MA104 Course Homework #2
1.
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An object is falling from a starting height of 8 miles above Moscow according to the spiral path 
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.  Russia launches a missile that happens to have a defective tail fin at the falling object.  The defective tail fin causes the missile to proceed along the spiral path 
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.  Does the missile intercept the falling object?  Do the two paths ever coincide?  What is the minimum distance achieved between the falling object and the missile?
[image: image5.png]= {Cos[t]+0.5, Sin[t] +3.5, 8-0.1¢};
= (0.25C0s[t], 0.1£+0.25Sin[t], 0.1¢);

Inigg= FLE
gt

Solve for when the 2-coordinates are equal:

Izl Solve[8-0.1¢

L1t 8
oupr {{t= 401}

(Chesk this time in ., -, and 2-coordinates coordinates:

= £140]
qgl40]
Oupi (-0.166938, 4.24511, 4.}
Ouisle (-0.166735, 4.18628, 4.}
Since all -, y-, and z-coordinates are not equal, then there s no collsion. Next, we'l check for intersections. Change the parameter t to 3 in the g-equation.
= gls]
Gus= (0.25Cos[s], 0.15+0.255in[s], 0.13}

Now solve as before.
I121- Solvel8-0.1t =0.1s, 5] // Simplify
oupizie ({3 +80.-1.2}}

‘Substitute this valus or s into the g-equation, and solve.

iz 180 - £]

0.25Cos[80-¢], 0.1 (80-©) +0.255in[80-t], 0.1 (80-%)}

oulter
‘The 2-coordinates are equal for all values of t. Try settng the s-coordinates equal:

Ini171= Solve[Cos[t] + 0.5 == 0.25" Cos[80 - t], t]
Solver:ifun  Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solutin information. s>

ouriT= ({6~ -1.82618), [t =2.30067}}

Ienors the negative valuz. Check to see f the y-coordinates ar equal.

rfie;= $in[2.36007] +3.5
0.1° (80-2.30067) +0.25" Sin[80 -2.30067]

outiels 4.20436

ous= 795617
Since the y-coordinates ae ot equal, there are o intersections.

We could have substituted t=2.30067 into the equation s=80-1, to get s=77.6993, and then evalusted f[tJand gls] to see i ther corresponding coordinates were the same. We would hav obtained the same esult

The minimum distance achieved is found sither by sstting the first derivative of the distance function squal to 0 and solving for t, or by using the FindMinimum command in Mathematica.




[image: image6.png]Ini2s= AL

= ((FIEILIT -glE LI D) T+ (FLETLI2]1] - glE] 12117 + (FLE1 L1310 - g[E] LI311)7)

outzer V| (8-0.2%)%+ (0.5+0.75Cos[t])%+ (3.5-0.1t+0.75 Sin[t])?

Iz Solveld ' [£] =0, £]
Solveritdep : The equations appear to involve the variables to be salved for n an essentialy non—algebraic way. s

s Sotne] (0.4 (£-0.25) 2 (-0.8+0.75 Cofs]) (380,15 .78 Sinls]) 1.5 (0.5 0.75Con(s]) Sinte)) / 2 (820,25 % (0.8 0.75 Cout - (0.5~ 0.15- 0. 755051 |

Why is this not working? Let's plot (] and see if we can' get a reasonable approsimation for the minfomum.

Iz Plot[d[t], (t, 0, 60}]

ouzsye 4|

0 E) EJ w0 E) £
‘There are ifintely many places where d {10 on the interval (s.50).
What's happening around =407

Inop= Plot[d[t], (t, 39, 41}]

o4

oure 4

04

Eg [ s o
Itfooks fke the minimum happens around t = 40.05, and the minimum distance s appros 05. Let's use FindMinimum to be sure.

Inzi}= Findiinimm[d[t], (¢, 40}]

outs (0.0405829, (v 40.05141)
At = 400514 seconds,the to objcts are 0405829 miles apart. Maltipty that disance by 5280 to comert o feet

0405829 4 5280

14.278




2.
Ropes 3m and 5m in length are fastened to a holiday decoration that is suspended over a town square.  The decoration has a mass of 5kg.  The ropes, fastened at different heights, make the angles of 52º and 40º with the horizontal.  Find the tension in each wire and the magnitude of each tension.
See example #7 (Stewart, page 776)
3.
Determine whether the following vectors are orthogonal, parallel, or neither.
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[image: image9.png]= a.b
ousle ~40
i1 Crossla, b]

cupa= (62, 52, 22)




Therefore, a and b are neither parallel nor orthogonal.

b.  
[image: image10.wmf]6

,

4

=

®

a

,   
[image: image11.wmf]2

,

3

-

=

®

b


[image: image12.png]



Since a is not a multiple of b, they are not parallel.  Their dot product equals zero, therefore a and b are orthogonal.


c.  
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[image: image15.png]it Crossla, b]

cupis= [-22, 14, -10)




Their dot product equals zero, therefore a and b are orthogonal.


d.  
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Their cross product equals the zero vector, therefore a and b are parallel.
4.  
Find the volume of the parallelepiped determined by the vectors 
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5.
Create a system of two (3-dimensional) parametric equations that has at least one collision.  Plot the system.  Compute the location and time of the collision.
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