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ݔ .1 ൌ 1.01, ݕ ൌ 0 ൅ 10 ∙ ሺ1 ൅ 0ሻ ∙ .01 ൌ .1; ݔ ൌ 1.02, ݕ ൌ .1 ൅ 10 ∙ ሺ1.01 ൅ .1ሻ ∙ .01 ൌ

.211; ݔ ൌ 1.03, ݕ ൌ .211 ൅ 10 ∙ ሺ1.02 ൅ .211ሻ ∙ .01 ൌ	 . 3341 	

2. Width	ݔ,	length	,ݕ	ݔ2 ൅ ݕ ൌ 60, ݕ ൌ 60 െ areaൌ	,ݔ2 ݕݔ ൌ ሺ60ݔ െ ,ሻݔ2 ௗ஺
ௗ௧
ൌ െ4ݔ ൅

60 ൌ 0, ݔ ൌ 15, ݕ ൌ 30, ܣ ൌ 450 	

3. ௗ௉

ௗ௧
ൌ 1200݁଴.଻ହ௧, ܲ ൌ 1600݁଴.଻ହ௧ ൅ ,ܥ ܲሺ0ሻ ൌ 4800 ⇒ ܥ ൌ 3200, ܲሺݐሻ ൌ 1600݁଴.଻ହ௧ ൅

3200.	When	ܲሺݐሻ ൌ 9600, 1600݁଴.଻ହ௧ ൌ 6400, ݁଴.଻ହ௧ ൌ 4, ݐ ൌ
ସ

ଷ
ln 4 	

4. 
ௗ௉

ௗ௧
ൌ 0.001ܲଶ, ܲሺݐሻ ൌ

ଵ

஼ି଴.଴଴ଵ௧
, ܲሺ0ሻ ൌ 100, ܥ ൌ 0.01, ܲሺ5ሻ ൌ

ଵ

଴.଴ଵି଴.଴଴ହ
ൌ

ଵ

଴.଴଴ହ
ൌ

200 	

5. Center	of	mass	ൌ
׬ ௥ఘௗ௥
మబ
బ

׬ ఘௗ௥
మబ
బ

ൌ
׬ ௥య

ସ଴଴ൗ ௗ௥
మబ
బ

׬ ௥మ
ସ଴଴ൗ ௗ௥

మబ
బ

ൌ
׬ ௥యௗ௥
మబ
బ

׬ ௥మௗ௥
మబ
బ

ൌ
ೝర

ర
ฬ
బ

మబ

ೝయ

య
ฬ
బ

మబ ൌ
మబర

ర
మబయ

య

ൌ 15 	

ܫ .6 ൌ ׬ ݎ݀ߩଶݎ
ଶ଴
଴

ൌ ଵ

ସ଴଴
׬ ݎସ݀ݎ
ଶ଴
଴

ൌ ଵ

ଶ଴଴଴
ହቚݎ

଴

ଶ଴
ൌ 1600 	

7. Arclength	ൌ ׬ √1 ൅ tanଶ ݔ ݔ݀
గ ସ⁄

଴
ൌ ׬ sec ݔ ݔ݀

గ ସ⁄

଴
ൌ ln|tan ݔ ൅ sec ଴||ݔ

గ ସ⁄ ൌ

ln ቚtan
గ

ସ
൅ sec

గ

ସ
ቚ െ ln|tan 0 ൅ sec 0| ൌ lnห1 ൅ √2ห 	

8. Vol ൌ ׬ ቆට
ସି௬

ଶ
ቇ
ଶ

ݕ݀ߨ
ସ
଴ ൌ ߨ ቀ2ݕ െ

ଵ

ସ
ଶቁቚݕ

଴

ସ
ൌ ߨ4 	

ሻݐሺݒ	,continuous	be	to	has	ሻݐሺݒ .9 ൌ ቊ
ଵ

ଶ
,ଶݐ ݐ ൏ 3

ݐ3 െ 4.5, ݐ ൒ 3
⇒

ଵ

ହ
׬ ݐሻ݀ݐሺݒ
ହ
଴

ൌ 3.9 	

10. ݁
ష ౢ౤మ
మబబ

௧ ൌ 0.01 ൌ ݁ି ୪୬ଵ଴଴, ݐ ൌ
ସ଴଴ ୪୬ଵ଴

୪୬ଶ
ൎ

ଽଶ଴

଴.଻
ൎ 1314 ⇒ 3314 	

11. Set	ܦܣതതതത ൌ 5 െ ൌ	Cost	.ݔ 30ሺ5 െ ሻݔ ൅ 50√1 ൅ ଶ,െ30ݔ ൅
ହ଴௫

√ଵା௫మ
ൌ 0, ݔ5 ൌ 3√1 ൅ 	,ଶݔ

ଶݔ16 ൌ 9, ݔ ൌ 0.75, തതതതܦܣ ൌ 5 െ ݔ ൌ 17/4 	

12. profit ൌ ܲሺݓሻ ∙ ݓ െ ሻݓሺܥ ൌ െ2ݓଶ ൅ ݓ60 െ 100,െ4w ൅ 60 ൌ ݓ	,0 ൌ 15 		

In	economics	terms,	revenue	ൌ ܲሺݓሻ ∙ 	additional	the	,ܴܯ)	revenue	marginal	,ݓ

revenue	from	selling	one	more	unit)	ൌ
ௗோ

ௗ௪
ൌ 60 െ 	the	,ܥܯ)	cost	marginal	;ݓ2

additional	cost	from	making	one	more	unit)	ൌ ௗ஼

ௗ௪
ൌ 	when	is	choice	optimal	;ݓ2

ܴܯ ൌ ݓ,ܥܯ ൌ 15	



 
Mu Calculus Applications                      2013 ΜΑΘ National Convention 

 

