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Pancake Pandemonium + Monster Truck Madness = Real-World Related Rates! 
This lesson is int ended f or  an AP Calculus class t o be exposed t o r eal-wor ld examples of  r elat ed 
r at es. A lab will be used t o illust r at e t he suppor t ing pr inciples wit h hands-on act ivit ies. This lesson 
is int ended f or  a 45-minut e class. 
 
Relevant Professional Standards: 
These goals are st at ed by t he College Board (page 15 of  Cour se Descr ipt ion). St udent s will: 

¥ Model r at es of  change, including r elat ed r at es pr oblems. 
¥ I nt er pr et  t he der ivat ion as a r at e of  change in var ied applied cont ext s, including velocit y, 

speed, and acceler at ion. 
¥ Use t he chain r ule and implicit  dif f er ent iat ion 

 
Major Instructional Objectives: 
Following t his lesson, st udent s should be able t o: 

¥ Find t he r at e of  change of  a linear  var iable using a st opwat ch, r uler , and calculat or . 
¥ Find t he r at e of  change of  a r elat ed var iable by using implicit  dif f er ent iat ion and 

subst it ut ion of  values. 
¥ Use given inf or mat ion t o sket ch an accur at e diagr am per t aining t o t he given pr oblem. 
¥ I nt er pr et  whet her  or  not  t he f ound r elat ed r at e makes sense in t he cont ext  of  t he 

pr oblem. 
 
Instructional Protocol/Itinerary: 
As st udent s pr epare f or  t he lab, r ead t hr ough t he Fun Fact s about  Relat ed Rat es, explaining t hat  in 
days wit hout  calculat or s, mat hemat icians, such as Newt on and Galileo, f ound ways of  f inding r at es 
of  change t hat  did not  involve der ivat ives. Depending on t he chosen lab exper iment , Monst er  Tr uck 
Madness or  Pancake Pandemonium, split  t he class int o dif f er ent  gr oups and give t he st udent s t he 
needed mat er ials f or  t he lab. Bef or e per f or ming t he lab, have st udent s pr edict  what  t hey t hink t he 
r at e of  change will be and discuss it  in t heir  gr oups. Each st udent  should r eceive a lab wor ksheet . 
Collect  t he dat a and use it  t o f ind t he f ir st  dif f er ence and a r egr ession line t hat  will best  
r epr esent  t he dat a and t he r at e(s) of  change. Have st udent s gr aph t heir  r egr ession lines and ask 
t hem if  t hey make sense in t he cont ext  of  t he pr oblems. For  Monst er  Tr uck Madness, have each 
gr oup wr it e t heir  dat a on t he board so t he ent ir e class can have all t o dat a. 
 
Materials: 

¥ Real Wor ld Relat ed Rat es f act  sheet  
¥ Lab wor ksheet  f or  each st udent  
¥ Relat ed Rat es Hooks/ Solut ions page 
¥ TI -83 , TI -89, or  ot her  calculat or  wit h dat a r egr ession comput ing capabilit ies, or  Excel 
¥ Please see at t ached lab wor ksheet s f or  mat er ials f or  each of  t he labs 

 



Real World Related Rates 
Fast  Fact s about  Relat es Rat es 

 
What are related rates? 
Relat ed r at es are pr oblems t hat  involve f inding a r at e t hat  a quant it y changes by r elat ing t hat  
quant it y t o ot her  quant it ies whose r at es of  change ar e known. Ther e are dif f er ent  met hods t o solve 
t hese pr oblems, but  her e are some t ips on how t o set  up and solve r elat ed r at es pr oblems: 

¥ DRAW A PI CTURE 
¥ Label which quant it ies are var iable and which are const ant s 
¥ Set  up an equat ion t hat  will help you f ind t he r at e you are looking f or  
¥ Figur e out  which var iable you want  t o solve f or  
¥ When you dif f er ent iat e, r emember  you are dif f er ent iat ing wit h r espect  t o a 

var iable NOT necessar ily r epr esent ed in your  equat ion (r emember  t he Chain 
Rule?), such as t ime 

¥ Ask your self  ÒDoes my answer  MAKE SENSE?Ó 
 
What’s the point? Why do we need related rates in Calculus? 
Relat ed r at es are a way of  act ually seeing a r at e of  change, or  in Calculus t he der ivat ive! 
We nor mally t ake der ivat ives wit h r espect  t o anot her  var iable in t he pr oblem. By t aking t he 
der ivat ive wit h r espect  t o t ime we can see how more than one variable is changing in a sit uat ion 
and how t he dif f er ent  var iables may impact  each ot her ! 

