
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 ÊH ) and ÛH ) be différentiable Vector- valued

functions
,
Iet flt ) be a différentiable salar function

,

Iet c be a scaber .

( i ) # ( CFA)] = CF
'

(t ) ( scalar multiple )

(Ii ) ¥ ( Flt ) ± Ûlt) ) = t'(f) ± Û
'

(t ) ( sum and difference )

(iii ) ¥ lflt ) Ect)] = -l'A) FCHTHHÎ Mt ) ( product with scaber
function )

(iv ) ¥ ( Flt ) . ÙH)] = FIN . Ûlt ) + Flt ) . ÛYT ) ( dot product )

(v ) ¥ [ Flt) ✗ Û (t) ] = Flt ) ✗ Û (t ) + Flt ) ✗ Û ' (t ) ( cross Product )

(vi ) ¥ ( FIFA )) ) = J'(HH ) . t'(f) ( Chain rate)



Properties of dérivative of vector - valued functions

MF14112

Hii ) If Flt ) . FA ) -- C ,
then Flt ) . t' A) = 0

Prof ( iv ) d- ( Flt) . Ùlt )]
dt

= ¥ ( r, (f) kilt ) + rz (f) ai (f) + r> (f) Uzlt ) ]
= n' (f) a. (f) + FAI ui (t )

+ n' ltluzltltrzltluéct )

+ rz
'

(f)Us ( t ) t rslf ) Us
'

(t )

= Ect ) . cêlt ) + Fit / • ëct )

(Vii ) ◦ =
d- ( Flt ) . Flt) ] = ÊYT ) . Flt ) + Flt ) . F

'

(t ) = ZÊCTIÂYT)
dt

This meam that if IIFHIH is constant
,
then Flt ) 1- J' (t )



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

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

,
then

• Û (t ) = F
'

(f) = <x
'

/tl
, y

' /tl
,
ÉH ) ) is the Velocity ,

and

• à (t ) = F " (f) = <✗
"

(thy
" /H

,
2-
"

(t )) is the acceleration
,

and

• v ( t ) = Il À A) Il = d' ⇐ ' HHH (y'a ) )
'

+ G-
'

H ) )
"

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 : Ê = moi
,
where m = mass of the Object

Earth's gravity : HËH -- m -

g ,
where 9--9.8%2



Projectile motion

Fix the coordinate system : Êg = - mg j' = < 0 ,

-

mg >

y a
"P

I. Êg Îg = < 0,0 ,
-

mg >

Ybackward
•
forward

←

xinitial î

position
down

Newton 's second law : F- = mâ

Earth's gravity : pg = - mg ; /
Earth" Gravity is the ony

→ force acting on the object
Ê = Êg



Projectile motion

ÊH) = Êg : màct ) = - mg - j'
àlt ) = - g- Î ( constant acceleration )

l

since àlt) -_ Ïlt )
,
we have J' (f) = - g.Î

Jake antidérivative : IH ) = f- g. j' dt = -gtÏ+Ê
Determine É by faking v70) -- À ( initial velocity ) :

Î( o ) = - g. ◦ + Ê = Ê=Î

This gives the velocity of the Object :

À (t) = - gt - j' + Â

similar ly ,

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

FH ) =/ÛHIDT = -9¥ - j' + t.io + È

Flo) = Ê=Â
,
so Flt ) = - 9¥ + TVÎ +Î



Projectile motion Sinno) = zsinoco>⊖

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 .

Bn

since the initial speed is

given ,
the initial velocity¥.. _ - ' ' ' '

' "
'
'

.
.

.

.

.

can be determined by the

*
To

"

:-,
E- < o »

- • •

angle : À = 800 (Cos⊖ ,
sino)

tn

Equation of the trajectory : Flt) = - 10 - ¥ - j' + 800 tcosoi + sootsinoj

Hitting the ground : second Component or Flt ) is O : f5 t' +sootsino-t-otf-s-t-soosinot-o.sotn-S-f-160.sino
.

The position of the hit is
F (tn) = O -J + 800-160 . sino - Cos D-Î = 64000 - Sink ⊖) .

Maximum is achieved

when Sin HO ) = 1
,
i. e.

,

2-0 = ¥ , -0=4
#
= 45°

.

Max distance is 64 km
.



Functions of several variables 



functionsoftwovariablesdef.ltfunction of two variables maps
each ordered

pair ( xiy ) in a Subset DCR
'

to a unique real number
2- = flxiy ) .

The set D is Callet the domain 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
.


