Calculus 1 Section 3-1: Definition of the Derivative

Question 1

Let
1

f@) = —

Use the definition of the derivative to compute f’(1). Show all steps.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 1 - Solution

We are given:

Compute:

So: )
1) — i B3
f1(1) = lim ==—=

Find a common denominator for the numerator:

1 1 3—(h+3) —h

h+3 3  3(h+3) 3(h +3)
Now plug back into the limit:

—h 1 -1

(1) = lim ——— - = lim ————
A e e T R e ET )

Now evaluate the limit:

-1 1

f) = 3(0+ 3) 9
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Calculus 1 Section 3-1: Definition of the Derivative

Question 2

Let
flx)=+v4z+1

Use the definition of the derivative to compute f’(2). Show all steps clearly without using shortcut rules.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 2 - Solution

We are given:

flx)=+v4z+1

Using the limit definition of the derivative:

7/2) = im f(2+h;—f(2)
Compute:
f2+h)=42+h) +1=V8+4dh+1=V4h +9
@) =v42) +1=V9=3
So,
)= g

To evaluate this limit, multiply numerator and denominator by the conjugate of the numerator:

f/(Q): lim \/4h+9—3. Va4h +9+3
h—0 h v4dh +9+3

Apply difference of squares in the numerator:

— lim _(4h+9)-9 _ lim A
o0 (VAR £ 9 +3)  ho0 h(vAh 19 + 3)

Cancel h in numerator and denominator:
li 4
=lim ————
h—0+/4h +9 + 3

Now evaluate the limit:
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Calculus 1 Section 3-1: Definition of the Derivative

Question 3

Let
1

f@) = —3

Use the definition of the derivative to compute f’(1). Show all steps clearly without using differentiation
shortcuts.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 3 - Solution

We are given:

, . f(A+h) = f(1)
£ = fim, h
Compute:
1 1 1
FU = s = e 0=
So,
11
’ T +4 4
(1) = Jim ==
Combine the terms in the numerator:
4—(h+4) —h
— lim 20D _ gy, ARED
h—0 h h—0 h
Simplify:
. -1
T hB04(h+ 4)
Now take the limit:
-1 1
!
1 — f— _
F) 4(4) 16
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Calculus 1 Section 3-1: Definition of the Derivative

Question 4

Let
f(z) = a?

Use the definition of the derivative to compute f’(3). Do not use differentiation rules.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 4 - Solution

We are given:
fla) =a?
Using the definition of the derivative at x = 3:

F'3) = lim

fB+h) - f(3)
h

Compute each term:
fB+h)=B+n)?=9+6h+h?

f(3)=32=9
Substitute into the limit:
2\ 2
£(3) = lim (9+6h+h%)—9 ~ lim 6h + h
h—0 h h—0
Factor h from the numerator:
h(6+h)
= lim ———~
h—0 h
Cancel h:
= lim (6 + h)
h—0

Now take the limit:

£'3)=|6]
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Calculus 1 Section 3-1: Definition of the Derivative

Question 5

Let

Use the definition of the derivative to find an expression for f/(z). Then evaluate f’(2) using your
expression.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 5 - Solution

We are given:

1
flz) = >
Use the definition of the derivative:
1 1
’ T f(.’L'-i—h)—f(JJ)_, z+h w
Fo=m = =
Combine the terms in the numerator:
FIC) D)
T xz(x+h 1 z(xz+h
o ;ILIE% h illli% h
Simplify:
Pt
" h—0 x(x+ h)
Take the limit: )
, _
fi(x) = po)
Now evaluate at x = 2: . )
. _ _
9) = __ — _~
Final Answer:
-1 1
! /
_ = 2 =|—-=
F@) =3 F@=|-7
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Calculus 1 Section 3-1: Definition of the Derivative

Question 6

Let
flx)=vr+1

Use the definition of the derivative to find f’(z). Show all steps clearly without using derivative shortcuts.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 6 - Solution

We are given:

flx)=vr+1

Use the definition of the derivative:

vy o fl@+h)—flx) . Vr+h+1l-Vr+l
f(x)iilzlg%)Ti}lzg% h

To simplify the numerator, multiply by the conjugate:

i \/a:+h—|—1—\/x+1'\/a:+h+1—|—\/x—|—1
h—0 h Ve+h+1+yr+1

This becomes:

~ lim (z+h+1)—(x+1) ~ lim h
h=0h(Ve+h+1+va+1) h=0h(Va+h+1+Va+1)

Cancel the h’s: )

= lim
h=0/x+h+14Vr+1

Now take the limit as h — 0:

/ _
F@) =57
Final Answer:
1
! _
F@) = 57

© 2026 Stem-Master.com, All rights reserved.