Page 2 of 3 

13. profit ൌ ܲሺ2ݓሻ ∙ ݓ െ ሻݓሺܥ ൌ െ3ݓଶ ൅ ݓ60 െ 100, derivative ൌ െ6w ൅ 60 ൌ ݓ	,0 ൌ

10 ,	market	output	ൌ 2 ∙ 10 ൌ 20 	

ܴܯ ൌ 60 െ ݓ4 ൌ ܥܯ ൌ ݓ	so	,ݓ2 ൌ 10	

14. ൌ ׬ ݔଷ௫݀݁ݔ
ସ
ଵ

ൌ ቀ
ଵ

ଷ
ݔ െ

ଵ

ଽ
ቁ ݁ଷ௫ቚ

ଵ

ସ
ൌ

ଵଵ

ଽ
݁ଵଶ െ

ଶ

ଽ
݁ଷ 	

15. ܽ ൌ ௗమ௫

ௗ௧మ
ൌ െ4ݔ	(negative	because	of	direction), ݔ ൌ ݉ cos ݐ2 ൅ ݊ sin 	initial	,ݐ2

conditions	yield	݉ ൌ 5, ݊ ൌ 0, ݐ ൌ 4 ⇒ ሺ4ሻݔ ൌ 5 cos 8 	

16. ܹ ൌ hours	at	work, ܥ ൌ 8ܹ, ܮ ൌ 24 െܹ,ܷ ൌ ܮܥ ൌ 192ܹ െ 8ܹଶ, ௗ௎
ௗௐ

ൌ 192 െ

16ܹ ൌ 0,ܹ ൌ 12 	

17. Consider	the	cross	section,	and	suppose	the	trapezoid	touches	the	tunnel	at	

ሺേݔ, 9 െ ,ଶሻݔ ሺേ3, 0ሻ.	Volume	of	prism	ൌ
ଵ

ଶ
ሺ2ݔ ൅ 6ሻሺ9 െ ଶሻሺ6ሻݔ ൌ 3ሺെ2ݔଷ െ ଶݔ6 ൅

ݔ18 ൅ 54ሻ,
ௗ௏

ௗ௫
ൌ 3ሺെ6ݔଶ െ ݔ12 ൅ 18ሻ ൌ െ18ሺݔ ൅ 3ሻሺݔ െ 1ሻ ൌ 0, ݔ ൌ 1, ܸ ൌ

ଵ

ଶ
ሺ8ሻሺ8ሻሺ6ሻ ൌ 192 	

ܥ .18 ൌ ଶݏ0.01 ∙ ଷݏ5 ൅
ଷ଺଴଴

௦
,
ௗ஼

ௗ௦
ൌ ସݏ0.25 െ

ଷ଺଴଴

௦మ
ൌ 0, ଺ݏ ൌ 14400, ݏ ൌ √120

య , speed ൌ

10√120
య 	

19. ൌ
ଵ

ଵ଴
׬ ଶݏ0.01 ∙ ݔଶ݀ݏ5
଺
ଷ ൌ

ଵ

ଵ଴଴଴
ହቚݏ

ଷ

଺
ൌ 7.533 	

20. ܷ ൌ ܨ√2 ൅ ܥ ൌ ܨ√2 ൅
଺଴ିସி

଺
,
ௗ௎

ௗி
ൌ

ଵ

√ி
െ

ଶ

ଷ
