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A New Construction For Harmonic Evolute Surfaces Of Quasi Tangent Surfaces With
Quasi Frame

Talat Korpinar and Gul Ugur Kaymanli

ABSTRACT: In this paper, we study a harmonic evolute surface of quasi tangent surface associated with quasi
frame. We construct quasi tangent surface with first and second fundamental forms. Moreover, we determine
harmonic evolute surface of quasi tangent surface by using these fundamental forms. Finally, we obtain some
new results about these new surfaces.
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1. Introduction

Surfaces are one of the most interesting subject of differential geometry since the application to physics
and engineering especially, geophysics and petroluem engineering is countless [9]-[11], [13]. Ruled surfaces
which is generated by the motion of a straight line along a curve are studied widely by many researchers
after it was found by Gaspard Mongea. Kimm and Yoon in 2004, Sarioglugil and Tutar in 2007, Aydemir
and Orbay in 2009, Senturk and Yuce in 2015, Kaymanli et al, in 2019, Korpinar and Kaymanli in 2020
studied ruled surfaces in both Euclidean and Minkowski spaces to name a few [1],[5]-[8], [12], [19], [20].

The harmonic evolute of various surfaces has been studied in depth by many researchers throughout
the years. Sipus and Vladimir researched The harmonic evolute of a surface in Minkowski 3-space in
[21]. Following Sipus and Vladimir’s findings in 2014, Protrka in examined harmonic evolutes of timelike
ruled surfaces in Minkowski space in 2015 and the harmonic evolute of a helicoidal surfaces in Minkowski
3-space in 2017 in [17], [18]. Most recently in 2019, Lopez et al, in [15] analyzed harmonic evolutes of
B-scrolls with constant mean curvature in Lorentz-Minkowski space. Following these existing studies, we
have looked into harmonic evolute surfaces of the ruled surfaces generated by quasi tangent vector by
using quasi frame.

This paper is formed of three sections. The first section is about imperative knowledge on the
differential geometric construction of the frames in the 3 dimensional Fuclidean space that is, Serret
Frenet frame, quasi frame and the relation between these frames are examined. By calculating the first
and the second fundamental forms, some geometric properties such as Gaussian and the mean curvatures
of the surfaces are given. In the second section, we define the harmonic evolute surface of quasi tangent
surface associated with quasi frame. The necessary and sufficient conditions of how the qausi tangent
surface and its harmonic evolute surface can or can not be a Bonnet surface are given. In addition to this,
the quasi tangent surface of a helix and a harmonic evolute of the quasi tangent surface are illustrated.
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2. Preliminaries

By way of design and style, this model is kind of a moving frame with regards to a particle. In the
quick stages of regular differential geometry, the Frenet-Serret frame was applied to create a curve in
location. After that, Frenet-Serret frame is established by way of subsequent equations for a presented
framework [3],

Vtt 0 K 0 t
Vin | =| k 0 7 n |, (1.1)
Vib 0 —7 0 b

where k = ||t|| and 7 are the curvature and torsion of ~y, respectively.

After Bishop in 1975 showed that there is more than one way to frame a curve in [2], Yilmaz and
Turgut introduced second type of Bishop frame in [22]. Besides them, Dede et. al. in defined quasi frame
in [4]. The quasi frame of a regular curve v is given by

tAk
tq=t,nq = Ht/\kH,bc1 = tq/Ang,, (1.2)
where k is the projection vector.

For simplicity, we have chosen the projection vector k = (0,0, 1) in this paper. However, the g-frame
is singular in all cases where t and k are parallel. Thus, in those cases where t and k are parallel, the
projection vector k can be chosen as k = (0,1,0) or k = (1,0,0).

If the angle between the quasi normal vector ng and the normal vector n is chosen as 1, then the
following relation is obtained between the quasi and FS frame.

ty =t,
ng = cos¢Yn+sin b, (1.3)
by = —sinyYmn+cos¢b.

