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Name_________________________________________ Date________________________ Period______ 
 
Worksheet 2.3—Differentiation Rules 
 
Show all work.  No Calculator unless stated otherwise. 
 
Short Answer 
 
For 1-3, using correct notation (always), find the derivatives of the following functions.  Simplify early and 
often!!  Be sure to consider rewriting each term in the correct form first. 
 

1.  ( ) 3 22 4 7f x x x x= − − + −                  2.  ( ) 3

1 4 23sin
3

x xg x x
x x

+
= − +              3.  ( )224 3 2y x x= −            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For 4-6, using correct notation (never not always), evaluate each of the following with respect to the 
indicated variable.  Simplify early and often!!  Be sure to consider rewriting each term in the correct form 
first. 
 

4. 43 6 4cosd t t t
dt

π − − − =                     5.  
1

2 1
d x
dx x

−   =  +   
                                6. 

1 2

3
d m m

dm m

− −

−

 +
= 

 
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7.  For ( ) ( )( )2 2 1f x x x x= + + , find ( )f xʹ .  Remember to simplify early and often! 
 
 
 
 
 
 
 
 
 
     (a) find the equation of the tangent line, in Taylor form, to the graph of  f  at 1x = . 
 
 
 
 
 
     (b) find the equation of the normal line, in Taylor form, to the graph of  f  at 1x = . 
 
 
 
 
 
    (c) Using your equation from part (b), find the x-intercept of the normal line.  Show the work that leads 

to your answer. 
 
 
 
 
 
 
 
 
 
 
 
For 8-10, determine the point(s) (if any) at which the graph of the following functions have horizontal 
tangent lines.  Justify. 

8.  sin ,  0 2y x x x π= + ≤ <                  9.  [ )3 2cos ,  0,2y x x x π= + ∈              10. ( ) 2
2f x
x

=  

 
 
 
 
 
 
 
 
 

f x 432 4 424
f1 1 433424
f 11 346 2

Needslope_f4x
fromabove Needpoint x fix
fix 346 2
flu 11 EquationofTangentline
f D 6 y ytmdxx

4 6 111 1
perpend.totangentline

fromaif'll 11 f17 6 eqnormaltire
y ytmµtxXm
y 6 fix 1

from b Normalline y 6 f X l
il 0 6 41 1
0 66 Xxl
x 67

X int 67,0

horiztangentlinesoccurwhenthederivative_O

y f ltcosX y's445329nX flex 2x 2
30 11cost 53 zsinx 0 f'tx 44

l cosy sinx D f X 4Z
X XsX 4yet t y3fO

yhasahorigtaugent Yl'E 53E zoos

lineatthepoint 1 Since X 10 flx doesnot
it Yl 531 t2ws haveanypointsuphoriz

2534 I taugeutlines
yhasnoriz.taugeutu.ms at
thepoints 14255,2 1
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For 11 & 12, find the value of k such that the given line is tangent to the graph of the given function. 
 
11.  ( ) 2f x x kx= − , line 4 9y x= −                                    12.  ( )f x k x= , line 4y x= +  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Questions 13-16 are True of False.  If False, either explain why, rewrite it to make it true, or provide a 
counterexample. 
 
13.  If ( ) ( )f x g xʹ ʹ= , then ( ) ( )f x g x= .           14.  If ( ) ( )f x g x C= + , then ( ) ( )f x g xʹ ʹ= . 
 
 
 
 
 
 
 
 

15.  If 3y π= , then 23dy
dx

π= .                             16.  If ( ) 1
nf x

x
= , then ( ) 1

1
nf x

nx −
ʹ =  

 
 
 
 
 
 
 
 
 
 
 

Atapointoftangeneyweknowafxnanditstangent

share yvalue a slopevalue

kxk

yvalue Slopes yvalue slope

flex y thx y fix y fix y
x Kx 4x9 2 12 4 Kx2 xt4 kx 1

2x 4th 2x 4,2 1.242244th 144414 461414 9 2x4x2 xt4 2x
X C4tk 2 x 4 K 2x

414142142114 21414 914
X 4

het8ktk2 8k215 8 4th 36
1 2 4212 16 32 8436 4 klithe 8k4

w 16 tia he k 4
O k2 8k 20
O Cuttack2
kilo 0 k 2 0

to k z

False True
Letflx 2 2 3andgtx2

2 5 lfftxl glxltctheuddxfftxff ddxf.gl tc

fkx 4xaudg'lx 4y thx glxt c
butfixtglx gkx to

g'Lx

False False

y 3isaconstant If f x n X
41310 theuf'cx min

myIntl
n
Xnti nlynI
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17.  (Calculator permitted) A priceless Faberge egg is dropped from the top of a building that is 1362 feet 

tall.  The egg’s height in feet at time t seconds is given by ( ) 216 1362h t t= − + .  
 

