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The height, in feet, of a missile is given by H = 1600t — 16t> and t is the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head (“mental
math”) or used a calculator,
AND
2. write an explanation stating the mathematical reason(s) why you chose each of your
steps.

Problem Solution:

Algebraic Method: set equation equal to zero to find factors

1600t-16t°=0 t=0 and t=100

16t(100-t)=0 represent when the height is 0. t=0 is

16t=0 100-t=0 before the missile is fired. t=100 is

t=0 100=t when it hits the ground. This answers
part C.

t=100 sec. is the answer to part C

Since a parabola has symmetry the maximum point occurs on the axis of symmetry which is
halfway between 0 and 100 (the roots) or can be found using 52 to get the x-value of 50. So the

answer to part B is 50 sec.

To find the maximum height substitute t=50 into the height equation.
H=1600(50)-16(50)*=80,000-40,000=40,000 ft. The answer to part A is 40,000 ft.
Calculus Method: H=1600t-16t’

Maximum occurs at critical values which are the roots of the first derivative.

H'=1600-32t H=0=1600t-16t"

1600-32t=0 16t(100-t)=0

1600=32t t=0 t=100 [0, 100] domain .

50 seo=t Hits the ground

when t=100 sec

Test for maximum value using intervals or using the second derivative test ~ because
position returns

to zero
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H''=-32
Second derivative is negative therefore
50 is a maximum point.

(0, 50) (50, 100)

40 60

+ -

changes from increasing to

P - 2: 1
deoreasing a . maximum H(50)=1600(50)-16(50)’=40,000 ft. is

the maximum height

Deductive Method:
Find zeros by factoring H=1600t-16t>=0
16t(100-t)=0
t=0 t=100
t=0 sec is when the missile t=100 sec is when the missile hits the ground
lifts off

Since a parabola has symmetry the maximum occurs halfway between 0 and 100 which is 50 sec.
If the maximum occurs at 50 sec. find the height by plugging 50 into the height equation
H(50)-1600(50)-16(50)*=40,000 ft.

Trial and Error Method:

Guess and check values should test 50 as well as numbers on either side of 50. Other answers to
part B and C must be explained.

Graphic Method:

Using graphing utility

Put 1600t-16t* into y= and graph. Use max function to determine the y-value. Use zero function
to determine when the missile hits the ground. Use trace to also find maximum height or time.
Set window to view parabola.

[-10, 100] by [-100, 50,000]

Graphical solutions must explain what key sequences/methods are used to obtain the values.
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5 ADVANCED UNDERSTANDING - EXCELLENT

Response includes correct numerical answers A) 40,000 ft, B) 50 sec., C) 100 sec.
All work shown and fully explained.

Explanation includes why steps were performed.

Nothing incorrect (All quantities have appropriate labels).

4 SATISFACTORY UNDERSTANDING

Response includes correct numerical answers A) 40,000 ft., B) 50 sec., C) 100 sec.

All work shown and/or explained.

Some explanation required.

Explanation of why steps were performed may be incomplete, unclear, or might explain
what is being done, but an attempt is made.

Work and/or explanation may contain minor blemishes.

3 ALMOST SATISFACTORY UNDERSTANDING

A.)  Response includes correct answers A) 40,000 ft., B) 50 sec., C) 100 sec.
All work shown with no explanation.
Work may contain minor blemishes
or
B.)  Response includes correct answers.
Adequate work shown or explained (some steps are missing but you can follow
what is being done — all appropriate mathematical procedures are used.)
or
C.)  Response includes incorrect numerical answer due to one calculation, copying, or
rounding error.
Adequate work shown and/or explained.

2 PARTIAL UNDERSTANDING

A.)  Response includes correct numerical answers.
Some work and/or explanation
Appropriate mathematical procedures used.
or
B.)  Response includes incorrect numerical answer due to more than one calculation or
copying errors.
Adequate work shown or explained.
or
C.)  Response includes procedural error (ex: dividing equation by t and losing a root).
or
D.)  Response shows correct answers to two parts with some work/explanation.
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1 MINIMAL UNDERSTANDING

A.)  Response includes correct numerical answers.
No supporting work or explanation.
or
B.)  Response shows correct answer to one part with work or explanation.
or
C.)  Response shows factoring of equation and solution for x=0 and x=100 but don’t
do anything with them.

0 INCORRECT

A.)  Work not meeting minimal requirements for score point of 1 or above. Ex.)

