MATH 2500 - Swinarski
Midterm 1
September 25, 2009

No calculators, computers, or other electronic devices are permitted.

~v

No books, notes, or formula sheets are permitted.

~

Make sure to show all work.

~

You have 50 minutes to complete this exam.

So\w‘\'\ ons

Name :

Good luck!

Question | Points | Score
1 10
2 12
3 24
4 24
5 12
6 13
Total: 95




1. (10 points) Let P = (3,10,9), @ = (-5,4,3), R = (9,8,2). Find an equation of the
plane through P, @, R. Please write your answer in the form az + by +cz = d.

P& = QP " (-2, -,-¢)
R-P = (¢,-2, -7)

~ - ' . k
R= PQxXPR = _‘&_5& .
G -2 -1

U

(o)
ne (k2 =) -0

(512,52 -(x-3, y-,29) = 0
30%-G0 + A,y *920 + B2 - 448 =0

Bx = Hey U2 =g \
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2. A tetrahedron is a pyramid with four vertices, six edges, and four faces. The edges
all have equal length. In particular, each face is an equilateral triangle, and the faces
are all congruent to each other.

Let’s find the central angle in a tetrahedron. This is important in chemistry, where
the bonds around a carbon atom tend to a tetrahedral configuration.

We can create a tetrahedron as follows. The vertices are

P = (2,2,0)
Q = (2,0,2)
R = (0,2,2)
S = (0,0,0)

Then C = (1,1, 1) is the central point of the tetrahedron.

(a) (3 points) Plot the points P,@, R, S and the line segments between them. Also
plot C.

\/

(b) (2 points) Finci the vector u between C and P.

D= C-P o= (L) = (220) = (=1,

(c) (2 points) Find the vector v between C and Q.

e G (a2 = (1)

(d) (5 points) What is the angle between u and v?
-V -\ )

s § = Rl G 3
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3. Let r(t) be the parametrized curve

-

3
p( 1,1).
(a) (12 points) Find the arclength of r(t) between P and Q.

b =
S N O .

2
, r(t)= (-3-t3, 1,8%).
Let P=(0,1,0) and @ =

(o)
)

<t 9l

prl) = (a0, )

Pl = (G - FR(E) - e

’ bwt can d«W\’ ahs. value becawye

L s
L Vebween 0O ‘cfml |
= '( I SR ‘
g 21 \l L%+ dt
t<0

£=0 ¥ u=l
u= {:7-.{.\ Obu: l{M _L._.‘ = w =2

2 o .
— < 3/
B Sufl w AM = I U ’ ]s
2.
= T%,, {3 - %\
(b) {12 points) Find an equation of the tangent line at Q). —
VA ot .
Voo () ) T (A o av)
) /
2
' (1)) - (2, o, )
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4. It’s June 6, 1944: D-Day. You are a gunner with the US infantry, and your orders
are to attack an enemy position on the cliffs 30 meters above Omaha beach.

You set your 50mm M2 mortar to an angle of 63deg. It fires with a muzzle velocity
of 135 meters/second. An approximation to the initial velocity vector is (60, 120)

ﬁ meters/second.

Also, you may use the approximation g = 10 for the questions below.

_n“ , 7""“‘"‘ (a) (12 points) Write an equation r(t) for the position of your shell at time ¢ after
Aoesnd SPCC‘H a it is fired.

skr-\%vs ‘)d\n'\’v 7
Hehce Wwe art free Ao . -

Choose Where o dvow _
Yhe wordinad aves. ‘ N

T hse fo make
| F(O) = (0,03 N E%:J_
‘ My V‘\dme.

pswve  al4) = (0,-10)
= SB\(*\)(M = (Q‘) —]0{,«&0.7_)

v
v(o\ = (_(,,@/\zo> = (¢, | =10-0 +cl>
‘ = ¢, 60 , ©1 % 120

f}(fc) = ((DO) —104 4\2())
)= (W)
= (04~ ) ~Bt’ 41204 *W)
(0 = (0,0) 5 ¢, =0, ¢ =0

((,OL) —54T 41204 ) 1

—]
TL
&

1"

]
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(b) (12 points) How long will it take for the shell to hit the enemy position?

We know Jla uben the srell ks as
\,-vo\ut Modhes Yl ehtimy ?osﬁ-'\ovfs \'-—\/a\uc,

So  solve
-5t 1204 = 30
D= 5¢°-1204 + 30
0= 5 (4%-24E t6 )

M Pl - 24
2

4 =

Page 6



5. (12 points) Let S be the explicit surface
z=ye"
Sketch a graph of S.

X .
e s never O

! . '
Lexs ty‘au?\n cv0sS Sechans (lool et vts 5'“1’“)

= - SIS z2=0
EE_T——O_L (et 2'=\{ @ g-;d =0 we must heve ¥y=0
<

/ |

(Hc«& 40 gee swrfiee Hrom \'\us‘\ Yese

CvosS Sec."("\OV\S ‘ l(\ a w move

5D ey R e o

A& 10 §




6. Let f(x,y) be a function of two variables. Let P = (a,b) be a point in the

(a) (2 points) Give the formal definition of the partial derivative gﬁ(a, b).

B Hew) 6N

X >0 b

(b) (2 points) Give the formal definition of the partial derivative é%(a,b).
g o ‘\ - g; & ?LJ .
"%%‘ (c--,‘n) = Q‘W\ Q( b ) e ) \,/

g\' ha() L_\

(¢) (3 points) Give a short explanation (one or two sentences) explaining what the
partial derivative means.

The Pw-\m,‘l dexvative ‘g—; (r--,‘b) 15 the slope A e ‘H—ahsu\*\

|ne +Ir\'-‘0u31'n (Q).F(‘]‘I-,\JI) CQ P curve Whiek « dhe
Cvoss SE(‘)(%QA og % = .((‘;"Y) V\”J[L\ ‘H\Q F\u\\c 3: \3'

(d) (3 points) Let f(z,y) = sin(z?y). Find %I[ as a function of z and y.

=5

.

Ox = LDS('xl\f} : Q‘X\'f

(e) (3 points) Let f(z,y) = sin(z®y). Find gﬁ as a function of z and y.

Sk

i - o\ z
> = k) - x
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