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PHY 180F
SOLUTIONS TO ASSIGNMENT 2 2005

After the mass is hung on the spring: BEFORE AFTER
kX =mg
_mg
k
If down is positive, the total force on
the massis: ~ ----- e i e x=0
F=—kx+mg (1)
Newton’s second law is: X = constant
d*x X -———— -—-1+~- New
F=ma= Ay ) : . Equilibrium
Equating (1) and (2) : X' Position
2X k _“_ ______
m—-=-kx+m ;=
dt’ J
But: x=x"+ X and therefore
2/ 1
ijx):-k(x# X)+mg
dt
2,1
mOI )Z +0=-kx'-kX+mg
dt
But X = % and therefore
21
mOI )Z :-kx’—km+mg
dt k
21
d >: kX
dt

. . d’x .
But this is the same as the equation mW =-kx that we had in class except that x’

replaces x and we know that the solution to this equation is simple harmonic motion of
the form x = Asin(wt + @) .
21

X _ -kx" is X' = Asin(wt + ¢) where o = \/E and this means
m

t2

Thus the solution to m

that the mass executes simple harmonic motion about the new equilibrium position
since X' is the displacement from the new equilibrium position.

YES you are justified in throwing out measurement 3.

Consider all the trials except 3. The average is 31.69 seconds and the standard deviation
is 0.20 seconds. The question is whether or not measurement 3 comes from the same
sample of measurements as all the other measurements except 3.



Measurement 3 is (33.91 — 31.69)/0.20 or 11 standard deviations away from the mean of
the nine measurement excluding 3. The probability that 3 could belong the distribution
that the other 9 came from is exceedingly small (recall that the probability is 1% for 3
standard deviations).

It is incorrect to use the standard deviation calculated using all 10 measurements. If you

do this then measurement 3 is only 3 standard deviations from the mean and there is no

good reason to reject it and so you might think that it should be kept. However,

calculating the standard deviation including 3 means that you explicitly are saying the 3

does belong to the distribution and so the large standard deviation reflects this

assumption. This is known as the “Emperor of China” proof and it goes like this.

a) Assume that | am the Emperor of China.

b) Next we have several lines of mumbo jumbo and pages of calculations.

¢) Finally the calculations “prove” what we assumed in the first place and the
conclusion is:

d) Therefore I am the Emperor of China. QED!
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4) This problem is NOT as easy as it sounds unless you adopt the language that was used in
class which assumes that the water starts to “fall” as soon as it leaves the fishes mouth. If
you assume that “fall”” means that the water has to descend a certain amount from its
highest point then you get a much more difficult problem which we solve first.

Expressing the vertical displacement as a function of the horizontal one

y= (tan@i)x—[ng2

20 cos® 6,

(equation derived in the textbook), and also using the relation for maximum height of the
projectile (eq. 4.13 in the textbook)

_ulsin’g,
29

h

we can specify for this particular problem
y=H, x=L,=Lycosé, and h — H+h.



Here L, =2.00 m, 6, =30.0°, so that

L, =Lycosg, =1.73m, H =L,sing, =1 m, h=3.00 cm=0.03 m.
We can interpret the problem to mean that the displacement from fish to bug is
F=L.-1+H-J=@173m)i+(1.00 m)j-
This should be the end point of the projectile motion. Using the above information we can
construct the following (non-linear!) algebraic system of 2 equations:

1 g2
H=(tang)L, ————5—
(tan &)L 2 v? cos? 6
202
(H+h):Ui sin” &,
29

for the 2 unknowns 0, and v,. Now we have to solve this algebraic system.
The easiest way is to express Ui2 from the second equation, and plug it in the
first one, and the detail procedure comes about as:

V¥ = w (from eq. 2 in the textbook)
sin© 6,
Then
1 gL2
H=(tang)L, —= X
27290_|2+h)c052¢9i
sin“ 6,
2 s 2
H = (tang)L, ~ L b [N 4
4 (H +h){ cos“ 6,
1 L )
H=(tan8)L, —=—>*—(tan 6,
( |) X 4(H +h)( |)

and setting q = (tang,) we end up with the following quadratic equation

1 L2 )
H=L,q->—2*—-¢°,
x4 4(H +h) a
4H-(H +h) 4L, -(H +h) 2
z o oz 4

X X
2_4(HL+h)q+4H(H2+h):0_

X X

. q

with the following solution



2
OILZ2(HLX+h)+\/{2(HLJr h)} _4H(HLz+h)

_2(H +h)  2(H+h) /1—( H j
oL L H+h

_AH+h),, 1_( H j
L, B H+h

_ 2(1.00m+0.03m)| 1_(1.00mj
1.73m B 1.03m

X

) igg[lim} ~1.191[1£0.170]

g, =0, =1.393, g,=q =0.989
6, =06, =tan(1.393) =54.33",

6, =6, , =tan""(0.989) = 44.67°

Observe that there are two physically possible solutions: one above and one below 45.00°.
The first solution tells you that the bug is being stricken on the downward motion of the
projectile trajectory, while for the second solution the bug is intercepted on the upward
motion on the projectile trajectory. Any way, the possible solutions for the direction of the
initial velocity are

6,

<6.<6, — 44.67° <6 <54.3%°

,+

For the magnitude of the initial velocity we get respectively:

b J2g(H+h) 2.9.80-1.03 4.493

sin g, sin 6, siné,
Uil :Ui+ =L93:5531 m/S
‘ " sin(54.33%)
4.493

UiZ_UI—:7- R :6391m/5
' ©sin(44.677)

Observe that whenh — 0, we end up with only one possible solution (which is actually the
maximum height!)



g = 2H _2L0om o0
L, 173m

6, o = tan~'(1.156) = 49.14°,

J2gH  2:9.80-1.00 4427
'Tsing sin(49.14")  0.756

=5.853 m/s

Here you can see graphs of the possible
solutions:

Ly = Lcos#d,

A more simple approach is to use the language that we used in class and assume that the
water should drop 0.03 m during its flight.

The fish must aim at a point 0.03 m above the bug. This assumption forces all the possible
trajectories to lie below this point.

Then the initial velocity of the water is directed through the point with displacement
L+ (H +h)j=(.73m)i +(1.03m) ] = 2.012m at 30.7°

This fixes the direction of the projectile motion, which at the end will lead to only one
possible solution. For the time of flight of a water droplet

L
L, =y, cosb, -t —» t=—>
v; COS 6k

The vertical motion is given by

2
LX
v; COS 6,
which describes the motion of the water droplet from the moment

after it reached its maximum height (free fall with zero initial velocity),
but with the WRONG time scale!

Now solving for U; they finally get

bo b |9 _ 173m 9.80m/s?
' cosf V2h cos(30.7°) V 2x0.03

=2.012m(12.78s™) = 25.7m/s

1 1
Y —Yi =in'[+§ayt2 :—h:_zg[




As you can see, there is a vast difference in the magnitude of the initial velocity in this
solution due to the time scale for the free fall of the water droplet.

Finally, if we assume the fixed initial velocity direction of 30.7°and use our first equation
for the vertical displacement as a function of the horizontal one (which is true for every
point on the trajectory) we get

2[tan 6 — Hj
I‘X

2
_ 1 : 9.80m/s“ x1.73m — 27.00m/s
c0s(30.7°) Z[tan(BOJO)_ im }
1.73m

Now you can appreciate that the same physical problem can have multitude of solutions
depending on the approach taken and the assumptions that you make.