Factor 1600t-16t=16t(100-t) but does noting else, not set = to 0.
or

B.) Correct answers with conflicting work or explanation.
Response contains nothing correct.
Factors 1600t-16t* and finds roots of x=0 and x=100 and uses them incorrectly in
the problem. Ex) H=100 ft for maximum height; H=0 ft for maximum height;
x=100 ft where missile reaches maximum.
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The height, in feet, of a missile is given by H = 1600t — 16t> and ¢ is the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head
(“mental math”) or used a calculator,

AND
7. write an explanation stating the mathematical reason(s) why you chose each of
your steps. _

H= /60Ot-—l(g‘t1 @ Becaunsz i+ 15 a }aafailbo LL, you
fe-ll b=tbs0 €26  com use Fre b o5 Sy i
{600 _ do Foade P Aung when Hhe
X= a;:’-é-a;)—-.’f()&( maissil< cencdars Yhe -wanimain

- \'uu ‘rd"a SO SQ_C.UY\AA 1%
@H;]@OD(S’D} _]b(SO) L reecclhoe WAkt e
:gqooo_qqooo @’PMJ_ 50‘;,\,31 e u.aﬂ(‘f'\-
H = 40,600 T +o QKLJ( Hor, Nnaghd,
- W s 40000 #
@ + " NA AL IR A t-f‘
X = —eb0 % ooy = 1Y) ek
2618 @ fib ipke Hoa guec
Cocmrulo b Find Fha Tvne.
X:—fﬁﬁ;ﬁ@ Yoz Do 15 beFore e
: ~3Z X mCssflp ,{W\% % Y ‘
X :.M X=[00 see 15 w’ﬁv& :4 ““‘3
-32 . A
| e groven
X =0 ses -
y = 100 $2<

A Ho,000 ¥t - B 50 sec .'L\ ]OO sec

5 — Student shows values for a, b, ¢ to use in formulas. Student uses appropriate units.
All work explained with why.
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The height, in feet, of a missile is given by H = 1600t — 16t and ¢ is. the time in seconds.

A) What is the maximum height reached by the missile? /0 000t
B) What is the time it reaches the maximum height 0S-
C) What is the time when the missile hits the ground /gp 5

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head
(“mental math™) or used a calculator,
' - AND
- 2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.

) He fuo -t K GOGYTEEY He lubo(3) We3Y W= oo (4 - [6(g)*
e sopeen - et M 3200 - b H- Yoo = 1t H= 6400 - a4

(He isestfe) m A Yus6ft) Tl
"= f@ol5)- jols)*  #e looo)-uley K= 166600167 M= foools) — ()

H- ooh_~ Lfo0 H Fo00 ~ 57&' He U200 - 7% _
_ - =ty N H = 13400 — oy
@m LI St @ (B lre )

H= 1€00ld) - 16()>  f=toodid = 1eis)*  He 1600d(1)- (lpt € 160458) < pelsa)”
He 1iwts - [a7% 2 juoso- tevo A 17600 - (830 Hz 50000 - 400

T T subshiuled value 1q '3 r‘mbm_atqdwh{ in o Heapt v_cfﬂ&
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E)‘lfubsﬁﬁdﬁ‘w 160 inboy ¢ (H= feoo106)~ Hliwl) yru get H=0Fe so that

Yure [+ hutshe grrund L100%) Bfler a while T g0t baced o Sebsh¥hbing
1very A, S0 T sharkd YN akss. WhenT #ried Sog fjﬂf’ YO0 FE =#. Thes

Turehore | T Enee yhe moxe, haght was yoo £~ He frme ol whiek
Hars eunied poro 50, bleHad s He ¢ valie T subshtubed i

T friedk Hls oot Hedsas @& T double o)u_adc;; treed €95 e gt 308 Yy

[ e R N
&
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5 — Students do not have to do this many trials, but should show trials on either side
to verify the maximum.
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- The height, in feet, of a missile is given by H = 1600t IGtzandtxsthetmemseconds.

A) Whatlsthem:nmumhegbtreachedbythemlssﬂe‘?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head
(“mental math™) or used a calculator,
. AND
2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.

- d%d s (U8 LR NHAR
HotD — 2% =¥ T use Y10 1@

1= 1e0000)— gl *

H=0o |

& 00 Se(SHhe g rﬁvﬁ cgwo M 15 2¢v0
L w\QcmS Wleced m%\oavm\fd

5 — Student identifies whv 50 is a maximum.
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The height, in-feet, of s missile is given by H = 1600t — 16¢* and tis the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head

(“mental math”) or used a calculator,
AND
- 2. ‘write anexplanattonstaxmgthenmhenm:ealreason(s) why you chose each of
your steps.
A t=5 Jaok - 1612 /559

7600(s0) -~ 16(50) >
FOLOO0  ~ gopp0 Y0 000
/cpoo(%/?), - /(oCW)‘"
KO = IBYIe < 3998y
{ 00 [SUA -z;.(;-;)"
Sibow - Tlele = 39954
R = ~0,000 £F.
o 00 e

y R Coo 0o

. _,d.,wk R M%}\j.*__c’ .

