
MATH 10C: Calculus III (Lecture B00)

mathweb.ucsd.edu/~ynemish/teaching/10c

Week 5:

homework 4 (due Friday, October 27)

regrades of Midterm 1 on Gradescope until October 29

Today: Projectile motion. Functions 
of two variables

Next: Strang 4.1

:



Properties of dérivative of vector - valued functions

Thm 3.3
.

Let Flt ) and ÛH ) be différentiable Vector- valued

functions
,
Iet flt ) be a différentiable salar function

,

/ et C be a scaber .

( i ) ¥ / CFA)] = ( scalar multiple )

(Ii ) ¥ ( Flt ) ± Ûlt) ) = ( sum and difference )

(iii ) ¥ [ Ht ) Ect)] = ( product with scaber
function )

(iv ) ¥ [ Flt ) . ÙH)] = ( dot product )

(v ) ¥ [ Flt) ✗ Û (t) ] = ( cross Product )

(vi ) # ( FIFA )) ) = ( Chain rate)



Properties of dérivative of vector - valued functions

(vii ) If Flt ) . FA ) -- C ,
then

Proof ( iv ) ¥ ( Mt) . ÙH )]

=

=

=

(vii ) ¥ ( Mt ) . FH) ]

This meam that if MEHDI is constant
,
then



Motion in space
1f . F (t ) = (alt)

, ylt ) , 2- (t )> is the position of the particle
at time t

,
then

• Û (t ) = À
'

(f) = <x
'

Itty
' /tl

,
ÉH ) ) is the Velocity ,

and

• à (t ) = F " (f) = <✗
"

(thy
" /H

,
2-
"

(t )) is the acceleration
,

and

• Vlt ) = Il À A) Il = À @ '

A)Yt (y'a ) )
'

+ (z.lt ) )
"

is the speed

Example : Projectile motion

Consider an object moving with initial velocity À but

with no forces acting on it other than gravity ( ignore
the effect of air résistance )

.

Newton 's second law :
,
where m = mass of the Object

Earth's gravity :
,
where 9--9.8%2



Projectile motion

Fix the coordinate system : Êg =
y a
"P

¥backward
→ §,

forward

î

down

|
Earth's gravity is the only

Newton 's second law : F- = mâ
→ force acting on the ObjectEarth's gravity : Fg =



Projectile motion

ÊH) = Êg :

( constant acceleration )

since à A) = Ïlt )
,
we have

Toke antidérivative : IYT ) =

Determine É by faking ( initial velocity ) :

Ilo ) =

This gives the velocity of the Object :

Î (t) =

Similar 'y ,

ÎH) =
. By faking the antidérivative and t'G) = À

Flt ) =/J' A)dt + Ê =

Flo) = CÎ = À
,
so



Projectile motion

A projectile is shot by a howitzer with initial speed 800ms
on a flat terrain .

Determine the max distance the

projectile can cover befor hitting the ground .

Ah

since the initial speed is

given ,
the initial velocity

•
can be determined by the

•Ë -- Loo>
- •

angle :

Equation of the trajectory : Mt) =

Hitting the ground : second Component or Nt ) is O :

•
so

.

The position of the hit is

Flt,) = .

Maximum is achieved

when
,
i. e.

,
.

Max distance is 32km
.



Functions of several variables 



functionsoftwovariablesdef.ltfunction of two variables maps
each

in a Subset DCR
'

to a

•

The set D is Callet the of the

function
.

The range of f is the set of all real number

z that has at least one ordered pair (x , g)ED St . flxiy ) - Z.

→

domain range

If not specified ,
we chose the domain to be the set of

all pairs (x , y) for which fi . y ) is Welt - defined
.



Functions of two variables

Example - ind the domain and range of the function

ft , g) = V4-xÎ
Domain - One restriction : the number ander the square

root has to be nonnégative ,

i. e.
,

The set of all pairs (a.g) c- À such that

is a

The domain of f is
«y

Range . For (xiy ) in the domain

the range 0f Ity
' is

'

a
à

the range 0f 4- x2 - y
' is

the range
0f V4 - si -5 is



Graph of a function of two variables
Function f of two variables : Maps each pair (xiy )

from its domain to a real number 2- = flxiy ) .

The graph of f consists of ordered triples (xiy-lx.gs )
for all (xiy ) in the domain of f. We call the graph of

a function of two variables a surface
.

Example flxiy ) = V4-xÎ ,

dom (f) = { (xiy ) l x
>
+ y
'
≤ 4 }

Graph off consists of all fxiy , e) c- À

such that 2- =FEY ,
or

- Equation ◦ta



Level Curves

Def Given a function flxiy ) and a number C in the

range of f ,
a level Curve of a function of two variables

for the value c is defined to be

2£}

Example flxiyj-V4-x.TL à

Range 0f f is [ 0,2 ]
,

Jake
.
Then the level

Curve off for is defined

by

'

y



Functions of more than two variables

In a similar way we can define functions of more than

two variables
,
e.g. ,

functions of three variables :

Rs

.

R

domain range

to each point Hey ,
z ) in the domain assigna real

number flxiy ,
2- ) .

Example ftxiy ,
2- ) = i domain : all points Guy , 7) c- R

such that
,
i. e.