 
Where can I see these in the real world? 

¥ On an ipod! The r at e at  which you spin t he wheel af f ect s t he r at e at  which t he 
volume incr eases or  how f ast  a song/v ideo r ewinds or  f ast  f or wards. 

¥ On a car ! The r at e at  which you push t he gas pedal af f ect s t he r at e at  which 
t he wheels spin or  t he r at e at  which your  gas is being guzzled. 

¥ I n spor t s! The r at e at  which an at hlet e uses muscles is r elat ed t o t he r at e at  
which he or  she sweat s.  

 
Who came up with all this stuff? 

Relat ed r at es dat e back at  least  t o 1836 , when William Rit chie (1790Ð1837) published Pr inciples 
of  t he Dif f er ent ial and I nt egr al Calculus. His t ext  included pr oblems 
involving r elat ed r at es. 

Rit chieÕs goal was t o simplif y calculus so t hat  non-scholar  people could 
under st and. 

Sir  I saac Newt on (of  cour se) did wor k wit h r elat ed r at es but  used 
dif f er ent  names. 

WeÕr e all f amiliar  wit h Newt onÕs Fir st  Law of  Mot ion: an obj ect  in mot ion 
wit h no f or ces act ing on it , will move in a st r aight  line at  a const ant  
speed. 

Consider  a par t icle moving along t he cur ve     

!  

y = x 2, f or  example. We know 

t his is not  a line, but  r at her  a parabola. Newt on would say t he t wo 
var iables act ing on t he par t icle are x and y. and t hey bot h change 
depending on t ime. 

Newt on called a var iable t hat  changed over  t ime a fluent and t he inst ant aneous r at e of  change 
(also called t he der ivat ive) of  t his f luent  t he fluxion. 



Monst er  Tr uck Madness! 
Goal: The pur pose of  t his lab is t o f ind f unct ions t hat  appr oximat e t he r at es of  change of  t wo 
Monst er  Tr ucks slat ed t o collide at  a given t ime. We want  t o know how f ast  t hey are going t o cr ash 
int o each ot her !
 
 
Materials (per group):  

2 yardst icks  
1 Met r onome (t imer )  
1 Monst er  Tr uck 
Masking Tape (at  least  15 f eet ) 
4 Marker s 

 
 
Pit Crew: 

4 Marker s 
1 Dr iver  
1 Timer  
2 Measur er s

 
Directions: 

1. Collect  t he mat er ials. Make a not e if  you are going t o be Tr uck A or  Tr uck B. 
2. Using t he masking t ape, make a line at  least  15 f eet  long on t he gr ound. This will be t he 

Òcur bÓ your  t r uck is going t o f ollow. 
3. Line t he Marker s up along t he cur b and have t he dr iver  get  int o posit ion at  one end. The 

t imer  should pick a spot  wher e t he t ime will st ar t  and mark it  wit h a line. 
4. Have t he dr iver  send t he Monst er  Tr uck along t he cur b. When it  passes t he st ar t ing line, 

st ar t  t he t imer . As t he t r uck passes t he Marker s, mark it s posit ion on cur b whenever  you 
hear  t he beat . You should have at  least  eight  marks on t he t ape t o use as dat a point s. 
This wor ks well wit h t he met r onome set  t o 90  beat s/m inut e. * * This may t ake some 
pr act ice, so be sur e t o dist inguish your  pr act ice marks f r om t he act ual dat a marks* *  

5. St ar t ing at  t he LAST MARK you made on t he cur b, measur e t he dist ance t o each t he 
ot her  marks. You should always st ar t  wit h your  f inal mark. Your  dist ance at  t ime t =0 will 
be t he dist ance bet ween your  st ar t ing line and t he last  mark you made. Fill in your  dat a 
char t  wit h t hese lengt hs (see next  page). 