3
O /@004— 16t 100_gec whar

()f- /@'(foo ‘t‘ o
o = /00t ' - MMM
AN t= 100 S N

4 — All work shown but explanation is needed to attain a 5.
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The height, in feet, of a missile is given by H = 1600t ~ 16¢* and t is the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

N
For full credit, you must do the following: . \

1. show OR describe each step of your work, even if you did it in your head

(“mental math™) or used a calculator,

AND

2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.

ph o J - _ -
])%WP ' (;))%(5}00;)& 2—))— gra?}ﬁei o+ on The

cole wlater

T used the Yroce wike
boTton oY The (‘_.O‘IC{LJOL'-,’@("

2 (0,0) ond found The smepipmum,
Moy heist = 0000 height, dhe Fime it fake
"[‘%Yﬂe Mo he:ﬂ\ﬁ = 50 sec ' 4o receh Fhe W mum

i h T od The Time
o qed =l0osee TR0 N
time o et S(‘(}LL \A( Yokes T

%{ewhél

4 — Axes of the graph are not labeled with time and height. Trace is explained but
how you put it in the calculator and the window should also be explained.
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The height, in feet, of a missile is given by H = 1600t — 16t and t is the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head
(“mental math”) or used a calculator,

AND _
2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.
1999833 .

‘F K iz e abas
[:in g 1oL [y foouux z_ /’9

Hon M Bl Wl M Jiu-c. Dm M, wiey yalut  whidy
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3 — Rounding error in part A (graphical solutions should be using max) and
answers should be exact.
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The height, in feet, of a missile is given by H = 1600t — 16¢* and ¢ is the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head
(“mental math™) or used a caiculator,
AND

2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.
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3 — Adequate work shown or explained. Should show input into equations to find part
A answer.
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The height, in feet, of 2 missile is given by H = 1600t — 16¢% and t is the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following: |

1. show OR describe cach step of your work, even if you did it in your head

(“mentai math”) or used a calculator,
AND
2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.
H=1600¢-16+2 ~ Find the maximum
» ok he.\ﬁ'fhv‘ and Mm!ﬂ‘um ¢
- - () Doderivative
‘ Hissile forms a parabste (&) F'0d Critical points
. 3 COMTY DM Ly
Complete the square @
W= 16t (100- 1)
bt=g - 100= 4
X0  {=1005conds
r |
H=le00- 334> dertvative
. 1600 = 3x0p
b =50 seronds

2 — No answer to part A. Could use more explanation or labeling of the parts.
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The height, in feet, of a missile is given by H = 1600t — 16 and t is the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following: 2

1. show OR describe each step of your work, even if you did it in your head
(“mental math™) or used a calculator,
AND
2. write an explanation stating the mathematical reason(s) why you chose each of

your steps.

Y= 600X -\ X" CRAPHED

A) ueo, oD st Oegurd TRADLE

Eyee A NSwrlls reunw D

%) TOsecound = TABLE.

CB VOO eSS

2 — Not enough explanation of the method.
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The height, in feet, of a missile is given by H = 1600t -- 16" and ¢ is the tine in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head
(“mental math™) or used a calculator,

AND
2. write an explanation stating the mathematical reason(s) why you chose ¢ach of
your steps.
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A

2 — Shows using midpoint concept to find the x coordinate of max. Conceptual error
divided by the ¢ and lost the root of 0. Units missing on B and C.
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The height, in feet, of a missile is given by H = 1600t — 16t> and t is the time in seconds.

A) What is the maximum height reached by the missile?
'B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head
(“mental math™) or used a calculator,

: AND
2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.
/’ﬂf o Moy H=lo,200 Qoo g r™= i
: % ; . — K
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o e 186 Heends

1 — No work.
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Thcheight,'infec_t,ofamissileisgivenbyll=1600t—16t2 and ¢ is the time in seconds.

A) Whétwthemamumheightreachedbythemissile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head

(“mental math™) or used a calculator,

2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.
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1 — Finds the zeros but doesn’t do anvthing with it.
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The height, in foet, of a missile is given by [l = 1600t — 16t find ¢ is the time in seconds.

A) What is the maximum height reached by the missile?
B) What is the time it reaches the maximum height
C) What is the time when the missile hits the ground

For full credit, you must do the following:

1. show OR describe each step of your work, even if you did it in your head
(“mental math™) or used a calculator,
AND
2. write an explanation stating the mathematical reason(s) why you chose each of
your steps.

K= LWeobo £ - WET T wl (eosn
At AT e hagwt w
| 0 secods -
(bt2= |, 0O *
Talt o tT100.

Tt il (each Wi Mok, waignt
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0 — Should not have divided by t*. Incorrectly interprets /=100 two times.
Equates time for maximum height with time to hit the ground.
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