Therefore, by using the equations (1 — 3) the variation of parallel adapted quasi frame is obtained by

thtq = xilg + %qu,
thnq = —%1tq + %3bq,
thbq = —%th — 731q,
where
. /
x] = KCOSY, o = —KSinyY, 23 =1 +7T,

and the vector products of the quasi vectors are given by
tq X ng = by, ng X bg =tq, bg X tq =ng.
Let n be the standard unit normal vector field on a surface ¢ defined by

n— st /\¢t
ds Aull”

where ¢, = 9¢/0s, ¢, = 0¢/0t, respectively. Then, the first fundamental form I and the second
fundamental form II of a surface ¢ are defined by

I = Eds®+2Fdsdt + Gdt?,
I = eds® 4 2fdsdt + gdt?,

where

E = <¢sv¢s>v F = <¢s’¢t>’ G = <¢tv¢t>v
<¢5SS,TL>, [= <¢stan>7 9= <¢tt7n>'

)
|
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On the other hand, the Gaussian curvature K and the mean curvature H are

_ f2 _
- 9 f ’H:Eg 2F f + Ge
EG — F? 2(BG — F2)

and the principal curvatures k; and ko are

ki =H+\VH2—K, ke = H—\/H?2 - K,

respectively, [14], [16].
Theorem 2.1. The surface is minimal if and only if it has vanishing mean curvature [3], [14].

3. Harmonic Evolute Surfaces of Tangent Surface

In this section, we aim to explore harmonic evolute surface of quasi tangent surface associated with
quasi frame when the mean curvature does not vanish.
Firstly, we construct quasi tangent surface of a quasi curve as

B'(s,t) = a + ttg.

Definition 3.1. If E=G, F =0, f =c# 0 (c=const.) are salisfied then the surface is called A-net
on a surface [3].

Theorem 3.2. A surface to be a Bonnet surface if and only if surface has an A-net [3].
Theorem 3.3. Let ¢* be a quasi tangent surface of a quasi curve in space. ¢* is minimal iff
(%2(%1 + t(%l)s — %2t%3) — %1(%2 + (%Q)St + t%l}fg)) =0.

Proof. From the definition of quasi tangent surface, we have

(bzq = tq+ixng+ %thq,
6% = tq.
By using this field, the coefficients of the first fundamental form are given

E = 1+t%3 + 4t
F = G=1

The second partial derivatives of ¢*@ are expressed as follows:

Pl = —(ts] + st tq + (e + t3d) — seatsez)ng + (302 + bt + tse1303) by,
:: = xilg + %qu,
= 0,

So, an algebraic calculus shows that

@b x ¢'th = —ti1bq + stng.
Moreover, by the definition of the unit normal vector, we have
t 2 1

n'a = 5 sNq — 5 qu.
Vs \ H

Therefore, the coefficients of the second fundamental form are given




4 TALAT KORPINAR AND GUL UGUR KAYMANLI

so(se1 +t(se1)s — seatse3)  301(500 + (502) st + tor1303)

e = - )
N N

f =0,

g = 0.

1t .
The mean curvature of ¢*¢ is presented

1
Hta = —3(%2(%1 + t(%l) — %2t%3) — %1(%2 + (%Q)St + t%lﬂg)).
22 (5] + 243)%

This completes the proof. O

Theorem 3.4. Let ¢' be a quasi tangent surface of a quasi curve in space. $* is not a Bonnet surface

A harmonic evolute surface of the quasi tangent surface is given by

8 (5,1) = (s, 1) + ',

Theorem 3.5. A harmonic evolute surface of ¢* is given by

2 1

ng — bg.
Hta\/5 + 52 4 Hta\/5 + 52 4

O™ (5,1) = a + ttq +

Theorem 3.6. A harmonic evolute surface of $** is a Bonnet surface if and only if

Fpral 7112 2 2 31

+ s+ +t%1

1+ ta /5 + 35 th\/%%—i—%%) ((th\/%%—i—%%) Hta\/32 + 532 y
339 P2l 2 2 2 2! 2
stiw) =14+ (——F——s + (= )t)"

i~ G+ ) = 1 G 0+ ()
%) 311 %) 31
s + + it -
((th %%4—%%) Hta\/5 + 52 1)(th\/%%—|—%§)t (th\/%%—F%%
Eal ]