 
BEFORE YOU BEGIN THE EXPERIMENT: 
Do you have a pr edict ion as t o what  you t hink 
t he r at e of  change of  your  monst er  t r uck will 
be? I s t her e anyt hing you can r elat e t his t o 
t hat  you have seen bef or e? 
Talk amongst  your  gr oup member s t o f ind out ! 

 
 
Let  A(t ) be Tr uck AÕs dist ance f r om t he last  mark at  beat  t . Then an appr ox imat ion f or  t he r at e of  
change of  t he posit ion at  t ime t  is given by     

!  

A(t ) " A(t " 1) . This is called t he first difference, and 

we will denot e it  by     

!  

FA (t ) . By f inding a r egr ession line t hat  best  appr ox imat es t he f ir st  dif f er ence 

dat a point s, we will have an est imat e of  t he der ivat ive, or  
  

!  

dA

dt
, of  t he best -f it  r egr ession line t hat  

r epr esent s Tr uck AÕs posit ion at  t ime t , or  A(t ). 

Similar ly, let  B(t ) be t he dist ance of  Tr uck B t o t he last  mark on t he cur b at  t ime t  and )(tFB  be 

t he f ir st  dif f er ence of  Tr uck B, or  an est imat e of  
dt
dB

. 



 
 
Using your  calculat or , plot  f our  separat e scat t er  plot s and f ind t he best -f it  r egr ession line of  each 
one. Cr eat e sket ches of  t he f ollowing gr aphs on a separat e sheet  of  paper  wit h t he equat ions of  t he 
r egr ession lines. This can be done using t he St at ist ics List s and Calculat ions. 
 
a. Tr uck A Dist ance vs. Time 
b. Fir st  Dif f er ence of  Tr uck A vs. Time 
c. Tr uck B Dist ance vs. Time 
d. Fir st  Dif f er ence of  Tr uck B vs. Time 
 
 
Answer the following questions based on your data from the lab. 
 
1. Suppose Tr uck A and Tr uck B are appr oaching each ot her  at  a 90 o angle. How f ast  is t he dist ance 
bet ween t hem decr easing at  t =5? 
 

 
 
 
 
 
 
2. How f ast  is your  r at e of  change f r om Quest ion 1 in miles per  hour ?  
 
 

Time (beat) Truck A Distance 
(in) 

First Difference 
of Truck A 

Truck B Distance 
(in) 

First Difference 
of Truck B 

0     
1     
2     
3     
4     
5     
6     
7     
8     
9     
10     
11     
12     



Monster Truck Rally! 
Sample Data and Rubric 

This AP Calculus lesson can be used as a f un act ivit y in or der  t o get  st udent s t hinking about  r eal 
wor ld applicat ions involving r elat ed r at es.  However , as t eacher s we need t o be able t o assess how 
much knowledge t he st udent s are act ually gaining f r om per f or ming such an exper iment . 
   
For  bot h of  t he f ollowing t wo r elat ed r at es labs, par t icipat ion and accur at e comput at ions are r eally 
t he basis f or  t he st udent s'  learning t o occur .  Ther e should of  cour se be a mor e basic lesson t hat  
accompanies t hese act ivit ies f or  a bet t er  under st anding.  We suggest  t he act ivit y be gr aded out  of  
50 point s including: 
  

¥ 10 pt s f or  complet ed t able 
¥ 10pt s if  values all make sense/p r esent at ion 
¥ 5 pt s act ive par t icipat ion 
¥ 20 pt s comput at ions 
¥ 5 pt s does it  make sense in cont ext  of  pr oblem 

 
 
 
 
 
Quadr at ic Regr ession Line: 

    

!  

A(t ) = 0.903t 2 " 25.991t +187.397
 
 
 
 
 
 

Time (beat) Truck A Distance 
(in) 

First Difference 
of Truck A (in) 

Truck B Distance 
(in) 

First Difference 
of Truck B (in) 

0 196.875   189.5   

1 159.375 -37 .5 150.375 -39 .125 

2 134.125 -25 .25 120.125 -30 .25 

3 110.5 -23 .625 98.5 -21.625 

4 94.375 -16.125 85.25 -13.25 

5 82 -12.375 61 -24 .25 

6 64.625 -17.375 49.625 -11.375 

7 52 -12.625 40.625 -9 

8 40.125 -11.875 31.125 -9.5 

9 31.125 -9 23.75 -7.375  

10 20.125 -11 17.25 -6.5 

11 10.375 -9.75 8.5 -8.75 

12 0 -10.375 0 -8.5 



    

!  

