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Existence of Global Weak Solutions for Cauchy-Dirichlet
Problem for Evolutional p-Laplacian Systems
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Abstract. We study the existence of global weak solutions for Cauchy-Dirichlet problem for evolutional p-Laplacian systems.
The initial data is belonging to the Sobolev space W!P(Q, R"). We use a varitional (like) method to treat the existence of a weak
solution, this method seems somehow simply than the Galerkin method.

INTRODUCTION

Let Q be a bounded domain in R™, m > 2, with smooth boundary 9€, and let % <p<oo.Foramapu:(0,T)xQ —
R", z = (t,%) = (£, X1, X2, ey Xp), U = u(z) = (' (2), ..., u"(2)), we consider p-Laplacian type, with principal term only,
as below
A — div(IDul’>Du) =0 in (0,T) X Q |
u(0, x) = up(x) on 0,(0,T)xQ ° @)

The global existence of weak solutions to the heat flow of p-harmonic maps was settled by Chen et al. ([1])
whose proof is using Galerkin method and monotonicity trick’. In the other hand, the existence of solution for a
Cauchy-Dirichlet problem with constant coefficient and principal term only has been studied well by [4], where the
proof is also using Galerkin method with the initial-boundary data is assumed to be a bounded weak solution. Our
method used in this paper is different from their and we called a varitional (like) method. This method seems simple
than Galerkin method. The existence itself plays important role to prove the Holder regularity and the gradient Holder
regularity for p-Laplacian system (see [2], [3], [5], [6]).

Our main purpose of this paper is to proof the global existence of weak solution for Cauchy-Dirichlet problem
for evolutional p-Laplacian systems by the Rothe type time-difference (elliptic) partial differential equation systems
such that for a.e ¢ € (0, ),

Mk(X)—];lkfl(X) _ Apuk -0 inQ )
ur(0, x) = up(x) on 0,Q,

where k = 1,2, ... € N, i be a positive parameter but close to zero, 7 — 0, and the initial data u, € whr(Q, R™).

Such as the evolutional system (2), we have the p-energy functional, defined for functions up(x) is any given
initial data belonging to the Sobolev space W'?(Q, R"), that is

Tu—w > 1
Ep(u) = f 5% + I—)IDuI"’dx, 3)
Q

for any u € X := W'(Q,R") 0 {u - ug € Wy? (Q,R")}.
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Abstract. Problem solving is the basis of mathematics learning. Problem solving teaches us to clarify an issue coherently in order
to avoid misunderstanding information. Sometimes there may be mistakes in problem solving due to misunderstanding the issue,
choosing a wrong concept or misapplied concept. The problem-solving test was carried out after students were given treatment
on learning by using cooperative learning of TTW type. The purpose of this study was to elucidate student problem regarding to
problem solving errors after learning by using cooperative learning of TTW type. Newman stages were used to identify problem
solving errors in this study. The new research used a descriptive method to find out problem solving errors in students. The
subject in this study were students of Vocational Senior High School (SMK) in 10™ grade. Test and interview was conducted for
data collection. Thus, the results of this study suggested problem solving errors in students after learning by using cooperative
learning of TTW type for Newman stages.

INTRODUCTION

Mathematics is a compulsory subject at the school level, evident at every level of mathematics course.
Mathematics has an important role in the mastery of science and technology. According to Leonard in
[1] mathematics knowledge and skill provide a key for entry into rapidly changing technological world. This is
because mathematics as the basis of other knowledge, mathematics is also closely related to everyday life. Everyday
activities that we live are closely related to math. There are many mathematical reasons. One reason is that
students are expected to have the ability and skills in solving problems.

Problem solving is essential in learning math. Problem solving drill students to work out the problem
systematically. According to Okur in [2] problem solving is a way of thinking, reasoning and using the things
learned in all the math activities. To solve the problem, in solving the problem requires knowledge that has been
obtained before. Problem solving as a process, an activity that is more about important procedure steps, strategies
and characteristics that are taken to resolve the so that students can find answers to question and not just the answer
it self [3].

Problem Solving has 4 steps to solve the problem at hand. According to Polya, stages to solve problems are
understand the problem, make a plan, carry out the plan, and look back at the complete solution [4]. In step
understand the problem, students are expected to know the information contained in the problem and the desired
question. In step make a plan, students are expected to find the formula that will used to solve the problem. In the
carry out the plan, students are expected to be thorough in calculating the settlement. According Miller, in this
process the teacher can promote the use of different problem solving strategies [5]. In step look back at the complete
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Abstract. In this research, we develop a method to simulate nonsymmetric triple junction motion given by the gradient flow of
surface energy with arbitrary surface tensions of the participating interfaces. The foundation of the method is the diffusion-based
BMO algorithm in vector-valued formulation. We realize the nonsymmetric motion by generalizing the original BMO method and
adding a corrective projection step. In the end, we show the numerical example for the simulation of the bubble motion using two
different contact angles to simulate the contact angle dynamics.

INTRODUCTION

Understanding the contact angle dynamics is very useful to realize some kinds of important phenomena. An example
of such phenomena is the motion of small droplets or bubbles which has important applications in nanotechnology
and heat transfer.

In this research, we develop an interface model with contact angle. The interface between two fluids is considered
as a membrane with its own physical parameters. We build an interface model based on gradient flow of surface
energy and develop a numerical model for interface motion with arbitrary surface tensions leading to nonsymmetric
triple junctions. To treat such curvature-dependent motions, several methods have been developed. For symmetric
junctions, Merriman, Bence and Osher [1] introduced the BMO method, which alternately diffuses and sharpens
characteristic function for each phase region. Ruuth [2] generalized the BMO method to nonsymmetric triple junctions
by replacing the thresholding step with a new decision using a projection triangle. Svadlenka et al. [3] reformulated
the BMO algorithm in a vector-valued setting for multiphase motion. This vector-valued formulation is essential for
implementing constraints and for dealing with more general motions. However, it is restricted to the symmetric case.
Mohammad et al. [4] improved the symmetric multiphase BMO algorithm of [3] by introducing a vector-valued signed
distance function.

In this work, we consider three evolving curves meeting at a junction and having arbitrary surface tensions.
We achieve the simulation of such a triple junction by generalizing the two main ingredients of the method in [3]:
the reference vectors (corresponding to the positions of wells in the phase-field method) and the way of diffusing.
Moreover, we improve the scheme by including a modification of the projection step in [2]. The developed method is
applicable to constrained motions, which is essential for the considered coupled model. The contact angle dynamics
have been analyzed using interface-fluid coupled model that have been developed in [5, 6].
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