ൌ 0, ܨ ൌ ቀ

ଷ

ଶ
ቁ
ଶ
ൌ

ଽ

ସ
, ܥ ൌ

଺଴ିସ∙
వ
ర

଺
ൌ 8.5 	

In	economics,	
ௗ௎ ௗி⁄

ௗ௎ ௗ஼⁄
ൌ

୮୰୧ୡୣ	୭୤	୤୭୭ୢ

୮୰୧ୡୣ	୭୤	ୡ୪୭୲୦୧୬୥
,
ଵ √ி⁄

ଵ
ൌ

ଶ

ଷ
, ܨ ൌ ቀ

ଷ

ଶ
ቁ
ଶ
ൌ

ଽ

ସ
	

21. The	volume	of	a	regular	octahedron	is	
ଵ

ଷ
ܸ	When	length.	side	the	is	ݏ	where	ଷ,ݏ2√ ൌ

ݏ	,2√9 ൌ 3,	
ௗ

ௗ௧
ሺܵܣሻ ൌ

ௗ

ௗ௧
ቀ8 ∙ 	√

ଷ

ସ
ଶቁݏ ൌ 2√3 ∙ ݏ2 ∙

ௗ௦

ௗ௧
ൌ 4√3 ∙ 3 ∙ 0.25 ൌ 3√3 	

22. Total	probability	ൌ ׬ ݇ሺെ2ݔଷ ൅ ଶݔ3 ൅ ݔ6 ൅ 1ሻ݀ݔ
ଵ
଴

ൌ ଽ௞

ଶ
ൌ 1, ݇ ൌ ଶ

ଽ
	

Expected	value	ൌ ׬
ଶ

ଽ
ሺെ2ݔଷ ൅ ଶݔ3 ൅ ݔ6 ൅ 1ሻݔ݀ݔ

ଵ
଴ ൌ

ଵଽ

ଷ଴
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23. Set	ܤܣതതതത ൌ ൌ	Volume	,ݔ ௫

√ଷ
∙ √ଷ
ସ
ሺ18 െ ሻଶݔ2 ൌ ଷݔ െ ଶݔ18 ൅ ,ݔ81 ௗ௏

ௗ௫
ൌ ଶݔ3 െ ݔ36 ൅ 81 ൌ

3ሺݔ െ 3ሻሺݔ െ 9ሻ0, ݔ ൌ 3, 9.	Volume	is	0	when	ݔ ൌ 9,	a	local	min.	ݔ ൌ 3	is	a	local	max,	

and	the	three	removed	regions	can	combine	to	form	an	equilateral	triangle	whose	

side	length	is	6,	which	would	be	
ଵ

ଽ
	of	the	original	area.		

	

24. 
ௗ௉

ௗ௧
ൌ ܯሺݎ െ ܲሻ െ ݇ܲ ൌ െܲ ൅ 800, ܲሺݐሻ ൌ ௧ି݁ܥ ൅ 800, ܲሺ0ሻ ൌ 300 ⇒ ܥ ൌ െ500,

ܲሺ3ሻ ൌ െ500݁ିଷ ൅ 800 .	