A2 +B2 = C2

2A
dA

dt
+2B

dB

dt
= 2C

dC

dt

A
dA

dt
+B

dB

dt
C

=
dC

dt

 
 
 
 
Regr ession Line: 

    

!  

FA(t) = 1.986t " 29.318  

 
 
 
 
 
 
 
 
 
Quadr at ic Regr ession Line: 

    

!  

B(t ) = 1.199t 2 " 28.733t +179.804
 
 
 
 
 
 
 
 
 
 
Regr ession Line: 

    

!  

FB (t ) = 2.817t " 33.396  

 
Quest ions: 
1. Dif f er ent iat ing 222 CBA =+ wit h r espect  t o t ime, we can f ind t he r at e at  which t he t r ucks 

are appr oaching each ot her , or  
  

!  

dC

dt
:  

 
 
 
I f  t he t wo t r ucks are coming t oget her  at  a r ight  angle, t hen t he dist ance bet ween t hem, C, can 

be f ound using t he Pyt hagor ean Theor em:     

!  

822 + 612 = C2 " 10445 = C2 " C = 102.2 inches. 
Plugging in our  values we get : 
 
 

    

!  

2.
" 24.403 in

beat
#
90 beat

min
#
60 min

hour
#

1 ft

12 in
#

mile

5280 f t
= " 2.08mph

dt
dC

beat
in

dt
dC
dt
dC

C
dt
dB

B
dt
dA

A

=!

=
!+!

=
+

40324

2102
2524613751282

.

.
).().(



Gr oup Member s:                       
Pancakes Pandemonium!        Dat e:    
 
Obj ect ive:  Ar e t her e r elat ed r at es in t he kit chen.  Det er mine how close pancake bat t er  spr ead is 
t o t he calculus ver sion of  t he r at e of  incr ease of  t he volume of  a cir cle compared t o t he r at e of  
change in it s r adius. 
      Mat er ials:  

¥ Gr oup of  4-6 st udent s 
¥ Pancake bat t er  (enough t o f eed gr oup), and 

gr ease 
¥ 1 pan, spat ula, pit cher , and f unnel 
¥ 1 met r onome 
¥ Ruler  
¥ 6 t oot hpicks (at  least ) 
¥ Excel Wor ksheet /g r aphing paper  

Gr oup Member  Assignment s: 
¥ 1 Ð Bat t er  pour er  
¥ 3 Ð Toot hpick holder s/m arker  of  r adii 
¥ 2 Ð dat a collect or s/r ecor der s/ measur er s 

Not e: Af t er  each pancake is made, t he gr oup member s should swit ch assignment s. 
Ever y gr oup member  should per f or m ever y r ole at  least  once. 
 

Dir ect ions: 
1. Each gr oup will st ar t  out  by collect ing t he above mat er ials (r emember  t o light ly gr ease t he 

pan bef or e pour ing pancake bat t er ).  Place t he cent er  t oot hpick inside t he f unnel. 
2. The t oot hpick holder s should mark t he r adius of  t he pancake at  ever y second beat  of  t he 

met r onome (40 -60  beat s per  minut e is goodÉst ay consist ent !) 
3. The bat t er  pour er  should pour  t he bat t er  t hr ough t he f unnel.  Be caref ul not  t o move t he 

cent er . 
4. The r ecor der s should r ecor d t he dist ance of  each t oot hpick f r om t he cent er  of  t he pancake.  

Make sur e t o not e at  what  beat  each r adius occur r ed.   
5. This ent ir e pr ocess should be r epeat ed wit h t wo mor e pancakes. 