Calculus 1 Section 3-1: Definition of the Derivative

Question 7

Let

Use the definition of the derivative to compute f’(x). Show all steps clearly without using derivative rules.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 7 - Solution

We are given:

1
f(z) = >
Use the definition:

 f@th) - f@) . mw
! _ — z+h x
@) = lim, h I
Combine the terms in the numerator:
—(z+h) —h
= lim 2@ gy 2@
h—0 h—0
Simplify:
-1
f— 1.
hlg%) x(x+ h)
Now take the limit as h — 0: )
, _
fi(x) = )
Final Answer:
1
!
f(@) = T2
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Calculus 1 Section 3-1: Definition of the Derivative

Question 8

Let
f(x) =V

Use the definition of the derivative to compute f’(x). Do not use derivative shortcuts. Show all algebraic
simplification and steps clearly.
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Calculus 1

Section 3-1: Definition of the Derivative

Question 8 - Solution

We are given:

flz) =V
Use the definition of the derivative:
h—0 h h—0 h

Multiply numerator and denominator by the conjugate:

. Nr+h—vVzr Vr+h+r o (x+h)—x
= lim . =lim ——
h—0 h Ve+h++x h=0h(vVz+h+ /1)

Simplify numerator:

. h ) 1
S iRt vE) M Vet hi e
Now take the limit as h — 0:
Fw) =5
2y
Final Answer:
1
f(z) = ﬁ
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Calculus 1 Section 3-1: Definition of the Derivative

Question 9

Let
flx)=vVa2+4z+5
Task: Use the definition of the derivative to find f'(x).
e Use first principles only.

e Do not apply derivative shortcuts.

e Show all algebraic steps.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 9 - Solution

We are given:
flx)=Vaz2+4x+5
Apply the definition of the derivative:

f'(z) = lim flz+h) — fx) _ lim V@+h)?2+4@+h)+5—Va2+4r+5
h—0 h h—0 h

Expand the expression inside the first square root:
(x+h)* +4(x+h)+5=a>+2ch+h?>+4zc +4h +5

So we have:

, . V22 +2zh+h2+4r+4h+5— Va2 +4x +5
@) = Jim h
—

Multiply numerator and denominator by the conjugate:

— lim Va2 +2zh+h2+4dx +4h+5— Va2 +4z+5 Va2 +2zh+h2+4c+4dh+5+ V22 +4x+5
h—0 h Va2 £2ch +h2 4 +4h+5+ Va2 +4x +5

Use the identity (a — b)(a + b) = a? — b*:

— lim (22 4+ 2zh + h? + 4z + 4h + 5) — (2% + 4z + 5)
h=0 h (Va2 4 2zh + h? + 4z + 4h + 5 + Va? + 4z +5)

Simplify the numerator:

, 2xh + h? + 4h
= lim
h=0 h (Va? + 2zh + h? + 4o + 4h + 5+ Va2 + 4z + 5)

Factor h from the numerator:

. h(2x 4+ h +4)
= lim
h=0 h (Va2 4 2zh + h? + 4z + 4h + 5 + Va? + 4z +5)

Cancel h:
2x +h+4

im
h—0 /22 +2zh + h2 + 4z +4dh + 5+ V22 + 4z +5
Now take the limit as h — 0:

20+ 4

fla)= 2vVx? +4x+5

Final Answer:

20+ 4

fla)= 2vVx? +4x+5
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Calculus 1 Section 3-1: Definition of the Derivative

Question 10

Let
fx)=+vz+3

Use the definition of the derivative to find f’(x). Do not apply any derivative shortcuts — use first principles
only.
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Calculus 1 Section 3-1: Definition of the Derivative

Question 10 - Solution

We are given:

fx)=+vz+3

Apply the definition of the derivative:
L, Veth+3-Ve+3

Flo) — tin JEER =S

h—0 h h—0 h

To evaluate this limit, multiply numerator and denominator by the conjugate of the numerator:

VT +h+3—-V2+3 Ve+h+3+V2+3
= lim .
h—0 h Ve+h+3+Vr+3

Use the identity (a — b)(a + b) = a? — b*:

. (x+h+3)—(x+3) . h
= lim = lim
h—=0h(vVo+h+3+Vx+3) h=0h(Vr+h+3+Vr+3)

Cancel h in numerator and denominator:

1
= lim
h—=0x +h+3++Vz+3

Now take the limit as h — 0:

1
! _
(@) 2v/x + 3
Final Answer:
1
! _
fiz) = 2v/x + 3
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