acts both inside and is also included in the water pressure, the net force due to fluid pressure can be found by using the water’s gauge pressure since the air pressures effectively cancel each other out.
Pgauge = F /A

412(1.01x105) = F / 0.01

F = 416,000 N
d) The force from c is not the true net force. The actual net force is zero as the window is at rest.  This force from c is due to fluid pressures and is resisted by normal forces acting on the edges of the window where it is connected to the submarine.

e) vf = vi + at

10 = 0 + a(30)

a = 0.33 m/s2
f) d = vit + ½ at2

d = 0 + ½ (0.33)(30)2
d = 150 m

g) The total depth is 4140 m.  There are two parts to the trip, the first 150 m covered while accelerating and the second (3990m) covered while moving at constant speed.  The parts must be calculated separately.  Part one, during acceleration, was already given as taking 30 second.  The second part at a constant speed can simply be found using 
[image: image4.emf]= d/t,     10 = 3990 / t,     t2 =399 seconds.  So the total time of travel was 429 seconds.
B2004B2.
a) The descent occurs at two different accelerations and must be analyzed in the two sections.  
Section 1 starts from rest and accelerates, find the time in that part
v1f = v1i + a1t1
2 = 0 + 0.10 t

t1 = 20 seconds.

d1 = v1it + ½ a1t12
d1 = ½ (0.10)(20)2
d1 = 20 m

Section 2 occurs at a constant speed equal to the final speed in section 1 and will occur over the remaining distance d2 = 60m.
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2 = d2 / t2

2 = 60 / t2
t2 = 30 seconds 

ttotal = t1 + t2 = 50 seconds
b) Weight of water above the bell is a cylindrical column with a height of h=80 m and area of A=9 m2.  This gives us the volume of the water above the bell given by V = Ah = 720 m3.   
The weight of this column = mh20 g = (ρh20V) g = (1025)(720)(9.8) = 7.2x105 N
c) Pabs = Po + ρgh = 1.01x105 + (1025)(9.8)(80) = 9x105 Pa
d) Since there is air pressure inside the bell, and the absolute pressure on the outside also includes the air pressure, these two pressures essentially cancel each other out and we only need to push against the water pressure alone so we should use the gauge pressure to find the needed force.
Pabs = Po + Pgauge   9x105 = 1.01x105 + Pgauge
Pgauge = 8x105 Pa.








F = PA =(8x105)(π(0.25)2) = 1.58x105 N

e) To reduce the pushing force needed, you could increase the pressure inside the bell to create a smaller pressure difference between inside and outside.  Or, by making the area of the hatch smaller the pushing force would be less.  Or, you could use a lever inside that uses torque to provide mechanical advantage to amplify an applied force to one side of the lever. This would makes the force pushing the hatch open the same but the required pushing force of a person less.
2005B5.
a) We are given the volume of the raft and the surface area as well. Use this to first find the total height of the raft ht
V = Aht   
1.8 = 8.2 ht 
ht = 0.22 m


Since the raft is floating, the weight of the raft must equal the weight of the displaced fluid.  We will define “hs” as being the portion of the height of the raft below the water so that the displaced volume is given by V=Ahs
mraftg = ρh20 Vdisp g 


ρraftVraft  g = ρh20 Vdisp g
ρraftVraft   = ρh20 (Ahs)
(650)(1.8) = (1000)(8.2)hs

hs =0.143 m

h = ht – hs = 0.22 – 0.143 = 0.077 m (the visible portion of the raft)

b) FB equals weight of displaced water = ρh20 Vdisp g = ρh20 (Ahs) g = (1000)(8.2)(0.143)(9.8) = 11500 N directed ↑
c) Determine the extra buoyant force that will come from submerging the exposed raft volume Vexp = Ah 

Fb(extra) = ρh20 Vdisp g = ρh20 (Ah) g = (1000)(8.2)(0.077)(9.8) = 6187.7 N


1 persons weight = mg = 735 N.    Total weight allowed / person weight = 6187.7 / 735 = 8.41

So, an extra 8 people could come on without submerging the raft.  You could also chop some arms or legs off and throw them on there also until you get up to the extra 0.41 of a person limit.

B2005B5.
a) The force on the plug from the water inherently includes the atmosphere above it, so we use the absolute pressure.  
Pabs = Po + ρgh = 1.01x105 + (1025)(9.8)(20m) = 3x105 Pa
The force is then found with P = F/A
3x105 = F / (4x10-5) ( F = 12 N

Note: This calculation of pressure (ρgh) only works since the fluid is at rest (static).  For moving fluids, only Bernoulli’s equation (or F/A in rare cases) can be applied for determining pressures.

b) Though many of you may know the Torricelli theorem shortcut to this problem, when the AP exam graded this question, simply stating that equation and plugging in lost points.  To be safe you should always start with Bernoulli’s equation in its full form, cancel out terms that don’t exist or are assumed zero, and solve from there.