Gr oup Act ivit y: 
6. Af t er  collect ing dat a, f ind t he f ir st  dif f er ences bet ween each r adius.  
7. Using t he f ir st  dif f er ences f ound in st ep 6, plot  t wo dif f er ent  gr aphs f or  each pancake. 

a. change in r adius over  t ime (beat  number ) 
b. 1st  dif f er ences over  r adius measur e (cm) 

8. Consider  t hat  t he height  of  t he pancake is r elat ively unif or m.  Let    Using t he 

met hod of  implicit  dif f er ent iat ion discussed in class, do our  pancakes show us calculus in t he 

kit chen?  Gr aph ver sus  



DATA COLLECTI ON POI NT:
 

Pancake # 1 

Beat  #  Radius 
(cm) 

1st  
Dif f er ence 

   

   

   

   

   

   

   

   

   

 
 
 
 
 

 
Pancake # 2 

Beat  #  Radius 
(cm) 

1st  
Dif f er ence 

   

   

   

   

   

   

   

   

   

 
 
 
 
 

 
Pancake # 3 

Beat  #  Radius 
(cm) 

1st  
Dif f er ence 

   

   

   

   

   

   

   

   

   

Please at t ach your  seven gr aphs t o t his lab sheet !



 
This AP Calculus lesson can be used as a f un act ivit y in or der  t o get  st udent s t hinking about  

r eal wor ld applicat ions involving r elat ed r at es.  However , as t eacher s we need t o be able t o assess 
how much knowledge t he st udent s are act ually gaining f r om per f or ming such an exper iment .   

 
Sample Lab Rubric 

 
For  bot h of  t he f ollowing t wo r elat ed r at es labs, par t icipat ion and accur at e comput at ions 

are r eally t he basis f or  t he st udent sÕ learning t o occur .  Ther e should of  cour se be a mor e basic 
lesson t hat  accompanies t hese act ivit ies f or  a bet t er  under st anding.  We suggest  t he act ivit y is 
gr aded out  of  50 point s including: 

¥ 10 pt s f or  complet ed t able  
¥ 10 pt s if  values all make sense/p r esent at ion 
¥ 5 pt s act ive par t icipat ion 
¥ 20 pt s comput at ions 
¥ 5 pt s does it  make sense in cont ext  of  pr oblem 

 
Sample data set with calculations 

 
PANCAKE PANDEMONIUM!!! 
 
Beat 

# 
Radius 
(cm) 

1st 
Difference 

0 0  
1 1.2 1.2 
2 2.1 0.9 
3 2.9 0.8 
4 3.8 0.9 
5 4.6 0.8 
6 5.1 0.5 
7 5.5 0.4 
8 5.8 0.3 

 
 
 

 
 

We have assumed that the height is 
uniform with .  The volume 
of a cylinder is , 
and through implicit differentiation, 

.  Solving for , we also 
note that our pouring rate is 
uniform, thus the rate of the change 
of the volume is a uniform constant, 
c.  Then .  However, in 

terms of graphing this function,  
is still just a constant, C, and acts as 
a scaling factor.  We now graph 

 and see that our data 
shows a similar graph. 



1. Take the “L out of Lover” and that’s what we are. 
Br it t ney f inds out  t hat  her  boyf r iend, J er ome, has cheat ed on her .  Af t er  visit ing him f or  
t he f inal t ime in Rochest er , Br it t ney ends it  and speeds away down I -390 Sout h t o her  
home in Cor ning.  Want ing t o pr event  his ex f r om t alking t o t he mist r ess, Mandy, J er ome 
t akes t he t hr uway west  (I -90)  t owards MandyÕs school in Fr edonia.  I f  Br it t ney is t r aveling 
74mph and J er ome is dr iving 82mph, how f ast  are t hey leaving love behind af t er  1/ 2 hour  of  
separat ing? 

 
 

2. How do you make a Relate Rate Dance? – Put a Little Boogie in it! 
All of  J acob' s ext ensive sur ger ies and nasal passage scr apings have (unf or t unat ely) gone 
awr y.  He wait s in t he Ear , Nose, and Thr oat  doct or ' s of f ice wait ing area spewing bloody-
snot  int o a conical paper  cup at  t he r at e of  4 in3/m in. The booger  cat cher  has a height  of  5 
inches and a base of  3 inches. How f ast  is t he mucous level r ising in t he cup when t he snot  is 
t hr ee inches deep?  