(a) Find the average velocity, in ft/sec, of the egg on the interval [ ]1,2  seconds.  Show the work that 
leads to your answer (always). 

 
 
 
 
 
 
     (b) Based on your answer in part (a), fill in the blanks so that the following sentence verbally describes 

the result found above. 
 

“On the interval from t = ________ seconds to t = ________ seconds, the egg’s height is  
 
_________________ (increasing/decreasing), on average, by _______________ feet per second.” 

 
 
     (c) Find the instantaneous velocity of the egg at 2t =  seconds.  Show the work that leads to your answer 

(always). 
 
 
 
 
 
 
 
     (d) Based on your answer in part (c), fill in the blanks so that the following sentence verbally describes 

the result found above. 
 

“At 2t =  ___________, the egg’s height is _________________ (increasing/decreasing), by  
 
64 _______________.” 

 
 
     (e) After how many seconds will the egg hit the ground?  Show the work that leads to your answer. 
 
 
 
 
 
     (f) Find the velocity, in ft/sec, of the egg as it hits the ground. 
 
 
 
 
 

instantaneousI

n t v 6salt

AvgRoc

TheavgRocofKt on 1,2
AvgRoc hk htt is 48ftIsee2 I

161251362fluentbag

1298 blue
48

I 2

decreasing 48

f htt

htt 165 1362 Theinstantaneousvelocityatthe

het 32T eggat met 2seeis 64 see

htt vet
2 3212
2 64

seconds decreasing

ft see

htt het't1362 Theeggwillhittheground
htt 0 165 1362

16 2 1362
after13,1seewhichisapprox

I t Fez 9.226see
he

from E htt 32T
frome t 9.226 see A

A 295.242ftlsee
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18. Find the values of a and/or b ( 0a ≠ ), if they exist, such that f is differentiable for all x.  As always, 

show the work that leads to your answer. 
 

(a) ( )
3

2

, 2

,  2

ax x
f x

x b x

 ≤
= 

+ >
                                        (b) ( )

cos , 
2

,  
2

x x
f x

ax b x

π

π

 <
= 
 + ≥


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       (c) ( )
sin ,   0

,   0
x x

f x
ax x

≤
= 

>
                                           (d)  ( )

2 ,  1

,  1

ax x
f x

b x x

 ≤
= 

>
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3atzf 42 Tobediff'abletx aslandD atb

12A 4 Os cDtb

TobediftableatX 2 4 12a E b
a I b INeed 8a 4tb and f a 2

4 12A 8C's 4tb
4g b

continuityxlijno.tk HD moflx Continuityyligy.tk ft fifth
2

70sinx 0 moax lyingax a fairybx

O O a b
i since0 0 0 iscontTx Derivatives fight'm gf'HDerivativeftp.flx f'txt

him2axnyiyypdbxknyingo.comin a xixot Zal a Ib
TobediffabletxneedAsb

Tobediff'abletxat and2a b
Za ta
a O givena10

Sincea10 gnosuchvalues
foraabsucuthatfkn.is
diff'ableatxsl
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Multiple Choice 
 

_____ 19.  The function ( ) 3 23 1f x x x= + −  is differentiable for which values of x? 
 

(A) all real numbers        (B) [ )0,x∈ ∞        (C) ( )0,x∈ ∞         (D) for all 0x ≠         (E) ( ),0−∞  
 
 
 
 
 
 
 
 
 
 
 

_____ 20.  The function ( ) 5 3 14
3

f x x x
x

= + − +
−

 is differentiable for all x-values except 

                     I. 4x = −  
                   II.  0x =  
                  III. 3x =  
 

(A) I only        (B) I and II only         (C) I and III only          (D) III only         (E) I, II, and III 
 
 
 
 
 
 
 
 
 
 
 
 
 
_____ 21.  On the interval [ )0, 2π , for which of the following x-values is the function ( ) tanf x x=  not 

differentiable? 
    I. 0x =  
   II. x π=  

 III.   3
2

x π
=  

(A) I only     (B) II only     (C) III only     (D) I and II only     (E) I and III only 
(F) II and III only     (G) I, II, and III     (H) None of these 

D

fix 3x howdoyouknowthere'sacusp

f ex 2x 3 1
2 f isdiff'abletx O
sq I

xto

verticaltangent

E

sharpedge vAatx3
x 4

C
3

continuous if