P1 + ρgy1 + ½ ρv12 = P2 + ρgy2 + ½ ρv22
P1 and P2 are both open to atmosphere so are at Po and cancel.  Tank is large so v1 is assumed small enough to be 0,  y2 is set as zero height.


ρgy1 = ½ ρv22
v2 = √2gy1 (as expected from Torricelli) … v2 = √2(9.8)(20) = 19.8 m/s
c) Volume flow rate = Q = Av = (4x10–5)(19.8) = 7.92x10-4 m3/s
2007B4.
a) Volume flow rate = Q = V/t = 7.2x10–4 / (2min * 60 sec/min) = 6x10–6 m3/s

b) Your first thought is probably Bernoulli, but there are too many unknowns so this does not work.  We can use the volume flow rate above the find the velocity.
Q = Av 
6x10–6 = (2.5x10–6) v
v = 2.4 m/s

c) Use Bernoulli, same derivation as in the problem above (B2005B5) … v2 = √2gh      (2.4) = √2(9.8)h      h=0.29m

d) Left of beaker.  Based on the formula derived above, the exit velocity is dependent on the height and with less horizontal exit velocity the range will be less (dx = vxt).  This makes sense because less height would result in less pressure and decrease the speed the fluid is ejected at, thus lessening the range.
B2007B4.

a) Use Bernoulli, same derivation as problem B2005B5 … v2 = √2gh … v2 = √2(9.8)(0.7)… v2 = 3.7 m/s

b) Volume flow rate Q = Av = π(0.001)2(3.7) = 1.16x10–5 m3/s
c) Q = V / t 
1.16x10–5 = V /  (2min * 60 s/min)

V = 0.0014 m3
d) Free fall.
d = vit + ½ gt2  
– 0.25 = (– 3.7 t) + ½(– 9.8) t2
solve quadratic
t = 0.062 s

Alternatively, first determine vf at the 0.25 m location then use vf = vi + at to solve for t.
2008B4.

a) Using projectile methods.
vfy2 = viy2 + 2ady 

0 = (vi sin50)2 + 2(–9.8)(0.15)
vi = 2.24 m/s

b) Volume flow rate = Q = Av = π(4x10–3)2 (2.24) = 1.13x10–4 m3/s

c) If you don’t understand the wording, here is what the problem is saying
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            position 2
position 1

P1         r1 = 7x10–3

y2 = 3m

First we need to find the velocity of the water at the feeder using continuity

A1v1 = Q2
π(7x10–3)2(v1) = 1.13x10–4

v1 = 0.73 m/s
Bernoulli.  Position 2 is the fountain spigot which is open so at atmospheric pressure.  y1=0 no height.
P1 + ρgy1 + ½ ρv12 = P2 + ρgy2 + ½ ρv22

P1 + 0 + ½ (1000)(0.73)2 = (1.01x105) + (1000)(9.8)(3m) + ½ (1000)(2.24)2

P1 = 1.32x105 Pa which is the absolute pressure of the feeder.

To find the gauge pressure of the feeder.  Pabs = Pgauge + Po
1.32x105 = Pgauge + 1.01x105

Pgauge = 31600 Pa.


Note:  This gauge pressure could be determined directly in Bernoulli’s equation by realizing that P1 includes  atmospheric pressure as part of its total value and that P2 was equal to atmospheric pressure, so by elimination of the term P2, P1 becomes the gauge pressure.  This should be stated in the solution if it is the chosen solution method.
B2008B4
a)   Volume flow rate = Q = Av = π(0.015)2 (6) = 0.0042 m3/s 

b)
First we need to find the velocity of the water in the pipe below using continuity


A1v1 = Q2

π(0.025)2(v1) = 0.0042

v1 = 2.16 m/s

Bernoulli.  Position 2 is the fountain spigot which is open so at atmospheric pressure.  y1=0 no height.
P1 + ρgy1 + ½ ρv12 = P2 + ρgy2 + ½ ρv22

P1 + 0 + ½ (1000)(2.16)2 = (1.01x105) + (1000)(9.8)(2.5m) + ½ (1000)(6)2

P1 = 141000 Pa
c) Determine the launch speed needed to reach 4m.  

Free fall of a water droplet.   
vf2 = vi2 + 2gd 
(0) = vi2 + 2(–9.8)(4)
vi = 8.85 m/s


Use flow rate to find new area needed.  Q = Av 
(0.0042) = A (8.85)
Anew = 4.75x10–4 m3

Find new radius
Anew = π rnew2 
4.75x10–4 m3 = π rnew2

rnew = 0.0122 m

2009B5.

a) There are three forces acting on the masses in each case.  Tension up, buoyant force up, weight down.  Since they are at rest we have.  Fnet = 0
Ft + Fb = mg
Ft = mg – Fb 
so the largest Fb makes the largest Ft 


We are to assume the diagram is to scale and that clearly the volumes of the three containers are different.  The one with the largest volume displaces the largest amount and weight of water and will have the largest buoyant force acting on it.  So since they all displace different volumes (and weights) of water they all have different buoyant forces, and based on the equation shown above will have different tensions.

b) The mass of the object is given by m = ρobjVobj. 