 
 

3. Save the Penguins! 
The capt ain of  an oil r ig f alls asleep and cr ashes int o t he Alaskan coast , ver y close t o a 
penguin habit at .  I f  t he oil is spilling out  of  t he r ig in t he shape of  a cir cle and t he area of  
t he oil is incr easing at  a const ant  r at e of  6 miles2/h our , how f ast  should t he penguins r un if  
t hey want  t o st ay 1 mile away f r om t he per imet er  of  t he oil when t he area is 9 miles2 ? 

 
 

4. Brain Freeze! 
At  a local gas st at ion, t he Slush PuppyÕs conical dispenser  is shoot ing out  slushy goodness. 
The dispenser Õs diamet er  and height  are bot h 6 inches, and t he J UMBO SLUSHY cup is 
cylindr ical in shape wit h a diamet er  of  6 inches, as well. The r at e at  which t he slushy dr ains 
f r om t he dispenser  int o t he cup is 10 in3/ min.  
        (a) How f ast  is t he level in t he J UMBO SLUSHY cup r ising when t he slushy in t he cone 
is 5 inches deep?  
        (b) How f ast  is t he level of  slushy in t he cone f alling at  t hat  moment ? 

 
 
 
Not e:  always be caut ious wit h what  you f ind on t he web, but  her e are some neat  r elat ed r at es sit es 
wit h mor e f un sample pr oblems. 
 
ht t p:/ /w ww.calculus-help.com/ pr obs1999/2 pr oblem9.ht ml 
 
ht t p:/ /w ww.sparknot es.com/m at h/ calcab/ applicat ionsof t heder ivat ive/p r oblems_1.ht ml 
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AWESOME RELATED RATES SAMPLE PROBLEMS (SOLUTIONS)!: 
 

Take the “L out of Lover” and that’s what we are. 
 

For  t his pr oblem we need t o use t he Pyt hagor ean Theor em.  Let  B r epr esent  Br it t neyÕs dat a, J  
r epr esent  J er omeÕs dat a, and L be t he dist ance bet ween t hem.  By t he Pyt hagor ean Theor em, 

  Then  is t he r elat ed r at es f or mula af t er  t aking t he der ivat ive.  

Af t er  1/2  hour , t hey are appr oximat ely 55 miles apar t .  Subst it ut ing our  values int o t he equat ion,  

. 

 
How do you make a Related Rate Dance? – Put a Little Boogie in ‘it! 

 
The volume of  a cone is given by .  We donÕt  even need t o der ive t he r elat ed r at e f or mula 

because we know t hat  .  We need t o f ind  when h =3.  We can use similar  t r iangles 

because we know t he dimensions of  t he cup will not  change.  The pr opor t ion is t hen . 

So now we can det er mine t he volume when , ie.,   Now dif f er ent iat ing 

yields Now subst it ut ing our  known values, .  Thus t he 

height  is incr easing at  a r at e of  0.566 in/m in. 
 

Save the Penguins! 
 

We are given .  So we need t o f ind t he r adius, r , but  we are wor r ied about   miles, since 

t he penguins are t r ying t o st ay 1 mile away f r om t he per imet er .  We know , so  .  

Dif f er ent iat ing, .  The r adius of  our  penguins when t he area of  t he oil spill is 9 

square miles is .  Plugging int o our  equat ion yields: 

 

 
Brain Freeze! 

a) Fir st  not e t hat  we donÕt  know t he amount  of  slushy or iginally in t he dispensing cone, except  t hat  

is not  impor t ant  because t he r adius of  t he slushy in t he cone is const ant  (due t o r ef ill), and .  

Af t er  dif f er ent iat ing t he equat ion f or  t he volume of  a cylinder , , we have 

.  Subst it ut ing in our  known values,   Thus 

t he slushy level in t he J UMBO SLUSHY cup is r ising at  a r at e of   in/m in. 

b) I n or der  t o det er mine t he r at e at  which t he height  of  slushy in t he dispenser  is decr easing when 
t he slushy in t he cone is 5 inches deep, we must  set  up similar  t r iangles.  We have, 

 and dif f er ent iat ing yields our  r elat ion f or  t he change in r adius ver ses t he 

change in height , .  Then using our  r at e f or  t he change in t he volume of  t he cone and our  

known values: .  We want  t he 

r at e when h = 5, so .  Thus t he height  is decr easing at  a r at e 

of  inches per  minut e. 