—( )s + tr2)(

S S S
Hta\ /32 + 53 Hta\/52 + 53

)t:Oa

and
(sea( e, — 1 () )= (e ()
2o (————); — = s
’ Hta /532 + 53 ! ! Hta\/52 + 532 Yo Hta /532 + 53 ! Hta /52 + 52
+ n371 +t A3 ( 1 ) +t )( F) ) )
— n s >
Hta\/52 + 52 1) ta /33 + 35 Hbay/s} + 53 ’ Hta\/52 + 52 '
%) Vsl 1 XAl
F(om A+ (e )i+ 53 (e ) — (L —— 2
<1<mq%72» aqu:%mg(_mlﬁjg
VAWL9) 1 ) +( 3219 ( sl ) —|—t ))
— 2
\/%1—|—%2 Ht a/ s ! Hta\/32 + 532 72+ E
) Vsl 1 %2%1
+(5¢ - Y 14+ —221
(“quTE”(qu:7% D
1 o %) 2 H3A1

+ts1)) = o,

J— — S+
Hta \/%1+%2)(th —i—%%)t ((th %%—i—%%) Hta /52 + 52

where o 1s constant.
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Proof. Now, we obtain the derivative formulas

Mo | A% 2
Pr(s,t) = 1+ Sta + (—F———)
’ ta /s + 5 th«/%%—i—%% 4 Hta\/3:2 +:3°°
311 13219 sl
+———F +ti)ng + — s T tr2)bg,
Hta\/32 + 532 Jnq (th\/%%—F%% (th %%4—%%)9 )b
o 1
P (s,t) = tq+ (———)ng — (—————);bq.
Ho0) = ot e (b
Then, it is easy to see that
E¢h _ (1+ oyl _ AW )2+ (( o )
Hta /532 + 532 th\/%%—i—%% Hta\/52 + 53 °
+ #3711 —|—t%1 A3 2 —( ! )—|—t%2)
Hta /52 + 52 ta\/s + 35 Hbay/s} + 53 7
h o n311 2
P = + )22
s A e
39 Eal k3l

)s + tr2)( )t

ta /53 + 35 _(th\/}tl—l—%g Hta /52 + 52

¢ = 1+ ((th ZQ% + zg)t)Q " ((th Zlf + %g)t)Q.
We instantly calculate
Rt = Ot g marA M Eard T
) — JZ% = i %Z;+ 5 Hoaiat (4 th:;%
— ”1;;: %g)}q + ((th\/}h)s o ”1:% — Ftsa)s — %3(7%%

(). + o)) + (se2(1 + — 2L i
I ) ) _
Htay/532 + 532 Htay/532 + 52 Htay/»? + 52

2 I3 312 1

) + ss(

s+ +t% + - 5+t% s b )
(th %f—kxg) Htay/33 + 53 2 (th\/%f—kxg (th %f—k%g) 2)s)ba
h 2 pal
s,t) = (— 2 ung— (— 2 )b,
(btt( ) (th %% T %5 )tt q (th %% T %5 )tt q
ol o) FP)
¢h~ 5,t) = ((———)t — i (———F——)i)tq + 0 + (—————
ts( ) ( (th\/m)t (th\/m)t) q ( (th\/m)ts
pal 2 2!
+23( 5 )1)ng + (53( )i —( Jts + 2)bq.

