
Mathemati
s 133 { Intensive Cal
ulus for S
ien
e 1Final Examination { SolutionsDe
ember 13, 2005I. f(x) is approximately exponential. With f(x) = 
ax, we have
a:3 = 4:12
a:6 = 3:74So dividing, a:3 := :908 and a := (:908)10=3 = :724. Then 
 := 4:12=(:724):3 = 4:54:f(x) := 4:54(:724)x:g(x) is linear sin
e the slope is 
onstant: g(:6)�g(:3):6�:3 = �:8 so g(x) = (�:8)(x� :3) +4:31 = �:8x+ 4:55: g(x) = �:8x+ 4:55:II. A) The graph is sinusoidal with period 4, amplitude 5 and verti
al shift +3:f(x) = 5 sin�2�x4 �+ 3 = 5 sin��x2 �+ 3B) The fun
tion has an inverse fun
tion if we restri
t to �1 � x � 1 be
ause that portionof the graph passes the horizontal line test: horizontal lines y = k for �2 � k � 8interse
t that se
tion of the graph exa
tly on
e. The domain of the inverse fun
tionis �2 � x � 8.III.A) f 0(x) = limh!0 5(x+ h)2 � (x+ h) + 3� 5x2 + x� 3h= limh!0 5x2 + 10xh+ 5h2 � x� h+ 3� 5x2 + x� 3h= limh!0 10x� 1 + 5h= 10x� 1:B) By the 
hain rule and the rule for exponential fun
tions:g0(x) = 3x ln(3)� 1x3 + x � (3x2 + 1) = 3x ln(3)� 3x2 + 1x3 + xC) Rewrite h(x) using powers: h(x) = 3x1=5 + 7x�1=3 + 3x8. Thenh0(x) = 35x�4=5 � 73x�4=3 + 24x71



D) By the quotient rule:i0(x) = (sin2(x)� 1)(� sin(x))� 
os(x) � 2 sin(x) 
os(x)(sin2(x)� 1)2E) j0(x) = 11 + (3x+ 2)2 � 3F) Using impli
it di�erentiation:2y dydxpx+ y2 12px � ey dydx = 0Solving for dydx : dydx = �y2 12px2ypx� ey = �y24xy � 2pxeyIV.A) f is in
reasing on intervals where f 0(x) � 0, so here for all x > �:5. f is de
reasingwhere f 0(x) < 0, so x < �:5.B) y = f(x) is 
on
ave up on intervals where f 00(x) > 0, or equivalently, where f 0(x) isin
reasing: x < 0 and x > 1. y = f(x) is 
on
ave down on intervals where f 0(x) isde
reasing: 0 < x < 1.C) The graph should be paraboli
 in shape with x-axis inter
epts at x = 0; x = 1, openingup. The vertex of the parabola should be at x = :5.V. A) The temperature at time t = 0 is H(0) = 70� 50 = 20 degrees.B) The rate of 
hange of the temperature at time t = 10 is H 0(10) = 5e�10=10 := 1:84degrees F per minute.C) The temperature rea
hes 60 degrees when60 = 70� 50e�t=10 ) �10�50 = e�t10 ) t = �10 ln(1=5) := 16:1minutes.VI. By the produ
t and 
hain rules, f 0(x) = �e�x sin(x) + e�x 
os(x) = e�x(
os(x) �sin(x)). For 0 � x � �, the only solution of f 0(x) = 0 is x = �=4. Thenf(0) = 0 f(�=4) = e��=4 sin(�=4) := :322 f(�) = 0so the minimum value is 0 and the maximum value is e��=4 sin(�=4).2



VII. A) The 
ost to build the pipeline is 3 times the distan
e under water, plus 2 timesthe distan
e along the shore: C(x) = 3p4 + x2 + 2(6� x)B) We �nd the 
riti
al points of C:C 0(x) = 32(4 + x2)�1=2(2x)� 2 = 3xpx2 + 4 � 2This is zero when 3x = 2px2 + 4) 9x2 = 4x2 + 16) 5x2 = 16So x = 4p5 := 1:79 (ignore the negative root sin
e it 
learly 
annot give a minimium ofthe 
ost!). This is a minimum by the 1st derivative test: C 0(1) = 3p5 � 2 := �:66 < 0while C 0(2) = 6p8 � 2 := :12 > 0. The pipeline of minimum 
ost goes from the islandto the point with x = 1:79 miles along the shore.VIII. The volume of the 
ube is V = x3 where x is the length of the side. SodVdt = 3x2 dxdtwhen V = 216, x = 3p216 = 6, and dVdt = �10, so�10 = 3(6)2 dxdt ) dxdt = �10108 = �554The side of the 
ube is de
reasing at := :093 
m/min.
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