Using the equation from part a, 


Ft + Fb = mg,
Ft + Fb =   (ρobjVobj.) g
(0.0098) + Fb = (1300)(1x10–5)(9.8)

Fb = 0.1176 N

c) The buoyant force is by definition equal to the weight of the displaced fluid.

Fb  = (ρfluidVdisp.) g
0.1176 = ρfluid (1x10–5)(9.8)
ρfluid = 1200 kg/m3
d) With only half of the volume submerged, ½ as much water will be displaced and the buoyant force will be half the size.  Based on the formula from part A, less buoyant from will make a larger tension.   This also makes sense conceptually.  Objects have large apparent weights in air than water so having some of it in the air will increase its apparent weight.
B2009B3.
a) Using fluid continuity.  A1v1 = A2v2   
(1x10–4)(v1) = (0.5x10–4) (8.2)

va = 4.1 m/s

b) Bernoulli.  Position B is the fountain spigot which is open so at atmospheric pressure.  y1=0 no height.
P1 + ρgy1 + ½ ρv12 = P2 + ρgy2 + ½ ρv22

P1 + 0 + ½ (1000)(4.1)2 = (1.01x105) + (1000)(9.8)(0.5m) + ½ (1000)(8.2)2

P1 = 1.3x105 Pa

c) Free fall of a water droplet.
vf2 = vi2 + 2gd
(0)2 = (8.2)2 + 2(–9.8)(d)

d = 3.43m

d) Projectile method, in y direction.  
dy = viyt + ½ gt2

dy = (vi sin θ) t + ½ gt2
0 = (8.2 sin 60)t + ½ (–9.8)t2
t = 1.45 sec


X direction.   dx = vx t

dx = (vi cos θ) t

dx = (8.2 cos 60)(1.45) 

dx = 5.95 m

SUP1.

a) ρ = m/V
= 12 / (0.5x0.2x0.2) 
= 600 kg / m3
b) The block will float based on its density.  For floating, 
block weight = buoyant force.



mobjg = ph20 Vdisp g
    mobj = ph20 Asqaure(hsubmerged) 
12 = 1000(0.2x0.2)hsub
hsub = 0.3 m

c) The extra weight added should equal the extra buoyant force created by submerging the remaining 0.2 m of height.



Fb(extra) = ph20 Vdisp g = (1000)(0.2x0.2x0.2)(9.8) = 78.4 N

78.4 / 9.8 = 8kg of extra mass.
SUP2.

a) Using fluid continuity. 

 A1v1 = A2v2   

(4)(10) = (2) (v2)

v2 = 20 m/s

b) Bernoulli.  ρgy1 terms cancel out since the pipe stays on the same level.
P1 + ρgy1 + ½ ρv12 = P2 + ρgy2 + ½ ρv22
2x105 + 0 + ½ (1000)(10)2 = P2 + 0 + ½ (1000)(20)2

P2 = 50000 Pa.

Since P1 was the gauge pressure and did not include Po, P2 will also come out as the gauge pressure.
SUP3.

a) Bernoulli.  ρgy1 terms cancel out since the height difference is negligible.  
P1 + ρgy1 + ½ ρv12 = P2 + ρgy2 + ½ ρv22 … rearrange equation so we can find P2 – P1 which is the ∆P

P2 – P1 = ½ ρv12 – ½ ρv22
∆P = ½ (1.2) (502 – 402) = 540 Pa
b) 
i) ∆P = Flift / A

540 = Flift / (9x2 wings)

Flift = 9720 N

ii) Fnet = 0

Flift =mg 

9720 = m (9.8)

m = 992 kg.
SUP4.

This problem involves floating objects, so weight of object = buoyant force    mobj g = ρfluid Vdisp g

In general … mobj = ρobjVobj






Giving …  ρobjVobj g = ρfluid Vdisp g     …     ρobjVobj  = ρfluid Vdisp 
   Water



Oil
   ρobjVobj  = ρfluid Vdisp

ρobjVobj  = ρfluid Vdisp



   ρwV = (1000)(2/3 V)
           (666.67)V =  ρoil (9/10 V)
   ρw = 666.67 kg / m3

ρoil = 740.74 kg / m3
SUP5.

a)  Pabs = Pgauge + Po
Pabs =  ρgh + 1.01x105 
Pabs =  (1000)(9.8)(16) + 1.01x105 
=
260000 Pa

b)  Use Bernoulli, same derivation as problem B2005B5 … v2 = √2gh … v2 = √2(9.8)(11)… 
v2 = 14.7 m/s

c)  Using projectile methods.   
dy = viyt + ½ at2 

– 3 = 0 + ½ (–9.8) t2
t = 0.78 sec





dx = vxt = (14.7) (0.78) = 11.5 m

d) An increase in atmospheric pressure around the damn increases both P1 and P2 equally so there is no net effect on these terms in Bernoulli’s equation, which means the exit velocity would be the same.
















Feeder
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