25. ܸ ൌ ܾ݄,
ௗ௏

ௗ௧
ൌ ܾ

ௗ௛

ௗ௧
ൌ 2√20

ௗ௛

ௗ௧
ൌ െ2ݒ ൌ െ2ඥ2݄݃,

ௗ௛

ௗ௧
ൌ െ√݄, ݄ ൌ ሺܥ െ ݄ሺ0ሻ	ሻଶ,ݐ0.5 ൌ

ଶ଴଴√ଶ଴

ଶ√ଶ଴
ൌ 100, ܥ ൌ 10, ݄ ൌ 0	when	ݐ ൌ 20 	

26. Let	ݔሺݐሻ	and	ݕሺݐሻ	be	the	amount	of	ethanol	in	tank	1	and	tank	2,	respectively.	Then,	

ௗ௫

ௗ௧
ൌ െ

ଵ଴

ଵ଴଴
,ݔ

ௗ௬

ௗ௧
ൌ

ଵ଴

ଵ଴଴
ݔ െ

ଵ଴

ଵ଴଴
;ݕ ݔ ൌ ଴.ଵ௧ି݁ܥ

௫ሺ଴ሻୀଵ଴଴
ሳልልልልልሰ ݔ ൌ 100݁ି଴.ଵ௧; 	

ௗ௬

ௗ௧
൅ ݕ0.1 ൌ

10݁ି଴.ଵ௧,
ௗ

ௗ௧
ሺ݁ݕ଴.ଵ௧ሻ ൌ ݁଴.ଵ௧ ቀ

ௗ௬

ௗ௧
൅ ቁݕ0.1 ൌ 10, ଴.ଵ௧݁ݕ ൌ ݐ10 ൅ ܥ

௬ሺ଴ሻୀ଴
ሳልልልሰ ݕ ൌ

,଴.ଵ௧ି݁ݐ10 ሺ5ሻݕ ൌ 50݁ି଴.ହ 	

27. Let	݀	be	the	biking	distance. Time ൅ cost ൌ ܲ ൌ
ௗ

ସ
൅

ଷ଴ିௗ

ସ଴
൅ ቀ

ௗ

ସ
ቁ
ଶ
൅ 5 ൅

ሺଷ଴ିௗሻమ

ହ
,
ௗ௉

ௗௗ
ൌ

ଵ

ସ
൅

ିଵ

ସ଴
൅

ௗ

଼
൅

ିଶሺଷ଴ିௗሻ

ହ
ൌ

ିସ଻ଵ

ସ଴
൅

ଶଵௗ

ସ଴
ൌ 0, ݀ ൌ

ଵହ଻

଻
	

ݎ .28 ൌ ݁
య
ర
ఏ,	arclength	ൌ ׬ ට݁

య
మ
ఏ ൅

ଽ

ଵ଺
݁
య
మ
ఏ ߠ݀

ସ
଴ ൌ ׬

ହ

ସ
݁
య
ర
ఏ ߠ݀

ସ
଴ ൌ

ହ

ଷ
݁
య
ర
ఏቚ
଴

ସ
ൌ

ହ

ଷ
ሺ݁ଷ െ 1ሻ 	

׬ .29 ܲሺݎሻ݀ݎ
௔బ
଴ ൌ െ

௘షమೝ ೌబ⁄ ∙൫௔బమାଶ௔బ௥ାଶ௥మ൯

௔బమ
ฬ
଴

௔బ
ൌ 1 െ 5݁ିଶ 	

30. 
ௗ௬

ௗ௫
ൌ

ଽ൫ଵି௫మ൯

ଷ
ൌ 3ሺ1 െ ,ଶሻݔ ݕ ൌ ݔ3 െ ଷݔ ൅ ,ܥ ሺെ1ሻݕ ൌ 0 ⇒ ܥ ൌ 2, ሺ1ሻݕ ൌ 3 െ 1 ൅ 2 ൌ

4 	

BA