Hta\/32 + 53 Hta\/32 + 532 Hta\/52 + 532
With the help of the obtained equations, we express

1 ” b2 H3 330
nfe = —— . = + S+ tsa) + ( -

W((th,/%%—|—%§)t((th,/%%+%§)s Htay/33 + 52 Hta\/33 + 2

1 2 1 VoYl
() F o)) (——————— )t + — (1 + ————
(H" %%—i—%%) 2)(Ht %2—|—%2)t) 4 (( Hba\/5f + 325
AWsD)] M3 12 ( sl ) T+t ))
s 72))n
\/%14—%2 th\/ tay/sd + 35 Hbay/s3 + 53 B
1 oAl 132 1o 12
+— (1 + t 2 2 7t 2 2)( t 2 2)t_(( t 2 2)3
™ Htay/s] 4 225 Htay/se] 4 225" Hbay/ ) + 325 Htay/sf 4 25
n3 11
+t%1))bq.

Hta\/52 + 53
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Then
¢h o oyl VAP ) 13219 aal
e = —((I+ - s — M2 - s + 1
( Hta\/32 + 32  Hta %%—i—%%)g (th\/%%—F%% (th %%4—%%)9 )
%) 311 1 sl 9
— s T+ + 1)) X — :
TN A TN - ALy T s STIN o e
311 x3240 al 2
e o) + - + o) (————
Hta\/52 + 532 ) (th\/%%-F%% (th %%—F%%)S )(th %%—F%%)t)
oyl VAP ) 9 311
1+ - n + s+ + iy
( Hta /32 + 52 th«/%%—i—%%) ((th«/%%—i—%%)g Hta\/52 + 53 )s
M3 1 ]. %2%1 AW
— 3 —( )s + tr2)) X + )
Hta\/32 + 53 Hta /52 + 53 ° ay/xd + x th\/%%—i—%%
1 312 1 EPXal
X () - s t50)) + (el +
(th\/%%—i—%%)t (th\/%%—i—%% (th %%4—%%)9 N+ ( ( Hta\/52 + 532
7 2 9 731 312
) 4 + + o) + (e
Hta %%—l—%%) ((th\/%%—i—%%)s Hta\/52 + 532 ) (th\/%%—l—%%
4l 1 oyl VAR 72
T TRl < g g medard meda gt
Htay/s7 4 225 1—}—%2 Hta %1+%2 Hta %1+%2
(e )s + et >+ t0),
_ p
Hta\/32 + 53 * " Hta/s 32 + 5
¢h 1( 9 ) e o¥al AP sl )
g = =07 t
T Hbay/33 + 53 ta /33 + 5  Hta \/%14—%2 Ht ay/xd + x5
U312 sl sl 1 ¥l
+ - Ft02)) — (e Yy (1 e
(Ht \/7%%%5 T %§+%§)5 )= %§+%§)t . Hta\/52 + 2
72 2 72 311
- & + +t%1 )
ta /53 —i—%g th‘/%1 )t ((th %%+%%)9 Hta\/53 + 53 )
al %) 1 sl 9)

¢h, _ % o -
f e e e~ e ) (e )

eyl A3

1 2
+—+t% + — s ) (———F———
Hta \/%1 +%2 1) (th\/%%—i—%% (thw/%%—i_%%) 2)(tha/%%+%§)t)

2

n 1 oYl PAr

001 + (= )1s + s13(——————=)1) = (1 + —
o + (g + ol e (4 s = D)

M) 4 (22— )+ 1) + ()
Hta\/32 + 52 Hta\/32 + 532 Hta\/32 + 52 Hta\/32 + 52

k2! 2| M2 2

1
e — S+%
(th %%—f—%%)t 2) (@ ta /53 + 35  Hta ay/»3 + 35 Ht «/%%—i—%%)t

2 31
t 2 2)S+ t 2 2
Htay/s] 4 235 Htay/s] 4 2235

Consequently, using the definition of a Bonnet surface, we have proved the theorem.

—((
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Figure 1: Quasi tangent surface of helix

Figure 2: A harmonic evolute surface of ¢®

4. Conclusion

In conclusion, a harmonic evolute surface of quasi tangent surface associated with quasi frame was
studied throughout this paper. Initially, quasi tangent surface was constructed. We then established
harmonic evolute surface of quasi tangent surface by using quasi frame and mean curvature. Finally, our
studies have enabled us to gain new results about these surfaces.
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