MATH 145 Calculus for Engineering and Science I
Midterm 1

November 3th, 2025

1. For which numbers a, b, ¢, and d will the function

_a:z:—l—b
cr+d

/()

satisfy f(f(x)) = z for all 7

f(f0) =x & 7)) =40y

Oz 8L o Ty < bodx

cx-a

= 6-9% o (ax+b)(cx-a) = (cx+d) (b-dX)

s acx*-a’x + bex -ab = pex —cdx*+bd -d%

> (ac ted)x"+ (d*a*)x + (-ab-bd) =0

td) =
Z((aa-/gz‘; } >as-c

d‘-a’ =0



i. Show that the straight line through (a,b) with slope m is the graph of the
function f(z) = m(z — a) + b; it is immediately clear from the point-slope
form that the slope is m, and that the value of f at a is b.

ii. For a # ¢, show that the straight line through (a, b) and (¢, d) is the graph of

the function 4
f@) = 2w —a)+b.

c—a

i) The Po/'nf-.slo/)e forﬁ? of a linear equation /pos.s//zj f/»my/r
the point (x,y,) wih slope m /s
Y-y, = m(x-%)

For the j/ven pont (a,b),

-b=m(x-a) > y=m(x-a)th
Since the jraph of £(x) is clefined éj ]:f(x ), we have

£(x)= m(x-a) +b, 7/{a)--b.

i) Stope  is m:= :l-ab , cfa

gﬁ D, §(x)= .Cd%(x-a)fb



3. i. Let Ry be rotation by angle of . Show that Ry(v)- Re(w) = v-w (- is the dot
(or scalar) product for vectors).

ii. Let e = (1,0) be the vector of length 1 pointing along the first axis, and let
w = (cos @, sin #); this is a vector of length 1 that makes an angle of with the

first axis. Calculate that
e-w =cosb.

i) VoW = [v|wlcos« , where « is the an;& between u §v.

Sinee a rotation Ry is a fy/'f transformation, it does not
chanje Zhe maoyn/fade of Ya vector. So,

[ Ry = 1v] & [Ry(w) = [w]

/4/50/ A rotatien rotates both vectors by the same an bk 6,
/reserV/nj the aﬂ;[b X betwen thenm. 5,

Ro(v)-Ry(w) [Ry(v)] - [ Rg(w)/] cosx

[Vl lw/. cosx

w o n

V., W
. . T
//) agt'/y 4)
w= (cos8,5in0)
e.w = lel lwl cosO /
= 1.1. cosO e-'(l/,o) f

=cosO .



4. Prove that lim f(x) exists if lim f(x) = lim f(z).

T— r—a~

x>a’
Then, for a/y ér0
) 3450 acx<ard P [f()-L[<E
i) 3dpo.  a-d<xca > [fk)-L/<E
Let J”"’”{";,dl}. Camé/’nm; )k w)
a-d <x<ard > 1£0) L[ <E ) e
0< [x-af<d 2 [f(x)-L]<E

So, am L(x)=X.

/ X2a



5. Suppose that f is a function satisfying |f(z)| < |z| for all . Show that f is
continuous at 0. (Notice that f(0) must equal 0.)

Suppose 1) | < IX] for alt x.
/n pw‘/m(a; [£(00[ S0 5 f(0)=0.

[0 € IxI 3 =Ixl < f£x) < I¥] - where

am -/x| =éwm Ix/=0
X220 X290

%4/ the Sandwich theorem, lim [(x) =0

X20

Since £(0) =0 , we conctucle  Lim L(x)=f£(0).

X0

So, f /5 continuous at x=0:



